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Abstract: The mosquito-borne diseases are transmitted among people by the bite of an infected mosquito. In India, the major 
mosquito vectors belong to three genera Aedes, Anopheles and Culex. The mosquito-borne disease transmission dynamics is 
ruled by a series of various type of factors like changes in climatic conditions, and other man-made factors like different types of 
land use, community hygiene and their behaviors etc. The presence of mosquitoes is a major concern for public health due to 
possibility of transmitting arboviral diseases like malaria, dengue and chikungunya; which repeatedly occurs in India and cause 
substantial morbidity and mortality annually. Current study was carried out in Jaipur district to determine the larval density, 
breeding preference and relative abundance of Anopheline and Aedes mosquitoes during October month of 2021 because there is 
less information available regarding vector breeding preference and other associated factors in surveyed areas. Survey was carried 
out in various place of Jaipur district [Chand Pole, Chhoti Chopad, Mahal Road, Jagatpura and Chaksu (Kothun)]. Total 185 houses 
were surveyed, among them 140 houses were found positive for Aedes and Anopheline mosquitoes. The larval indices like House 
Index (HI), Container Index (CI), Breteau Index (BI) and Pupae Index (PI) were calculated as 75.67%, 46.89%, 142.70 and 25.94 
respectively. Total 46.89% of inspected containers were found positive for mosquitoes’ immature stages. The cattle drinking tanks 
were found as the most suitable breeding container with 82.75% positivity. This study concludes that Aedes aegypti, Aedes albopictus 
and Anopheles stephensi was found as the most abundant mosquito in this region so this area at high risk for mosquito-borne 
disease. The study recommends that the surveillance program regarding vector ecology and biology should be carried out in this 
area and an awareness program should be also conducted regarding vector and their breeding preferences.  
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1. INTRODUCTION 
 
In the tropical climatic areas, approx. 3500 mosquito species 
were found abundantly. Mosquitoes are widely distributed in 
all different types of geographical regions at the global level 
excluding areas near the two poles and more than 2000 feet 
high altitude regions. Mosquitoes are small insects measuring 
about 4 to 6 mm and consisting in the family Culicidae. The 
female mosquitoes need blood for their egg development so 
they suck the blood from a wide range of hosts including 
humans. They have public health importance due to the 
capability of transmitting the deadliest and life-vulnerable 
arboviral diseases malaria, dengue, chikungunya, bancroftian 
filariasis and zika fever which cause mortality, morbidity, and 
socioeconomic loss.1,2 The Culicidae family consists of 13 
genera among them the Aedes are marked as the most 
dangerous mosquito due to its public health threat at the 
global level. Mosquitoes are distributed worldwide3 in tropical 
and subtropical regions including India. In the dengue-endemic 
regions, the Aedes aegypti was categorized as a major dengue 
vector.  The Aedes albopictus4 has also been incriminated in 
dengue disease transmission in dengue-endemic regions.5-6 
Mostly the Aedes aegypti prefer to breed in small domestic 
containers7 including various types of discarded receptacles, 
buckets, mud pots, discarded tires8 and sinks.9 They are found 
in almost all types of microhabitats and are adaptable to breed 
in different types of water bodies like-polluted and clean small 
water bodies, mangrove swamps, paddy fields, rivers, streams, 
grassy ditches, temporary rain pools,10 buckets, discarded 
tires,11 plastic container, mud pots and different type of tanks. 
The developmental activities like mining, irrigation, poor 
drainage and road construction provide the favorable breeding 
sites that accelerate the problem of Vector-Borne Diseases.11-

