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A Study on the influence of climatic factors on the 

preferential breeding places of Aedes, the Dengue 

vector, in Delhi, India 
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Dhan, Ram Singh and Sujeet Kumar Singh 

 
Abstract 
In India, outbreaks of dengue fever/dengue hemorrhagic fever (DF/DHF) have been recorded in almost 

all parts of the country, including the National Capital Territory of Delhi. A severe outbreak was reported 

from Delhi in 1996 and again in 2006 and 2010. Reports are available for the prevalence of Ae.aegypti in 

Delhi since 1964 Ae.aegypti is most prevalent mosquitoes preferred to breed in artificial containers in and 

around the houses. Therefore the present study is to find out season wise key containers for larvae and 

pupae production of Aedes in a highly endemic area for dengue in the capital city of India Delhi. Besides 

larval survey, pupal survey was also conducted during 2016 as pupal production is a better proxy for 

adult mosquito reproduction than traditional breeding indices and is more appropriate for directing 

dengue control programs. Monthly surveys were carried out randomly in 8140 houses and 18799 

containers were checked. Three key containers such as plastic containers, coolers, and cement tank 

harboured 80 % of Aedes larvae. Among them plastic storage and coolers are recorded as perennial 

source of Aedes infestation that contributed 70 % of the immature breeding. We observed how different 

types of water holding containers, contribute to the breeding of Aedes in Delhi. Plastic storage used to 

store potable water in and around houses which ensured year round availability of water, acted as mother 

foci. The overall larval indices house index (HI), container index (CI), Breteau index (BI) and pupal 

index (PI) were calculated as 2.52, 1.22, 2.83 and 1.90 respectively. There was a significant relationship 

observed among the season. Therefore, public health attention is required to control breeding in such 

containers. Present study indicates there is a seasonal variation of breeding preference of Aedes aegypti 

and Aedes albopictus in different containers in Delhi, so this is important for implementation of 

appropriate season wise control measures for the prevention of dengue outbreaks in the future. 

 

Keywords: Dengue, Aedes aegypti, Aedes albopictus, key containers, pupal survey, breeding, Delhi, 

India 

 

1. Introduction 
Dengue fever is one of the most important rapidly rising mosquito transmitted infection in the 
world. Every year newer areas of the world are invaded by this dreadful dengue infection. 
Dengue fever (DF) and dengue hemorrhagic fever (DHF) are vector borne diseases of global 
public health importance in tropical, subtropical, and temperate regions of the world. 
In the past five decades, the dengue incidence was reported to have increased 30-fold upsurge 
worldwide between 1960 and 2010, due to increased population growth rate, global warming, 
unplanned urbanization, inefficient mosquito control, frequent air travel and lack of health care 
facilities [1, 2, 3, 4]. Two and half billion people are at risk of tropical, subtropical and temperate 
areas of the world [4, 5, 6, 7]. Dengue is endemic in south-east Asia and is emerging as a major 
public health problem in India. Dengue outbreaks are occurring with increasing frequency and 
intensity in India. Dengue infection affects more than 100 countries, including Europe and the 
United State (USA) [8]. 
The first reported case of dengue like illness in India was in Madras in 1780, the first 
virologically proved epidemic of DF in India occurred in Calcutta and Eastern Coast of India 
in 1963-1964 [9]. The first epidemic of dengue fever was recorded in 1967 [5] after that many 
outbreaks were recorded from Delhi [10, 11, 12, 13, 14]. 
Now it is important to study seasonal breeding preference of Ae.aegypti as Zika virus and 
dengue virus share the same mosquito vector, i.e. Ae.aegypti. Ae.aegypti most likely originated 
in Africa; since then, the mosquito has been transported globally throughout the tropical, 
subtropical, and parts of the temperate world, through global trade and shipping activities [15]. 
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Ae.aegypti mosquitoes have a high vectorial capacity for 

DENV, CHIKV, ZIKV, and yellow fever which has a 400-

year history, at present, occurs only in tropical areas of Africa 

and the Americas and is transmitted by Aedes mosquitoes. 

Population growth and increased individuals movement, 

urbanization, and the limited financial and human resources 

are attributed to the emergence and reemergence of the 

disease [11, 16, 5]. Ae.aegypti is the most efficient vector for 

arboviruses because it is highly anthropophilic, frequently 

bites, and thrives in close proximity to human [17]. Infected 

Ae.aegypti [14] and Aedes albopictus [18] females may transmit 

the virus to their next generation transovarially. 

