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ABSTRACT 

Dengue is a vector borne disease which causes serious illness and mortality 

throughout the world. Predominate vectors for the transmission of Dengue virus, are 

Aedes aegypti (Ae.aegypti), Aedes albopictus (Ae.albopictus) and Aedes vittatus 

(Ae.vittatus). Till date there is no drug and vaccine available against Dengue therefore 

exclusive prevention of disease depends on vector control. The specific control 

measures can be practiced by three approaches including mechanical, biological and 

chemical. Mechanical control is eradication of possible breeding sites of the 

mosquitoes, which includes removal of stagnant water from discarded tins, coolers, 

bottles and other non-essential materials. Further, proper covering of long-lasting 

water vessels in indoor and outdoor areas such as over-head tank, plastic tank, etc. can 

improve the efficiency of mosquitoes breeding sites eradication. Biological control 

includes the involvement of the living organisms against the concerned disease vector 

such as bacterial larvicide crystalline protein of Bacillus thuringiensis var. israeliensis 

(Bti) whereas chemical control approaches emphasis on application of different 

chemicals such as VGSC gene mutations inducer pyrethroids, anti-acetyl 

cholinesterase organophosphate, chitin synthesis inhibitor benzoylureas and mimics 

of natural hormone pyriproxyfen. Biological and chemical control is practiced under 

specific guidelines of National Vector Borne Disease Control Programme (NVBDCP) 

Delhi, India. Presently, pyrethroids and organophosphate are the mostly applied for 

concerned vector eradication. In pyrethroids, Pyrethrum is mainly used to control 

adult mosquito whereas in organophosphate, Temephos is predominantly used to 

control the larvae throughout the world. 

Long term excessive application of only one specific larvicide and insecticide 

eventually results in development of insecticide resistance in Aedes. This resistance 

mainly occurs due to modifications in the target sites. The most common target site 

mutation is the knockdown mutation (kdr) on the para voltage-gated sodium channel 

gene (VGSC). Pyrethroid, keep VGSC in its open conformation, resulting in repetitive 

pulses. Furthermore, this prompts nerve cells to generate repeated discharges, 

consequently bring about paralysis and demise of pests. Organophosphate inhibits the 

normal functionality of acetyl cholinesterase (AChE). Consequently, acetylcholine 

neurotransmitter persists in the synaptic cleft, resulting in the exacerbation of nerve 

impulse transmission and causes death of insects. For better controlling, 
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understanding the prevalence and seasonal variation of Dengue vectors in rural as 

well as urban areas of different districts of Punjab. Further, due to drastic increase in 

Dengue cases from last few years in Punjab, there is an urgent need to assess: the 

insecticide resistance/susceptibility status and mutations in insecticide resistant genes, 

which include acetyl cholinesterase (Ace-1) and voltage gated sodium channel (knock 

down resistance -Kdr) in Aedes prevalent in Punjab. Therefore, the aim of present 

study is to assess Dengue vector prevalence, identification, preferential breeding 

habitats, comparison of Stegomyia indices (HI, CI, BI and PI) of Aedes mosquito 

breeding in different seasons, furthermore their correlations with the Dengue cases, 

identification on the basis of male and female hypopygium structure, to determine the 

susceptibility status of Ae. aegypti to temephos and pyrethroid as well as to study 

mutation in insecticide resistant genes, which include acetylcholinesterase (Ace-1) and 

voltage gated sodium channel (knock down resistance -Kdr) in predominant species.  

To achieve the specific targets various methods such as entomological survey 

to assess prevalence of Dengue vector, genitalia study through permanent slides, 

larval bioassay and adult bioassay for insecticide resistance/susceptibility status and 

polymerase chain reactions for detection of mutations in associated genetic elements 

had been considered. The study was carried out in four districts of state Punjab viz. 

S.A.S Nagar (Mohali), Patiala, Ludhiana and Fatehgarh Sahib (F.G.Sahib).  

For execution of present research work entomological surveys have been 

performed in pre-monsoon, monsoon and post-monsoon seasons. Further, all kinds of 

domestic and peri-domestic breeding habitats were also considered for Aedes 

immature stages. Larvae/pupae were collected from selected areas and kept in 

insectary, under control condition of temperature 27±10C and 70% humidity. Rearing 

of larvae/pupae had been carried out; afterwards imagoes were identified by following 

pictorial taxonomic keys of Haung, 1979; Rueda, 2004 and Tyagi, et al., 2012. The 

Stegomyia indices were also calculated, analysed and compared for urban and rural 

areas in different seasons. After carrying out this parameter three different species of 

Aedes viz. Aedes aegypti, Aedes albopictus and Aedes vittatus were reported in all 

selected districts. Aedes aegypti was observed in urban and rural area of all selected 

districts. Except rural area of F.G.Sahib, Aedes albopictus was also reported in all 

selected districts of Punjab. Aedes vittatus was recorded only from district Mohali 

during monsoon. All the Stegomyia indices were significantly high during monsoon 
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and post monsoon period as compared to pre-monsoon. Correlation of Stegomyia 

indices with recorded Dengue cases in the selected areas had been scrutinized as 

significantly positive. The highest rate of positivity for Aedes mosquito larvae were 

recorded in artificial containers i.e. earthen pots, desert coolers followed by tyres, 

discarded material, plastic containers and refrigerator trays.  

Study of genitalia was conducted for proper species identification. On the 

basis of hypopygium, male and female Aedes aegypti was also identified. As it is also 

a morphological marker in the species identification. It was observed that in male 

Aedes aegypti paraproct of hypopygium has a well-developed ventral arm. This 

feature is absent in all other oriental species of Aedes. In Aedes albopictus the 

hypopygium consists of spoon shaped style with appendage arising near tip and the 

crown of the paraproct has series of hairs arising from the single plane. In Aedes 

vittatus hypopygium is distinct from all other species in the form of style which is 

much enlarged at the extremity and carries preapical curved appendages. In female 

genitalia no such conspicuous differences were observed. 

Third parameter includes larval and adult bioassay. In which the WHO 

standard larval test kits were utilized to detect Temephos susceptibility status. Each 

bioassay was performed separately to determine the LC50 and LC90 by preparing 

various concentrations of Temephos viz 0.005mg/l, 0.025mg/l, 0.050mg/l, 0.100mg/l, 

0.125mg/land 0.187mg/l. The dose mortality data was analyzed by log-probit method 

of Finney and sub-lethal concentrations for 50% and 90% mortality were calculated 

by using the software SPSS. To assess the impact of Pyrethrum resistance in adult 

Aedes aegypti Pyrethrum had been applied by hand foggers and spray pumps. 

Pyrethrum solution was prepared, by adding 50 ml technical grade of Pyrethrum with 

950 ml kerosene oil as per World Health Organization (WHO) recommendation. 

Counting of knocked-down and dead females 1 hour post-treatment (1hKD) was 

conducted to calculate knockdown effect in each trail.  

Larval bioassay test revealed that larvae of Aedes aegypti collected from 

district Patiala (84% mortality) were ‘probable resistance’ against Temephos, whereas 

from the other three districts viz. SAS Nagar (20%), Ludhiana (40%) and Fatehgarh 

Sahib (68%) exhibited ‘resistance’ against Temephos. The results of the adult 

susceptibility test with Pyrethrum fogging revealed that Aedes aegypti was resistant in 

districts F.G Sahib with 88% mortality, while specimen from the district Ludhiana 
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exhibited probable resistance with 92% mortality. Specimens from rest two districts 

namely SAS Nagar and Patiala indicated complete susceptibility 100% mortality. The 

adult susceptibility test with Pyrethrum mist revealed ‘resistance’ in two districts viz 

Ludhiana with 84% mortality and Patiala with 88% mortality while ‘probable 

resistance’ in specimens from the district of Fatehgarh Sahib with 92% mortality. 

Specimens from districts SAS Nagar exhibited complete susceptibility with 100% 

mortality. 

To deal with observed ‘resistance’ or ‘probable resistance’ against Temephos 

and Pyrethrum in selected districts, few other controls including Bti, Malathion and 

Deltamethrin had been evaluated on larvae and adult of Aedes aegypti. Further, larval 

bioassay tests were also conducted with another bio-larvicide i.e. Bti on healthy 

3rd/early 4th instars larvae of Aedes aegypti at WHO recommended diagnostic 

concentrations of Bti (0.00375gm/100ml). CDC (Centers of Disease Control and 

Prevention) bottle bioassays were applied to assess insecticide susceptibility of adult 

Aedes aegypti against Deltamethrin and Malathion. After carrying out this parameter 

Bti exhibited complete susceptibility with 100% mortality in all the selected 

districts. CDC bottle bioassay test in all study areas exhibited complete susceptibility 

with 100% mortality towards Deltamethrin and Malathion. 

For molecular analysis, polymerase chain reaction (PCR) method was 

performed for the detection of mutations in Ace-1 gene and VGSC (knock down 

resistance -Kdr) gene of Aedes aegypti. The sequences of selected genes were studied 

for most common mutation due to organophosphate in Aedes aegypti viz. G119S but 

no such substitution had been observed in any of the sequences. Moreover, no indels 

(insertions or deletions) were detected in these sequences for Ace-1 gene. The 

sequences were also analysed for most common mutation due to pyrethroid in Aedes 

aegypti viz. V1016G. Known polymorphisms in VGSC gene were not recorded but 

one synonymous and non-synonymous mutation was detected in Aedes aegypti in all 

selected districts.  

Present research work is the detailed study on Dengue vector identification, 

prevalence, preferential breeding habitats furthermore their correlations with the 

Dengue cases in Punjab. Obtained data indicates that Aedes aegypti and Aedes 

albopictus are present in both urban and rural areas. In addition to, Aedes vittatus is 
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present only in urban area, of the state thereby demonstrating wide range distribution 

of these vectors. Due to lack of awareness among the human population results in the 

creation of man-made breeding habitats for Aedes proliferation. Such breeding 

habitats can be control by removal of stagnant from coolers, mud pots, plastic 

containers as well as other water-holding containers in and around the householdsand 

proper disposal of discarded tires so as to achieve sustainable Dengue vector control. 

Overall conclusion from the present study indicates that larvae of Aedes 

aegypti in three districts of Punjab viz: SAS Nagar, Ludhiana and Fatehgarh Sahib are 

resistance to Temephos whereas adults of Aedes aegypti are reported as moderately 

resistant to Pyrethrum in districts Patiala, Ludhiana and F.G.Sahib. All the resistant 

populations are susceptible to Bti, Malathion and Deltamethrin. As no change in Ace-

1 had been detected in Aedes aegypti, hence observed resistance against Temephos 

could be through the modulation of the metabolic pathway. Similarly, no nucleotide 

change had been observed in VGSC gene of Aedes aegypti in all selected districts. 

Therefore, for the detection of increasing resistance in adult Aedes aegypti, further, 

exploration of polymorphisms in the various domains of the VGSC gene should be 

analysed with appropriate methodology. 

Key words:  

Aedes, Dengue cases, Stegomyia indices, Vector, Insecticide Susceptibility and 

Resistance Status, Temephos, Pyrethrum, Ace-1 Gene, VGSCGene. 
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CHAPTER-I 

INTRODUCTION 
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Arthropods, the most variant metazoans, comprise approximately a million 

representatives which form 80% of living creatures on the earth (Laroche, et al., 2017; 

Stork, 2018; Barnes, 2021). The specific phylum covers differential groups such as 

mosquitoes, tse-tse flies, ticks, mites, blackflies, phlebotomine sandflies, biting 

midges, horseflies and stable flies, which possess divergent features such as jointed 

legs, segmented bodies and chitinous exoskeleton and additionally are vectors of 

various diseases (Russell, 2012; Duvallet, 2018; Barnes, 2021). Among all, 

predominant disease vectors are confined to genera including Aedes, Anopheles and 

Culex. These species are responsible for causing infection such as Yellow Fever, 

Dengue, West Nile Fever, Chikungunya, Dirofilariasis, Malaria, Western equine 

encephalitis, Eastern Equine Encephalitis, Saint Louis Encephalitis, Barmah Forest 

Fever, Ross River Fever, La Crosse Encephalitis, Rift Valley Fever, Zika Fever, 

Filariasis, Japanese Encephalitis etc.to human and other animals (Calzolari, 2016; 

Lemine, et al., 2017; Saldana, et al., 2017; Tandina, et al., 2018; Dahmana and 

Mediannikov, 2020). 

Mosquitoes are widely distributed around the world due to their adaptability to 

divergent environmental conditions (Foster, et al., 2002; Tandina, et al., 2018; 

Couper, et al., 2020). The concerned Dipteran animals, are devastating vector, 

responsible for transmission of various pathogenic microorganisms such as parasite, 

viruses and bacteria, which ultimately result in 300 million cases and one million 

deaths annually worldwide (Christophides and Crisanti, 2013; Kalita, et al., 2014; 

Charrel, et al., 2018; Couper, et al., 2020). 

Culicidae, the mosquitoes’ family possesses about 3500 species and subspecies, in 

more than 40 genera of mosquitoes, worldwide (Elbers, et al., 2015; Lemine, et al., 

2017). In the specific family, important genera include Aedes, Anopheles and Culex. 

The genus Aedes has the highest species diversity comprising 70 subgenera involving 

927 species whereas Anopheles has seven subgenera along with approximately 500 

identified species and Culex has over 25 subgenera comprises 763 species. These 

species are responsible for causing various health problems (Lemine, et al., 2017). 

Mosquito-borne diseases (MBDs) are major public health risks, world wide 

(Getachew, et al., 2015; Diouf and Nour, 2017). These diseases (MBDs) cause 

significant morbidity and mortality globally. The specific mosquito-borne diseases are 

https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-1978-y#auth-1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tandina%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30103823
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tandina%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30103823
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-1978-y#auth-1
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-1978-y#auth-1
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responsible for more than 16% of the approximate worldwide load of all contagious 

diseases, mainly due to Malaria and Dengue Fever (National Academies Press (US), 

2008; Sharma, et al., 2017; Omodior, et al., 2018). 

Chinese medical encyclopedia of disease symptoms and remedies from Chin Dynasty 

(265-420 AD) is the first record of Dengue whereby it was mentioned as “water 

poison” and was connected with flying insects associated with water (Gubler, 1998; 

Gupta, et al., 2012; Ferreira-de-Lima and Lima-Camara, 2018). Aedes mosquito, as a 

vector of Dengue Fever, was confirmed in 1906 and Dengue was the second illness 

succeeding Yellow Fever that had been considered to be caused by a virus. First 

Dengue Hemorrhagic Fever was recorded in Philippines in 1953 and subsequently in 

1981 in South America (Gubler, 2011; Vaddadi, et al., 2015). Besides Dengue, Aedes 

mosquitoes also spread mosquito-borne diseases which include Chikungunya, Yellow 

Fever (Vontas, et al., 2012) and recently Zika virus (Mubbashir, et al., 2018). 

1.1. Vectors of Dengue 

For the transmission of Dengue virus in India, two principal vectors are Aedes aegypti 

and Aedes albopictus (Gubler, 1998; Mutheneni, et al., 2017; Medeiros, et al., 2018). 

Aedes aegypti is reported all over the world (S. Africa, America and Southeast Asia). 

Originally, Aedes albopictus was considered a native species in Southeast Asia and 

subsequently, spread to other parts of the world (Vontas, et al., 2012). Dengue is also 

transmitted by third species i.e Aedes vittatus and it is spread in Asia, Africa and the 

Mediterranean region of Europe (Sudeep and Shil, 2017) 

1.1.1. Aedes aegypti:-The specific mosquito is the competent vector for arboviruses, 

as this species mainly prefers to feed on human beings, often bites and grows vicinity 

to the household. Aedes aegypti prefers to breed in artificial vessels which are utilized 

for storage of water in urban areas (Fig 1). It breeds mainly indoors, in fresh water 

and any kind of neglected cups or jugs (Simard, et al., 2005; Saleem, et al., 2014; 

Arslan, et al., 2015; Ryan, et al., 2019). In urban areas, people are dependent to 

accumulate the water in receptacles because of limited hours of water supply and 

these water storage containers create breeding sites for Aedes aegypti (Philbert and 

Ljumba, 2013). These mosquitoes lay their eggs in manmade aqua storage 
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receptacles, discarded bottles and flower pots that are detected in and around 

households (Ranson, et al., 2010; Scott and Morrison, 2010).  

Important breeding sites of Aedes aegypti are cemented tanks, mud pots, indoor and 

outdoor human habitations (Preechaporn, et al., 2006; Vikram, et al., 2015). The 

female Aedes aegypti prefers to reside indoor, bite humans during daylight hours and 

generally flies at about 100-500m (Honorio, et al., 2003; Getachew, et al., 2015). Its 

peak biting time is at the crack of dawn and before dark in the evening (Gubler, 1998; 

Kraemer, et al., 2015). Aedes aegypti is believed to be an urban mosquito and favors 

densely populated areas. But, it also breeds in rural areas and Dengue cases are also 

being reported from rural areas. Unplanned urbanization, accumulation of non-

biodegradable and insufficient vector control measures, have produced suitable 

settings for Dengue virus and its mosquito vectors to expand in various tropical 

developing countries including India (El-Badry, et al., 2010; Chepkorir, et al., 2014; 

Das, et al., 2014; Kumar, et al., 2014). 

 

a).  Aedes aegypti           b). Aedes albopictus           c).Aedes vittatus 

Fig 1:-Adults of three different species, a) Aedes aegypti, b) Aedes albopictus,  c)  

Aedes vittatus. 

1.1.2. Aedes albopictus (Asian tiger mosquito):-The concerned vector is another 

predominant species that transmits Dengue, Chikungunya and Zika. Aedes albopictus 

is reported to be adaptable in ecologically diverse conditions like suburban, rural, 

residential and agricultural habitats (Fig 1). Aedes albopictus is detected as a carrier of 

Den virus and acts as secondary vectors (Waldock, et al., 2013; Medeiros, et al., 



4 

2018; Ryan, et al., 2019). It breeds in both natural and man- made containers. Larvae 

of Aedes albopictus are usually observed in water holding containers such as tree 

holes, coconut shells, fruit peels, aqua receptacles, unused tyres and vehicle parts, 

hence, are prevalent breeding sites. It feeds exclusively on humans in outdoor 

conditions and also rest in outdoor areas. It feeds on humans, a wide range of 

mammals and birds in day time, especially in gardens and parks around human 

habitation. Aedes albopictus can fly up to 400-600m (Preechaporn, et al., 2006; Higa, 

2011; Dhiman, et al., 2014; Li, et al., 2014). 

Aedes aegypti and Aedes albopictus prefer to lay eggs few millimeters above the 

water level in containers (natural and artificial) (Shragai, et al., 2019). Both species 

are also sympatric species and coexist in the same habitation in both urban and rural 

areas (Chen, et al., 2006; Hashim, et al., 2018). Whenever both species try to exist 

together in the same ecological environment, species replacement or dislocation 

appears. Aedes albopictus is dominated over Aedes aegypti and it has displaced Aedes 

aegypti in the North of America, because of interspecies competition for food, habitat 

and environment (Hashim, et al., 2018; Shragai, et al., 2019). Replacement of Aedes 

albopictus by Aedes aegypti in the outer region of towns of India is also reported 

(Kalra, et al., 1997; Kamgang, et al., 2013; Shragai, et al., 2019).  

1.1.3. Aedes vittatus:-The third species that plays an important role in maintenance 

and transmission of Dengue, Chikungunya, Yellow Fever and Zika is Aedes vittatus 

(Fig 1). It is also detected throughout tropical Asia, Africa and the Mediterranean 

region of Europe. Aedes vittatus is commonly observed in forest areas and 

predominates in rocky areas. It bites wide range of vertebrate hosts and is highly 

anthropophilic in nature. During the rainy season, breeding is mainly found in natural 

habitats like tree holes and rock areas. In the absence of natural habitat, it can breed in 

domestic areas also especially in household water holding containers (Sudeep and 

Shil, 2017). 

1.2. Identification of Species 

It is extremely important to know the particular species of mosquito which spreads 

vector borne diseases so as to customize the species specific strategy to control the 

spread, to correctly calculate the risk and exposure of the disease (Jourdain, et al., 

2018). For identification of individual vector species, on the basis of their 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5893233/#b25-tlsr-29-1-213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jourdain%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30352609
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morphological character is the only conventional gold standard method. Different 

mosquito species have different morphological characters, which are used in various 

taxonomic keys like Harrison and Scanlon (1975), Rattanarithikul (2007), to 

recognize individual species (Rueda, 2004; Chan, et al., 2014). It is equally important 

to identify the accurate species that is involved in transmitting a pathogen so that 

appropriate understanding of the mechanisms could be performed which governs any 

biological system. For morphological identification, the most conspicuous feature i.e. 

genital features of male and female mosquitoes can be used with more reliability. This 

is the modified ninth abdominal segment in mosquitoes which varies significantly 

amid the various genera. Therefore, it facilitates in the correct identification of the 

sibling and new species of mosquitoes (Yadav, et al., 2014). Using these techniques, 

there can be developed a more reliable and standardized identification system for 

mosquito species detected in Punjab. Male genitalia of Aedes albopictus varies greatly 

from Aedes aegypti in the lateral projection of tergum and in shape and size of median 

and lateral projection (Hartberg, et al., 1973; Kaur, 2014). 

1.3.         Transmission of Disease 

Dengue viruses spread to human beings when they get bitten via infected 

female Aedes aegypti and Aedes albopictus (Baskera, et al., 2013). Dengue is the 

most significant vector-borne viral infection in various parts of the world (Murray, et 

al., 2013; Bhat, et al., 2014). Dengue virus belongs to the Flaviviridae family (World 

Health Organization, 2009). This Virus has four major serotypes viz. DEN (1-4) and 

these viruses have a single-stranded, positive-sense RNA genome, nearly 11 kb in 

length (Gupta, et al., 2015; Vikram, et al., 2015; Paixao, et al., 2018; Shrivastava, et 

al., 2018). 

Dengue virus in humans can produce a variety of diseases, ranging from mild flu like 

syndrome or asymptomatic infection to the most severe clinical symptom form of the 

disease, Dengue Hemorrhagic Fever (DHF) (Abbasi, et al., 2016). Dengue Fever (DF) 

may progress into Dengue Hemorrhagic Fever which leads to hemorrhages 

and Dengue Shock Syndrome (DSS) may cause leakage of plasma (Ooi, et al., 2006; 

WHO, 2009; Baskera, et al., 2013). Dengue virus infection shows different clinical 

presentations, therefore final diagnosis depends on laboratory confirmation. The 

javascript:void(0);
javascript:void(0);
https://www.sciencedirect.com/science/article/pii/S2210909913000404#!
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clinical condition of the Dengue patient is usually self-limiting and no antiviral 

therapy is presently available (Hasan, et al., 2016). 

1.4.       National Status of Dengue 

Dengue infections are reported from more than 100 countries of the world including 

India, it is also endemic in India for more than two centuries. First confirmed Dengue 

Fever (DF) was reported in 1946 (Gupta, et al., 2006; Bhat, et al., 2014; Gupta and 

Ballani, 2014; Ganeshkumar, et al., 2018). About 18 years later, Dengue Fever 

outbreak was first time clinically proved in Calcutta, Tamil Nadu, Andhra Pradesh, 

Orissa and West Bengal in 1963-1964. The disease expanded in north-eastern part of 

India, thereafter reached Delhi and Uttar Pradesh (UP) during 1967-1968, 

respectively. Simultaneously, Dengue started to spread widely in the southwards and 

eventually, all the states were intricate with substantial outbreak. Subsequently, 

autochthonous/hyper endemic prevalence has occurred country-wide (Prakash, et al., 

2015; Yadav, et al., 2015; Hasan, et al., 2016). 