14 The increasing number of new developments of 
transportation accelerate the workers migrations and these 
expose humans to new areas that are directly influencing the 
dengue disease outbreaks.15-16 The mosquito’s density 
fluctuates with climatic factor like humidity, temperature and 
rainfall. The mosquito borne disease outbreaks generally occur 
in monsoon and post-monsoon season.17 Aedes aegypti acts as 
dominant species and is distributed in a wide range of 
geographical areas including temperate and tropical climatic 
zones. For the determination of the distribution pattern and 

abundance of mosquitoes the local climatic parameters play as 
a key role. The distribution of mosquito borne disease are 
controlled by the tolerance capacity (climatic conditions) of 
their vectors. Water is vital things for mosquito breeding 
because mosquitoes breed in water, further their larval and 
pupal stages are also aquatic. Mosquitoes have a wide range of 
breeding sites including small tree-holes to large waterbodies 
like ponds, lakes etc. Mostly, all mosquito larvae prefer 
stagnant water bodies. Some mosquitoes breed in fresh water 
bodies whereas some breed in sewage water. The humans are 
directly or indirectly responsible for proliferation of malaria 
and dengue mosquitoes near human dwelling areas.12 Small 
artificial containers are most favorable for Aedes spp. breeding 
near human dwelling areas.18 The study regarding vector 
distribution, breeding, resting behavior and ecology plays as 
major role in vector control strategies. Source reduction is an 
effective method of reducing mosquitoes’ density by 
destroying the larvae number.19 The study regarding vector 
biology and larval ecology have been played an important role 
in mosquitoes’ control programs.20,21 There is a lack of 
information available regarding vector biology and larval 
ecology in the Jaipur district of Rajasthan state. This study will 
reveal mosquito distribution patterns, breeding preferences, 
and vector host preferences and also will help to estimate the 
risk factor for arboviral disease outbreaks. It will help in the 
eradication of mosquito breeding sites nearby human dwelling 
areas that will also help in reducing dengue and malaria 
outbreak.  
 
2. MATERIALS AND METHODS  
 
2.1.  Site Selection 
 
The three days mosquito larval survey was conducted from 
12-14 October 2021 in Jaipur district of Rajasthan state, India. 
The Jaipur district is situated at an altitude of 431 meters and 
1417 feet above sea level. The relative temperature of this area 
remains high throughout the year and has semi-arid-type 
climates. The three sides of Jaipur district are covered by 
Aravalli Hills which provides favorable climatic conditions to 
flourish mosquito-borne diseases in these areas. The study 
sites were selected on the basis of reported positive cases in 
that particular area (Figure 1 & Figure 2). 

 



 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.3.L128- 135           Entomology 

 

L-130 

 

 
 
Fig 1: Map of Jaipur district and different types of surveyed areas (a) Choti chopad (b) Jagatpura (c) Chandpole 

& (d) Mahal Road (different types of color dots represent the containers found positive for mosquitoes’ 
breeding) 
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Fig 2: Surveyed area Kothun (rural area of Jaipur district in which the black dot represents the containers found 

positive for mosquitoes’ breeding) 
2.2. Larval Collection 
 
Mosquitoes’ larvae were collected randomly from various sites 
in Jaipur district (Chand Pole, Chhoti Chopad, Mahal Road, 
Jagatpura and Chaksu (Kothun). During this survey the 
different sites were searched including outdoor places and 
residential areas. In these areas the different type of water-
bodies i.e., cattle drinking tanks, cemented tanks (overhead 
and underground tanks), discarded tires, discarded sinks, mud 
pots, plastic bowls, flower pots, metallic bowls, plastic drums, 
buckets and coolers were checked for the presence of larvae 
& pupae of malaria and Dengue vectors. These collections 
were carried out using trays, pipettes, droppers, sieves and 
dippers (250 ml capacity) from different types of water bodies. 
Open water reservoir, big water drum and underground water 
tank are large water bodies so it’s very hard to collect larvae 
from these water bodies. For this, the dipper and sieves were 
used to collect the larvae from these water bodies. The larvae 
were taken into small plastic wide-mouthed bottles labeled 
with place & date, type of water etc. To prevent mortality of 
these larvae & pupae, the collection bottles were kept empty 
at least 3-5 cm for proper respiration. These larval and pupal 
collections were transported immediately as possible to the 
laboratory of Public Health Entomology for the emergence of 
adult mosquitoes and their further morphological 
identification.  

 
2.3. Adult Collection  
 
Adult mosquitoes were collected by mouth aspirators from 
different types of habitats in these surveyed areas. Mosquitoes’ 
collections were carried out in the early morning from their 
resting sites. The collected mosquitoes were transported 
immediately to the laboratory, and provided glucose solution 
to feed them. 
  