Therefore, present study was undertaken to identify most 

productive breeding sites for larvae as well as for pupae of 

Aedes in Delhi and furfure to identify the key containers for 

pupal production. It is important to know the seasonal 

variation for breeding preference of Aedes in different types 

of containers so that season wise planning can be done. In 

view of this seasonal preference of breeding of Aedes 

mosquito in all the seasons of Delhi were studied and 

presented in the paper. This is useful for season wise planning 

of vector control measures focused in the key containers.  

  

2. Materials and Methods 

NCT of Delhi is the largest metropolis by area and the 

second-largest metropolis by population in India. It is situated 

at 77o.15′ E and 26 o.15′ N. It occupies 1,485 km2area of 

which 900 km2 is classified as urban. Delhi has a population 

of 16.7 million (2011 Census). The city has three local 

bodies- New Delhi Municipal Council (NDMC), Delhi 

Cantonment Board and Municipal Corporation of Delhi 

(MCD). MCD covers nearly 97% of the total area of the city. 

The NCT of Delhi receives 611 mm of rainfall on an average 

annually mainly from July to September. The highest monthly 

average high temperature is 41°C in May and the lowest 

monthly average low temperature is 7°C in January. The 

average annual relative humidity is 49.2% and average 

monthly relative humidity ranges from 25% in April - May to 

73% in August [2]. The study has been done on the basis of 

four seasons-Winter season (January and February), pre-

monsoon (March, April & May), monsoon (June, July, 

August and September) and post-monsoon (October, 

November and December).  

 

2.1 Entomological Surveys 

Entomological Surveys for dengue vectors were carried out in 

different localities of Delhi in 2016. Repeated surveys were 

carried out on monthly basis in sentinel localities, were 

randomly selected for survey. Localities are colonies or urban 

settlement. 

In each survey, about 50 houses in each locality were 

searched for breeding of Aedes using single larval technique 
[19, 20]. Only water holding containers were checked. The data 

on larval collections were recorded in the pre-designed and 

pre-tested survey forms. House with the presence of 

immatures (larvae & pupae) was marked as positive and 

Aedes mosquito immature collected by using WHO standard 

methods [21]. A container containing any amount of water was 

considered as wet container and the wet container containing 

any number of immature (larvae, pupae or both) was 

considered as positive container. All kind of indoor and 

outdoor breeding habitats were examined to collect the Aedes 

immatures by following the dipper method [22]. 

Some specific categories of containers were: Plastic water 

storage containers which comprised of plastic drums, gallons 

and cans to store water for domestic purpose; desert coolers 

are used to cool inside of houses, which have a water tank and 

a fan, planted pots usually kept indoors or around the houses 

and solid waste comprises of unused cups, glasses, ceramic 

pipes, helmets and polythene etc. Most widely used water 

tanks in Delhi are syntex tanks either kept on ground or on the 

roof having lids but hardly closed and dried for reuse. 

The immature were counted and reared in laboratory for adult 

emergence and species identification. HI, CI and BI were 

calculated. Pupal counts were used to calculate the pupal 

productivity indices: PI and pupae per container (PPC) 

according to standard methods [23, 4]. 

Month wise data has been pooled together as per four seasons 

to know the variation of seasonal dynamics of vectors in view 

of control strategy. As per standard WHO method HI, CI, and 

BI were calculated [24]. HI was defined as the percentage of 

houses infested with larvae and/or pupae and CI defined as 

the percentage of water holding containers infested with 

larvae or pupae. BI was calculated as the number of positive 

containers per 100 houses inspected. Pupal counts were used 

to calculate the pupal productivity Indices; PI and pupae per 

Container (PPC) according to standard method [19, 24]. 

 

3. Results 

3.1 Breeding preference habitats 

During 2016, total of 18799 different types of containers were 

checked (Table 1), immature of Aedes infestation were found 

maximum in plastic water storage container (35%) and 

coolers (35%) followed by cement tanks(10%), other solid 

waste(8%), syntax tanks(5%), plastic unused(3%), earthen 

and planted pot (2%) (Fig1). 

It seems from the result that number of containers with 

immatures was significantly more as compare to number of 

containers with pupae. Immatures of Aedes were found in 230 

containers (Table 1), whereas, pupal production was recorded 

only in 33 containers.  