In India, the initial outbreak of Dengue Hemorrhagic Fever was recorded in 1996, 

which consists of areas around Lucknow and Delhi. Further, it was expanded 

throughout the country (Gupta, et al., 2012) and thereafter, the number of Dengue 

cases was crucially increased in India since 2001. Before 2000s, Dengue was 

indigenous in a few states/union territories of the south including Tamil Nadu, 

Karnataka, Pondicherry, Maharashtra and northern states comprising Punjab, 

Rajasthan, Delhi, Haryana and Chandigarh. Lately, it has been disseminated to many 

states, including the union territories (Mutheneni, et al., 2017). In India, new 

expansion of Dengue cases are related to rise in urbanization, unplanned growth of 

cities, mushrooming of urban slums, unsafe water storage practices. Now, it has 

become the most important community health concern at tropical and sub-tropical 

countries (Getachew, et al., 2015; Khan, et al., 2015; Arora, et al., 2017).  

In India, National Vector Borne Disease Control Programme (NVBDCP) Delhi had 

recorded gradual rise in the number of Dengue cases along with deaths during 2015, 

2016 and 2017 with respective value of Dengue cases (deaths) as 99913(220), 

129166(245) and 188401(325) (Fig 2) and subsequently Dengue cases were decreased 
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to 101192(172) in 2018. The number of Dengue cases had also dramatically spread to 

many new locations in Delhi, West Bengal and Punjab, where it remained an 

important public health concern. The State of Punjab has been considered highly 

endemic for Dengue Fever (Fig 2) as over the last 6-7 years, large numbers of 

confirmed Dengue cases have been recorded (http://nvbdcp.gov.in/den-cd.html).  

Dengue transmission is increasing due to the rapid increase in human population, 

environmental, social changes and lack of knowledge amid people, all leading to 

increased breeding of vector mosquitoes (Haider and Turner, 2015; Radhika, et al., 

2019). Disease was restricted to metropolitan areas a few decades earlier and now it is 

being reported from semi-urban and rural areas (Fig 3) (Chakravarti, et al., 2012; 

Kakkar, 2012). 

 

a). Dengue situation in India 

 

b). Dengue situation in Punjab 

Fig 2:-Graph showing Dengue cases and deaths since 2013 to 2020 in India and 

Punjab, a) Dengue situation in India, b) Dengue situation in Punjab. 
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Fig 3:-Graph illustrating proportion of Dengue cases in urban and rural areas of 

Punjab from 2013-2020. 

1.5. Worldwide Burden of Disease 

Above 100 nations are known to be endemic for Dengue and the most cases have 

been recorded from the Western Pacific regions, America and South-East Asia 

(World Health Organization, 2009). It has a huge disease burden worldwide, as it 

is estimated that there are 96 million disease cases, with more than 390 million 

infections every year (Omodior, et al., 2018). Over 2.5 billion people reside in 

disease endemic countries (Grisales, et al., 2013; Matysiak and Roess, 2017).  

1.6.     Entomological Surveillance and Importance  

Surveillance of vectors is used to ascertain various targets such as alternation in 

the geographical areas, vector density and for calculation of population of species 

with time. Because these parameters can be utilized easily for taking decisions in 

regard to interventions (Baskera, et al., 2013; World Health Organization, 2016). 

The specific surveillance is based on different larval indices. These larval indices 

are recorded to be helpful because signals of their plenty are connected to the 

occurrence of Dengue Fever and DHF. House Index (HI), Container Index (CI) 

and Breteau index (BI) are the most commonly used indices for vector surveillance 

(Siregar, et al., 2018). In India, there is an upsurge in the entomological indices 

HI, CI, and BI of Aedes aegypti from July to October and thereafter, these indices 

show declining trend. These indices remain very high during the months of August 
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and September (Ahmed, et al., 2019). These indices are helpful in detection of the 

occurrence or nonoccurrence of Aedes mosquito larvae either in each container or 

in an individual house. These indices can not only determine the presence of Aedes 

mosquitoes but also have the ability to forecast the possible risk of arboviral 

infections. It can also be used to set up suitable interference for the control of 

these infections (Ferede, et al., 2018). To determine Dengue transmission risk, 

Pupal index (PI) is also a very important evaluator as mortality of pupae is the 

lowest compared with mortality of larvae. So, this index can be the best guide in 

control of Dengue (Jimenez-Alejo, et al., 2017). 

1.7. Methods of Vector Control 

There are no specific drugs and vaccines against Dengue therefore, the only 

available method for prevention of disease depends on vector control (Achee, et 

al., 2015; Bellinato, et al., 2016; Bharati, et al., 2018). Aedes mosquitoes are 

larger hosts for Dengue viruses and these mosquitoes show transovarial 

transmission (means horizontally as well as vertically). Aedes species carry viruses 

from eggs to adults without any harmful effects (Ferreira-de-Lima and Lima-

Camara, 2018; Sanchez-Vargas, et al., 2018). Community participation and 

education campaigns are recommended as the best method to control breeding of 

mosquitoes. Because community can reduce breeding of mosquitoes by removal of 

water from unnecessary sources of stagnant water, coupled with covering of long-

lasting vessels, water sources in domestic and peri-domestic areas (Poupardin, et 

al., 2014; Arslan, et al.,2015). 

Control of vectors is mostly depends on the multiple methods i.e., to reduce the 

mosquito density and it can be done by three approaches biological, mechanical 

and chemical. Basis of mechanical control is eradication or appropriate shielding 

of possible breeding sites. Biological and chemical control of Dengue is practiced 

under the specific guidelines of WHO. Biological control includes the involvement 

of the living organisms against the concerned disease vector such as bacterial 

larvicide crystalline protein of Bacillus thuringiensis var. israeliensis (Bti). 

Whereas chemical control approaches emphasis on application of different 

chemicals such as VGSC gene mutations inducer pyrethroids, anti-acetyl 

https://www.researchgate.net/scientific-contributions/2153063749_Rbab_Mohammed
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cholinesterase organophosphate, chitin synthesis inhibitor benzoylureas and 

mimics of natural hormone pyriproxyfen because of their effective, quick activity 

against insects, their low mammalian toxicity and their degradability in the 

environment (Bellinato, et al., 2016; Ngoagouni, et al., 2016; Plernsub, et al., 

2016; Bharati, et al., 2018). 

The National Vector Borne Disease Control Programme (NVBDCP) Delhi also 

approved the use of specific insecticides for vector management, like Temephos 

synthetic chemical (50% EC), Bti (WP) as bacterial larvicide, synthetic 

pyrethroids for indoor residual spray (IRS), Deltamethrin 2.5% WP for soaking of 

bed nets and Malathion 25% WP for ultra-low volume (ULV) spray (Srivastava 

and Dhariwal, 2016). 

1.8. Chemical Control: Larvicide and its Mode of Action 

Aedes mosquito management is commonly based on anti-larval operation, space 

spraying of insecticides Pyrethrum and Malathion fogging against adults. Since 

1980, Temephos, an anti-acetyl cholinesterase organophosphate synthetic 

chemical is being used under the vector control programme (Singh, et al., 2014; 

Chatterjee, et al., 2018). Everywhere Temephos is the best tool due to various 

points, because of its ease and its application is very easy in various ways 

depending upon the site and rate of application needed, selective killing of 

mosquito larvae. The effect of Temephos is more enduring than traditional oil 

application technique. It can be sprinkled by hand or by injection or spray pumps 

and in the household water storage containers of various capacities. Its sand 

granules can be sprayed with a calibrated spoon to achieve an unvarying dosage of 

1ppm (Fig 4). It is commercially available in various forms, namely; dilute 

solutions, emulsifiable concentrates, dusts and granules, including slow release 

formulations. As per NVBDCP National guidelines, 1ppm Temephos (2.5 ml 

Temephos in 10 liters of water) is being used in Punjab for the control of 

immature forms of Aedes aegypti. Temephos as a larvicide has been considered 

worldwide as a keystone in Dengue vector control (George, et al., 2015). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=George%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26371470
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Fig 4:-Picture depicting chemical structure of larvicide Temephos 

Temephos act by ingestion or contact and it inhibit the normal functioning of acetyl 

cholinesterase (AChE), an enzyme which results, acetylcholine neurotransmitter 

continue in the synaptic cleft, leading to the exacerbation of nerve impulse 

transmission and causes death of insect (Bellinato, et al.,2016). 

Urban Malaria Scheme (UMS) the second recommended bacterial larvicide is 

Bacillus thuringiensis varisraelensis (Bti). Bti is used against mosquito larvae due to 

various reasons such as potency, its quick killing effect as well as fine toxicological 

profile (Singh, et al., 2014; Chatterjee, et al., 2018). Bti is ingested by larvae; it 

dissolves in insect gut and becomes active by the formation of spores (sporulation). 

Later, crystalline protein forms around these spores which release insecticidal toxins 

(Cry and Cyt families). The modes of action of these toxins are different as a result 

both disrupt the osmotic balance of the midgut cells of the mosquito larvae and cause 

the death of larvae (Marcombe, et al., 2018).  

Malathion is used for indoor residual spray under NVBDCP for control of 

vector borne diseases in Punjab. It is an acetylcholinesterase inhibitor, when contact 

with the target organism phosphoester group is strongly bound to the active site of 

cholinesterase enzyme irreversibly. As a result, it deactivates the enzyme which 

generates rapid build-up of acetylcholine in the synapse and causes death of insects 

(Colovic, et al., 2013). 

 

https://en.wikipedia.org/wiki/Acetylcholinesterase_inhibitor
https://en.wikipedia.org/wiki/Acetylcholine
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1.9.      Chemical Control: Adulticide and its Mode of Action  

National Vector Borne Disease Control Programme (NVBDCP) 

Government of India, Delhi, recommends the use of Pyrethrum 2% Extract 

(pyrethroid) against adult Dengue vectors. Pyrethrum is used for indoor spray/fogging 

at low application rates. It has no bioaccumulation, relatively short persistence in the 

environment, and low mammalian toxicity. From 1945 to the early 1970 Pyrethrum 

was the only botanical insecticide which was used extensively for household and 

industrial spray in urban and rural areas for mosquitoes control (Fig 5). Doses of 

insecticide are used in NVBDCP Punjab as recommended by NVBDCP Delhi 

i.e.,1part of Pyrethrum 2% extract (as an insecticide) is diluted in 19 part kerosene oil 

against mosquitoes (Table 1.2). This natural insecticide is produced from the dried 

flower powder of Chrysanthemum cinerariefolium (Fig 6). During outbreak situation 

space spray is used to target the adult Aedes mosquitoes but in an integrated approach 

it can be used at the same time to target both larvae and adult stages (Ban, et al., 

2010; Dhiman, et al., 2014). Pyrethroids resistance is a matter of concern because 

there is resurgence of Dengue and other arboviruses globally as this is the primary 

insecticide family used against adult mosquitoes. Pan American Health Organization 

had almost eradicated Aedes aegypti in 1950s and 60s by killing both stages, i.e. 

adults and larvae of the mosquito in household habitation with insecticide and by 

eradication of breeding sites (Leslie, 1994; Dusfou, et al., 2011; Ishak, et al., 2017). 

Pyrethroids mainly attack the nervous system of pests; keep their voltage gated 

sodium channel in its open confirmation by disrupting their sodium and potassium ion 

exchange process. Furthermore, this prompts nerve cells to generate repeated discharges 

consequently bring about paralysis and demise (Guglielmone, et al., 2001). 

        
Fig 5:-Click specifying chemical structure of adulticide Pyrethrum     
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Fig 6:-Potrait showing flower of Tanacetum cinerariifolium and Chrysanthemum 

cinerariefolium (Kharar Railway station, District Mohali Punjab and sector-20 

Chandigarh). 

1.10. Development of Resistance: A Major Concern 

Dengue vector can be controlled by the use of proper dose, drug and selection 

of insecticide. Contrarily, inappropriate application time and dosage of insecticide can 

develop vector resistance. For all insecticides a standard dose of diagnosis is fixed by 

WHO in which if application of insecticide leads to<80% death rate of test insects 

then that condition is classified as resistance of insecticide and the insecticide cannot 

be utilized for (Caffery and Nauen, 2011) vector control (Corbel and N’Guessan, 

2013; Hasmiwati, et al., 2018). 

On the contrary, prolonged exposure to insecticides has led many vector 

control programs to be under threat due to the development of insecticide resistance in 

Aedes aegypti and Aedes albopictus. Thus, the insect vectors are under selection 

pressure in order to develop the resistance, which is one of the major hurdles in 

achieving successful curbing of vectors. Insecticide resistance in Aedes albopictus 

have been reported in earlier few studies as well as resistance to multiple insecticides 

(e.g. pyrethroids and organophosphates) in Aedes aegypti has been recorded in several 

regions of the world (Kamgang, et al., 2011; Ngoagouni, et al., 2016). 

Temephos (organophosphate) affects nerve synapses through the neuro-

transmitter acetylcholinesterase in mosquitoes. It causes changes on the 

acetylcholinesterase gene (Ace-1) in various vector species which are medically 

important like Anopheles gambiae, Culex pipiens and Culex tritaeniorhynchus, etc. 
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Mutation of wild type glycine to serine occurs when the most known Ace-1 

replacement of amino acid at position 119 takes place in mosquitoes. Resistance of 

organophosphate, Temephos can also take place due to raising levels of esterase 

enzymes. These enzymes can act to hide out the larvicides, by reducing the amount of 

active insecticide that reaches the target site. Secondly, these enzymes also raise the 

rate of turnover of insecticide by alternation of amino acid in the coding sequences of 

more esterase (Kamgang, et al., 2011; Grisales, et al., 2013; Poupardin, et al., 2014; 

Aguirre-Obando, et al., 2016). 

Pyrethrum and Deltamethrin target the voltage-gated sodium channels (VGSC) 

and cause slowdown in the closure of VGSC of the nerve cells of insects, succeeding 

in repeated and increased nerve firings. Because of the loss of motor coordination and 

paralysis, this hyper-excitation causes the death of the insect (Pyrethrins General Fact 

Sheet, 2014).  This type of resistance is known as knockdown resistance. Due to this 

structural change in the insecticide target site, the affinity for the insecticide can be 

lowered. In Aedes aegypti many (Knock down) Kdr mutations have been identified, 

associated with resistance in pyrethroid; V1016G and F1534C in two segments of the 

vgsc gene, respectively. Instead, in Southeast Asian and Latin American populations 

mutation at distinct positions of Aedes aegypti have been noticed (Faucon, et al., 

2015; Kushwah, et al., 2015; Li, et al., 2015; Kawada, et al., 2016). 

 In India, recently Dengue has spread dramatically and has been reported from 

all over the country (Bhat, et al., 2014). Dengue remains a major public health 

problem in Punjab. During 1996, an outbreak of Dengue with 720 confirmed cases 

and 19 deaths was reported from Ludhiana district (Gill, et al.,1997) and during 2011, 

out of 812 reported cases 399 confirmed Dengue cases were reported from district 

Shri Muktsar Sahib in the state (Lata, et al., 2012). 

On other hand NVBDCP depends on only two out of four main insecticides 

classes available for use in public health: pyrethroids and organophosphates which are 

also used in Punjab State under Urban Malaria Scheme (UMS) for the control of 

Aedes. However, in tropical areas the development of resistance to these two chemical 

classes is a major problem in controlling arthropods (Marcombe, et al., 2011). Punjab 

State is highly endemic for Dengue Fever and there has been a steady increase in 

confirmed cases of Dengue for the last five years. During 2016 there were 10439 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Poupardin%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24651719
https://en.wikipedia.org/wiki/Sodium_channel#Voltage-gated
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reported cases and 15 deaths and during 2017, 15398 cases and 18 deaths were 

recorded in the State of Punjab (NVBDCP website http://nvbdcp.gov.in/den-cd.html). 

Keeping in view the public health, a rising cases of Dengue in Punjab, a detailed 

study was undertaken entitled as “Identification and Molecular Characterization of 

Insecticide Resistant/Susceptible Dengue Vector Prevalent in Eastern Punjab, India”. 

The present study deals with to determine Dengue vector prevalence, identification, 

preferential breeding habitats, comparison of Stegomyia indices of Aedes in different 

seasons, furthermore their correlations with the Dengue cases in both rural and urban 

area of four districts, identification on the basis of male and female hypopygium 

structure and to determine the susceptibility status of Ae. aegypti to temephos and 

pyrethroid as well as to study mutation in insecticide resistant genes, which include 

acetylcholinesterase (Ace-1) and voltage-gated sodium channel (knock down 

resistance -Kdr) in predominant species in four districts of Punjab. This is the first 

detailed study in Punjab and also indicates the existence of Ae.aegypti and 

Ae.albopictus in both urban and rural areas and presence of Aedes vittatus only in 

urban areas of the state, thereby showing wide distribution of this vector. Distinct 

breeding habitats recognized in the study should be subjected to selected intervention 

such as source depletion in order to achieve effective control of Dengue cases. 

Periodically monitoring and updating of the susceptibility status of Dengue vectors 

put forward another possible vector control plan for successful disease management 

and the clarification of the mechanisms of resistance in insecticide may further help in 

the plan of appropriate resistance control plan to extend the efficacy of the existing 

insecticide-based control instruments. The outcome of the research work can assist 

health officials to utilize suitable insecticide in every administrative district to avoid 

the beginning of resistance and to use appropriate insecticide to obtain utmost results 

via space spraying and larviciding undertaken in urban and rural areas during different 

seasons.  
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Dengue is a rapidly growing global public health problem with an approximate 

10,000 demise as well as more than 100 million symptomatic diseases, annually in 

more than 100 nations (Messina, et al., 2019). It is estimated that 50% of the world 

community recently live in regions which are environmentally suitable for the spread 

of Dengue (WHO, 2016; Messina, et al., 2019). Transmission of Dengue virus to 

human is caused by the bite of infected female Aedes that flourishes especially in 

tropical and sub-tropical regions worldwide (Akiner, et al., 2016; WHO, 2016). 

There are three major types of Dengue Fever, namely classical Dengue Fever (DF), 

Dengue Hemorrhagic Fever (DHF) and Dengue Shock Syndrome (DSS). Dengue 

virus (DENV) belongs to family flavivirdae and is represented by four serotypes (1-

4), which are prevalent in various parts of the country since 1956 (Pandya, 1982; 

WHO, 2011). Yergolkar (2017) also observed that Dengue virus has four 

antigenically associated serotypes (DENV-1 to 4). In the Philippines the first 

committed outbreak of DHF was reported during 1953-54 whereas in Thailand, the 

first case of Dengue had been reported in 1958 (WHO, 2011). 

Khan, et al., 2022 reported that the maximum number of dengue cases was associated 

with the predominant co-circulation of DENV-2 and DENV-3 serotypes. A rise in 

cases was observed in the month of October. Males were more affected by the disease 

than female.  Procurable scientific literature demonstrates that dengue has become a 

major public health problem worldwide because of the complexity of serologically 

distinct serotypes. Consequently, concurrent dengue infections cause serious 

concerns. But due to the lack of resonable diagnostic and screening assays with high 

sensitivity, these concurrent dengue infections are poorly understood with respect to 

their occurrence, their clinical presentations, as well as their implications (Sirisena, et 

al., 2021).  

Yuan, et al., 2022 discussed that total 64 factors, including population and virus 

characteristics, clinical symptoms and signs, cytokines, chemokines and laboratory 

biomarkers. Out of these 34 factors were observed to be significantly different 

between Dengue Fever (DF) and Severe Dengue (SD). In addition, 9 factors were 

positively associated with SD and these factors can be used as biomarkers for the 

identification of SD. These factors will be helpful for a prompt diagnosis and early 

effective treatment for those at greatest risk. Wang, et al., 2020 explained that Plasma 
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leakages are the major pathophysiological indication that differentiates DHF from DF. 

Severe plasma leakage can result in a hypovolemic shock. Several factors are 

speculated to impact the disease presentation and severity. Virus virulence, 

preexisting dengue antibodies, immune dysregulation, lipid change and host genetic 

susceptibility are factors reported to be correlated with the development of DHF.  

Gupta, et al., 2012 discussed that the initial epidemic of clinical Dengue-like illness 

occurred in Madras, India (1780) and the first virologically proven epidemic of 

Dengue Fever (DF) was noticed in Calcutta and Eastern Coast of India in 1963-1964. 

Cecilia in 2014 explained that since then many epidemics have been recorded from all 

over the nation. 

Rise of these arboviruses are related with vector, host, and environmental factors such 

as temperature and rainfall worldwide. Additionally, there are also various other 

factors responsible for affecting arboviral disease emergence which include increase 

of appropriate vector habitations, viral patrimonial variation, human behavior, poor 

hygienic services, trade transportation. Un-availability of any commercial anti-

Dengue vaccine or drug makes the conditions more suitable for rapid emergence and 

spread of these specific arbo-viruses (Kamal, et al., 2018). 

Since 1990s, Dengue epidemics have become very periodic in India, mostly in 

metropolitan areas and have rapidly extended toward new areas, like in north east 

(Arunachal Pradesh and Mizoram). Further according to the authors, dengue has also 

extended in south east (Orissa) where anciently it was not present. Before 1999-2000, 

Dengue was indigenous only in a few Southern States; comprising Tamil Nadu, 

Karnataka, Maharashtra and union territories Pondicherry. Northern States were 

including Haryana, Punjab, Rajasthan, union territories Delhi and Chandigarh. 

Subsequently, in India the number of Dengue cases has gradually increased since 

2001(Chakravarti, et al., 2012). 

Dengue is transmitted primarily by Aedes aegypti (Yellow Fever mosquito). It prefers 

to live in urban and suburban areas, which are closely associated with human 

dwelling. Aedes aegypti is day biter but peak biting time is either in the early morning 

or in the late afternoon. It is highly anthropophilic in nature and to complete its single 

gonotrophic cycle it takes multiple blood meals and infects multiple people. Female 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hypovolemic-shock
https://www.sciencedirect.com/topics/medicine-and-dentistry/virus-virulence
https://www.sciencedirect.com/topics/medicine-and-dentistry/immune-dysregulation
https://www.sciencedirect.com/topics/medicine-and-dentistry/genetic-susceptibility
https://www.sciencedirect.com/topics/medicine-and-dentistry/genetic-susceptibility
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mosquitoes deposit their eggs in man-made as well as natural aqua receptacles just 

above the water surface such as tires cans, and jars. Peak densities of Aedes 

mosquitoes are observed in monsoon season due to more availability of water which 

is directly related to rise in the Dengue cases (Back and Lundkvist, 2013; Ngugi, et 

al., 2017; Reinhold, et al., 2018). Ibarra, et al., in 2013 explained that adult density of 

Aedes aegypti is also positively connected to the areas that has high relative humidity 

and more flora (Back and Lundkvist, 2013; Ngugi, et al., 2017; Reinhold, et al., 

2018). 

Asian tiger mosquito (Aedes albopictus) serves as a secondary vector for human-

endemic DENV. It breeds outdoors especially in tree-holes and adapts easily to semi-

urban, forest and rural areas. In these areas, there is substantial accessibility of natural 

containers for egg laying. Aedes albopictus prefers to feed on humans in outdoor such 

as lawns, parks and shrubs around houses during daytime and various other animals in 

proportion to their relative abundance in the environment (Higa, 2011; Young, et al., 

2017; Andrade, et al., 2019). 

Aedes vittatus is highly anthropophilic in nature, prefers to breed in natural habitat i.e. 

rock holes and can also breed in diverse macro as well as micro-habitats (Sudeep and 

Shil, 2017). 