2.4.  Identification Of Mosquitoes  
 
Emerged and collected adult mosquitoes were identified by 
using “Pictorial Identification key for Indian Anophelines”22 & 
“Indian Anophelines”23 and taxonomic key of “ZOOTAXA 
589- key for the identification of mosquitoes (Diptera: 
Culicidae) associated with dengue virus transmission” for 
Aedes mosquitoes.24 
 
2.5.  Data Analysis  
 
With the help of collected data, the risk factors (House Index 
(HI), Container Index (CI), Breteau Index (BI) and Pupae Index 
(PI)) of these areas were calculated using the following 
formulas:

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. RESULT  

  House Index (HI) = 
𝑁𝑜.𝑜𝑓 ℎ𝑜𝑢𝑠𝑒 𝑝𝑜𝑠𝑠𝑖𝑡𝑖𝑣𝑒 𝑤𝑖𝑡ℎ 𝐴𝑒𝑑𝑒𝑠 𝑙𝑎𝑟𝑣𝑎𝑒 𝑎𝑛𝑑 𝑝𝑢𝑝𝑎𝑇𝑜𝑡𝑎𝑙 𝑛𝑜.𝑜𝑓 ℎ𝑜𝑢𝑠𝑒 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑑  X100 

 

 Container Index (CI) = 
𝑁𝑜.𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑓𝑜𝑢𝑛𝑑 𝑝𝑜𝑠𝑠𝑖𝑡𝑖𝑣𝑒 𝑤𝑖𝑡ℎ 𝐴𝑒𝑑𝑒𝑠 𝑙𝑎𝑟𝑣𝑎𝑒 𝑇𝑜𝑡𝑎𝑙 𝑛𝑜.𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑑  X100 

 

 Breteau Index (BI) = 
𝑁𝑜.𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑓𝑜𝑢𝑛𝑑 𝑝𝑜𝑠𝑠𝑖𝑡𝑖𝑣𝑒 𝑤𝑖𝑡ℎ 𝐴𝑒𝑑𝑒𝑠 𝑙𝑎𝑟𝑣𝑎𝑒 𝑇𝑜𝑡𝑎𝑙 𝑛𝑜.𝑜𝑓 ℎ𝑜𝑢𝑠𝑒 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑑  X100 

 

Pupae Index (PI) =
𝑁𝑜.𝑜𝑓 𝑃𝑢𝑝𝑎𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠  𝑇𝑜𝑡𝑎𝑙 𝑛𝑜.𝑜𝑓 ℎ𝑜𝑢𝑠𝑒 𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑑   X100 
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During this survey, a total of 185 houses, and their nearby 
areas were surveyed for the presence of mosquito immature 
stages, out of them 140 houses were found positive for the 
dengue mosquito larvae. There is a total number of 563 
containers were inspected among them, 264 containers were 
found positive for mosquito larvae with 46.89% positivity. 
Cattle drinking tanks were found as the most dominant 
breeding container with 82.75% positivity followed by bird 

drinking bowls (59.57%), coolers (60.00%), discarded tires 
(57.77%), plastic bowls (54.54%), flowerpots (29.03), plastic 
drums (25.00%), metallic bowls (22.22%), mud pots (16.66%), 
discarded sinks (12.50%), buckets (7.89%) and underground 
tanks (4.76%) whereas the overhead tanks were found 
negative for mosquito breeding (Table 1; Figure 3). 
Anophelines and Aedes mosquitoes were also observed 
sharing the same microhabitat and breeding sites.

 

Table-1: Container breeding preferences of mosquitoes in Jaipur District of Rajasthan 
Type of container No. of container 

inspected  
Number of positive containers 

(%) 
Type of collected 

mosquitoes  
Cooler 15 09 (60.00) Aedes  

Plastic drum 32 08 (25.00) Aedes & Anopheles 
Buckets 38 03 (07.89) Aedes  

Plastic bowl 22 12 (54.54) Aedes  
Metallic bowl 18 04 (22.22) Aedes  

Mud pot 06 01 (16.66) Aedes  
Flower pot 62 18 (29.03) Aedes & Anopheles 

Discarded Tire 45 26 (57.77) Aedes  
Discarded sink 08 01 (12.5) Aedes  

Cattle Drinking tanks 116  96 (82.75) Aedes & Anopheles  
Bird Drinking Bowls 141 84 (59.57) Aedes & Anopheles 
Underground Tanks 42 02 (04.76) Aedes  