In Delhi, plastic storage and coolers were the most favorable 

containers for larvae and pupae growth of Aedes (Fig 1 & Fig 

2). However, in some abundant container like earthen, planted 

pots, other solid wastes where number of immature were 

found more but number of pupae were less, it seems most of 

the immatures did not reach up to pupal stages. Thus unused 

containers with temporary water collection had low pupal 

production.  

Total of 579 Aedes adult mosquitoes merged out from 

immature and pupae collected during survey out of which 314 

were male 265 were female. The emerged adult mosquitoes 

identified up to species level were Ae.aegypti (570), Aedes 

albopictus (4) and Ae. vittatus (5). Table 2 shows the season 

wise prevalence details. During the study period, Ae.aegypti 

was most predominant Aedes larvae that were found 

throughout the year but could not be reared to adult in winter 

season due to slow development at extreme low temperature. 

Ae.aegypti breeding was found maximum during monsoon. 

However, Ae.albopictus and Ae.vittatus were found in 

monsoon season only.  

 

3.2 Seasonal variation of Aedes breeding habitats 

Season-wise variation in breeding indices and preference of 

particular container are given below: 
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3.2.1 Winter Season  

During winter months, low breeding indices were recorded 

and PPC was also low. During 2016, 1638 houses and 3311 

containers were searched in winter season, house index was 

0.18 and container index was 0.09. However, BI and PI was 

0.18 and 0.31 respectively (Table 1). 

Table 1 shows that during winter, Aedes breeding was limited 

to three types of permanent containers which are Plastic 

storage, cement & cooler (Fig 1a). Maximum immature 

collection of Aedes was found in plastic storage followed by 

cooler and cement tanks (Fig 3). However, pupae could be 

collected from only one container i.e. cooler (Fig 4).  

During winter, due to extreme low temperature, slow 

development takes place. Breeding is limited to few 

permanent principal key containers such as plastic storage, 

cement tank & coolers. Plastic storage used to store potable 

water in and around houses which ensured year round 

availability of water, acted as mother foci during winter. 

Larvae and pupae stay there for long period of time due to 

slow development at extreme low temperature [25]. Therefore, 

vector control may be required to focus in these containers 

during winter season. 

Aedes eggs can withstand at edges and sides of the containers 

for long period of desiccation, and may hatch when the 

temperature becomes suitable. Aedes mosquitoes infected 

with dengue virus can pass the virus from generation to 

generation through their eggs [26]. Therefore, vector control 

may be focused in these permanent containers even during 

winter season, so as to prevent their proliferation. Edges and 

sides of all water containers and tanks should be scrubbed and 

cleaned with household detergent to remove possible 

deposited Aedes eggs of previous season to eliminate 

mosquito eggs so as to prevent their proliferation. Fig 1a 

shows that during winter Aedes breeding was limited to three 

types of containers. 

 

3.2.2 Pre-monsoon 

Table 1 shows that during pre-monsoon, 0.89% of containers 

were infested with immature, whereas, pupal production 

recorded only in 5 out of 50 containers. Pupae per container 

were 0.61%. During the survey the number of containers with 

pupae was found less number as compared to containers with 

immature, hence development till pupae stages could be 

reached in less number of containers since Aedes mosquito is 

a climate sensitive vector. During the study period, Ae.aegypti 

preferred to breed significantly more in Plastic storage 38% 

followed by cooler 22 % and cement tank 20 %, syntex 14 % 

and plastic unused 6 % (Fig 1b & Fig 3). Pupal density was 

preferred in cement tank (40%), followed by plastic storage 

(20%), cooler (20%) and syntax (20%) (Fig 2a & Fig 4). 

During the season the field collected larvae reared were 100 

% Ae.aegypti (Table 2). 

 

3.2.3 Monsoon 

During monsoon 3628 houses were checked, of which 3.94 % 

were found positive whereas total of 9119 containers were 

searched and 1.83% containers were found positive with 

Aedes breeding. Average pupal index was recorded as 3.03% 

in 2016 (Table 1). Maximum numbers of pupae were 

collected during this season as compared to other season. 

Maximum breeding was recorded in coolers (40 %) followed 

by 32 % plastic (Fig 3). About 11% breeding was recorded in 

solid waste (Fig 1c). Total 167 containers infested with 

immature stages of Aedes, pupae could be collected only from 

23 positive containers. Maximum number of pupae were 

collected by perennial breeding source that is cooler (57%) 

followed by cement tank, plastic storage, solid waste, plastic 

unused and planted pots (Fig 2b & Fig 4). Larvae collected 

during survey and reared in laboratory till adult comprised of 

all the three different species of Aedes i.e. Ae. aegypti, Ae. 

albopictus and Ae. vittatus (Table 2).  