A comprehensive review, on different aspects such as origin of disease vectors, 

breeding site preferences of vectors, prevalence of vectors, seasonal variation of 

Aedes species, vectors propensity to transmit dengue, correlation between Dengue 

cases and larval indices, vector control measures, resistance status at national and 

international level and different genes responsible for resistance have been described 

in detail as below:-  

2.1. Origin of Disease Vectors 

Yellow Fever mosquito was originally endemic to West Africa, Mediterranean region, 

Asia, South Pacific (Powell, et al., 2018). Afterwards Aedes aegypti has been entered 

and established globally due to development and anthropogenic activities (Brown, et 

al., 2014; Kraemer, et al., 2015). 

Asian tiger mosquito was autochthonous to Indian Ocean islands, Western Pacific and 

South eastern Asia (Delatte, et al., 2009; Izri, et al., 2011). Afterwards, Aedes 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Santos+Andrade%2C+P%C3%A2mela
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=P+Shil&journal=Y&but_search=Search&entries=10&pg=1&s=0
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albopictus expanded its scale to Africa, Europe, Americas due to anthropogenic 

activities and active movement consequently caused public threats (Ponlawat, and 

Harrington, 2005; Delatte, et al., 2009). 

Aedes vittatus is spread in Asia, Africa and the Mediterranean region of Europe 

(Sudeep and Shil, 2017). 

2.2.  Breeding Sites Preferences of vectors 

Phong and Nam, 1999, reported that Aedes aegypti and Aedes albopictus preferred to 

breed in water-filled drums, jars, concrete tanks, discarded objects and aquariums. 

Further, they concluded that larval prevalence reached up to a significant level in the 

rainy season. Thavara, et al., 2002 concluded that both species of DHF vectors, Aedes 

aegypti and Aedes albopictus were predominant on the island, Thailand. They further 

analyzed that the breeding place of Aedes aegypti was earthen jars in both indoor and 

outdoor dwellings and maximum breeding was observed in concrete water storage 

tanks. Major breeding sites of Ae.albopictus were coconut husks and coconut floral 

spathes in outdoors. Further, Simard, et al., 2005 studied that the most common 

artificial and natural breeding sites preferred by Aedes were discarded tires, rejected 

tins, plastic containers, unused vehicles parts, brick holes, drop leaves, tree holes and 

rock pools in Cameroon, Central Africa. Kumar, et al., 2014 reported that breeding of 

Aedes species were exhibited maximum in tires sequenced by coconut shells and 

plastic containers in Thiruvananthapuram India. Further, Guo, et al., 2016 explained 

that Aedes aegypti favored to breed indoor but at some places breeding was also 

detected outdoor, conversely Aedes albopictus preferred to breed outdoor dwelling 

but breeding was also observed indoor at few sites. Mukhtar, et al., 2018 reported that 

maximum breeding of Aedes aegypti was noticed in water tanks, room coolers 

followed by used tires and cities garbage in all the seasons in Rawalpindi, Punjab 

Province, Pakistan. Mahmud, et al., 2018 put lime light on the most 

dominant/preferred container by Aedes species and these containers were plastic 

receptacles. Man-made containers were the major breeding habitation in Dengue 

outbreaks in Cheras district, Kuala Lumpur. Similarly Meena and Choudhary in 2019 

explained that the most common breeding sites for Aedes were used tires followed by 

metal pots and mud pots in southern Rajasthan. 

 

javascript:;
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=P+Shil&journal=Y&but_search=Search&entries=10&pg=1&s=0


20 

2.3.  Prevalence of vectors 

Sharma, et al., (2015) concluded that high density of adult Aedes albopictus was 

observed in Goa India. Reegan, et al., 2018, studied that during indoors and outdoors 

entomological survey in 20 localities of Bengaluru city, Aedes aegypti was more 

abundant than Aedes albopictus in all the surveyed areas. Furthermore, Ferede, et al., 

2018 concluded that Aedes aegypti was the most prevalent species, second prevalent 

species was Aedes vittatus and third species was Culex in Metema and Humera, 

Ethiopia. Similarly Abilio, et al., (2018) reported that Aedes aegypti was detected in 

every sampled district, while Aedes albopictus was noticed only in one district out of 

32 districts in Mozambique.  

2.4.      Seasonal variation of Aedes species 

Rainfall is among the important abiotic factors that govern the transmission of 

mosquito-borne disease. Rainfall not only lowers the temperature and increases the 

humidity, but also make other environmental condition suitable for mosquitoes 

breeding. The prevalence of Dengue vectors are not only varies from place to place 

but also seasonally. 

All the larval indices (CI, HI and BI) of Dengue vector were highly connected to all 

abiotic factors. Dengue risk was also significantly associated with high temperature 

and higher humidity and higher rainfall (Nasir, et al., 2017; Pham, et al., 2011; 

Tuladhar, et al., 2019). There are few studies where it was reported about the 

distribution of Aedes during pre-monsoon and post-monsoon. Ravikumar, et al., 

(2013) discussed that density of Ae.aegypti and Ae.albopictus was the highest 

recorded during pre-monsoon and the post-monsoon season in Nilgiri Hills of 

Western Ghats, Tamil Nadu. Additionally, Baruah and Dutta (2013) conducted 

studies on seasonal prevalence of Aedes aegypti in urban and industrial areas in 

Assam. Both the mentioned areas had high percentages for Aedes aegypti with higher 

abundance in the post monsoon season (October) after heavy rainfall. 

There are some studies which reported about prevalence of Aedes during monsoon as 

Wongkoon, et al., 2013 concluded that breeding of Aedes species larvae per 

household were observed maximum in the rainy season than in the winter and 

summer seasons in Thailand. Moreover, Aedes aegypti larvae per household were 
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predominated than Ae.albopictus larvae in monsoon season. Furthermore, Camara, et 

al., in 2016 discussed that monsoon season was the most favorable season for 

Ae.aegypti survivorship and development in Brazil. 

2.5. Vectors propensity to transmit dengue 

Procurable scientific literature witnesses that certain species of genus Aedes, transmit 

arbovirus to human as Diagne, et al., 2014 confirmed that Aedes aegypti and Aedes 

vittatus act as vectors for Chikungunya virus (CHIKV) transmission. Further, they 

conclusively remarked that Aedes vittatus is comparatively potential carrier for 

concerned virus, than Aedes aegypti.  Chouin, et al., in 2016 speculated 

that Ae.aegypti and Ae.albopictus possess the equal potential for pathogen 

transmission.  Aedes aegypti had been identified as predominant vector for Yellow 

Fever, Zika, Chikungunya and Dengue viruses (Agramonte, et al., 2017). 

Yellow Fever, Dengue, Chikungunya and Zika virus are transmitted by Aedes vittatus 

(Sudeepand Shil, 2017) and Aedes aegypti (Souza-Netoab, et al., 2019) while Aedes 

albopictus can transmit Dengue, Chikungunya and Zika virus but not transmit Yellow 

Fever (Nejati, 2017; Tsujimoto, et al., 2017). 

These arboviruses maintain and amplify their cycles in the environment by three 

transmission process 1.Horizontal transmission, 2.Vertical transmission, 3.Venereal 

transmission (Marchi, et al., 2018).  

After the bite of infected Aedes, the DENV is mostly transmitted to humans. This 

process is called horizontal transmission (Ferreira-de-Lima and Lima-Camara, 2018). 

Transmission of some arboviruses from the infected female mosquitoes to their 

offspring, during oviposition is known as vertical transmission (Clements, 2012; 

Lequime, et al., 2016). Moreover, during copulation, transfer of virus from a 

vertically infected male to directly female is called venereal transmission (Marchi, et 

al., 2018). 

2.6.  Correlation between Dengue Cases and Larval Indices 

There are three major larval index like House indices (HI), Container Indices (CI) and 

Breteau indices (BI) for measuring Dengue vectors. The Breteau Index is generally 

considered the best commonly used indices as it combines houses and containers. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Diagne%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=25002293
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=P+Shil&journal=Y&but_search=Search&entries=10&pg=1&s=0
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Rahman, et al., in 1995 explained through the retrospective Dengue/DHF data that 

there is strong relationship between the Dengue cases and the Aedes larval index. 

Authors also noticed similarity between the densities of Ae.aegypti in relation to 

various Dengue/Dengue Hemorrhagic outbreaks in India. On other hand larval index 

above 20 per cent of Aedes aegypti appears to be related to a high risk of 

transmission. Sanchez, et al., 2006 also noticed that BI can be used as best predictor 

for Dengue transmission. On the contrary, Bowman, et al., 2014 concluded that, 

single value of Breteau index is not reliable tool for assessing Dengue transmission. 

They also suggested that adult sampling should be done on daily basis and better 

knowledge of vectors ecology is required. Udayanga, et al., in 2018 described that 

threshold values recommended for adult Ae.aegypti along with cut-off values for 

pupal index (PI) could be suggested as indicators for decision making in vector 

control efforts in Sri Lanka. 

2.7. Vector Control Measures 

As there are no effective drugs for Dengue, therefore the most important method to 

curb and prevent the Dengue is to curb population of vectors (Gunther, et al., 2011; 

Capeding, et al., 2014). Karunamoorthi and Sabesan (2013) analyzed that the 

meaning of vector control is action of any type, conducted in opposition to diseases 

vectors and planned to curb their potential to spread illness.  

In case of Dengue, regular vector control generally consists of source reduction 

approaches, including use of chemicals against the larvae and adult via spray and 

space-spraying respectively. However, regulated and vector control attempts on the 

basis of insecticides are usually deficient in effectiveness and requires a community-

based vector control plan that involves environmental management (Ault, 1994; 

Castro, et al., 2012). Moreover, community participation and education campaigns are 

the dynamic process for Aedes aegypti control and education campaigns can be 

conducted by Health workers during door to door surveys (Perez, et al., 2007; 

Poupardin, et al., 2014; Arslan, et al., 2015). Zahir, et al., 2016 studied the function of 

involvement of people in intercept of Dengue Fever in Pakistan and the author noticed 

that operation for curbing had an important relationship with organization of 

community to eliminate Dengue mosquitoes. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zahir%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28058191
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Beside public participation distinct classes of insecticides, viz organophosphates, 

organochlorines, carbamates and synthetic pyrethroids have been in service since last 

1-5 decades in vector control programmes globally (Ranson, et al., 2010; Uragayala, 

et al., 2015).  

There is only one class of insecticides i.e. organophophates (temephos, fenthion) 

which are approved against larval control because organophophates has high 

effectiveness and low persistence in the nature (WHO, 2013). Temephos, an 

organophosphate larvicide, has been most widely used against mosquito larvae 

control for many years. It has also been incorporated in the record of World Health 

Organization (WHO) because it is very appropriate as well as non toxic insecticide 

which can be used even in potable water for curb of the most mosquito vectors. 

Organophosphate has very low toxicity and it is also unexpected to give out serious 

difficulties for public (WHO, 2006). Abai, et al., in 2016 studied that over usage of 

organophosphates in the agriculture sector, as larvicide against mosquitoes, so it is 

possible to develop resistance in some vectors.  

The second types of insecticides are organic insecticides like rotenone, azadirachtin, 

abamectin and spinosad. These insecticides restrain all biological, chemical and 

mineral materials and some of them are commercially available, e.g., neem, spinosad, 

Pyrethrum, abamectin, Bacillus thuringiensis israeliensis (Bti), rotenone, cinnamon, 

essential oil products, pepper and garlic (Mossa, et al., 2018). 

Bacillus thuringiensisisraelensis (Bti) is also a natural insecticide, having peculiar 

bacterium that can give rise to several active synthetic compounds. These compounds 

are used in organic farming and public health sectors as commercial biolarvicide 

against larvae and to curb pests. Bti is used extensively because it is very safe for 

public and environment friendly larvicide. Bti is toxic because during the sporulation 

of the bacterium viz:-Bacil-lusthuringiensis israeliensis, it produces harmful crystal 

(Tetreau, et al., 2013; Mossa, et al., 2018).  

Pyrethrum is a mixture of natural chemical compounds which are obtained from 

extract of dried Chrysanthemum cinerariaefolium flowers. Its extract is made up of 

more than five distinct compounds which have insecticidal capability of killing 

insects. Due to the presence of active compounds in the Chrysanthemum flower, 

extracts are named as pyrethrins (Hodgson, 2012; Fradin, 2019). In addition to this, 
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pyrethrins are recorded as pesticides and near about 2000 trade products are available 

globally. These are neurotoxicants such as other pyrethroid pesticides (Mossa, et al., 

2018).  

Pyrethroids and pyrethrins are used to curb adult mosquitoes because bothdegrade 

quickly in the sunlight compared to other insecticide or microbial degrades. But, 

pyrethroids are reviewed; poison the nerve fibers and break down more slowly in the 

daylight than pyrethrins. It is used in agriculture to control insects due to its 

effectiveness (Gile, et al., 2013). Afterwards, to inhibit degradation of pyrethroids, 

these can be amalgamated with some other active ingredients, like piperonylbutoxide, 

and prevents the insect’s system from detoxifying the pyrethroid, making it more 

effective. Slow-down makes the chemical product stay for a long period in nature and 

need less recurrent doses to destroy insects (Cuervo-Parra, et al., 2016).  

Pyrethroids have very fast knock-down results. It mainly attacks the nervous system 

of pests by disrupting their sodium channels of nerve membrane; consequently cause 

the disruption of ions transport and transmission of impulses between nerve cells 

(Bisset, 2002). Furthermore, this prompts nerve cells to generate repeated discharges 

consequently bring about paralysis and demise (Guglielmone, et al., 2001).  

Malathion, an organophosphate compound, extensively applies for farming, 

household, and public health purposes, especially to increase the production of food 

and to control infectious vectors throughout the world. Chemical formula of 

Malathion is C10H19O6PS2 and it is also low persistent in the environment. Malathion 

attachs with acetylcholinesterase enzyme (AChE) at nerve endings all over the bodies 

of pests. Major role of AChE is the synaptic transference of nerve impulses. Inhibition 

of enzyme brings about blockage to signal transmission which further leads to 

inebriation displayed by restlessness, hyper excitability, convulsions, paralysis, and 

death (Tchounwou, et al., 2015). 

Deltamethrin, a synthetic pyrethroid, was initially reported in 1974. Specific chemical 

is soluble in alcohol, acetone and lipids. Naturally, this chemical occurred in white 

and light brownish yellow crystals powdery form. Pyrethroids are more than 2200 

times extra poisons to insects compared to higher animals therefore insects have very 

smaller structure; body temperature is low and sensitive sodium channels. It affects 
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the nervous system of mosquitoes by toxic activity hence extend the opening of 

voltage-gated sodium channels (VGSC). These VGSC results in membrane 

depolarization of neurons, repetitive discharges and synaptic disturbances leading to 

hyper excitatory symptoms of poisoning in insects. This pyrethroid also influences the 

function of the chloride and calcium channels of the neuron (Wakeling, et al., 2012; 

Field, et al., 2017; Chrustek, et al., 2018). 

Insecticides are supposed to exist as an essential component of Dengue control for the 

forthcoming time (Townson, et al., 2005). Pyrethroids have been used worldwide to 

control mosquitoes and identify them because of their more toxicity toward chosen 

pests and side effects on humans are very less. But, due to continued use of 

insecticides in the field, several populations of mosquitoes have exhibited resistance 

to pyrethroids (Rodriguez, et al., 2001; Lin, et al., 2003). 

2.8. Insecticide Resistance Status at National and International Level 

In 1946, DDT was the first insecticide which was introduced for control of 

mosquitoes. Initial resistance to DDT was detected in Aedes in 1947 (Knobler, et al., 

2003). Bansal and Singh (2003) studied seasonal prevalence and carried out 

insecticide susceptibility tests against the adults of Aedes aegypti, in three barren and 

three fertile districts of Rajasthan. Aedes aegypti was the most prevalent species. 

Research work was performed against insecticides DDT and dieldrin in both rural and 

metropolitan regions. Resistance was detected against both insecticides in both barren 

and fertile regions while an intermediate resistance had been reported from 

metropolitan areas toward DDT and dieldrin. It was more noticeable in rural areas 

than urban areas. Tikar, et al., (2008) studied that Aedes aegypti collected from few 

metropolitan areas of Union territory, southern and northern state such as Chennai, 

Delhi, Coimbatore, Mumbai and Jodhpur were susceptible to organophosphates, on 

contrary DDT resistance was observed at very low level. Both species were resistant 

to insecticide DDT, in Koderma (Jharkhand) however, susceptible to malathion, 

permethrin, deltamethrin, lambda-cyhalothrin and cyfluthrin. Larvae of both species 

were susceptible to malathion, temephos and fenthion (Singh, et al., 2011). 

Das, et al., 2011 studied the resistance status of the Dengue vectortowards various 

insecticides in Jharkhand state, India, using the WHO standard susceptibility test kits. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475621/#CR4
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Aedes aegypti mosquitoes were DDT resistant while susceptible to organophosphate 

and pyrethroids. He further discussed that larvae of Aedes aegypti species were 

susceptible to temephos in Jharkhand state. In Venezuela, Alvarez, et al., in 2013 

monitored the populations of Aedes aegypti from four districts in regard to 

insecticides resistance against pyrethroids and organophosphates along with enzymes 

connected to metabolic resistance mechanisms during 2008 and 2010. Bottle bioassay 

was performed and after 24 hours mortality was recorded to find the lethal 

concentration. Aedes aegypti exhibited low resistance to malathion and high 

resistance to deltamethrin with noticeable raised expression of enzymes viz. 

glutathione-S-tranferases and mixed-function oxidases. 

Reviewed by Singh, et al., (2013) in different areas of India, the larvae of Aedes 

aegypti were showing susceptibility towards synthetic pyrethriods but resistance to 

DDT and dieldrin. While, Aedes aegypti exhibited resistance to DDT in Kolkata, 

Gujarat, Pondicherry and Maharashtra but was fully susceptible to other conventional 

insecticides (malathion and deltamethrin). Conversely, the larvae were DDT tolerant 

in Goa State and susceptible to organophosphates but resistance to dieldrin was 

recorded. In Uttar Pradesh, larvae of Aedes aegypti were DDT resistant, 

susceptible to pyrethroids while malathion revealed tolerance up to some extent. 

Singh, et al., 2014 evaluated susceptibility status of An.stephensi against larvicide 

temephos in Delhi. Mortality of Aedes aegypti larvae was recorded which ranged 

from 64.88% to 98.22% from different localities. Larvae of Aedes aegypti were 

depicting varied susceptible status to temephos such as highly susceptible in one area, 

tolerant in two areas and development of resistance against in five areas of Delhi 

respectively.  

A similar study was carried out in Delhi, India where a Dengue vector, Aedes aegypti 

had been reported DDT and pyrethroids resistant while susceptible to 

organophosphates. Delhi and Kerala populations also exhibited signs of initiation of 

resistance to pyrethroid in Aedes albopictus because it was also reported from nearby 

country Pakistan and Sri Lanka (Das, et al., 2014). A study by Azzez has 

demonstrated resistance to DDT in adults of Aedes aegypti in Jharia, Bihar, India 

during the year 1967. In Tezpur military area of Assam, wild collected Aedes 
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albopictus was DDT resistant and susceptible to temephos, malathion and 

deltamethrin (Dhiman, et al., 2014). 

Yadav, et al., (2015) Stegomyia larval and adult susceptibility bioassay was carried 

out to discover various lethal concentration and resistance ratios against Temephos 

and deltamethrin, malathion and DDT respectively in Assam India. Aedes albopictus 

of Sotia was resistant to temephos whereas Aedes aegypti of Borgong, Kusumtola and 

Serajuli revealed high temephos resistance. Outcomes from each study area indicated 

that both Dengue vectors were completely resistant toward DDT. Whereas 

deltamethrin and malathion were highly susceptible except for Aedes albopictus at 

one study area where it revealed low level malathion resistance. KDT values for both 

species exhibited a high level of knock-down DDT resistance. 

Brown (1986) discussed that resistance to insecticides was common in Aedes aegypti. 

In the Caribbean, resistance to DDT was developed in 1955. Organophosphate 

resistance was also widespread in the region (Santo-Domingo) Mekuria, 1991 

Rodriguez, 2001 and pyrethroid resistance had been reported in Puerto Rico 

(Hemingway 1989), Dominican Republic, Mekuria 1991, British Virgin Islands, 

Wirth 1999, Cuba Rodriguez 2001 and Martinique Brengues, 2003.  

Harris, et al., in 2010 explained that Aedes aegypti was highly DDT and pyrethroid 

resistant in Grand Cayman. Increased levels of enzyme glutathione transferase, 

cytochrome P450 and esterase was also noticed. Author also reported that DDT and 

pyrethroid resistance was associated with F1534C mutation.  

Lima, et al., (2011) explored that temephos and cypermethrin resistance was recorded 

in Barbalha and Crato whereas Juazeiro do Norte population observed susceptibility 

against cypermethrin but low level temephos resistance in Brazil. Two Kdr mutations 

were observed viz Ile1011Met, Val1016Ile and formal mutation was examined in all 

populations; later mutation was detected in Crato and Juazeiro do Norte.  

Grisales, et al., in 2013 studied that temephos was resistant in Colombia. Mortality 

rates were greatly reduced after application of larvicide i.e three forth reduced in 

fortnights and half reduced in one month respectively from Cucuta population. Author 

also reported that target site resistance was not connected with biochemical assays or 

due to Ace-1 gene. Temephos resistance was mainly occurred due to metabolic 

https://parasitesandvectors.biomedcentral.com/articles/10.1186/1756-3305-4-5#auth-1
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mechanisms and enzyme carboxylesterase inhibitor, cytochrome P450 oxidases, DEF, 

notably CYP6F3, CYP6M11 and CYP6N12 were associated with metabolic 

mechanism. 

First time in 2011, mutation connected to kdr was recorded in Aedes albopictus 

thereafter various confirmations were examined in the distinct areas such as USA, 

Brazil, Mediterranean Countries, China and India of the world (Auteri, et al., 2018).  

Hamid, et al., (2018) reported that development of insecticide resistance due to 

prolonged use of the same insecticides for control purposes. Malaysia, Mexico, 

Brazil, Colombia, Thailand, Grand Cayman, India and China worldwide, these 

different countries have been observed to be developing resistance to commonly used 

insecticides in Aedes aegypti. Temephos resistance has also been recorded from the 

country Malaysia and America in Aedes aegypti. 

So, it is very essential for managing well-planned vector curbs to monitor resistance 

of synthetic pyrethroids periodically (Kushwah, et al., 2015). 

2.9. Different Genes Responsible for Resistance  

Muthusamy and Shivakumar in 2015 detected that the larvae of Aedes aegypti in 

Namakkal (NKL) districts of Tamil Nadu were reported resistant to temephos 

whereas in other districts moderate susceptibility towards insecticides was observed. 

Further, biochemical tests revealed that activity for enzymes jumped up which was 

proved by insensitivity of acetylcholinesterase and mutation in G119S gene was 

noticed with high frequency. These raised activities of enzymes and Ace-1 mutation 

were related to Temephos resistance. 

Kushwah, et al., in 2015 studied sensitivity status against synthetic pyrethroids and 

presence of knockdown resistance (kdr) mutations in Aedes albopictus in four states 

and one Union territory of India. Among five populations of Aedes albopictus 

resistance was observed against DDT. Developing resistance against synthetic 

pyrethroids was recorded in Aedes albopictus in Kerala and Delhi populations. On the 

contrary, populations from Assam, Haryana and Uttrakhand were susceptible for DDT 

and Kdr mutations were not noticed in any insecticide resistant individuals. 
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Bharati, (2018) worked in West Bengal, India on susceptibility status of insecticide on 

Aedes aegypti and presence of mutation were also observed. It was recorded that the 

huge amount of screened populations had developed resistance to different 

insecticides. Deltamethrin followed by lambdacyhalothrin whereas lambdacyhalothrin 

followed by malathion, propoxur and least resistance observed against permethrin and 

DDT. Moderate temephos resistance was reported in one population. Raised activity 

of enzyme carboxylesterases and cytochrome P450s was evident for the cause of 

resistance. 