Overhead Tanks 18 00 (00.00) - 
Total  563 264 (46.89) - 

 
The House Index (HI), Container Index (CI), Breteau Index 
(BI) and Pupae Index (PI) were estimated as 75.67%, 46.89%, 
142.70 and 25.94 respectively, which indicated that, surveyed 
areas were at the high risk for arboviral disease outbreaks 
(Table 2). In Jaipur district, Anopheles stephensi, Anopheles 
barbirostris, Anopheles annularis, Anopheles subpictus (Anopheline 
spp.), Aedes aegypti and Aedes albopictus (aedes spp.) were found 
prevalent. Among total number of collected mosquitoes, 

Aedes aegypti are found as most abundant species among 
emerged adult mosquitoes with 37% followed by Aedes 
albopictus (27%), Anopheles stephensi (17%), Anopheles 
barbirostris (9%), Anopheles subpictus (6%), and Anopheles 
annularis (4%) (Figure 4). Aedes aegypti and Aedes albopictus 
were found in close association that may be increase dengue 
disease outbreak in this area. 

 
Larval indices 

 

Table 2: Risk categorization of clusters according to larval indices 

House index (HI) 75.67% 

Container index (CI) 46.89% 

Breteau index (BI) 142.70 

Pupae Index (PI) 25.94 

 

 
 

Fig 3: Percentage of various types of positive containers found with immature stages of mosquito’s in Jaipur 
District of Rajasthan 
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Fig 4: Relative abundance (%) of mosquitoes after adult emergence of larvae during larval collection in Jaipur 
district 

4. DISCUSSION  
 
Study revealed that cattle drinking tanks, coolers, bird drinking 
bowls and plastic bowls are the most favorable and effective 
habitats for vector breeding. In the Jaipur district, most of the 
people are habituating to storing water indoors in different 
containers because this area is facing water shortage problems 
for several years. Actually, these water containers mostly 
remain open or not fully covered, so, these could have served 
as mosquito breeding sites in these areas. In urban areas, the 
disposed of unwanted containers also served as breeding sites 
and became the cause of disease outbreaks in these areas.10 
During this survey, the mosquito’s abundance was found high 
due to the availability of various types of breeding sites, human 
hosts, and other favorable climatic conditions. It is also 
observed that the Aedes and Anopheline mosquitoes were also 
sharing their breeding habitats due to the preference for the 
same microclimate in any breeding sites. Generally, Aedes 
aegypti was considered as primary vector for dengue and 
dengue hemorrhagic fever25,26 whereas Aedes albopictus as 
secondary vector.27 Aedes aegypti is a competent vector for 
arboviral diseases due to its anthropophilic nature and high 
frequency of bites.25 Aedes aegypti is adapted to human dwelling 
areas and mostly prefer urban area whereas Aedes albopictus 
prefer vegetation areas.28-30 During this study the Aedes aegypti 
and Aedes albopictus were found highly abundant in urban areas 
due to presence of favorable microclimatic conditions, easy 
access to exposed host body and vegetation also; it predicts 
that Jaipur people are at high risk of arboviral diseases. 
Similarly, in Kerala, both species were also found in association 
because the urban and rural areas both are having thick 
vegetation and favorable climatic conditions.16 Generally, 
anopheline mosquitoes breed in clean and unpolluted water. 
In our study, it is observed that Aedes aegypti and Aedes 
albopictus are breed in various types of artificial containers 
(discarded sinks, discarded tires, small plastic cups and 
containers, metallic bowls, mud pots, coolers) in Jaipur district; 
this type of same observation has been observed by Thavara 
et al.,31 Chen et al.,32 Preechaporn et al.,33 and Thenmozhi et 
al.,34 in their study. In our study the all type of water bodies 
(Fresh clear water-opaqueness free, turbid water-containing 
suspended foreign particles & sedimented and polluted water-
containing oil particles & wastes) are surveyed for mosquitoes 
breeding and observed that all type of Aedes and Anopheles 
species prefer fresh water to breed compare then turbid and 
polluted water but it is totally depended on availability of water 
bodies; similar observation reported by Lee and Hishamudin35  