 

3.2.4 Post-monsoon 

During this season, there was a declining trend of average 

breeding indices as compared to monsoon (Table 1). Pupal 

Index was recorded as 1.38 while PPC was 0.77. Larval and 

pupal production was found maximum in plastic, cooler and 

syntax tank (Fig 1d, Fig 3 & Fig 4). However, out of 10 

positive containers with immatures pupae were present only 

in 1 container. Pupae production was higher in plastic storage 

than cooler (Fig 4). Number of containers with immature and 

pupae were significantly more during monsoon and pre-

monsoon. However, percent proportion of containers with 

pupae productivity was found high during monsoon and post-

monsoon (Table 1). 

 
Table 1: Season-wise Aedes breeding indices in Delhi during 2016. 

 

Month HS +ve HI CS +ve CI BI Pupa No. PI PPC 

Winter 1638 3 0.18 3311 3 0.09 0.18 5 0.31 0.15 

Pre-monsoon 2440 49 2.01 5591 50 0.89 2.05 34 1.39 0.61 

Monsoon 3628 143 3.94 9119 167 1.83 4.60 110 3.03 1.21 

Post-Monsoon 434 10 2.30 778 10 1.29 2.30 6 1.38 0.77 

Total 8140 205 2.52 18799 230 1.22 2.83 155 1.90 0.82 

 
Table 2: Season and sex-wise distribution of Ae. aegypti, Ae. albopictus, and Ae. vittatus in Delhi in 2016. 

 

Season Species No. of Male No. of Female Total Mosquitoes % 

Winter 

Ae.aegypti 0 0 0 0 

Ae.albopictus 0 0 0 0 

Ae. vittatus 0 0 0 0 

Total 0 0 0 0 

Pre-monsoon 

Ae.aegypti 80 73 153 100 

Ae.albopictus 0 0 0 0 

Ae. vittatus 0 0 0 0 

Total 80 73 153 100 

Monsoon Ae.aegypti 211 181 392 97.75 
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Ae.albopictus 2 2 4 0.99 

Ae. vittatus 4 1 5 1.24 

Total 217 184 401 100 

Post-monsoon 

Ae.aegypti 17 8 25 100 

Ae.albopictus 0 0 0 0 

Ae. vittatus 0 0 0 0 

Total 17 8 25 100 

 

 
 

Fig 1: Aedes immature container preference in Delhi during-2016. 

 

 
 

Fig 2: Aedes pupal container preference in Delhi during 2016. 
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Fig 1a: Aedes immature container preference in Delhi in winter season during-2016 

 

 
 

Fig 1b: Aedes immature container preference in Delhi in pre-monsoon season during-2016 

 

 
 

Fig 1c: Aedes immature container preference in Delhi in monsoon season during-2016 
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Fig 1d: Aedes immature container preference in Delhi in post-monsoon season during-2016 

 

 
 

Fig 2a: Aedes pupal container preference in Delhi in pre-monsoon season during-2016 

 

 
 

Fig 2b: Aedes pupal container preference in Delhi in monsoon season during-2016 
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Fig 3: Season-wise Aedes immature container preference in Delhi during-2016 

 

 
 

Fig 4: Season-wise Aedes pupal container preference in Delhi during-2016 

 

4. Discussion 

Worldwide studies have proposed that ecological and climate 

factors influence the seasonal prevalence of both the vector 

Aedes aegypti and Aedes albopictus [27, 28]. The result of this 

study raises a number of public health concerns that need to 

be addressed. Aedes mosquito is a climate sensitive vector. 

Three species of Aedes viz. Aedes aegypti, Aedes albopictus, 

and Aedes vittatus were found in study area during the 

entomological survey of which only Aedes aegypti was the 

dominant species prevalent in the domestic and peri-domestic 

container habitats, as reported earlier also[29, 8]. Aedes 

albopictus and Aedes aegypti were also found to co-breed in 

same type of breeding habitat in several localities of Delhi. 