Study was explored by Soni, et al., (2018) where high resistance to DDT was 

recorded in both species and least resistance was noticed against pyrethroid and 

malathion in State Assam and Arunachal Pradesh. Both species had exhibited 

V1016G heterozygous mutations in three districts namely Dibrugarh Sivasagar and 

Tinsukia. Likewise, both species had exhibited F1534C heterozygous mutations also. 

But Aedes aegypti exhibited mutation in Tezpur, Tinsukia and Sivasagar district while 

Aedes albopictus revealed mutation in these three districts Dibrugarh, Tinsukia, and 

Sivasagar. 

Aedes aegypti was noticed to be susceptible towards organophosphate, malathion and 

adulticide, Pyrethroids and DDT resistance was very high. Polymorphisms of high 

rate were also recorded in the voltage gated sodium channel gene in West Bengal. 

DDT resistance was observed to be connected with double mutant V1016G + 

F1534C. Aquatic stages have also revealed low to moderate levels of Temephos 

resistance (Saha, et al., 2019). 

Moderate resistant was also noticed in the wild Aedes aegypti against temephos and 

spinosad but 100% susceptibility was observed towards bacterial larvicides Bacillus 

thuringiensis israelensis (Bti) and synthetic pyrethroids (Marcombe, et al., 2018). 

Hasmiwati and Supargiyono in 2018 explained that in West Sumatra, Indonesia, 

Aedes populations had point mutations in the VGSC gene which were related to 

S989P and V1016G substitutions in amino acids. The authors also observed through 

kdr genotyping that populations of Aedes aegypti were malathion and permethrin 

resistant. A study of the peri urban area of Indonesia indicated that Aedes aegypti was 

highly resistant towards permethrin and bendiocarb. Furthermore, through allele 

specific PCR, it was also analysed that Aedes aegypti had point mutation in V1016G 
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gene which had notable connection with permethrin resistance in Banjarmasin city 

Kalimantan, Indonesia (Hamid, et al., 2018). In New Mexico USA, the majority of 

the populations of Aedes aegypti were exhibited resistant to pyrethroids, permethrin 

and deltamethrin. During screening, through Kdr genotyping it was detected that the 

population of Aedes aegypti had kdr mutations which had a significant relationship 

between F1534C gene and resistance in pyrethroid (Kandel, et al., 2019). 

Pinto, et al., 2019 conducted a study on different classes of insecticides in Aedes 

aegypti from the districts of Chosica, Punchana and Piurain Peru. DDT resistance was 

reported in all three districts and pyrethroids resistance was reported in two areas 

except Chosica. Malathion resistance was also observed in only one area i.e Chosica. 

1016I and 1534C alleles were observed in two areas i.e Punchana and Piura, whereas 

1534C allele was exhibited that was related to mutation in Aedes aegypti in Corsica. 

Hasmiwati, (2018) investigated the Aedes aegypti resistance status and identified 

point mutation in Padang city. Among five populations, Aedes aegypti were temephos 

resistant in two areas whereas in three areas, temephos susceptibility was recorded. 

Ace-1 genotyping revealed that Ace-1 was 495 bp in length. No mutation was 

observed at T506T site. Three alleles were observed in T506T sites, comprising two 

mutant alleles, TA, AA and a wild type allele TT and study indicated that two 

populations of Aedes aegypti were noticed to be temephos resistant, three populations 

were susceptible. A new mutation was reported as substitution (ACT>ACA) in the 

T506T site.  

After reviewing these papers it was noticed that only two studies were conducted on 

Aedes species by Gill, et al., 1997 and Lata, et al., 2012 in Punjab. Dengue cases are 

increasing continuously from the last 5-6 years and no detailed study has been 

conducted on identification and molecular characterization of insecticide resistant/ 

susceptible Dengue vector prevalent in eastern Punjab, India. Therefore to bring out 

efficient and continuous Aedes control measures there is a necessity to find out the 

prevalence, resistant/susceptibility status of Dengue vector to commonly used 

insecticides and genes responsible for resistance in Punjab. Regular observation of 

resistance is also required for selecting the most effective adulticide and larvicide for 

Aedes control in Punjab. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kandel%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30794644
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Morbidity in Punjab is equally prevalent in both poor and socioeconomically 

better communities of the state, due to Dengue Fever. The high incidence of the 

disease per year is the adverse outcome of rapid unplanned urbanization and varied 

social practices such as water storage practices and inappropriate disposal of solid 

waste materials in and around house/premises. Such practices are resulting in the 

creation of more favorable breeding habitats for Aedes mosquitoes. Although there are 

many methods to control Aedes population such as space sprays, thermal and ultra-

low volume fogging by applying insecticides and effective larvicides but still Dengue 

cases persist. Therefore, the choice of potent insecticidal agents (larvicide and 

adulticide) is very important for vector control measures. Due to regular spray of 

Temephos and Pyrethrum in both Dengue and Malaria vector control programs by the 

Health Department and Municipal Corporation of India, Temephos and Pyrethrum 

resistance in mosquito population might have been developed. Considering this fact, 

the target of present research work is to detect genetic elements responsible for the 

same. 
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The brief objectives of the present research work are:- 

1. To study the prevalence (identification and preferential breeding habitats, 

comparison of Stegomyia indices of Aedes in different seasons) of Dengue 

vectors (along with their correlations with the Dengue cases) in rural and 

urban area of different districts Mohali (Balongi), Ludhiana (Mundian Kalan), 

Patiala (Jhill) and Fategarh Sahib (Chuni Kalan) of Punjab. Male/female 

genitalia of mosquito for identification of species. 

2. To study the insecticide susceptibility/resistance status of larvicides 

(Temephos) and adulticide (Pyrethrum) for the control of most abundant 

species. 

3. To study mutation in insecticide resistant genes, which include 

acetylcholinesterase (Ace-1) and voltage gated sodium channel (knock down 

resistance -Kdr) in predominant species. 
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Aedes aegypti had been selected to execute specific research work as it was detected 

as the most abundant species in selected study areas. To assess prevalence of Dengue 

vectors, identification of species, insecticide resistance/susceptibility status and 

mutation in associated genetic elements, various parameters including entomological 

surveys, study of genitalia for species identification, larval bioassay, adult bioassay 

and polymerase chain reactions based amplification of Ace -1and Kdr mutation had 

been executed. 

Test organism:-Aedes (Ae.) is a holometabolous insect with four main developmental 

stages, including egg, larva, pupa and adult in its life cycle. Ae.aegypti, Aedes 

albopictus and Aedes vittatus belonging to family Culicidae of order Diptera were 

considered as experimental models. 

Brief Bionomics of Aedes aegypti, Aedes albopictus and Aedes vittatus:-  

Description of Aedes aegypti:-Size of Aedes aegypti is small to medium about 5-7 

millimeters. It is black colored mosquito with contrasting silver white line on the 

head, abdomen, scutum and legs. Adult Ae.aegypti possesses violin/lyre shape white 

scales on the dorsal surface of its thorax (Muktar, et al., 2016). 

Description of Aedes albopictus:-Size of Aedes albopictus is small to medium i.e., 

more than 3.0 to near about 10.0 millimeters. Aedes albopictus possesses black 

scutum with white dorso-central strip on the thorax. The proboscis of both male and 

female is dark in color. Simple identifying feature of Aedes albopictus is prominent 

black shiny scales and on the tarsi and palpus distinct silvery white scales are present 

(Hawley, 1988; Foster and Walker 2002; Rios and Maruniak, 2004). 

Description of Aedes vittatus:-It consists of three pairs of small round silvery white 

spots on the scutum. Other characteristic features include, dark tibiae with white 

spots, presence of white band on the base of tibiae, white bands on the tarsomeres 1–

4, fully white fifth tarsomere etc (Sudeep and  Shil 2017). 

To execute the present research work following parameters has been adopted and 

briefly described below: 

http://entnemdept.ufl.edu/cv/people/maruniak/
http://www.jvbd.org/searchresult.asp?search=&author=AB+Sudeep&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.jvbd.org/searchresult.asp?search=&author=P+Shil&journal=Y&but_search=Search&entries=10&pg=1&s=0
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1. Prevalence of Dengue vector: - Larvae/ pupae were collected from selected areas 

and kept in insectary, under control condition of temperature 27±10C and 70% 

humidity (Costa, et al., 2010). Rearing of larvae/pupae had been carried out, 

afterwards imagoes were identified by following pictorial taxonomic keys of 

Haung, 1979; Rueda, 2004 and Tyagi, et al., 2012. 

2. Study of Genitalia for Species Identification: -In this parameter methodology 

adopted by Yadav, et al., 2014 was followed for identification of species. Male 

and female mosquitoes were identified on the basis of hypopygium as it is also a 

morphological marker in the species identification. 

3. Assessment of Insecticide Resistance/Susceptibility Status: - Both larval and 

adult bioassays were conducted as per guidelines of World Health Organization to 

determine insecticide resistance and susceptibility status of Aedes aegypti against 

larvicides Temephos, Bti and insecticides Pyrethrum 2% extract, Deltamethrin 

2.5% WP and Malathion 25% WP respectively (World Health Organization, 2005; 

WHO, 2016). 

4. Detection of Target Site Resistance:-Two genes including acetyl-cholinesterase 

(Ace-1) and voltage gated sodium channel (Kdr) were selected as per mode of 

action of specific larvicide Temephos and adulticide Pyrethrum respectively. For 

this Ace-1 gene and VGSC gene were amplified from susceptible/resistant and 

control larvae and adults. 

Elaborative Description of Executed Research Work is as Following:- 

Study area, Survey design and Period:-Study was carried out in four districts of 

Punjab, India. Punjab is situated in the northwest part of India and bounded by Jammu 

and Kashmir in north, Himachal Pradesh to the northeast, Haryana to the southeast 

and Rajasthan to the southwest. Punjab is also bordered by Pakistan in the west. It has 

an area of 50,362 km2 and is situated at the latitude 31.14° North and longitude 75.34° 

east.  Maximum area of this state consists of fertile plains, alluvial plains with many 

rivers and an extensive canal system for irrigation. 

In the present study, cross sectional entomological surveys were conducted in 4 

districts of Punjab. On the basis of previous three year retrospective data of Dengue 
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cases, these include S.A.S Nagar (Mohali), Patiala, Ludhiana and Fatehgarh Sahib 

(F.G.Sahib) (Table 1, Fig.7). The surveys were done in indoor and outdoor areas 

during pre-monsoon (May-June), monsoon (July-September) and post-monsoon 

(October-December), for three years from 2017 to 2020. In Punjab, dengue cases 

mostly started appearing from the month of May onwards. Furthermore, breeding 

habitats are also positive for Aedes immatures during these months. Therefore, the 

study was done for the stated duration. 

Table 1:- Location of four selected districts of Punjab specifying their latitude 

and longitude 

Name of the 

districts 

Latitude Longitude Localities inspected 

S.A.S Nagar 30.7046 °N 76.7179˚E Metropolitan and rural area of S.A.S Nagar 

Patiala 30.3398˚N 76.3869˚E Metropolitan and rural area of Patiala 

Ludhiana 30.9010˚N 75.857˚E Metropolitan and rural area of Ludhiana 

Fatehgarh Sahib 30.6435˚N 76.3970˚E Metropolitan and rural area of 

FatehgarhSahib 

 

 

Fig 7:-Punjab map showing the location of sampling of four populations in 

districts of Punjab. Point 1 blue colored (Ludhiana urban and Village 

Koomkalan), point 2 brown colored (SAS Nagar urban and Village Balongi), 

point 3 green colored (Fatehgarh Sahib Urban and Village Chuni Kalan), point 4 

red colored (Patiala urban and Village Jhill) to study the prevalence of Dengue 

vectors. 

Fatehgarh 

Sahib 

Ludhiana 

SAS Nagar 

Patiala 
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5.1. Collection, Rearing and Identification of Larvae 

5.1.1. Larval Collection:-Door to door entomological survey was conducted in 

the selected districts. Each and every type of indoor and outdoor breeding 

habitats was inspected in distinct areas of SAS Nagar, Patiala Ludhiana and 

F.G.Sahib, to collect the Aedes larvae and pupae by following the dipper method 

(Getachew, et al., 2015). The habitations in the present study were chosen by a 

systematic random sampling technique. From all the study areas, the first house 

was randomly included in the study. A vessel containing any amount of water 

was regarded as a wet vessel; the wet vessel holding any amount of immatures 

(larvae, pupae or both) was regarded as a positive container. The larvae were 

collected with the help of distinct collecting techniques such as dipper, ladle 

depend on the kind and size of the breeding source. The collected larvae or 

pupae were placed in plastic vessels tagged with the code of home identification, 

area, sources of breeding and date of collection (WHO, 2009; Bhat, et al., 2014). 

5.1.2. Rearing and Identification of Mosquitoes:-The specimens were brought 

to the lab. at Department of Medical Parasitology, Post-Graduate Institute of 

Medical Education and Research (PGIMER) Chandigarh. Afterwards individual 

immature specimens were kept in separate rearing trays, for every vessel types in 

the insectaries and were fed daily on larval food yeast and dog biscuit prepared 

at a ratio of 3:1 (Munhenga, et al., 2016; Ong and Jaal, 2018). Then pupae were 

transferred to individual adult cages for emergence. Identification of adult 

mosquitoes had been carried out by following pictorial taxonomic keys of Rueda, 

2004 and Tyagi, et al., 2012. Subsequently, adults were fed on 10% sucrose 

solution through soaked cotton pads placed either on petri-dishes or on top of the 

mosquito nets (Gunathilaka, et al., 2019). 

Calculation and analysis of larval survey data was done by Stegomyia indices viz 

House Indices (HI), Container Indices (CI), Breteau Indices (BI), Pupal Indices 

(PI), Pupae per Container (PPC) and Pupae per Positive Container (PPPC) 

according to standard methods (Arduino, 2014). 
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Stegomyia indices were calculated on the basis of following mathematical formulae 

(No. = Number):- 

House Indices  (HI) =No. of houses infested× 100 

 Total households inspected 

Container Indices (CI) =No. of positive containers infested× 100 

   Total containers inspected  

Breateau Indices (BI) =No. of containers infested× 100 

Total household inspected.  

Pupal Indices (PI) = No. of pupae collected   × 100 

Total households inspected 

5.2. Preparation of Hypopygium Slides 

On the basis of morphological characteristics, separation of male and female 

mosquitoes was carried out. Then for half an hour mosquitoes were kept in a 

wrapped jar with some damp wool. Last two or more segments of the abdomen 

were then cut off under the dissecting microscope. Then, for 15 minutes, samples 

were kept in 90% alcohol so as to prevent the hypopygium from floating during 

later stages of preparation. The hypopygium was shifted to a test tube consisting of 

10% potassium hydroxide (KOH) afterwards, slowly heated over a Bunsen burner 

up to nearly the boiling point. Then, it was cleaned with two or more drops of 

distilled water for 3-4 minutes, thereafter hypopygium was mounted in DPX 

medium. Compound microscope with 40X magnification was used to examine the 

slides (Yadav, et al., 2014). 

5.3. Protocol for Insecticides Susceptibility/Resistance Assessment 

Selection of Insecticides:-For the present research work, two pesticides Temephos 

and Pyrethrum have been selected. Temephos is an organophosphate, (Table 2) 

while Pyrethrum belongs to biodegradable pyrethrins class (Table 3). Temephos 

and Pyrethrum are broad spectrum pesticides which are used for the control of a 

wide variety of pests. Pyrethrum has no bioaccumulation, relatively short 
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persistence in the environment, and low mammalian toxicity. Pyrethrum is used 

for indoor spray/fogging at low application rates while Temephos is also very 

effective, it has quick activity against pests, low mammalian toxicity and 

degradability in the environment. Some of the more important physico-chemical 

properties with other relevant details of two pesticides are summarized as follows. 

Table 2:-Physicochemical properties of larvicide Temephos which is used against 

the larvae of Aedes species. 

Sr. no. Chemical Compound  Temephos 

1 Chemical Structure  

 

2 IUPAC Name O,O,O′,O′-Tetramethyl O,O′-sulfanediylbis (1,4-

phenylene) diphosphorothioate 

3 Chemical Formula C16 H20 O6 P2 S3  

4 Molecular Mass (g/mol)  466.5  

5 Melting Point(OC)  30.0-30.50 C  

6 Solubility inWater  30 μg/l at 25 °C 

(World Health Organization, 2009) 

Table 3:-Physicochemical characteristics of adulticide Pyrethrum 2% extract 

which is used to control adult mosquito. 

Sr.no. Chemical Compound  Pyrethrin I  Pyrethrin II  

1 Chemical Structure  

  

2 Chemical Formula C21 H28 O3  C22 H28 O5  

3 Molecular 

Mass(g/mol)  

328.4  372.4  

4 Boiling Point (O C)  170  200  

5 Solubility in Water  0.35 mg/l 125.6 mg/l 

(Todd, 2003; El-Wakeil, 2013)  
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5.3.1. Larval Bioassay:-The larval bioassay had been performed at different exposure 

limits including WHO recommended diagnostic concentrations of Temephos (0.02mg/L) 

and lethal concentration viz: 0.005mg/l, 0.025mg/l and 0.125mg/l. Working solution of 

Temephos was prepared in a bowl 500 ml (12.7*10.2*12.7 cm) then 25 healthy larvae of 

3rdearly and 4th instars of Aedes aegypti were transferred and exposed to diagnostic 

concentrations Temephos larvicide. Experiments were performed in set of triplicates at 

room temperature 27±1◦C and 70% humidity. Similarly, parallel controls were kept in 

pesticide free distilled water. Further, larval bioassay was performed to ascertain the 

lethal dose of Temephos for 50% (LC50) and 90% (LC90) by preparing several doses of 

Temephos viz: 0.005mg/l, 0.025mg/l, 0.050mg/l, 0.100mg/l, 0.125mg/l, and 0.187mg/l. 

Thereafter, as per WHO procedure three replicates for every concentration and the control 

were used (Fig 8). After 24 hours of continuous exposure, the larval mortality for each 

concentration and control was recorded. Abbott’s formula was used to find out corrected 

mortality whenever required and log-probit method of Finney was used to analyze the 

dose mortality data. Software SPSS (Statistical Product and Services Solutions) was used 

to calculate lethal concentrations for 50% and 90% mortality (Singh, et al., 2014). The 

larval resistance ratio (RR) was calculated by dividing the LC50 and LC90 of the field 

population by the LC50 and LC90 obtained for susceptible colony respectively.  

0.005mg/l              0.125mg/l                Control                  0.025mg/l  

Fig 8:-Click specifying WHO standard kit of Temephos with different 

concentrations 0.005mg/l, 0.025mg/l, 0.125mg/l and control which had been used 

for larval bioassay. 

5.3.2. Adult Bioassay Performed through Fogging and Hand spray:-Pyrethrum 

solution was prepared, by adding 50 ml technical grade of Pyrethrum with 950 ml 

kerosene oil as per World Health Organization recommendation (Fig 9). For indoor 

spray, a hand-held spray pump (Ganesh pump) and for outdoor fogging hand fogging 

machine was used (Abramides, et al., 2011; Paredes-Esquivel, et al., 2016).  F1 

progeny of Aedes aegypti was used for adult bioassays (Marcombe, et al., 2009) (Fig 
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10). 25-25 adult female mosquitoes of F1 progeny were transferred to the three cages 

(1 feet * 1 feet) covered with a mosquito net (1 mm mesh). These cages containing 25 

mosquitoes were placed at each test room individually. Then formulation was diluted 

as 1:19 and applied using a hand fogger as well as hand held spray pump at room 

temperature of 27±1 ºC and 70% humidity. Counting of knocked-down and dead 

females 1 hour post-treatment (1hKD) was done to calculate knockdown effect in 

each trial. Thereafter, all mosquitoes from a specific cage were captured with the help 

of an aspirator tube and stored for further molecular analysis. The susceptibility and 

resistance status of the mosquitoes was categorized according to the WHO guideline 

as when mortality was > 97% indicated susceptibility, resistance confirmed when ≤ 

80% and probable/suspected resistance when mortality rate is between 80-97% 

(Ayorinde ,et al.,2015;WHO, 2016). 

 

Fig 9:-Picture presenting adulticide Pyrethrum 2% extract which is used to 

control adult mosquitoes. 

a) Eggs                                                       b) Larvae

c) Pupae                                                          d) Adult  

Fig 10:-Photograph depicting four stages (eggs, larvae, pupae and adults) life 

cycle of Aedes aegypti. 
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5.4. Method for Target Site Resistance in Selected Genetic Elements 

Protocol for the amplification of Ace-1 and VGSC gene:-The processing and in vitro 

amplification of DNA was carried out through the following steps:- 

A) DNA extraction 

B) PCR amplification using specific primers 

C) Agarose gel electrophoresis of PCR products 

D) Sequencing of PCR products and sequence submission to Gen bank 

E) Data analysis by using Clustal W programme to find out insertions, 

deletions and transition and transversion. 

5.4.1. DNA Extraction Protocol:-Genomic DNA extraction was carried out from 

pooled larvae of female Aedes aegypti of each batch viz Temephos resistant, 

susceptible and control. On other hand, DNA was extracted from whole mosquitoes of 

each batch viz Pyrethrum resistant, susceptible and control by using Qiagen blood and 

tissue kit following manufacturer’s instruction with modification as following:- 

1. Genomic DNA extraction was done from pooled larvae (n=4) or whole 

mosquitoes (n=1) by grinding their tissues with a micro pestle in an extraction 

buffer (200µl ATL buffer and 20µl Proteinase K).  

2. Reaction mixture was incubated for 3-4 hrs at 56°C.  

3. 200µl ethanol was added and it was amalgamated properly through vortexing.  

4.  DNeasy mini spin column was used to pipet the mixture and centrifugation 

was done for 1 min at 8000 rpm. Discard the flow through and collecting tube. 

5. In new 2 ml collection tube, the spin column was placed and added AW1, 

500µl buffer. Afterwards, centrifugation was done at 8000 rpm for 1 minute. 

Waste flow through and collecting tube was discarded. 

6. In a new 2 ml collection tube, the spin column was placed and added AW2, 

500µl buffer. Afterwards centrifugation was done at 14000 rpm for 3 minute. 

Then again waste flow through and collecting tube was discarded. 

7. The spin column was transferred to the micro centrifuge tube of 1.5 ml or 2ml.  

8. In the centre of the spin column 40µl AE for pool larvae and 25µl AE for 

adults were added and incubation was done for 1 minute at room temperature. 



42 

9. Centrifugation was done at 8000 rpm for 3 minutes. 

10.   Storage of DNA was carried out at -20°C. 

5.4.2. a) PCR Amplification of Ace-1 Gene using Specific Primers:-Amplification 

of genomic DNA was done for Ace-1 gene by using primers (Hasmiwati, et al., 2018) 

as mentioned in (Table 4). 15µl DNA cocktail (Table 5) was prepared and PCR 

reaction was performed with initial step of denaturation at 94º C for 5 min, followed 

by 35 cycles of amplification at 94º C for 1 min, 52º C for 1min, and 72ºC for1min 

and final extension at 72º C for 10 mins.  