 
and Chen et al.,36 in their study. Malaria and dengue vectors 
are also found to breed in cemented tanks and other 
containers in Jaipur district. In Kolkata, it was also reported 
that anopheline mosquitoes breed in containers i.e., tin cans, 
battery shells, tiers and bitumen drums.37 Various similar 
studies have reported that anthropogenic and developmental 
activities provide temporary breeding sites i.e., hoof prints, 
rice paddy, tracks and tiers for anopheline mosquitoes.1,5,38,39 

In our study, mixed breeding of the Aedes aegypti and Aedes 
albopictus was observed in the study area and similar 
observations were also reported by several scientist in their 
study.28-30,40  
 
5. CONCLUSION  
 
This study revealed that the Aedes aegypti, Aedes albopictus and 
Anopheles stephensi are the most abundant and prevalent 
species in the Jaipur district which are vectors of dengue and 
malaria disease respectively; it suggests that this area is at high 
risk for mosquito-borne diseases and recommends to carry 
out in-depth research regarding vector biology and their 
surveillance in the area.  Most of the time it has been observed 
that anopheline and aedes mosquitoes are sharing their habitat 
in man-made breeding sites, so it shows the sympatric 
association of both kinds of mosquitoes. The cattle drinking 
tanks were found as most favorable breeding containers for 
both malaria and dengue mosquitoes, so this study also 
recommends that antilarval and fogging activity should be 
carried out by the municipal corporation of Jaipur and also 
suggest that a public health awareness program should be 
organized to impart the knowledge regarding potential 
breeding sites, their life-cycle and proper disposal of unwanted 
containers.  
 
6. AUTHOR CONTRIBUTION STATEMENT 
 
Dr. Arti Prasad and Dr. Devendra Kumar conceptualized and 
designed the study methodology. Mr. Saha Dev Jakhar and Mr. 
Ajay Kumar Kumawat collect the data and analyzed them. Dr. 
Ashok Kumar and Mr. Saha Dev Jakhar put valuable input in 
designing manuscript. All authors read and gave their input to 
prepare the manuscript.  
 
7. FUNDING ACKNOWLEDGEMENTS 

 
We are grateful to the Department of Zoology, Faculty of 



 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.3.L128- 135           Entomology 

 

L-134 

 

Science, Mohanlal Sukhadia University, Udaipur for providing 
the laboratory facilities. This work was financially supported 
by the Rashtriya Uchchatar Shiksha Abhiyan 

(F.30(16)/SPD/RUSA/2016/178 dated 31/03/2020), Ministry of 
Human Resource Development, Government of India. 
 

 
8. CONFLICT OF INTEREST 
 
Conflict of interest declared none 
 
9. REFERENCES 
 
1. Adeleke MA, Mafiana CF, Idowu OA. Population 

Dynamics of indoor sampled mosquitoes and their 
implication in disease transmission in Abeokuta, south-
western Nigeria. J Vector Borne Dis. 2010 
Mar;47(1):33-38. 

2. World Health Organization. Global strategy for dengue 
prevention and control 2012-2020. World Health 
Organization, Geneva. 2012. 

3. World Health Organization. Manual on vectors control 
management for mosquitoes’ control with special 
emphasis on malaria Vectors. WHO off set publication. 
1982;66(1):1-283. 

4. Global Health Education Consortium (GHEC) Travel 
and Migration 
2006. (http://globalhealtheducation.org/pages/whygloba
lhealth.aspx) 

5. Malavige GN, Fernando S, Fernando DJ, Seneviratne SL. 
Dengue viral infections. Postgrad Med J. 2004;80:588–
601.  

6. Thenmozhi V, Hiriyan JG, Tewari SC, Philip Samuel P, 
Paramasivan R, Rajendran R, Mani TR, Tyagi BK. 
Natural and vertical transmission of dengue virus 
in Aedes albopictus (Diptera: Culicidae) in Kerala, a 
southern Indian state. Jap J Infectious Dis. 2007;60:245–
249.  