Mixed breeding of Aedes aegypti, Aedes albopictus and Aedes 

vittatus has been also recorded in some manmade habitats in 

the few localities of Delhi [30]. All three species of Aedes 

mosquito were found in different localities of Delhi, but 

Aedes aegypti, was the most prevalent and widely distributed 

as reported earlier [29, 8]. Analysis of the seasonal percentage 

proportions of different Aedes species showed that Aedes 

aegypti was the predominant species in pre-monsoon (100 %), 

monsoon (97.75%), post monsoon (100 %), but Aedes 

albopictus (0.99 %) and Aedes vittatus (1.24 %) was reported 

only during monsoon season. Monsoon is the time of peak 

transmission of Dengue virus. Breeding of all three species 

was also detected in man-made containers during the 

monsoon season. 

The Pre-monsoon season is normally characterized with acute 

water shortage when most residents usually resort into mass 

water storage in different containers. The common breeding 

habitats observed in the study area were, plastic storage, 

coolers, syntex, cement, Earthen, Planted Pot, Plastic unused 

and solid waste. The majorities of residents in Delhi store tap 

water in containers for domestic use. These containers, if not 

properly covered, could serve as breeding sites for disease 

vectors. On the other hand, the prolific breeding of the 

mosquitoes outdoors signals the danger associated with 

indiscriminate disposal of unwanted containers, the act that is 

common in many areas of the city [1]. Containers that retained 

water for long periods of time make good or suitable breeding 

habitats for mosquitoes such as the artificial containers [31, 32].  

Our study shows that Plastic storage containers were common 

breeding site on every localities of Delhi which are perhaps 

mother foci/key containers for Aedes mosquitoes. Aedes 

breeding in plastic storage has been significantly increased 

from 27 % (2008-2009) [30] to 35 % in our study. Thus percent 

preference of breeding has been enhanced in plastic storage in 

comparison to earlier studies; breeding was more in cement 

tank. In the mean-time our studies shows same percentage of 

breeding i.e. 35 % also reported in cooler. Plastic storage, 
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cooler, cement tank, contributed 80 % of total Aedes breeding 

of immature and these containers also contributed 85 % of 

total pupal production. These containers were found to be 

perennial and key containers for production of larvae as well 

as pupal. Identification of key containers breeding of Aedes is 

important for control intervention in those containers. The 

containers were abundantly located close to human habitation 

and were potentially more durable than natural containers [33]. 

Plastic containers and discarded water bottles that can hold 

water for a long time may act as preferred breeding sites for 

Aedes. Such probable breeding sites provide a means of 

storing water in communities/residents where the supply of 

pipe water is absent or scarce [34]. The type of containers, 

water quality and conditions of water containers are also 

important for mosquito breeding [35].  

Our studies show that pupal development take place only in 

few key containers. Three key containers (coolers, plastic 

storage, and cemented tank) harboured 85% of Aedes pupae. 

However, present study indicated the pupae development in 

specific containers in different season, which is useful for 

planning of targeted control measures. Since the pupae of 

dengue vectors emerge to become adults. Controlling the key 

breeding sites that produce the most pupae could have the 

great impact on the adult population [25]. Therefore, it needs to 

target pupal habitats for prevention and control of Dengue. 

It was recorded that number of pupae production was also 

found maximum during monsoon followed by pre-monsoon, 

post monsoon & winter. Average pupal Index ranged from 

0.31 to 3.03 in all four season of Delhi. Pupal Index is 

important to know the intensity of transmission and was 

considered the better and alternate indicator for adult 

mosquito abundance than traditional larvae surveillance [36]. 

In Delhi, there is variation in pupal production as in different 

containers in all four seasons and it is found varied in 

different containers accordingly to the dry and wet season in 

Kerala [26, 37].  

In terms of dengue transmission, Dhar-Chowdhury et al. 

(2017) [38] associated the household dengue risk factors with 

the use of different types of containers for storing water by the 

households. In this regard, we have found that the containers 

located with stored tap water or water in the discarded 

household containers which remains uncovered for substantial 

period of time are positive breeding grounds for immature 

Aedes.  

This identification of key indoor containers can facilitate the 

crafting of mosquito control massages specific to each type of 

containers. Previous studies have regarded this strategy as 

best practice in prevention and control of dengue in America 
[39] and Australia [40]. 

The study highlights the need for pre-emptive exclusion of 

breeding in positive localities to prevent the occurrence of 

potential outbreaks [41]. 

There is, therefore, a need for public health education 

campaigns that focus on the dangers inherent in the 

indiscriminate disposal of containers and storage of water 

inside the house as this serve as a potential breeding sites for 

the mosquito vectors, In general, larval predation of 

mosquitoes is less prevalent in temporary habitats than it is in 

large, permanent habitats [42, 43]. 