Table 4:-Sequence of forward and reverse primers for detection of Ace-1 gene 

Sr. No Primer 5’-3’ direction 

1 Forward Primer (5’-CGATAACGAATGGGGAACG-3’). 

2 Reverse Primer  (5'-TCAGAGGCTCACCGAACACA-3’). 

 

Table 5:- Details of reaction mixture for PCR 

Sr. No. Concentration Reagent 

1 7.6 µl H2O 

2 1.5 µl Buffer 10X 

3 1.5µl MgCl2,10mm 

4 1.2 µl dNTP 2mm 

5 0.2 µl Taq polymerase 

6 1 µl DNA 

7 1 µl Forward primer (5pm) 

8 1 µl Reverse primer(5pm) 

Total 15 µl  

 

5.4.2. b) PCR Amplification of VGSC Gene using Specific Primers:-For 

amplification of VGSC gene, genomic DNA was amplified using the primers. 15µl DNA 

cocktail was prepared (Table 5) and PCR reaction was performed with initial step of 

denaturation at 94º C for 5 min, followed by 35 cycles of amplification at 94º C for 1 min, 

60º C for 1min, and 72ºC for 1min and final extension at 72º C for 10 mins. The 

following primers were designed viz.FP:-ATTGTATGCTTGTGGGTGAC and RP:- 

AACTGAGATGATTGTGCTGC to amplify a fragment of domain II in the sodium 

channel gene (GenBank Accession No.- NC_035109) 536bp for the detection of 

V1016G, A1007G, I1011Mmutation in the VGSC gene of Ae. aegypti. 

https://www.ijmm.org/viewimage.asp?img=IndianJMedMicrobiol_2018_36_3_435_245379_t3.jpg
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5.4.3. Agarose Gel Electrophoresis of PCR Products: - 0.8% agarose for checking 

integrity of extracted DNA: - Dissolve 0.2g of agarose in 25 ml of IX TAE. Heated to 

boil until the whole of Agarose gel completely dissolved. 2% agarose for checking PCR 

amplified products - Dissolved 0.5g of agarose in 25 ml of IX TAE. Heated to boil until 

the whole of the agarose gel completely dissolves. 

5.4.4. Sequencing of PCR Products and Sequence Submission to GenBank:-The PCR 

amplified products of both selected genes were purified and got sequenced from M/S 

Agrigenome Pvt. Limited, Bangalore, India. The sequences obtained were submitted to 

the gen bank to obtain the accession numbers. 

5.4.5. Data Analysis by Using Clustal W Program to find out Transition and 

Transversion:-This is a computer program that aids to align nucleotide sequences in such 

a manner as to increase the number of bases that match by establishing gaps or spaces 

into one or the other sequence. It gives biologically important multiple sequence 

alignments of distinct sequences and calculates the best match for the selected sequences. 

Arrange them in such an order that similarities and differences in the nucleotide 

sequences can be seen. In fact, Clustal W also works a pairwise comparison of each 

sequence first and afterwards initiates multiple alignments with the pair of sequences 

which is most similar for which the sequences are added one by one to the alignment 

based on the similarities to the starting pair. 

This work has been carried out additionally: 

5.5. Procedure for Larvicide Susceptibility/Resistance with Bti 

When larvae of Ae.aegypti from three districts viz., Mohali (SAS Nagar) Ludhiana and 

Fatehgarh Sahib exhibited resistance against Temephos, then this species was also tested 

against bio-larvicide Bti. Working solution of Bti was prepared in a 500 ml bowl 

containing 100 ml water with 0.00375 gram Bti powder in order to get the final diagnostic 

concentrations. Then 25 healthy larvae of 3rd early and 4th instars of Aedes aegypti were 

transferred to 500 ml bowl and exposed to WHO recommended dose (0.00375gm/100ml) 

of Bti larvicide. Experiments were performed in set of triplicates at room temperature 

27±1◦C and 70% humidity. Similarly, parallel controls were kept in pesticide free distilled 

water. After continuous exposure of 24 hrs, the larval mortality for each concentration 

and control was recorded (Kamgang, et al., 2011). 
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5.6. CDC Bottle Bioassay of Aedes aegypti with Deltamethrin and Malathion 

Adults of Ae.aegypti from three districts viz. Patiala, Ludhiana and Fatehgarh Sahib 

exhibited resistance against Pyrethrum then this species was also tested against adulticide 

Deltamethrin 2.5% WP and Malathion 25% WP (Table 6 and 7). To assess insecticide 

susceptibility/resistance by CDC bottle bioassays, the adult Aedes aegypti obtained from 

the F1 progeny was used (Fig.10). Procedure given by Brogdon & McAllister, 1998 was 

followed. Insecticides Deltamethrin 2.5% WP was purchased as technical grade material 

from {M/s Hafed India (The Haryana State cooperative supply and marketing federation 

limited) and Malathion 25 % WP was also purchased as technical grade from {M/s 

Coromandel International Limited Telangana, India}. To perform the experiments 250 ml 

glass bottles were utilized. 4mg Deltamethrin mixed in 10 ml acetone were applied to the 

bottle. Similarly, 2mg Malathion mixed in 10ml acetone were applied to the bottle. For 

each insecticide 2 bottles and one untreated was prepared for a control experiment 

(acetone only). After preparation of bottles, fifteen female mosquitoes of F1 progeny were 

transferred into the glass bottles. If the mosquito could not stand or fly then mortality was 

regarded to have occurred. Counts of the numbers of affected mosquitoes were made at , 

5, 10, 15, and every 15 min thereafter until all mosquitoes were dead or two hours had 

elapsed (Brogdon & McAllister, 2010; McAllister, et al., 2012).   

Table 6:-Physicochemical features of Deltamethrin 2.5% that is used against 

adult mosquitoes. 

Sr.

No. 

Chemical 

Compound 

Deltamethrin 

1 Chemical Structure 

 

2 IUPAC Name [(S)-cyano-(3-phenoxyphenyl)methyl] (1R,3R)-3-(2,2-

dibromoethenyl)-2,2-dimethylcyclopropane-1-

carboxylate 

3 Molecular Formula  C22H19Br2NO3 

4 Molecular Weight 505.2 g/mol 

5 Solubility (water) 0.002-0.0002 mg/L. 

6 Melting Point 98 - 101 °C 

(Deltamethrin technical fact sheet, 2011; https://pubchem.ncbi. nlm.nih. gov/ 

compound/Deltamethrin) 

javascript:void(0);
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Table 7:-Physicochemical properties of Malathion 25% WP for the control of 

adult mosquitoes. 

1 Malathion 

 

2 IUPAC Name diethyl 2-

[(dimethoxyphosphinothioyl)sulfanyl] 

butanedioate 

3 Molecular Formula  C10H19O6PS2 

4 Molecular Weight 330.4 g/mol 

5 Melting Point 2.9 °C  

6 Solubility (water) 145 mg/L 

(https://pubchem.ncbi.nlm.nih. gov/compound /Malathion; Malathion technical fact 

sheet, 2011) 
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Out of 22 revenue districts 4 districts of state Punjab had been selected. These 

districts were: SAS Nagar (Balongi), Ludhiana (Mundian Kalan), Patiala (Jhill) and 

Fatehgarh Sahib (Chuni Kalan). For specific research work various parameters 

including entomological surveys, study of genitalia for species identification, larval 

bioassay, adult bioassay and polymerase chain reactions based amplification of Ace-1 

and Kdr mutation had been executed. 

6.1. Analysis of Entomological Surveys 

Cross sectional entomological surveys were carried out in 4 districts from where 

Dengue cases were reported. The surveys had been executed in indoor and outdoor 

areas during pre-monsoon (May-June), monsoon (July-September) and post-monsoon 

(October-December) during 2017 and 2018 to find out the favored sources of 

breeding and Dengue vectors distribution in eastern Punjab.  

6.1.1. Aedes mosquito Larval Indices and Risk of Dengue Transmission 

Larval densities and their preference towards breeding sites had been surveyed 

in different localities of all the selected study areas (Fig.11, 12). The observations 

were recorded in pre-monsoon (May-June) during monsoon (July-September) and in 

post-monsoon (October-December) period in year 2017 and 2018.  

During an entomological survey in 2017 in urban areas, 1123 houses were 

screened and 2220 domestic containers were examined out of which 307 (13.82%) 

were detected as sites for Aedes breeding. Out of these 307 (13.82%) containers 

which were having Aedes breeding, 82.22% had been carrying Aedes aegypti and 

17.77% were reported with Aedes albopictus. Similarly in rural areas, 1087 houses 

were screened and 1948 domestic containers were examined out of which 217 

(11.13%) were detected for Aedes breeding. Out of these 217 (11.13%) scanned 

containers, 90.27% were observed as favourable sites for Aedes aegypti and 9.72% for 

Aedes albopictus. 

During an entomological survey in 2018, in urban areas, 1026 houses were 

screened and 1969 domestic containers were examined out of which 251 (12.74%) 

were detected as sites for Aedes breeding. Out of these 251 (12.74%) containers 

which were observed as habitat for Aedes, 82% were identified as Aedes aegypti, 

14.18% showed Aedes albopictus and 3.8% observed Aedes vittatus. In rural areas, 

1026 houses were screened and 1882 domestic containers were examined out of 

which 180 (9.56%) were detected for Aedes breeding. Out of these 180 (9.56%) 
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scanned containers, were identified as favourable sites for 85.47% Aedes aegypti and 

14.53 % for Aedes albopictus. 

 

 

Fig 11:-Image presenting water filled man-made containers of Aedes breeding 

habitats, which were identified during larval surveys in different districts of 

Punjab in 2017, a) Desert coolers, b) Earthen pot, c) Plastic containers, d) 

Discarded tires, e) Refrigerator tray, f) Sand bucket. 

 

Fig 12: -Picture depicting water filled artificial containers of Aedes breeding 

habitats which were identified during larval survey in different districts of 

Punjab in 2017, a) Discarded material, b) Cemented tank, c) Money plant 

bottles, d) Stagnant water around Fountain. 

a). Desert cooler                b). Earthen pot                           c). Plastic container

d). Discarded tyres e). Refrigerator tray                       f). Sand bucket
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a). Cemented tank b). Flower pot c). Plastic containers

f). Desert coolerd). Discarded material e). Tree hole  

Fig 13:-Photograph showing water filled natural and man-made containers of 

Aedes breeding habitats, which were identified during larval surveys in different 

districts of Punjab in 2018, a) Cemented tank, b) Flower pot, c) Plastic 

containers, d) Discarded tin, e) Tree hole,  f) Desert cooler. 

All the larval indices viz. HI, CI, BI, and PI for Aedes mosquito larvae from 

the study areas were calculated in 2017 and 2018 (Table 8 and 9) in both urban and 

rural areas. All the indices were analysed and detected to be high in urban as 

compared to rural area in both years i.e. HI: 24.58 and 19.41; CI: 13.83 and 11.14; BI: 

27.34 and 19.96 and PI: 81.66 and 51.33 in urban and rural areas respectively in 2017. 

During 2018 these larval indices were analysed and detected to be high in urban as 

compared to rural area i.e. HI: 22.81 and16.86; CI: 12.75 and 9.56; BI: 24.46 and 

17.54 and PI: 77 and 52.24 urban and rural areas respectively. 

Table 8:- Total number of houses and containers infested with Aedes mosquito 

breeding in urban and rural areas of 4 districts of Punjab in 2017-2018. 

Name of 

district 

Total 

Houses 

2017 

Total 

Houses 

2018 

Positive 

Houses 

2017 

Positive 

Houses 

2018 

Total 

Containers 

2017 

Total 

Containers 

2018 

Positive 

container 

2017 

Positive 

container 

2018 
 

U R U R U R U R U R U R U R U R 

SAS Nagar 292 284 257 258 110 71 78 53 534 547 518 537 114 74 84 59 

Patiala 274 247 250 234 61 47 65 42 518 416 501 447 73 47 73 43 

Ludhiana 275 293 260 284 68 62 50 45 579 572 490 447 75 62 52 45 

F.G .Sahib 282 263 259 250 37 31 41 33 589 413 460 451 45 34 42 33 

Total 1123 1087 1026 1026 276 211 234 173 2220 1948 1969 1882 307 217 251 180 
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Table 9:- Larval and Pupal indices of Aedes species mosquito breeding in urban 

and rural areas of 4 selected areas of Punjab in 2017-2018. 

Name of 

district 
HI 2017 HI 2018 CI 2017 CI 2018 BI 2017 BI 2018 PI 2017 PI 2018 

 U R U R U R U R U R U R U R U R 

SAS 

Nagar 
37.67 25 30.35 20.54 21.34 13.52 16.22 10.99 39.04 26.05 32.68 22.87 101 68.66 99.3 50.19 

Patiala 22.26 19.02 26.00 17.95 14.09 11.29 14.57 9.62 26.64 19.02 29.20 18.38 98.9 40.89 101 64.95 

Ludhiana 24.72 21.16 19.23 15.85 12.95 10.83 10.61 10.07 27.27 21.16 20.00 15.85 71.27 41.63 63.1 43.66 

F.G 

.Sahib 
13.12 11.78 15.83 13.20 7.64 8.23 9.13 7.32 15.95 12.92 16.22 13.20 54.6 43.72 44.8 36.4 

Total 24.58 19.41 22.81 16.86 13.83 11.14 12.75 9.56 27.34 19.96 24.46 17.54 81.66 51.33 77 52.24 

 

These larval indices were also analysed by using ANOVA test to calculate 

mean ± SD of all 4 study areas. The mean ± SD of entomological indices for the year 

2017 was significantly higher for district  SAS Nagar  than Patiala, Ludhiana and F. 

G. Sahib (Table 10) whereas the mean ± SD of entomological indices for the year 

2018 was significantly higher for district Patiala than SAS Nagar (Mohali), Ludhiana 

and F. G. Sahib in 2018 (Table 10). Comparison of Dengue cases with the larval 

indices of 2017 as well as 2018 was also analyzed by using spearman’s correlation 

test which highlighted positive correlation with PI and Dengue cases (Table 11). The 

analysis of seasonal variations in HI, CI, BI as well as PI (larval and pupal indices) 

during pre-monsoon, monsoon and post-monsoon period were calculated by using 

wilcoxon-sign test, which revealed that Aedes breeding was significantly high during 

monsoon as compared to pre and post monsoon (p < 0.025, 0.025, 0.025 as well as 

0.017) in 2017 in addition (p < 0.012, 0.027, 0.012 and 0.028) during 2018 

respectively (Table 12and 13). It is clearly indicated that rain water collection in 

containers supports maximum breeding of Aedes species during the monsoon. 

Table 10:- Entomological indices of Aedes species mosquito breeding in 4 

surveyed districts of Punjab during the year 2017 and 2018. 

Name of 

districts 

HI CI BI PI No. of 

Dengue 

cases 
Mean ±   SD Mean ± SD Mean ± SD Mean ± SD 

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

SAS 

Nagar 
30.21 ± 

19.63 

21.35  ± 

11.81 

16.15 ± 

9.67 

11.23  ± 

5.78 

31.31 ± 

20.27 

23.10 ± 

14.37 

30.63± 

23.65 

71.86  ± 

54.45 
2472 1079 

Patiala 
20.65  ± 

15.29 

23.89 ± 

17.88 

12.22  ± 

10.73 

12.33 ± 

8.22 

22.93  ± 

18.51 

26.10 ± 

19.28 

23.25  ± 

22.97 

78.77 ± 

72.66 
2434 2332 

Ludhiana 
21.64 ± 

16.59 

16.93 ± 

14.42 

10.99 ± 

8.33 

9.08  ± 

7.10 

22.77 ± 

18.08 

17.30 ± 

15.06 

19.88 ± 

18.10 

51.22 ± 

54.47 
1083 489 

F.G Sahib 
12.43 ± 

8.53 

14.59 ± 

6.80 
8.22 ± 5.05 

8.24 ± 

3.58 

14.39 ± 

9.56 

14.75 ± 

6.93 

16.81 ± 

11.46 

40.22 ± 

29.49 
222 334 
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Table 11:- Correlation of Dengue cases, with Stegomyia index (Pupal index) in 

four study areas during 2017 and 2018. 

Correlation Pupal Index 

  2017 2018 

 r2 1.000 1.000 

p value 0.000 0.000 

 

Table 12:- Comparison of Stegomyia indices (HI and CI) of Aedes mosquito 

breeding in different seasons in year 2017-2018. 

Season 
       HI 

p value 
       HI 

p value 
       CI 

p value 
       CI 

p value 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

 2017 2018 2017 2018 

Pre-monsoon 18.52 ±3.24   12.75 ± 5.94   9.93 ± 2.79   6.24 ± 2.35   

Monsoon 34.93 ±14.83 0.025 30.66 ±10.79 0.012 19.33 ±6.16 0.025 15.85 ±4.40 0.027 

Post monsoon 9.53 ±8.06 0.025 12.17 ± 4.73 0.012 5.34 ±4.24 0.017 7.90 ±2.68 0.889 

 

Table 13:- Illustration of Stegomyia indices (BI and PI) of Aedes mosquito 

breeding in pre-monsoon, monsoon and post-monsoon in year 2017 -2018. 

Season 

BI 
p value 

BI 
p value 

PI 
p value 

PI 
p value 

Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

2017 2018 2017 2018 

Pre-monsoon 19.15 ± 4.12   12.75 ± 5.94   46.58 ± 18.52   53.63 ± 37.97   

Monsoon 38.69 ±15.83 0.025 33.19 ±12.72 0.012 111.94 ±46.75 0.017 338.06 ±135.74 0.028 

Post monsoon 9.69 ±7.98 0.025 12.62 ±5.16 0.012 26.13 ±23.67 0.069 92.46 ±37.21 0.069 
 

6.1.2. Aedes mosquito Potential Larval Breeding Habitats for the Year 2017 and 

2018 

Out of 4168 different types of water-holding containers 2220 from urban and 

1948 from rural areas were inspected respectively. During the survey, 307 containers 

in urban (13.82%) and 217 in rural areas (11.13%) were observed as favourable sites 

for Aedes larvae (Fig. 13). The kind of water-carrying receptacles in the research 

work with the highest rate of positivity for Aedes mosquito larvae were noticed in 

artificial containers i.e. earthen pots (20.90%; 18.08%), desert coolers (14.82%; 

12.5%) followed by discarded material, plastic containers and refrigerator trays (Table 

14). Ae.aegypti breeding was detected maximum in desert coolers (35.61%), plastic 

containers (13.20%), earthen pots (12.48%), water tanks (6.34%) and refrigerator 

trays (4.91 %). The common breeding habitats for Ae.aegypti and Ae.albopictus 
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collectively was also noticed in earthen pots (12.48%- aegypti and 9.21%- 

albopictus), discarded material (2.76% -aegypti and 2.45 % -albopictus), discarded 

tyres (2.76% -aegypti and 1.74% - albopictus) and other miscellaneous material 

(5.11%- aegypti and 2.25 % -albopictus). 

During 2018, overall 3851 different types of water-holding containers 1969 

from urban and 1882 from rural areas were examined respectively. During the survey 

(Fig. 13) 251 containers in urban (12.74%) and 180 in rural areas (9.56%) were 

detected as sites for Aedes larvae. The kind of water-carrying receptacles in the 

research work with the highest rate of positivity for Aedes mosquito larvae were 

observed to be in artificial containers i.e. desert coolers (20.57%; 15.01%), earthen 

pots (15.87%; 13.66%) followed by other miscellaneous, discarded materials, tyres, 

refrigerator tray and plastic containers (Table 14). Ae.aegypti breeding was noticed 

maximum in desert coolers (41.27%), earthen pots (15.10%), plastic containers 

(6.48%), refrigerator trays (6.26 %) water tanks (1.78%) and garden (0.223%). The 

common breeding habitats for Ae.aegypti and Ae.albopictus collectively was also 

noticed in earthen pots (15.10%- aegypti and 8.16%- albopictus), discarded material 

(3.80% -aegypti and 2.34 % -albopictus), discarded tyres (2.23% -aegypti and 1.67% 

- albopictus) and other miscellaneous material (5.92%- aegypti and 2.125 % -

albopictus). 

Table 14:-Different types of containers inspected for Aedes immatures from four 

surveyed sites of Punjab during the year 2017-2018. 

Container type No of 

container 

examined 

No of 

Positive 

containers 

No of 

container 

examined 

No of 

Positive 

containers 

Container 

positivity 

Container 

positivity 

U U U U R R R R U U R R 

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 

Desert coolers 735 593 109 122 632 526 79 79 14.829 20.57336 12.5 15.01901 

Plastic 

containers(all 

type) 

342 283 44 21 311 302 25 14 12.865 7.42 8.038 4.635762 

Water 

tank(underground 

and over- head) 

201 151 20 8 218 206 15 3 9.95 5.298013 6.88 1.456311 

Earthen pot( 

water vessel) 

330 315 69 50 293 278 53 38 20.909 15.87302 18.09 13.66906 

Discarded 

material 

100 84 13 7 88 85 11 8 13 8.333333 12.5 9.411765 

Refrigerator tray 159 260 18 18 117 215 10 16 11.32 6.923077 8.547 7.44186 

Tyres 131 90 11 10 132 112 10 4 8.396 11.11111 7.575 3.571429 

Other 

miscellaneous 

198 158 16 13 157 150 14 17 8.08 8.227848 8.917 11.33333 

Garden (tree 

holes) 

24 35 7 2 0 7 0 1 29.166 5.714286 0 14.28571 
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6.1.3. Aedes mosquito Species and their Seasonal Variation for the Year 2017 and 

2018 

After the rearing of larvae and pupae, two species of Aedes (Ae) viz. 

Ae.aegypti and Ae.albopictus were identified in selected study districts of Punjab 

during the year 2017 respectively. The adult emergence rate was detected 66.23% in 

2017. The percentage of species from emerged adults was calculated from both urban 

and rural area i.e. Ae.aegypti (84.33%, 824/977) was reported from all selected 

districts, Ae.albopictus (15.66%, 153/977) was also noticed from 4 districts except 

rural area of F.G Sahib of Punjab in 2017 (Fig 14). After the rearing of immature, 

three species of Aedes viz. Ae.aegypti, Ae.albopictus and Ae.vittatus were identified in 

all the study districts of Punjab in 2018 respectively. The adult emergence rate was 

observed 67.57% in 2018. The percentage of species from emerged adults was 

calculated from both urban and rural area i.e Ae.aegypti (83.33%, 745/894) was 

detected from all the 4 selected districts, Ae.albopictus (14.31%, 128/894) observed 

from 4 districts and Ae.vittatus (2.35%, 21/894) observed only from district SAS 

Nagar (Fig 14). 

 

a).  Emergence of two species in 2017   b). Emergence of three species in 2018 

Fig 14:-Emergence rate of Aedes aegypti, Aedes albopictus and Aedes vittatus  in 

urban and rural areas of 4 districts of Punjab during 2017 and 2018, a) 

Emergence of two species in 2017, b) Emergence of three species in 2018 

The seasonal trend was analysed and detected to be high in monsoon as compared to 

pre and post monsoon period in both urban as well as rural areas in 2017. On 

84.33
%

15.66
%

Emergence of species during 

year 2017

Ae. aegypti

Ae.albopictus 83.33%

14.31%
2.35%

Emergence of species during 

year 2018

Ae.aegypti

Ae.albopictus

Ae. vittatus
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comparison of breeding of both species in urban and rural areas by Man-whitney test 

(descriptive analysis), it was observed that Ae.aegypti number was significantly 

higher than Ae.albopictus. The breeding of Ae.aegypti was observed to be on the 

higher side in both urban and rural areas (urban- mean 102.75 & SD ± 39.63; rural- 

mean 36.50 & SD ± 10.28 and p value = 0.021) in monsoon (69.63 ± 44.41 with p 

value = 0.017) as compared to pre-monsoon and post-monsoon collections (Fig 15 

and 16). Ae.albopictus was observed to be significantly high in urban areas as 

compared to rural areas (urban- mean 24.75 & SD ± 8.73 and rural- mean 7.33& SD ± 

2.52 with p value = 0.034) respectively (Fig 16). 