For the control of container breeding mosquitoes it is possible 

to use different methods in integration and these include 

covering water holding containers [44, 45]. Targeting specific 

type of water holding containers would enable a more focused 

approach to vector control than attempting to eliminate all 

water-holding containers [46], using appropriate biological 

control agents [44], public health education [47, 31, 48] creating 

knowledge and awareness of the residents on mosquito borne 

diseases [48], eliminating water-filled unused containers [47, 31] 

draining of containers once a week [45] and proper waste 

management system for all housing areas [31]. 

 

5. Conclusion 

Dengue, a viral illness, has no specific treatment or vaccine 

available till date. Thus, reduction of infection and control at 

source remains the best strategy for prevention of local 

transmission. Entomological surveillance is an appropriate 

tool to identify key containers in which mosquito breed. Our 

study observed how different types of water-holding 

containers in different season contribute to the breeding of 

Aedes which may act as a vector for dengue transmission. 

Disease control measures need to be implemented vigorously 

during the pre-monsoon season to prevent outbreaks in the 

transmission season. Pupal index is the key predictor of an 

outbreak of dengue. In regard to seasonality, we found that 

monsoon season is the most suitable period for Aedes 

proliferation. An effective vector control programme should 

be established in Delhi by using the knowledge gained from 

this study to prevent outbreak of dengue in future. Hence, 

targeting the mother-foci during pre-monsoon season is 

needed to control dengue cases. This can be augmented by 

community participation involving all stakeholders, public 

sector offices, schools and other departments, and introducing 

“search-and-destroy” campaigns for better control of dengue. 

 

6. Acknowledgement 

The authors are grateful to the Director, NCDC, for providing 

an opportunity to undertake an Entomological survey in 

Delhi. Technical help of all officials especially Mr. Anand 

Kumar and Hodel Singh of Centre for Medical Entomology 

and Vector Management, National Centre for Disease Control 

is gratefully acknowledged.  

 

7. References 

1. Adeleke MA, Mafiana CF, Idowu AB, Adekunle MF, 

Sam-wobo SO. Mosquito larval habitats and public health 

implications in Abeokuta, Ogun state, Nigeria. Tanzania 

Journal of Health Research. 2008; 10(2):103-107. 

2. Gubler DJ. Dengue and dengue Hemorrhagic fever. 

Clinical Microbiology Reviews. 1998; 11:480-96. 

3. Guzman MG, Kouri G. Dengue diagnosis, advances and 

challenges. International Journal of Infectious Diseases. 

2004; 8(2):69-80. 

4. Halstead SB. Dengue hemorrhagic fever a public health 

problem and a field for research. Bulletin of World 

Health Organization. 1980; 58(1):1-21.  

5. Gubler DJ. The changing epidemiology of yellow fever 

and dengue, 1900 to 2003: full circle? Comparative 

Immunology Microbiology and Infectious Diseases. 

2004; 30:27(5):319-30. 

6. Lam SK. Rapid dengue diagnosis and interpretation. 

Malaysian Journal of Pathology. 1993; 15(1):319-30. 

7. Fradin, Mark S, John FD. Comparative efficacy of insect 

repellents against mosquito bites. New England Journal 

of Medicine. 2002; 347:13-18. 

8. Sharma RS, Panigrahi N, Kaul SM. Aedes aegypti 

prevalence in hospitals and schools, the priority sites for 

http://www.dipterajournal.com/


International Journal of Mosquito Research http://www.dipterajournal.com 
 

103 

DHF transmission in Delhi. Dengue Bulletin. 1999; 

23:109-112. 

9. Gupta N, Srivastava S, Jain A, Chaturvedi U. Dengue in 

India. Indian Journal of Medical Research. 2012; 

136:373-90.  

10. Dinesh P, Pattanayak S, Singha P, Arora DD, Mathur PS, 

Ghosh TK. An outbreak of dengue fever in Delhi. Journal 

of Communicable Diseases. 1972; 4:13-18.  

11. Acharya SK, Buch P, Irshad M, Gandhi BM, Joshi YK, 

Tandon BN. Outbreak of Dengue fever in Delhi. Lancet. 

1988; 24:1485-1486. 

12. Dar S, Baroor S, Sengupta I, Xess Seth P. The first Major 

outbreak of dengue haemorrhagic fever in Delhi, India. 

Emerging Infectious Diseases. 1999; 5:589-590. 

13. Kabra SK, Verma IC, Arora NK, Jain Y, Kalra V. 

Dengue epidemic in children in Delhi. Bulletin WHO. 