Their seasonal trend was analysed and detected to be high in monsoon and 

post-monsoon as compared to pre monsoon period in both urban as well as rural areas 

in 2018. It was also observed that Ae.aegypti number was significantly higher than 

Ae.albopictus. The breeding of Ae.aegypti was equally high in both urban and rural 

areas (urban- mean 91.50 & SD ± 35.37 rural- mean 54.75 & SD ± 21.76) in monsoon 

(73.13 ± 33.54 with p value = 0.012) and post monsoon (14.38 ± 8.33 with p value = 

0.012) as compared to pre monsoon collections (Fig 15 and 17). However, 

Ae.albopictus were observed to be significantly high in urban as compared to rural 

area with (mean- 16.50 & SD ± 5.07 and mean 11.25 & SD ± 4.27) respectively in 

monsoon (13.88 ± 5.17 with p value = 0.012) and post monsoon (2.13 ± 1.96 with p 

value = 0.012) as compared to pre monsoon collections (Fig 17). 

 

Fig 15:-The prevalence of Ae.aegypti and Ae.albopictus in pre-monsoon, monsoon 

and post-monsoon in 4 districts of Punjab for the year 2017 and 2018. 
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Fig 16:-Graphs are illustrating the prevalence of Aedes aegypti and Aedes 

albopictus in urban and rural areas of 4 districts of Punjab during 2017. 

 

Fig 17:-Prevalence of Aedes aegypti and Aedes albopictus in urban and rural 

areas of 4 selected sites of Punjab during 2018. 

6.2. Species Identification on the Basis of Male and Female Hypopygium 

Structure 

During entomological surveillance in 2017 only two species of Aedes were reported 

but in 2018 three different species of Aedes were observed viz. Aedes aegypti, Aedes 
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confirmation of species, along with morphological characteristics, the slides 

hypopygium of all the three species were also prepared. 

 

a). Male mosquito terminal abdominal segment constituting hypopygium (HY) 

           b).  Ae. aegypti                 c).  Ae. albopictus             d). Ae. vittatus  

S 

H 

S 

H 

S 

H 

S 

 

Fig 18:-Portrait showing, a) male mosquito terminal abdominal segment 

constituting hypopygium (HY), b) illustration of male hypopygium of Aedes 

aegypti, c) male hypopygium of Aedes albopictus, d) male hypopygium of Aedes 

vittatus(S-Style, H-Hypopygium). 

It was observed that in Aedes aegypti paraproct of hypopygium (Fig.18.b) has 

a well-developed ventral arm. This unusual feature is absent in all other Oriental 

species of Aedes. In Aedes albopictus (Fig.18.c), the hypopygium consists of spoon 

shaped style with appendage arising near tip and the crown of the paraproct has series 

of hairs arising from the single plane. In Aedes vittatus (Fig.18.d), hypopygium is 

distinct from all other species in the form of style which is much enlarged at the 

extremity and carries preapical curved appendages.  

HY 
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Fig 19:-Image presenting, a) female genitalia of Aedes aegypti, b) female genitalia 

of Aedes albopictus, c) female genitalia of Aedes vittatus (Ce-Cerci, PGL-Post 

Genital lobe). 

In female genitalia no such conspicuous difference was observed. In all three 

species, postgenital lobe and a pair of cerci were present with short and long setae 

(Fig 19). 

6.3. Detection of Susceptibility/Resistance Status 

For larval testing, lab. reared larvae of F1 generation of Aedes aegypti were exposed. 

Larvae of Aedes mosquitoes were tested against larvicide Temephos to assess their 

susceptibility and resistance status. The susceptibility and resistance status of the 

mosquitoes was categorized according to the WHO guideline as when mortality 

was > 97% indicated susceptibility, resistance confirmed when ≤ 80% and 

probable/suspected resistance when mortality rate is between 80-97% (Ayorinde ,et 

al.,2015; WHO, 2016). 

Table 15:- Insecticide susceptibility status of the larvae of Aedes aegypti against 

diagnostic concentration (0.020mg/l) of Temephos in four selected districts of 

Punjab. 

Name of district 

No. of larvae 

exposed 
No. of Larvae dead Average 

mortality 
Susceptibility status 

Test Control Test Control 

SAS Nagar 25 20 5 0 20 % Resistance 

Patiala 25 20 21 1 84 % Probable resistance 

Ludhiana 25 20 10 1 40 % Resistance 

Fatehgarh  Sahib 25 20 17 1 68 % Resistance 
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6.3.1. Larval Bioassay with Diagnostic Concentration of Temephos 

 Table 15 indicates the larval susceptibility status of Ae.aegypti collected from 

selected districts of the state (Fig. 20), in accordance with WHO recommended 

diagnostic concentration of Temephos (0.02 ppm). Distinct mortality was reported 

among larvae in four districts such as in SAS Nagar 20%, Patiala 84%, Ludhiana 40% 

and in Fatehgarh Sahib 68%. Larvae of Ae.aegypti collected from Patiala were only 

‘probable resistant’ to Temephos, while from the other three districts viz. SAS Nagar, 

Ludhianaand Fatehgarh Sahib, exhibited‘resistance’ against Temephos. 

 

a). Testing of larvae from district Patiala 

 Larval bioassay test of District Mohali  

 

 

Fig 20:-Susceptibility/resistance testing of larvae from four districts SAS Nagar, 

Patiala, Ludhiana and Fatehgarh Sahib with the help of WHO standard test kit 

of Temephos at different concentrations and control, a) Testing of larvae from 

district Patiala, b) Testing of larvae from districts SAS Nagar and Ludhiana, c) 

Testing of larvae from districts Fatehgarh Sahib. 

b).Testing of larvae from districts  

Ludhiana and SAS Nagar 
c). Testing of larvae from districts 

Fatehgarh Sahib 

 



58 

 

 

 

 

 

 

Fig 21:-Graph specifying results of larval bioassays against serial concentrations 

of Temephos in four districts of Punjab, a) Larval bioassays against serial 

concentrations in SAS nagar, b) Larval bioassay against serial concentration in 

Patiala, c) Larval bioassays against serial concentrations in Ludhiana, d) Larval 

bioassays against serial concentrations in F.G. Sahib. 

6.3.2. Larval Bioassay with Serial Concentration of Temephos 

Larval bioassays with serial concentrations of Temephos (0.005mg/l, 0.025mg/l and 

0.125mg/l) were performed for four selected districts and the results are shown in 
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Figure 21. The results indicatesthat no mortality of larvae was observed on 0.005mg/l 

dosages afterwards experiment was performed at dose 0.025mg/l. Distinct mortality 

was detected in four districts such as in SAS Nagar 24%, Patiala 90%, Ludhiana 44% 

and in Fatehgarh Sahib 75%. At this dose (0.025mg/l) of Temephos in three districts 

SAS Nagar, Ludhiana and Fatehgarh Sahib ‘resistance’ was observed while in district 

Patiala ‘probable resistance’ was detected (WHO, 2016). Thereafter, experiment was 

repeated in triplicate at 5 times higher dose i.e. 0.125 mg/l. The mortality rate was 

(90%) SAS Nagar, (100%) Patiala, (100%) Ludhiana and (100%) Fatehgarh Sahib. 

So, at higher dose (0.125 mg/l) 90-100% mortality was recorded in all the selected 

areas. 

Table 16:- Lethal concentrations of Temephos for 50% (LC50) and 90% (LC90) 

mortality of Aedes aegypti in districts SAS Nagar, Patiala, Ludhiana and 

Fatehgarh Sahib of Punjab. 

Name of district Confidence limit (LC50) Confidence limit (LC90 ) 

SAS Nagar 0.068 (0.051-0.089) mg/l 0.13 (0.10-0.17) mg/l 

Patiala 0.017 (0.013-0.020) mg/l 0.026 (0.022-0.032) mg/l 

Ludhiana 0.027 (0.021-0.041) mg/l 0.043 (0.033-0.083) mg/l 

Fatehgarh  Sahib 0.024(0.020-0.028) mg/l 0.034 (0.030-0.043) mg/l 
 

The lethal concentrations of Temephos for 50% (LC50) and 90% (LC90) in 

selected districts for mortality of Ae.aegypti larvae are shown in (Table 16 and Fig. 

22). The Ae.aegypti larvae were least Temephos susceptible in district SAS Nagar.  

Table 17:- Temephos sensitivity of Aedes aegypti larvae and resistant ratio (RR) 

in selected population. 

Sr. 

No 

Name of districts LC50 LC90 RR 

ratio 

LC50 

RR ratio 

LC90 

P value X2 (Cox and 

Snell R2) 

1 SAS Nagar 0.068 0.13 1.09 1.428 < 0.0001 0.4458 

2 Patiala  0.017 0.026 0.274 0.285 < 0.0001 0.6134 

3 Ludhiana 0.027 0.043 0.435 0.472 < 0.0001 0.5582 

4 Fatehgarh  Sahib 0.024 0.034 0.387 0.373 < 0.0001 0.5797 
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The results of LC50 obtained from the larval bioassays of Aedes aegypti from different 

districts when compared with the already known susceptible population (Rockfeller 

strain with LC50 = 0.062) it was observed that calculated LC50 of three districts i.e., 

Patiala (0.017), Ludhiana (0.027) and Fatehgarh Sahib (0.024) was lesser whereas 

LC50 of SAS Nagar (0.068) was margin-ably higher than Rockfeller strain (Table 17 

and Fig.22). 

 

 

 

 

Fig 22: -Graph specifying LC50 dose response plot of four districts a) LC50 of 

Temephos for district SAS Nagar-0.068, b) LC50 of Temephos for district Patiala-

0.017, c) LC50 of Temephos for district Ludhiana -0.027, d) LC50 of Temephos for 

district F.G. Sahib-0.024. 

a). LC50 of Temephos for district SAS 

Nagar-0.068   

b). LC50 of Temephos for district 

Patiala-0.017` 

c). LC50 of Temephos for district 

Ludhiana -0.027     
d). LC50 of Temephos for district 

F.G. Sahib-0.024     
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6.3.3. Adult Bioassay 

For adult bioassay testing, lab. reared adults of F1 generation of Aedes aegypti were 

exposed against insecticide Pyrethrum and each test were performed in triplicate to 

assess their suceptibility and resistance status as given below.:- 

Insecticide susceptibility tests were performed on laboratory reared (Fig. 23) 

Aedes aegypti of F1 adult mosquitoes against fogging and mist formulation of 

Pyrethrum in 6 phase SAS Nagar (Hostel room of State institute of health and family 

welfare). The results of the adult susceptibility test with Pyrethrum fogging revealed 

that Aedes aegypti was resistant in districts F.G Sahib with 88% mortality, while 

specimen from the district Ludhiana exhibited probable resistance with 92% 

mortality. Specimens from rest two districts namely SAS Nagar and Patiala exhibited 

complete susceptibility with 100% mortality. The adult susceptibility test with 

Pyrethrum mist exhibited ‘resistance’ in two districts viz Ludhiana with 84% 

mortality and Patiala with 88% mortality while ‘probable resistance’was observed in 

specimens from the district of Fatehgarh Sahib with 92% mortality. Specimens from 

district SAS Nagar revealed complete susceptibility with 100% mortality (Table 18). 

a). Spray of Pyrethrum mist   b). Fogging of Pyrethrum        c). Control 

with Ganesh pump                   with fogging machine
 

Fig 23:-Picture showing susceptibility/resistance profile of adults Aedes aegypti 

from district Patiala with the help of Pyrethrum 2% extract by two methods a) 

Spray of Pyrethrum mist with Ganesh pump, b) Fogging of Pyrethrum with 

fogging machine, c) Control. 
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Table 18:- Susceptibility status of Aedes aegypti adult against Pyrethrum fogging  

and spray in 4 selected districts of Punjab. 

Name of 

district 

Type of test No. of 

mosquitoes 

exposed 

No. of 

mosquitoes 

knockdown/ 

dead after 

30 min 

No. of 

mosquitoes 

knockdown/ 

dead after 

60 min 

No. of 

mosquitoes 

dead after 

24 hrs. 

% 

mortality 

Susceptibility 

status 

SAS 

Nagar 

Pyrethrum thermal 

Fogging 

25 7 25 25 100 Susceptible 

Pyrethrum mist 25 6 13 25 100 Susceptible 

Control 25 0 0 0 0 
 

Patiala Pyrethrum thermal  

Fogging 

25 14 25 25 100 Susceptible 

Pyrethrum mist 25 0 22 22 88 Resistance 

Control 25 0 0 0 0 
 

Ludhiana Pyrethrum thermal  

Fogging 

25 23 23 23 92 Probable  

Resistance 

Pyrethrum mist 25 12 21 21 84 Resistance 

Control 25 0 0 0 0 
 

Fatehgarh 

Sahib 
 

Pyrethrum thermal  

Fogging 

25 22 22 22 88 Resistance 

Pyrethrum mist 25 23 23 23 92 Probable  

Resistance 

Control 25 0 0 0 0 
 

6.4. Analysis of Ace-1 mutation and Kdr mutation 

After performing the larval and adult bioassay experiments of most abundant species, 

then mutation analysis in insecticide resistant genes, which include 

acetylcholinesterase (Ace-1) and voltage gated sodium channel (knock down 

resistance -Kdr) in predominant species was carried out. 

6.4.1. Detection of Target Site Resistance (Ace-1 mutation): -Genomic DNA was 

extracted from Temephos resistance and control larvae from each location site. The 

480 bp fragment of the Ace-1 gene was amplified (corresponding to nucleotides 

1288–1708 of AChE ORF) from the four populations and were analysed. The 

sequences were studied for the most common mutation due to organophosphate 

exposure in mosquitoes viz. G119S. But no such substitution has been observed in any 
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of the sequences. Moreover, no indels (insertions or deletions) were detected in these 

sequences (GenBank accession Number: SAS Nagar MT993470, Patiala 

MW380118, Ludhiana MW690113 and F.G. Sahib MW380117) when compared 

to the reference sequence of Aedes aegypti Rockefeller strain partial Ace-1 gene for 

acetylcholinesterase (AJ621915.1) as shown (Fig.24 and 25) Additionally, no amino 

acid polymorphic site was detected within these sequences. 

 
 

Fig 24:-Gel-run illustrating amplification of Ace-1 gene from susceptible and 

resistant larvae of Ae.aegypti (L-gene rule (100bp), 1-SAS Nagar, 2-Fatehgarh 

Sahib, 3-Ludhiana, 4-Patiala, N-negative control). 

CLUSTAL 2.1 multiple sequence alignment 
 

RF_             GGACATCCTAACCGGCAGTAATACGGAGGAAGGTTATTACTTCATAATATACTA 

5_              GGACATCCTAACCGGCAGTAATACGGAGGAAGGTTATTACTTCATAATATACTA 

2_              GGACATCCTAACCGGCAGTAATACGGAGGAAGGTTATTACTTCATAATATACTA 

4_              GGACATCCTAACCGGCAGTAATACGGAGGAAGGTTATTACTTCATAATATACTA 

3_              GGACATCCTAACCGGCAGTAATACGGAGGAAGGTTATTACTTCATAATATACTA 

 
                ****************************************************** 

 

RF_             CTTGACTGAACTATTGCGGAAAGAGGAGGGTGTCACAGTTTCACGGGAGGAGTTCTTGCA 
5_              CTTGACTGAACTATTGCGGAAAGAGGAGGGTGTCACAGTTTCACGGGAGGAGTTCTTGCA 

2_              CTTGACTGAACTATTGCGGAAAGAGGAGGGTGTCACAGTTTCACGGGAGGAGTTCTTGCA 

4_              CTTGACTGAACTATTGCGGAAAGAGGAGGGTGTCACAGTTTCACGGGAGGAGTTCTTGCA 
3_              CTTGACTGAACTATTGCGGAAAGAGGAGGGTGTCACAGTTTCACGGGAGGAGTTCTTGCA 

                ************************************************************ 

 
RF_             GGCCGTTAGAGAACTGAATCCTTACGTGAACGGAGCCGCGAGGCAGGCTATCGTGTTCGA 

5_              GGCCGTTAGAGAACTGAATCCTTACGTGAACGGAGCCGCGAGGCAGGCTATCGTGTTCGA 

2_              GGCCGTTAGAGAACTGAATCCTTACGTGAACGGAGCCGCGAGGCAGGCTATCGTGTTCGA 
4_              GGCCGTTAGAGAACTGAATCCTTACGTGAACGGAGCCGCGAGGCAGGCTATCGTGTTCGA 

3_              GGCCGTTAGAGAACTGAATCCTTACGTGAACGGAGCCGCGAGGCAGGCTATCGTGTTCGA 

 

                ************************************************************ 

 
 

      L        1     2      N         3        4        5 

   100bp 

   500bp 
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RF_             GTACACCGACTGGACTGAACCGGAAAATCCCAACAGCAATCGGGATGCATTGGACAAAAT 

5_              GTACACCGACTGGACTGAACCGGAAAATCCCAACAGCAATCGGGATGCATTGGACAAAAT 

2_              GTACACCGACTGGACTGAACCGGAAAATCCCAACAGCAATCGGGATGCATTGGACAAAAT 

4_              GTACACCGACTGGACTGAACCGGAAAATCCCAACAGCAATCGGGATGCATTGGACAAAAT 
3_              GTACACCGACTGGACTGAACCGGAAAATCCCAACAGCAATCGGGATGCATTGGACAAAAT 

                ************************************************************ 

RF_             GGTCGGAGATTATCACTTCACGTGTAATGTGAATGAGTTTGCCCAGCGATATGCAGAAGA 
5_              GGTCGGAGATTATCACTTCACGTGTAATGTGAATGAGTTTGCCCAGCGATATGCAGAAGA 

2_              GGTCGGAGATTATCACTTCACGTGTAATGTGAATGAGTTTGCCCAGCGATATGCAGAAGA 

4_              GGTCGGAGATTATCACTTCACGTGTAATGTGAATGAGTTTGCCCAGCGATATGCAGAAGA 
3_              GGTCGGAGATTATCACTTCACGTGTAATGTGAATGAGTTTGCCCAGCGATATGCAGAAGA 

s                ************************************************************ 

 
RF_             AGGCAACAATGTGTACATGTATCTGTACACTCATAGAAGCAAAGGTAACCCCTGGCCACG 

5_              AGGCAACAATGTGTACATGTATCTGTACACTCATAGAAGCAAAGGTAACCCCTGGCCACG 

2_              AGGCAACAATGTGTACATGTATCTGTACACTCATAGAAGCAAAGGTAACCCCTGGCCACG 
4_              AGGCAACAATGTGTACATGTATCTGTACACTCATAGAAGCAAAGGTAACCCCTGGCCACG 

3_              AGGCAACAATGTGTACATGTATCTGTACACTCATAGAAGCAAAGGTAACCCCTGGCCACG 

                ************************************************************ 

 

RF_             GTGGACCGGTGTGATGCATGGTGACGAGATCAATTATGTGTTCGGTGAGCCTCTGAA 

5_              GTGGACCGGTGTGATGCATGGTGACGAGATCAATTATGTGTTCGGTGAGCCTCTGAA 
2_              GTGGACCGGTGTGATGCATGGTGACGAGATCAATTATGTGTTCGGTGAGCCTCTGAA 

4_              GTGGACCGGTGTGATGCATGGTGACGAGATCAATTATGTGTTCGGTGAGCCTCTGAA 

3_              GTGGACCGGTGTGATGCATGGTGACGAGATCAATTATGTGTTCGGTGAGCCTCTGAA 
 

                ********************************************************  

 

Fig 25:-Multiple sequence alignment of Ace-1 sequences obtained from four 

different districts with the susceptible Rockfellar strain (AJ621915.1) by using 

Clustal W. 

6.4.2. Knockdown Resistance Genotyping (Kdr mutation):- Genomic DNA was 

extracted from Pyrethrum resistant and control individual female mosquitoes from 

each location site. PCR for sequencing of VGSC gene domain II was carried out by 

using specific primers to amplify 500bp for the detection of V1016G mutation. 

The 500bp fragment of the VGSC gene was amplified from resistant and 

susceptible individuals from all the 4 districts. The sequences were studied for the 

most common mutation due to pyrethroids in mosquitoes viz. A1007G, I1011M and 

V1016G. But no such substitution has been observed in any of the sequences. 

Moreover, no indels (insertions or deletions) were detected in these sequences 

(GenBank accession Number:-SAS Nagar MZ392029, Patiala MW654198, 

Ludhiana MW690112 and F.G. Sahib MW602461) when compared to the 

reference sequence (LC485541) of Aedes aegypti for V1016G as shown (Fig 27). In 

addition, only one synonymous mutation A1007A (GCC-GCT) and one non 

synonymous mutation L1006S (TTG- TCG) in domain II was recorded from the 

sequences of resistant Ae.aegypti mosquitoes from all districts (Fig 27).  

 



65 

PCR for Sequencing of VGSC Gene:- 

The individuals from all the districts in study area were amplified to study V1016G 

mutation in amplified 500bp band (Fig.26). 

 

Fig 26:-Picture presenting amplification of VGSC gene domain II from 

susceptible and resistant adults for pyrethroid of Ae.aegypti (L-gene rule (100bp), 

1-SAS Nagar, 2-Fatehgarh Sahib, 3-Ludhiana, 4-Patiala, N-negative control). 

CLUSTAL 2.1 multiple sequence alignment 

1_              TCGGCTACCGTAGTGATAGGAAATCTAGTAGTAAGTATTCCGTTTGGAAGTTCATCTGTA 

2_              TCGGCTACCGTAGTGATAGGAAATCTAGTAGTAAGTATTCCGTTTGGAAGTTCATCTGTA 

3_              TCGGCTACCGTAGTGATAGGAAATCTAGTAGTAAGTATTCCGTTTGGAAGTTCATCTGTA 

4_              TCGGCTACCGTAGTGATAGGAAATCTAGTAGTAAGTATTCCGTTTGGAAGTTCATCTGTA 

5_              TTGGCCACCGTAGTGATAGGAAATCTAGTAGTAAGTATTCCGTTTGGAAGTTCATCTGTA 

                * *** ****************************************************** 

Intron 

1_              AGGCTGACTGAAAGTAAATTGGAGCGCACAACAGACCTATTATGCTGTAATTCGTGATTC 

2_              AGGCTGACTGAAAGTAAATTGGAGCGCACAACAGACCTATTATGCTGTAATTCGTGATTC 

3_              AGGCTGACTGAAAGTAAATTGGAGCGCACAACAGACCTATTATGCTGTAATTCGTGATTC 

4_              AGGCTGACTGAAAGTAAATTGGAGCGCACAACAGACCTATTATGCTGTAATTCGTGATTC 

5_              AGGCTGACTGAAAGTAAATTGGAGCGCACAACAGACCTATTATGCTGTAATTCGTGATTC 

                ************************************************************ 

 

1_              AACTAGTTACAAAAGACCGTTGATCTTGATAGCATCAATATTAGAGGCGTGCTAGCAGCG 

2_              AACTAGTTACAAAAGACCGTTGATCTTGATAGCATCAATATTAGAGGCGTGCTAGCAGCG 

3_              AACTAGTTACAAAAGACCGTTGATCTTGATAGCATCAATATTAGAGGCGTGCTAGCAGCG 

4_              AACTAGTTACAAAAGACCGTTGATCTTGATAGCATCAATATTAGAGGCGTGCTAGCAGCG 

5_              AACTAGTTACAAAAGACCGTTGATCTTGATAGCATCAATATTAGAGGCGTGCTAGCAGCG 

                ************************************************************ 

 

1_              AGCGAGGGGCGTACCAATTTACTTTTAGTCAGTCTTTCTTGCATTCTTTCGTGCTAACCG 

2_              AGCGAGGGGCGTACCAATTTACTTTTAGTCAGTCTTTCTTGCATTCTTTCGTGCTAACCG 

3_              AGCGAGGGGCGTACCAATTTACTTTTAGTCAGTCTTTCTTGCATTCTTTCGTGCTAACCG 

4_              AGCGAGGGGCGTACCAATTTACTTTTAGTCAGTCTTTCTTGCATTCTTTCGTGCTAACCG 

5_              AGCGAGGGGCGTACCAATTTACTTTTAGTCAGTCTTTCTTGCATTCTTTCGTGCTAACCG 

                ************************************************************ 
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IntronV1016G  

1_              ACAAATTGTTTCCCACTCGCACAGGTACTTAACCTTTTCTTAGCCTTGCTTTTGTCCAAT 

2_              ACAAATTGTTTCCCACTCGCACAGGTACTTAACCTTTTCTTAGCCTTGCTTTTGTCCAAT 

3_              ACAAATTGTTTCCCACTCGCACAGGTACTTAACCTTTTCTTAGCCTTGCTTTTGTCCAAT 

4_              ACAAATTGTTTCCCACTCGCACAGGTACTTAACCTTTTCTTAGCCTTGCTTTTGTCCAAT 

5_              ACAAATTGTTTCCCACTCGCACAGGTACTTAACCTTTTCTTAGCCTTGCTTTTGTCCAAT 

                ************************************************************ 

 

1_              TTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACGAAACGAACAAGATCGCGGAG 

2_              TTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACGAAACGAACAAGATCGCGGAG 

3_              TTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACGAAACGAACAAGATCGCGGAG 

4_              TTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACGAAACGAACAAGATCGCGGAG 

5_              TTCGGTTCATCCTCGCTGTCGGCACCGACGGCCGACAACGAAACGAACAAGATCGCGGAG 

                ************************************************************ 

 

1_              GCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGTCGAACATCGCC 

2_              GCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGTCGAACATCGCC 

3_              GCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGTCGAACATCGCC 

4_              GCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGTCGAACATCGCC 

5_              GCGTTCAATCGGATATCGCGCTTCTCCAACTGGATCAAGTCGAACATCGCC 

                *************************************************** 

 

Fig 27:-Multiple sequence alignment of VGSC sequences obtained from four 

different districts. 

The presence of non-synonymous mutations in the concerned gene position indicated 

that the Aedes mosquitoes have progressively started to develop resistance capability 

towards pyrethroid. More such studies should be planned by screening large 

populations with various domains of VGSC to rule out the role of this mutation in 

pyrethroid resistance. 

After completing these experiments it was observed that larvae of Ae.aegypti from 

three districts viz. SAS Nagar, Ludhiana and Fatehgarh Sahib exhibited probable 

resistance against Temephos. Adults of Ae.aegypti from three districts viz. SAS 

Nagar, Ludhiana and Fatehgarh Sahib exhibited ‘probable resistance’ against 

Pyrethrum. Then to find out the most effective chemical this work has been carried 

out additionally:- 

6.5. Interpretation of Susceptibility/Resistance Status with Bti 

Larvae of Aedes aegypti were exposed to the diagnostic dosages of Bti, it exhibited 

100% mortality indicating that the species was 100% susceptible to this larvicide 

(Table 19 and Fig. 28). 
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Table 19:- Test showing tolerance of Ae.aegypti larvae in four study sites against 

Bti. 

Districts name  mortality  Diagnostic conc.  Control  

SAS Nagar  100%         0.00375mg/l  All live  

Patiala  100%         0.00375mg/l  All live 

Ludhiana 100%         0.00375mg/l  All live  

Fatehgarh Sahib 100%         0.00375mg/l  All live 

 

 

a). Testing of larvae from district Patiala and Ludhiana. 

 

b). Testing of larvae from district SAS Nagar and Fatehgarh Sahib. 

Fig 28:-Photograph presenting susceptibility/resistance testing of larvae from 

four districts with the help of larvicide Bti (WP) at diagnostic concentration and 

control, a) Testing of larvae from district Patiala and Ludhiana, b) Testing of 

larvae from district SAS Nagar and Fatehgarh Sahib.         

6.6. Assessment of Susceptibility/Resistance Status with Deltamethrin and 

Malathion 

Laboratary reared Aedes aegypti of F1 generation adults were exposed for bottles 

bioassay to the diagnostic dosages of Malathion and Deltamethrin, it exhibited 100% 

mortality indicating that the species was susceptible to these insecticides (Table 20, 

Fig. 29) and these insecticides are highly effective against mosquitoes.  



68 

 

Fig 29:-Potrait illustrates adult bottle bioassay by using Malathion 25% WP, 

Deltamethrin 2.5% WP in all selected districts. 

Table 20:-Susceptibility status of Aedes aegypti against insecticide Malathion 

25% WP and Deltamethrin 2.5% WP. 

Name of 

Districts 

Chemical of 

test 

No. of 

mosquitoes 

exposed 

No. of 

mosquitoes 

knockdown/dead 

No.of 

mosquitoes 

knockdown/dead 

No. of 

mosquitoes 

dead after 

24 hrs. 

% 

mortality 

Susceptibility 

status 

dead after 30 min. dead after 60 min. 

SAS 

Nagar 

Malathion 15 15 15 15 100 Susceptible 

Deltamethrin 15 15 15 15 100 Susceptible 

Control 15 0 0 0 0 -- 

Patiala Malathion 15 14 15 15 100 Susceptible 

Deltamethrin 15 14 15 15 100 Susceptible 

Control 15 0 0 0 0  

Ludhiana Malathion 15 7 15 15 100 Susceptible 

Deltamethrin 15 15 15 15 100 Susceptible 

Control 15 0 0 0 0  

Fatehgarh 

Sahib 
 

Malathion 15 14 15 15 100 Susceptible 

Deltamethrin 15 15 15 15 100 Susceptible 

Control 15 0 0 0 
 

 

 

Dengue Fever has globally emerged as one of the major vector borne viral 

disease. More than one-third (2.5 billion) of the world’s population is living in areas, 

at risk of Dengue transmission because the incidence of the disease has increased 

during the last 5 decades and it influence more than 100 million people every year 
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(Guzman, et al., 2010; Messina, et al., 2019). Indian population has also faced cyclic 

outbreak of Dengue during the years. Dengue is the most common cause of 

hospitalization and mortality amid children in the country (Das, et al., 2017). 

Denguevectors are spreading in areas which were earlier free from the disease in India 

(Dev, et al., 2014; Dev, et al., 2015).  

After obtaining above results, it revealed that in Punjab morbidity is equally 

prevalent in both poor and socioeconomically better communities of the state, due to 

Dengue Fever. The high incidence of the disease per year is the adverse outcome of 

rapid unplanned urbanization and varied social practices such as water storage 

practices and inappropriate disposal of solid waste materials in and around 

house/premises. Such practices are resulting in the creation of more favorable 

breeding habitats for Aedes mosquitoes. There are many methods to 

control Aedes population such as space sprays, thermal and ultra-low volume fogging 

by applying insecticides and effective larvicides. The choice of potent insecticidal 

agents (larvicide and adulticide) is very important for vector control measures. The 

present study has focused on morphological identification of Dengue vectors, 

preferential breeding habitats, their correlations with the Dengue cases and molecular 

characterization of insecticide resistant/susceptible Dengue vector prevalent in 

Eastern Punjab, India. 

Present research work estimated the entomological indices in high, medium 

and low Dengue risk areas of Punjab during different seasons and their correlations 

with the Dengue cases reported from the study area. The Stegomyia indices are 

significantly high during monsoon season and suggest a high risk of Dengue 

transmission as well as also positively correlate with the recorded Dengue cases in the 

state. These results are comply with previous studies where monsoon positively 

correlates with Dengue cases (Ferede, et al., 2018; Bisht, et al., 2019; Tuladhar, et al., 

2019). The reason could be during the monsoon season, there is possibility of 

formation of multiple wet containers due to accumulation of water which allows the 

vector for multiple sites for oviposition. Beside, larvae multiplies very aggressively in 

various water storage containers density of larval stages of vector results in higher 

values for vector indices and vector populations compared to pre-monsoon and post-
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monsoon (Kumari, et al., 2016; Tuladhar, et al., 2019).Thus, rapid activities are 

necessary to tackle the load of emerging arboviral diseases. 

During the current study it was observed that artificial containers such as 

earthen pots/mud pots, desert coolers and discarded tyres act as conspicuous habitats 

for Aedes. This could be due to the presence of multiple artificial containers that are 

detected near households. These containers can collect the rainwater for a longer 

duration, and making these objects appropriate for mosquito oviposition and 

completion of aquatic life cycle. The other reason could be once the room coolers 

which are usually kept near the windows of upper floors of schools, offices, 

households and kept till its reuse in next season. It is place at inaccessible areas so 

desert coolers act as a potential breeding container for Aedes aegypti larvae from its 

mother foci which spread to secondary foci (Bohra and Andrianasolo, 2001; Patel, et 

al., 2020).The present results are in confirmation with the earlier studies where 

earthen/mud pots, desert coolers and tires were the prominent habitats for Aedes 

breeding (Kumari, et al., 2011; Singh, et al., 2013; Ferdousi, et al., 2015; Patel, et al., 

2020). The above findings may be relevant as a focused strategy for vector control 

measures where such type of water holding receptacles would be targeted to minimize 

the vector density. In that perspective, source reduction would have the better 

influence to control disease transmission. 

In the resent exploration, three species of Aedes were observed viz Aedes 

aegypti, Aedes albopictus and Aedes vittatus but Ae.aegypti was detected as primary 

species followed by Ae.albopictus and Ae.vittatus. Present observation are also in 

conformity with earlier studies (Tewari, et al., 2004; Ravikumar, et al., 2013; Bhat, et 

al., 2014; Kumari, et al., 2016). For this specific observation reasons could be rapid 

urbanization in rural areas and introduction of piped water supply leading to water 

storage practices resulting in shift of breeding of Ae.aegypti in rural areas too. These 

factors have influenced the dispersal pattern of distinct species of Aedes mosquitoes 

because both species like Ae.albopictus and Ae.vittatus modify their breeding in 

artificial containers in metropolitan areas of Punjab. 

Aedes vittatus has been reported in the SAS Nagar thereby suggesting a high 

risk of arbovirus transmission. It is also a competent vector of arboviruses and it feeds 

on human and other animals, due to this broad feeding behavior may limit its vectorial 
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competency. Therefore, it becomes imperative to check the breeding potential of these 

vectors in order to control the disease outbreaks. The breeding vessels recognized 

should be targeted to suitable control measures, like reduction of sources via the 

elimination of water-holding vessels around living and working areas. 

In the present research work, Aedes aegypti has been reported as a 

predominant species responsible for Dengue virus transmission. Similarly, 

Ae.albopictus was also recorded in low proportions from the study areas. The 

numbers of both species, Ae.aegypti and Ae.albopictus were higher during monsoon 

and post-monsoon period than pre-monsoon periods. These observations are in 

accordance with previous studies in various parts of India (Sharma, et al., 2005; 

Kumari, et al., 2011; Kumar, et al., 2013; Kanhekar, et al., 2016). The possible reason 

behind this could be that the rainfall leads to mushrooming of breeding sites which 

cause higher values for vector indices and vector populations compared to pre-

monsoon (Tuladhar, et al., 2019). 

Moreover, the present study also revealed that Ae.aegypti was high in both 

rural and urban areas whereas Ae.albopictus was abundant in urban than rural areas. 

The present study is consistent with previous studies (Dev, et al., 2014; Tedjou, et al., 

2019). In Punjab the reason could be that with the growth of cities and reduction of 

wood area, Aedes aegypti is apparently accessing the semi urban and other 

metropolitan sites in the state. Therefore Aedes aegypti has competitively 

replaced Aedes albopictus, as evident through the abundance in both city and rural 

areas (Dev, et al., 2014).  

Ae.albopictus known to be a rural species and prefers to breed outdoors (Li, et 

al., 2014), but in the present study, it was detected to be more abundant in urban 

areas. It clearly indicates a shift in the breeding preferences from outdoors to 

peri/intra-domestic containers in urban areas. It may be due to depletion of its 

preferential breeding places from rural areas of Punjab. Observation from current 

study reveals that urbanization has substantially contributed to rise in density of such 

species which successively poses potential threat of Dengue transmission in urban 

areas. In another study, it has been reported that Ae.albopictus has higher blood 

feeding rate in urban areas as compared to rural areas, more likely due to more host 

availability (Tsuda, et al., 2006). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tedjou%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=30883552
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Present exploration is the first assessment to identify the existence of Aedes 

mosquitoes and their favored breeding habitats in Punjab. There are only few study 

reports on the number of Dengue cases from few districts but that lack data on the 

Dengue vector prevalence and breeding characteristics (Paul, et al., 2017; Kaur, et al., 

2018). Lata, et al., 2012 studied the epidemiological and entomological aspect of 

Dengue in district Shri Muktsar Sahib of Punjab. During their entomological 

surveillance, the majority of cemented tanks, plastic containers, mud pots and flower 

vase were reported as breeding sources of Aedes. Further they reported all three larval 

indices for Aedes breeding wereobserved high and Aedes aegypti was recorded as 

principal vector for Dengue Fever. They concluded the possible reason behind this 

was uncovered water containers. Lesser supply of water for short duration and all 

vessels in households were filled with water permanently due to which breeding of 

adult mosquitoes was flourishing. Gill, et al., 1997 reported an outbreak of Dengue in 

Ludhiana district of the state in 1996. Both epidemiological and entomological 

surveillance were carried out for the investigation of outbreak related factors. 

Entomological surveillance revealed high house index and container indices in 

different localities of the city. Breeding was mostly in desert coolers, tin/plastic 

containers, earthen pots and plastic buckets. Mosquito adults Ae.aegypti were 

collected from rooms and water receptacles.  

In India, very few studies have been conducted on the comprehensive analysis 

of male and female genitalia of Aedes species. In the present research work, an effort 

has been made to understand anatomical differences in the male and female genitalia 

of Aedes species detected in the study areas. The specific structure male hypopygium 

connected to last three abdominal segment differ greatly among distinct species of 

Aedes i.e. Aedes aegypti, Aedes albopictus and Aedes vittatus because anatomical 

differences of mosquitoes species are more prominent in male hypopygium. The 

anatomical feature “male genitalia” remained the most reliable character for 

identification upto species level as it is less exposed to harm/destruction. As such, 

even in damaged specimens it can withstand as a key anatomical tool. Among several 

species of mosquito anatomical differences are very distinguished in male 

hypopygium as compared to larval and female characters. Barraud, 1934, who 

extensively surveyed different areas of India and also provided information related to 

genitalic features, while illustrating species details. These studies are in agreement of 

present observation where male and female genitalia characters were reported. This is 
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the first study where male and female genitalia of Aedes vittatus was studied (Kaur, 

2014; Shipali and Kirti, 2014; Yadav, et al., 2014). 

Present exploration further indicated that Ae.aegypti susceptibility/resistance 

against larvicide Temephos, Bti, Malathion, Deltamethrin and Pyrethrum 2% extract 

as adulticide respectively as well as mutation in Ace-1 gene and VGSC gene were also 

recorded from selected areas. Temephos and Bti are the most commonly and 

continuously used larvicide in almost all districts of Punjab. In fact, Temephos is the 

only larvicide which can be used in potable water containers as recommended by 

WHO (WHO, 2006). Due to regular spray of Temephos in both Dengue and Malaria 

vector control programs by the Health Department and Municipal Corporation of 

India, Temephos resistance in mosquito population is being developed (Bharati and 

Saha, 2018). Temephos resistance in Ae.aegypti has been recorded in Asia and South 

America but full susceptibility of Ae.aegypti larvae to Temephos have been observed 

in Cameroon and Gabon. Till date, both species of Aedes in African countries are 

susceptible to Temephos and Bti (Kamgang, et al., 2011). There are two main types of 

resistance mechanisms in Aedes mosquitoes:-1.Target-site mutation, 2.Metabolic 

resistance. The most common target site mutation is the knockdown mutation (kdr) on 

the para voltage gated sodium channel gene (VGSC). Pyrethroids keep VGSC in its 

open conformation, resulting in repetitive pulses. Furthermore, this prompts nerve 

cells to generate repeated discharges consequently bring about paralysis and demise. 

2. Temephos, an organophosphate larvicide it act by ingestion or contact and it inhibit 

the normal functioning of acetylcholinesterase (AChE), an enzyme as a consequence, 

acetylcholine neurotransmitter persists in the synaptic cleft, resulting in the 

exacerbation of nerve impulse transmission and causes death of insects (Bellinato, et 

al., 2016; Auteri, et al., 2018; Hidajat, et al., 2020; Moyes, et al., 2021). 

The results obtained in the present study revealed that as per susceptibility 

criteria (WHO, 2016) larvae of Ae.aegypti collected from Patiala were probable 

resistant to Temephos, while other three districts viz. Fatehgarh Sahib, SAS Nagar and 

Ludhiana exhibited resistance against Temephos at diagnostic concentration. 

Susceptibility tests with larvicide Bti exhibited 100% mortality. These results are in 

agreement with previous studies where Temephos resistance in Ae.aegypti has been 

recorded earlier (Araujo, et al., 2013; Suter, et al., 2017; Goindin, et al., 2017; Su, et 

al., 2019).  
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Present study also revealed that Aedes samples collected from all four study areas did 

not exhibit Ace -1 mutation and no amino acid changes on the Ace-1 gene were 

detected in Temephos resistant mosquitoes. These observations are in conformity with 

previous studies where mosquitoes were resistant to Temephos but no alternation in 

amino acid on this gene was observed (Grisales, et al., 2013; Muthusamy and 

Shivakumar, 2015; Valle, et al., 2019). Resistance status observed among populations 

was due to intense use of Temephos from the last two decades under Urban Malaria 

Scheme (UMS) against Ae.aegypti. Under this scheme, larvicide Temephos-50% EC 

is used in these localities. For the curb of mosquito breeding sites Temephoshas been 

used in all 22 districts of Punjab for many years. This prolonged exposure might be 

the possible reason behind noticed probable resistance amid the current population of 

Ae.aegypti in district Fatehgarh Sahib, SAS Nagar and Ludhiana. So, the method of 

application of Temephos should be observed carefully or more related studies on 

Temephos resistance are required. Resistance to Temephos was affected by synaptic 

enzyme acetylcholinesterase coded by Ace-1 gene in mosquitoes. Even though 

mutations on the gene encoding Ace-1 have been related to Temephos resistance 

observed in few species of Culex and Anopheles but in Ae.aegypti this mutation has 

not yet been observed. Lack of Ace-1 mutations in Ae.aegypti in Punjab could be 

because many of the common mutations, like G119S, are not happen spontaneously; 

on contrary resistance level may be associated with increased activity of enzymes 

mixed function oxidases and glutathione-S-transferases, esterases. 

On other hand, Pyrethroids are used for the control of mosquitoes (World 

Health Organization approved) which are highly effective against insects and 

mammalian toxicity is very low (Rehman, et al., 2014). The vast use of insecticides 

for the curb of vectors has increased problems regarding the development of 

insecticide resistance, bad impact on the environment and public health (Kushwah, et 

al., 2015). Appearance and distribution of resistance to pyrethroids 

in Aedes mosquitoes is a global concern for the control of vector borne diseases and 

large environmental alternation of resistance to pyrethroids has been observed. 

Normally, in Asia and Africa, lesser resistance was observed whereas a higher grade 

resistance was noticed in Caribbean, Mexico, and South America mosquitoes (Smith, 

et al., 2016).   

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6464230/#pone.0215541.ref051
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In the present study it had been observed that the adult susceptibility test with 

Pyrethrum fogging revealed that Ae.aegypti was observed to be resistant in districts 

viz F.G Sahib with 88% mortality, while specimen from the district Ludhiana revealed 

probable resistance with 92% mortality whereas remaining two districts namely SAS 

Nagar and Patiala exhibited 100% mortality. The adult susceptibility test with 

Pyrethrum mist revealed resistance in two districts viz Ludhiana with 84% mortality 

and Patiala with 88% mortality while probable resistance in specimen from the district 

of Fatehgarh Sahib with 92% mortality. 100% mortality was observed in districts SAS 

Nagar. CDC bottle bioassay test in all the selected districts detected 100% mortality 

towards Deltamethrin and Malathion (WHO, 2016). While the obtained mortality 

rates from district Ludhiana, Patiala and F.G Sahib were below the WHO suggested 

90% mortality rate for resistance. So, the results recommended that the population of 

Aedes aegypti were probable resistant to Pyrethrum in the study localities but 100% 

susceptible to Deltamethrin and Malathion. These results are in agreement with 

previous studies where resistance to Pyrethrum but susceptible to Malathion and 

Deltamethrin in Ae.aegypti has been previously reported (Thanispong, et al., 2008; 

Kamgang, et al., 2011; Marcombe, et al., 2011; Yadav, et al., 2015; Amelia-Zep, et 

al., 2018; Pinto, et al., 2019). In many endemic countries, developments of resistance 

in mosquitoes have developed due to application of insecticides in agriculture and 

public health over the last 50 years. Resistance to Pyrethrum might have occurred 

gradually because of continued application in public health programmes for several 

years. Beside this factor, fogging by the local bodies in Dengue affected areas for 

many years is also resulting in developing resistance against Pyrethrum. 

When V1016G domain II was amplified and sequenced, already known 

V1016G was not observed but L1006S (GCC-GCT: - synonymous mutation 

and TTG- TCG: - non synonymous mutation) in domain II was observed in both 

susceptible and resistant mosquitoes. Resistance of Ae.aegypti to Pyrethrum may 

represent the major issue for Punjab India, so extensive investigations on pyrethroid 

resistance in VGSC domain III and VGSC domain IV are needed to explore the 

function of present mutation in resistance of pyrethroids. As in the current study 

VGSC gene mutation was studied at codon V1016G for domain II. The mutation of 

G119S was also not detected in selected districts. Due to absence of Ace-1 gene 

mutations in Ae.aegypti, hence, this resistance to the Temephos is most likely to occur 
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through metabolic mechanisms (Hidajat, et al., 2020). Further, extensive research 

work should be planned on Temephos resistance related to metabolic mechanisms. 

Another important finding from study that V1016G gene point mutation 

revealed no correlation with Aedes aegypti towards Pyrethrum resistance in all four 

selected areas. These findings are in consistent with previous studies where 

Ae.aegypti populations was resistant to permethrin but no VGSC gene mutation was 

detected (Kushwah, et al., 2015; Amelia-Yep, et al., 2018; Hamid, et al., 2018; Soni, 

et al., 2018). Resistance of Aedes aegypti against insecticide is expanding into 

sparsely populated sites. Consequently, there is a requirement of more surveillance so 

as to slow down development of resistance in Aedes aegypti. Routine supervision is 

needed for effective vector control management as the appearance of probable 

resistance in Punjab and simultaneously how to reduce such Dengue outbreak so the 

general community should become aware about Dengue. For reduction of vector 

population health authority has to consider other insecticides such as Malathion and 

Deltamethrin in their control Programme. 