1992; 70:1051-1058. 

14. de Figueiredo RMP. Molecular characterization of 

dengue virus circulating in Nanaus, the capital city of the 

state of Amazonas, Brazil. Current Topic in Tropical 

Medicine, chapter 6, In Tech, Rijeka, Croatia, 2012, 81-

90. 

15. Powell JR, Tabachnick WJ. History of domestication and 

spread of Ae.aegypti—a review. Memorias do Instituto 

Oswaldo Cruz Suppl. 2013; 1:11-17. 

16. Gubler DJ. Epidemic dengue/dengue hemorrhagic fever 

as a public health, social and economic problem in the 

21st century. Trends in Microbiology. 2002; 10(2):100-

103. 

17. WHO. Dengue Guidelines for Diagnosis, Treatment, 

Prevention and Control, WHO, Geneva, Switzerland, 

2009.  

18. Knudsen AK. Global distribution and continuing spread 

of Aedes albopictus. Parasitology. 1995; 37(2-3):91-97. 
19. World Health Organization, Operational guide for 

assessing the productivity of Ae.aegypti breeding sites. 
World Health Organization on behalf of the Species 
Programme for Research and Training in Tropical 
Diseases, 2011. 

20. Sheppard PM, Macdonald WW, Tonn RJ. A new method 
of measuring the relative prevalence of Ae.aegypti. 
Bulletin World Health Organization. 1969; 40:467-468.  

21. World Health Organization. Comprehensive Guidelines 
for Prevention and Control of Dengue and Dengue 
Hemorrhagic Fever: Revised and Expanded Edition 
WHO Regional office for South East Asia, 2010. 

22. Reuben R. A report on mosquitoes collected in the 
Krishna-Godavari delta, Andhra Pradesh. Indian Journal 
Medical Research. 1978; 68:603-609. 

23. Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, 
Gubler DJ et al. Dengue: A continuing global threat. 
Nature Reviews Microbiology. 2010; 8:S7-16. 

24. World Health Organization. Dengue guideline for 
diagnosis, treatment, prevention and control. World 
Health Organization. Geneva. Switzerland, 2009, 147.  

25. Roop K, Priya S, Sunita P, Mujib M, Kanhekar LJ, 
Venkatesh S. Way forward for Seasonal Planning of 
Vector Control of Aedes aegypti and Aedes albopictus in 
a Highly Dengue Endemic area in India. Austin Journal 
of Infectious Diseases. 2016; 3(1):1022. 

26. Kumari Roop, Sharma RS, Kumar Kaushal, Singh Priya, 
Krishnan Sampath, Dash AP et al. Mapping of dengue 
vectors and dengue virus activity in Delhi during 2011-
2012. Dengue Bulletin. 2013; 37:87-100. 

27. Scott TW, Morrison AC. Aedes aegypti density and the 
risk of dengue virus transmission. In: Takken W, Scott 
TW (edi) Ecological aspects for application of genetically 
modified mosquitoes. Dordrecht. The Netherlands: 
Frontis, 2003, 187-206. 

28. Hopp MJ, Foley JA. Global-scale relationships between 
climate and dengue fever vector, Aedes aegypti. Climatic 
Change. 2001; 48:441-463. 

29. Ansari MA, Razdan RK. Seasonal prevalence of Aedes 
aegypti in five localities of Delhi, India. Dengue Bulletin. 
1998; 22:28-32. 

30. Kumari Roop, Kumar Kaushal, Chauhan LS. First dengue 
virus detection in Aedes albopictus from Delhi, India: 
Tropical Medicine and International Health. 2011; 
16(8):949-954. 

31. Saleeza SNR, Rashid YN, Azirum MS. Mosquitoes larval 
breeding habitat in urban and suburban areas, Peninsular 
Malaysia. International Journal Biological, Biomolecular, 
Agricultural, Food and Biotechnological Engineering. 
2011; 5(10):81-85. 

32. Wilson JJ, Sevarkodiyone SP. Breeding preference ratio 
of dengue and chikungunya vector in certain rural 
villages of virudhunagar district, Tamil Nadu, South 
India. International Journal of Mosquito Research. 2014; 
1(2):4-9. 

33. Yee DA, Kneitel JM, Juliano SA. Environmental 
correlates of abundances of mosquito species and stages 
in discarded vehicle tires. Journal of Medical 
Entomology. 2019; 47(1):53-62. 