 



 

 

 

 

 

 

 

CHAPTER-VII 

CONCLUSION 
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Dengue Fever has appeared as a major mosquito borne viral disease in the 

world. After carrying out present research execution it has been concluded that Aedes 

aegypti and Aedes albopictus act as Dengue vectors in both urban and rural areas 

whereas Aedes vittatus is present only in urban areas of the State of Punjab, thereby 

demonstrating wide range distribution of these vectors. The breeding habitats for 

proliferation of Aedes are usually man-made creations resulting from lack of 

awareness among the population. Such breeding habitats can be controlled effectively 

by removal of the stagnant water from coolers, mud pots, plastic containers and other 

water-holding containers in and around the household and proper disposal of 

discarded tires so as to achieve Dengue vector control. Since there are no vaccines or 

drugs available for treatment of Dengue, therefore exclusive prevention of disease 

depends on vector control. To achieve this entomological surveillance before and after 

control of vector is necessary to confirm the efficacy of the control measures 

undertaken. In addition to this, routine entomological surveillance is required for the 

planning and implementation of an effective vector control program. 

Furthermore from specific research exploration it had been scrutinized that 

distinct mortality among the larvae was detected in four selected districts at Temephos 

dose 0.025mg/l. Therefore, it had been detected that larvae of Aedes aegypti in three 

districts of Punjab viz. SAS Nagar, Ludhiana and Fatehgarh Sahib were resistant to 

Temephos while in district Patiala ‘probable resistance’ was 

detected. The Ae.aegypti larvae were least Temephos susceptible in district SAS 

Nagar. Resistance might have developed over time due to continuous exposure to 

Temephos under Urban Malaria Scheme (UMS) since 1980. Aedes aegypti resistant to 

Temephos was observed to be 100% susceptible to Bti (0.00375mg/ml) at diagnostic 

concentration.  

On other hand, different lethality amid the adults was also observed in four 

study districts at WHO recommended Pyrethrum dose. It revealed that adults of Aedes 

aegypti were reported as moderately resistant to Pyrethrum in districts Patiala, 

Ludhiana and F.G.Sahib. Adults were least pyrethrum susceptible in district Ludhiana 

and specimens from district SAS Nagar revealed complete susceptibility with 100% 

mortality. This resistance might have been occurred gradually because continue 

application of adulticide in Public Health Programmes. Beside this factor, fogging by 

the local bodies, in Dengue affected areas for many years has also resulted in 
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developing resistance against Pyrethrum. Aedes aegypti resistant to Pyrethrum was 

noticed to be 100% susceptible to Malathion (0.2mg/ml) and Deltamethrin (0.4mg/ml) 

at diagnostic concentration. These insecticides are highly effective against mosquitoes.  

Genomic analysis indicated that no change in Ace-1 of Aedes aegypti had been 

detected hence observed resistance against Temephos could be through the 

modulation of the metabolic pathway. Similarly, no nucleotide change had been 

observed in VGSC gene of Aedes aegypti in all selected districts. Therefore, for the 

detection of increasing resistance in adult Aedes aegypti, further, exploration of 

polymorphisms in the various domains of the VGSC gene should be analysed with 

appropriate methodology.  

Overall conclusion drawn from concerned research exploration depicted 

that obtained data will serve as a baseline for the control of Dengue vectors. It also 

emphasise the importance of entomological surveillance which should be conducted 

at potential sites and the fact should be used to predict the chances of upcoming 

outbreaks of Dengue Fever. The generally-utilized larval index (house, container and 

breteau) are helpful for ascertaining common spread, cyclic variation and major 

habitats of Aedes larvae.  

Furthermore, with regards to disease control, the lack of community 

coordination in prevention of mosquito breeding was felt as a major hurdle. There is a 

need to engage the community through targeted campaigns for better participation of 

the masses. Government and people should work hand in glove for better 

collaboration to reduce vector breeding thus resulting in Dengue control. Rigid 

regulations in source reduction should be implemented to reduce the breeding sites of 

the Aedes mosquitoes. For prevention of an impending outbreak and spread of 

resistance in near future, it is important to explore time-to-time larval and adult 

bioassay to understand and manage insecticide resistance. Further research work 

should be carried out to explore the metabolic resistance mechanism and target site 

resistance to identify mutations that are responsible for Temephos and Pyrethrum 

resistance. 
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ABSTRACT

Background & objectives: The state of Punjab, India is highly endemic for dengue fever as high number of confirmed 
dengue cases have been reported since 2013. A better understanding of vectors distribution and their seasonal varia-
tion is necessary to control the disease. Therefore, the present study was conducted in both rural and urban areas of 
11 out of 22 districts of Punjab to highlight seasonal prevalence of Aedes vector mosquitoes. 
Methods: Entomological surveys were carried out in different seasons and all kinds of indoor and outdoor breeding 
habitats were examined and Aedes immatures were collected. The Stegomyia indices were calculated and compared 
from urban and rural areas in different seasons. 
Results: Both vectors of dengue, i.e. Aedes aegypti and Ae. albopictus were recorded to be prevalent. Ae. aegypti 
mosquitoes were observed in all districts surveyed while Ae. albopictus were found only in seven districts of Punjab. 
The Stegomyia indices were significantly high during monsoon as compared to pre- and post- monsoon periods. 
Occurrence of dengue cases were found to be correlated with the Stegomyia indices.
Interpretation & conclusion: This is the first detailed study of prevalence of dengue mosquito vectors in Punjab show-
ing the presence of Ae. aegypti and Ae. albopictus in both urban and rural areas of the state, thereby demonstrating 
wide distribution of this vector. Different breeding habitats identified in the study should be subjected to targeted 
intervention such as source reduction in order to achieve effective control of dengue cases. 

Key words	 Aedes aegypti, Aedes albopictus, breeding habitats, dengue cases, Stegomyia indices, Punjab, India

INTRODUCTION

Dengue fever is one of the major mosquito-borne vi-
ral infections in tropical and sub-tropical regions and is 
considered as the leading cause of illness and death1-2. It 
is the most common and widespread arboviral infection in 
the world today with significant morbidity and mortality. 
The incidence of the disease has increased over the last 
50 years with 2.5 billion population living in areas at risk 
where dengue is endemic affecting 100 million people each 
year3-4, and has emerged a major public health concern at 
international level5. Dengue infection has been known to 
be endemic in India for over two centuries6. Increasing ur-
banization, unplanned growth of cities, mushrooming of 
urban slums, unsafe water storage practices have contrib-
uted to rise of dengue.  The mosquitoes Aedes aegypti and 
Aedes albopictus, the established vectors of dengue and 
chikungunya are widespread throughout the tropical, sub-
tropical and temperate areas of the world. Primarily, Ae. 

aegypti is reported to be native to Africa and now known to 
spread to tropical and sub-tropical areas in six continents7. 
Ae. albopictus mosquito has spread from Asia (where it 
originated), to Africa, North and South America, Europe, 
the Caribbean and also some parts of Pacific islands8. Ae. 
albopictus has been known to be carrier of DEN virus and 
has been considered as a secondary vector of dengue. It 
is reported to be adaptable in ecologically diverse condi-
tions9. Both species are found in a wide array of water re-
ceptacles, including both artificial and natural containers 
which hold clean water. Ae. aegypti preferentially breeds 
in artificial containers while Ae. albopictus have a prefer-
ence for natural water receptacles found outdoors.      

Since there is no specific vaccine and/or treatment 
available for dengue10, for vector control it has become 
imperative to generate data on vector density, population 
at infection risk and the sensitivity of mosquitoes to the 
insecticides11-12. Monitoring of dengue vector population 
in each region, such as the Stegomyia indices [Container 
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Index (CI), House Index (HI), Breteau Index (BI) and Pu-
pal Index (PI)] have become indispensable for entomolo-
gist to plan disease surveillance and control programmes. 
In India, dengue has recently dramatically spread and has 
been reported from all over the country including Punjab 
where it remains a major public health problem1. During 
1996, an outbreak of dengue with 720 confirmed cases 
and 19 deaths were reported from Ludhiana district in the 
state13. In 2015, the state has reported 14,149 confirmed 
dengue cases and there has been a steady increase in 
confirmed cases of dengue in the last five years14 (Table 
1). The current study was designed to assess the preva-
lence of dengue vector in relation to Stegomyia indices 
during different seasons in urban and rural areas along 
with their correlation with dengue cases in 11 districts 
of Punjab. Based on the results, appropriate control mea-
sures can be planned to contain rise of dengue cases in 
the state. 

MATERIAL AND METHODS

Description of study area
The state of Punjab is located in north western India 

(latitude 30° 4’ North and longitude 75° 5’ East) and has an 
area of 50,362 km2. It is bounded on the west by Pakistan, 
north by Jammu and Kashmir, northeast by Himachal 
Pradesh and south by Haryana and Rajasthan. Most of 
the area in this state comprises of fertile plains, alluvial 
plain with three rivers and an extensive canal system for 
irrigation.

Selection of study area
The state of Punjab comprises of 22 revenue districts 

of which 11 districts were selected and based upon the 
retrospective analysis of last 5 years’ (2012–2016) den-
gue cases, stratification was done into high, medium, and 
low risk areas. A cut off value of <250, >250, and >500 
dengue cases was used to stratify the districts into low, 
medium and high-risk areas respectively. These districts 
were - Ludhiana, Patiala, Mohali, Amritsar (high risk); 
Hoshiarpur, Jalandhar, Fatehgarh Sahib, Bathinda (me-

dium risk); Sangrur, Shaheed Bhagat Singh Nagar (S.B.S) 
and Muktsar (low risk). 

Study/survey design and period
Cross-sectional entomological surveys were carried 

out in localities of 11 districts from where dengue cases 
were reported. The surveys were carried out in houses and 
peri-domestic areas during pre-monsoon (May–June), 
monsoon (July–September) and post-monsoon (October–
December) seasons in 2017 to determine the preferred 
breeding sources and distribution of dengue vectors.  

Entomological/ Aedes infestation survey
A house-to-house entomological survey was carried 

out in the study areas. The houses included in the study 
were selected by a systematic random sampling tech-
nique. From all the study areas, the first house was ran-
domly included in the study. Thereafter, every 30th house 
was inspected for mosquito breeding in potential breeding 
habitats. All kinds of indoor and outdoor breeding habi-
tats were examined to collect the Aedes immatures by fol-
lowing the dipping method15. A container containing any 
amount of water was considered as wet container and the 
wet container containing any number of immatures (lar-
vae, pupae or both) was considered as positive container. 
The larvae were collected by using ladle, dipper, pipette 
depending upon the type and size of breeding source. The 
collected immatures were kept in plastic containers la-
belled coded for type of breeding source, locality code, 
house and date of collection16.

Rearing and identification of mosquitoes
Mosquito larvae were reared in trays for each con-

tainer type in laboratory and pupae were transferred to in-
dividual adult cages for emergence. The number of adults 
emerged out of total number of larvae were recorded 
and adult emergence rate was calculated. Every day the 
emerged adult mosquitoes were morphologically identi-
fied to species level by following the pictorial taxonomic 
keys17-18. 

Data analysis
The classical Stegomyia indices were calculated by 

following the guidelines of World Health Organisation 
(WHO)19. Based on estimated indices, we classified the 
areas/sites in terms of epidemic risk levels for DEN as 
low, medium or high with reference to established epi-
demic thresholds19. 

Statistical analysis
Significance of difference in Stegomyia indices in 

Table 1. Reported dengue cases in Punjab (2012–2017)

Year Total dengue cases Rural Urban
2012 770 209 561
2013 4117 974 3049
2014 472 126 346
2015 14,149 2736 11,413
2016 10,439 3007 7432
2017 15,398 3816 11,582
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different dengue risk areas and during different seasons 
in urban and rural areas were compared using ANOVA. 
Pearson’s correlation test was applied to compare the 
dengue cases reported in the study area during 2017 with 
Stegomyia indices. The analysis was carried out using the 
SPSS version 16.0 software package.

RESULTS

Relative abundance of Aedes mosquito species and breed-
ing habitats

Overall, 12,412 different types of water-holding con-
tainers, 6525 from urban and 5887 from rural areas were 
inspected during the survey, of which 628 in urban (9.6%) 
and 428 in rural areas (7.2%) were found to be infested 
with Aedes mosquito larvae. Some of the common breed-
ing habitats found positive for Aedes larvae during surveys 

are shown in Fig. 1. The type of water-holding container in 
the study with the highest rate of positivity for Aedes mos-
quito larvae were found to be artificial containers, i.e., 
earthen pots (14.1%), followed by desert cooler (10.5%), 
discarded tyres (6.8%), refrigerator trays (6.7%), plastic 
containers (6.4%), discarded material (6.2%), water tank 
(5.3%) and miscellaneous (5.1%) in decreasing order. Ae. 
aegypti was found to be the predominant species and con-
stituted 88.5% of all the emerged adults from all 11 study 
districts. In comparison, the proportion of Ae. albopictus 
was only 11.5% in 7 districts of Punjab. Ae. aegypti breed-
ing was highest in desert coolers, plastic containers, earth-
en pots, refrigerator trays and tyres, whereas the habitats 
in which both Ae. aegypti and Ae. albopictus were found 
co-breeding were earthen pots (Ae. aegypti -16.5%; Ae. 
albopictus - 6.5%), discarded material (Ae. aegypti - 3.4%; 
Ae. albopictus - 2.3%), discarded tyres (Ae. aegypti - 3.2%; 
Ae. albopictus - 2.2%) and other miscellaneous material 
(Ae. aegypti - 4.0%: Ae. albopictus - 1.6%).

A higher dengue vector density was recorded during 
monsoon when compared with pre- monsoon and post-
monsoon period. Ae. aegypti was found to be significantly 
high in both urban and rural areas whereas Ae. albopictus 
was found to be significantly high in urban as compared 
to rural areas (Table 2).

Stegomyia indices and correlation with dengue cases
A total of 3054 and 2828 houses were searched from 

urban and rural areas, respectively, for Aedes breeding. 
Out of the total houses surveyed, 565 houses from urban 
and 390 houses from rural areas were found positive for 
Aedes breeding. Stegomyia indices (House index, Con-
tainer index, Breteau index and Pupal index) for Aedes 
mosquito larvae from the study areas were calculated and 
all indices were found to be higher in urban as compared 
to rural areas (Table 3) indicating high breeding potential 
of Aedes in urban areas. Moreover, the difference in Stego-

Fig. 1: 	 Breeding habitats of Aedes aegypti and Aedes albopictus in 
study area in the state of Punjab, India. [Upper left: an earth-
en pot containing water kept for birds; upper right: a water 
storage plastic container; middle left: discarded tyres; middle 
right: fire buckets; lower left: desert cooler; lower right: re-
frigerator tray].

Table 2. The prevalence of Aedes aegypti and Aedes albopictus adult 
females in urban and rural areas in study districts of Punjab in year 

2017

Season Ecotype Ae. Aegypti Ae. albopictus
Mean ± SD Mean ± SD

Pre-monsoon Urban 16.6 ± 14.7 0.0 ± 0.0
Rural 10.2±  9.5 0.0 ±  0.0

Monsoon Urban 71.7 ± 38.5 15.4 ±  18.9

Rural 38.8 ± 18.8 2.0 ±  3.6

Post-Monsoon Urban 16.7± 7.4 7.8 ± 15.3
Rural 9.2 ±  7.7 0.3 ±  0.6
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myia indices between high, medium and low dengue risk 
areas were found to be significant (P <0.001). The analysis 
of seasonal variations in Stegomyia indices during pre-
monsoon, monsoon and post-monsoon periods showed 
that breeding was found to be significantly high during 
monsoon as compared to pre- and post-monsoon (P< 
0.001), indicating that rain water collection in contain-
ers support maximum breeding of Aedes species during 
the monsoon (Table 4). The Pearson correlation analysis 
between dengue cases for data based in 2017 and Stego-

myia indices in both urban and rural areas (Table 5) was 
found to be positively correlated (P<0.005). The correla-
tion was much more significant with Breteau Index and 
Pupal Index as compared to House Index and Container 
Index (Table 5).

DISCUSSION

Dengue fever has emerged as the most important 
mosquito-borne viral disease and its vectors are spread-
ing in areas hitherto free from the disease in India20-21. In 
Punjab, dengue fever puts a high load of morbidity not 
only on the poor but also among socio-economically bet-
ter communities of the state. The high incidence of the 
disease every year is regarded as a negative reward of the 
rapid urbanization and changed social behaviour such as 
water storage practices and improper disposal of solid 
waste materials in and around house dwellings thus re-
sulting in the creation of more favourable breeding habi-
tats for Aedes mosquitoes. The present study has focused 
on the identification of different type of dengue vectors 
and their preferential breeding habitats in some dengue 
endemic districts of Punjab so that targeted interventions 
may be planned to curb the disease. The study has also 
determined the Stegomyia indices during different seasons 
in high, medium and low dengue risk areas and worked 
out their correlations with the dengue cases reported from 
the study area. The Stegomyia indices were observed to 
be significantly high during monsoon period and suggest 
high-risk of dengue transmission and positive correlation 
with the recorded dengue cases in the state. This study 
showed that Aedes mosquitoes seemed to preferentially 

Table 3.  Stegomyia indices of Aedes mosquito breeding in urban and rural areas along with number of dengue cases in study districts of 
Punjab during 2017

Risk Status for Dengue Name of district* No. of dengue cases, 2017 HI CI BI PI
U R U R U R U R

High Mohali 2472 37.67 25.00 21.34 13.52 39.04 26.05 101.02 68.66
Patiala 2434 22.26 19.02 14.09 11.29 26.64 19.02 98.9 40.89
Ludhiana 1083 24.72 21.16 12.95 10.83 27.27 21.16 71.27 41.63
Amritsar 222 16.07 9.62 8.24 4.70 19.64 11.11 41.78 30.74

Medium Bathinda 557 16.9 9.81 9.49 5.33 19.71 10.94 48.59 34.71
Hoshiarpur 1280 18.81 18.8 8.98 8.88 20.29 18.8 67.15 60.00
Jalandhar 455 18.05 13.10 8.56 5.42 20.21 `13.10 44.76 39.30
F.G.Sahib 789 13.07 11.78 7.64 8.23 15.9 12.92 54.41 43.72

Low Sangrur 627 14.74 7.26 6.86 3.65 14.74 8.11 39.56 21.36
S.B.S.Nagar 250 11.4 9.23 6.39 7.96 14.06 18.07 31.17 36.53
Muktsar 348 8.36 3.86 3.96 1.59 8.72 3.86 33.09 17.16

*The districts were stratified into high, medium and low risk status for dengue based on the retrospective data of five years (2012–2016). However, during 2017 
dengue cases were increased in Hoshiarpur and Sangrur districts and decreased in Amritsar district.  
House index (HI)= number of positive premises per 100 houses inspected; Container index (CI)= number of containers infested with larvae and/or pupae per 100 
containers inspected; breteau index (BI)= number of positive containers per 100 houses inspected; pupal index (PI): number of pupae per 100 houses searched.

Table 4.  Comparison of Stegomyia indices of Aedes mosquito 
breeding in different seasons

Season HI CI BI PI
p value p value p value p value

Pre-monsoon Monsoon .0001** .0001** .0001** .0001**
Post-monsoon .016* .030* .021* .427ns

Monsoon Pre-monsoon .0001** .0001** .0001** .0001**
Post-monsoon .0001** .0001** .0001** .0001**

Post-monsoon Pre-monsoon .016* .030* .021* .427 ns

Monsoon .0001** .0001** .0001** .0001**
**- Highly significant; *- Significant, ns- non significant by using ANOVA test

Table 5. Correlation of dengue cases# with Stegomyia indices for 
data based on 2017*

Correlation HI BI CI PI
r2 0.839 0.881 0.809 0.925
p value 0.001 0.000 0.003 0.000
*Total no. of dengue cases in study districts during 2017: 10517
#: Pearson correlation was calculated based upon the number of cases of each 
district along with their stegomyia indices. 
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breed in earthen pots followed by desert coolers and dis-
carded tyres. The possible reason behind this is that arti-
ficial containers were abundantly located close to human 
habitation and they can also hold water for extended pe-
riods of time making these suitable breeding habitats for 
mosquitoes22-24. The present results are in conformity with 
the earlier studies where earthen/mud pots, desert coolers 
and tyres were reported to be the prominent habitats for 
Aedes breeding25-26. These findings may enable a more fo-
cused approach to vector control in which specific types 
of water-holding containers would be targeted. In such an 
approach, source reduction would have the greatest im-
pact to control disease transmission. 

In this study, the dominant Aedes mosquito species 
was found to be Ae. aegypti which appeared to be playing 
a major role in dengue virus transmission; further studies 
are underway to isolate DEN virus from different Aedes 
species to ascertain their role in disease transmission. 
Similarly, Ae. albopictus was also recorded in low propor-
tions from the study areas but its role in DEN virus trans-
mission is yet to be established in Punjab. There is a need 
to identify circulating dengue virus strains and incrimi-
nating vectors specific to an area for formulating interven-
tion strategies27. The relative abundance of both species, 
Ae. aegypti and Ae. albopictus, was higher during monsoon 
period than pre-monsoon and post-monsoon periods in 
agreement with previous studies in different parts of In-
dia28-29. Another important finding from the present study 
shows that Ae. aegypti was found to be high in both rural as 
well as urban areas whereas Ae. albopictus was abundant 
in urban than rural areas. The underlying reasons could 
be rapid urbanization in rural areas and introduction of 
piped water supply leading to water storage practices re-
sulting in shift of breeding of Ae. aegypti in rural areas 
too. Ae. albopictus, which is believed to be predominantly 
a rural species and prefers to breed outdoors, was found 
more in abundance in urban areas, which indicates a shift 
in the breeding preferences from outdoors to peri/intra-
domestic containers in urban areas. However, it was sug-
gested that urbanization has substantially resulted in its 
increased density which in turn is potentially increasing 
its vectorial capacity in urban areas30. In another study, it 
was found that Ae. albopictus has higher blood feeding rate 
in urban areas compared to rural areas attributed to more 
host availability31.

This study was the first attempt to characterise the 
presence of Aedes mosquitoes and their preferred breed-
ing habitats in Punjab. There are only few study reports 
on number of dengue and chikungunya cases from few 
districts but that lacked data on the dengue vector preva-
lence and breeding characteristics 4, 32-33. An outbreak of 

dengue was reported in Ludhiana district of the state in 
1996. Both epidemiological and entomological surveil-
lance was carried out for the investigation of outbreak-
related factors. Entomological surveillance revealed high 
House index and Container indices in different localities 
of the city. Breeding was mostly in desert coolers, tin/plas-
tic containers, earthen pots and plastic buckets. Mosquito 
adults Ae. aegypti were collected from rooms and water 
receptacles13. 

The present results are consistent with the number of 
dengue cases indicating the potential of spreading dengue 
viral infection. Further investigations on arboviral trans-
mission by Aedes mosquitoes are warranted. The study 
further showed that entomological indices were directly 
correlated with the number of reported dengue cases in 
the study area. The districts were stratified into high, me-
dium and low risk status for dengue based on the retro-
spective data of five years before the start of the study. 
However, during 2017, dengue cases increased substan-
tially in Hoshiarpur and Sangrur districts and decreased in 
Amritsar district, thereby indicating that the stratification 
of districts on the basis of dengue cases in the past years 
does not hold well because of year-to-year variations in 
the cases. Despite this limitation, this study provides the 
baseline data on the presence of the arbovirus vector Aedes 
mosquitoes in the state of Punjab. 

CONCLUSION

Lack of awareness results in the creation of man-made 
breeding habitats for Aedes proliferation. Such breeding 
habitats should be subjected to targeted interventions such 
as source reduction with the removal of water-holding 
containers around household premises and proper dispos-
al of discarded tyres so as to achieve sustainable dengue 
vector control.
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