34. Vikram K, Nagpal BN, Pande V, Srivastava A, Saxena R, 
Singh H et al. Detection of Dengue Virus in individual 
Aedes aegypti mosquitoes in Delhi, India. Journal of 
Vector Borne Diseases. 2015; 52(2):129-133. 

35. Chen CD, Lee HL, Stella-Wong SP, Lau KW, Sofian-
Azirun M. Containers survey of mosquito breeding sites 
in a university campus in Kuala Lumpur, Malaysia. 
Dengue Bulletin. 2009; 33:187-93. 

36. Wai K, Arunachalam N, Tana S, Espino F, Kittayapong 
P, Abeywickreme W. Estimating dengue vector 
abundance in the wet and dry season implications for 
targeted vector control in urban and peri-urban Asia. 
Pathogens and Global Health. 2012; 106:436-445. 

37. Balasubramanian R, Anukumar B, Nikhil T. Stegomyia 
indices of Aedes mosquito infestation and container 
productivity in Alappuzha district, Kerala. International 
Journal of Mosquito Research. 2015; 2:14-18. 

38. Dhar-Chowdhury P, Paul KK, Haque CE, Hossain S, 
Lindsay LR, Dibernardo A et al. Dengue seroprevalence, 
seroconversion and risk factor in Dhaka, Bangladesh. 
PLoS Neglected Tropical Diseases. 2017; 
11(3):e0005475.  

39. Devid MR, Lourenco-de-Oliveira R, Freitas RMD. 
Container productivity, daily survival rates and dispersal 
of Aedes aegypti mosquitoes in a high income dengue 
epidemic neighbourhood of Rio de Janeiro: presumed 
influence of differential urban structure on mosquito 
biology. Memorias do institito Oswaldo Cruz. 2009; 
104(6):927-32.  

40. Montgomery BL, Ritchie SA. Roof gutters: a key 
container for Aedes aegypti and Ochlerotatus notoscriptus 
(Diptera: Culicidae) in Australia. American Journal of 
Tropical Medicine and Hygiene. 2002; 67(3):244-46. 

41. Lenhart AE, Castillo CE, Oviedo M. Villegas E. Use of 
pupae/demographic survey technique to identify the 
epidemiologically important types of containers 

http://www.dipterajournal.com/


International Journal of Mosquito Research http://www.dipterajournal.com 
 

104 

producing Aedes aegypti (L) in a dengue-epidemic area 
of Venezuala. Annals of Tropical Medicine and 
Parasitology. 2006; 100:S53-S59. 

42. Service MW. Mortalities of immature stage of species of 
the Anopheles gambiae complex in Kenya: comparison 
between rice fields and temporary pools, identification of 
predators, and effects of insecticidal spraying. Journal of 
Medical Entomology. 1977; 13(4-5):535-545. 

43. Sunahara T, Ishizaka K, Mogi M. Habitat size: a factor 
determining the opportunity for encounters between 
mosquito larvae and aquatic predators Journal of Vector 
Ecology. 2002; 27:8-20. 

44. Philbert A, Ijumba JN. Preferred breeding habitats of 
Aedes aegypti (Diptera-Culicidae) mosquito and its 
public health implications in Dares Salaam. Tanzania 
Journal of Environmental Research and Management, 
2013; 4(10):344-351. 

45. Hiscox A, Kaye A, Vongphayloth K, Banks I, Piffer M, 
Khammanithong P et al. Risk factors for the presence of 
Aedes aegypti and Aedes albopictus in domestic water 
holding containers in areas impacted by the Nam Theun 2 
hydroelectric project, Laos. American Journal of Tropical 
Medicine and Hygiene. 2013; 88(6):1070-1078. 

46. Chareonviriyaphap T, Akratanakul P, Nettanomsak S, 
Huntamai S. Larval habitats and distribution pattern of 
Aedes aegypti, (Linnaeus) and Aedes albopictus (Skuse), 
in Thailand. Southeast Asian Journal of Tropical 
Medicine and Public Health. 2003; 34(3):529-535. 

47. Bhatt MA, Krishnamoorthy K. Entomological 
investigation and distribution of Aedes mosquitoes in 
Tirunelveli, Tamil Nadu, India. International Journal of 
Current Microbiology Application Sciences. 2014; 
3(10):253-260. 

48. Thete KD, Shinde LV. Survey of container breeding 
mosquito larvae in Jalna City (M.S.), India. Biological 
Forum. 2013; 5(1):124-128. 

http://www.dipterajournal.com/