7. Hawley WA. The biology of Aedes albopictus. J Am Mosq 
Cont Assoc. 1988;1:1–39. 

8. Kusumawathie RS. Distribution and breeding sites of 
potential dengue vectors in Kandy and Nuwara Eliya 
districts of Sri Lanka. Ceylon J Med Science. 2005;48:43–
52.  

9. Dieng H, Saifur RGM, Hassan AA, Salmah MRC, Boots 
M, Satho T, Jaal Z, AbuBakar S. Indoor-breeding 
of Aedes albopictus in Northern peninsular Malaysia and 
its potential epidemiological implications. PLoS 
Medicine. 2010;5:1–9.  

10. Afolabi OJ, Simon-Oke IA, Osomo BO. Distribution, 
abundance and diversity of mosquitoes in Akure, Ondo 
State, Nigeria. Journal of Parasitology and Vector 
Biology. 2013 Dec;5(10):132-136. 

11. Williams J, Pinto J. Training manual on Malaria 
Entomology for Entomology and Control Technicians 
(Basic Level). RTI International. 2012 Nov 8;p.78. 

12. Dutta P, Mahanta J. Potential vectors of dengue and the 
profile of dengue in the North-Eastern Region of India: 
An epidemiological perspective. Dengue Bulletin. 2006 
Dec;30:234-42. 

13. Sharma VP, Uppreathy HC. 1982. Preliminary studies 
on irrigation malaria. Indian J. Malariol. 1982;19:139-
142. 

14. Lapang PM, Ombugadu A, Ishaya M, Mafuyai MJ, Njila 
HL, et al. Abundance and Diversity of Mosquito Species 
Larvae in Shendam LGA, Plateau State, North-Central 
Nigeria: A Panacea for Vector Control. 
Int. J. Zool. Res. 2019;3(3):25-33. 

15. Centers for Disease Control and Prevention (CDC) 
Dengue and climate 2011. 
(http:// www.cdc.gov/dengue/entomologyEcology/clim
ate.html) 

16. Weinhold B. Americas' Dengue Escalation Is Real-and 
Shifting. J Environ Health Perspec. 2010;118:a117–a117.  

17. Pandya G. Prevalence of dengue infection in India, 
Defence Science Journal 1982; 32:359-370. 

18. Lee HL. A nationwide resurvey of the factors effecting 
the breeding of Aedes aegypti (L.) and Aedes albopictus 
Skuse (Diptera: Culicidae) in urban towns of Peninsular 
Malaysia – 1988- 1989. Trop. Biomed. 1991;8:151-60. 

19. Adeleke MA, Mafiana CF, Idowu AB, Adekunle MF, 
Sam-Wobo SO. Mosquito larval habitats and public 
health implications in Abeokuta, Ogun State, Nigeria. 
Tanzan J Health Res. 2008 Apr;10(2):103-7. 

20. KIM HC, Klein TA, LEE WJ, Collier BW, CHONG ST, 
Sames WJ, LEE IY, LEE YJ, LEE DK. Mosquito species 
distribution and larval breeding habitats with taxonomic 
identification of anopheline mosquitoes in Korea. 
Entomological Research. 2007 Mar;37(1):29-35. 

21. Vijayakumar K, Kumar TK, NujumS, Umarul T, 
Kuriakose A. A study on container breeding 
mosquitoes with special reference to Aedes 
(Stegomyia) aegypti and Aedes albopictus in 
Thiruvananthapuram district, India. J Vector Borne 
Dis.  2014 Mar;51(1):27-32. 

22. Nagpal BN, Srivastava A, Saxena R, Ansari MA, Dash 
AP, Das SC. Pictorial identification key for Indian 
anophelines. Delhi: Malaria Research Centre (ICMR). 
2005. 

23. Nagpal BN, Sharma VP. 1995. Indian Anophelines. New 
Delhi. Oxford & IBH Publishing Co. Pvt. Ltd. p. 1995 
Dec;1–416. 

24. Reuda L. Pictorial keys for the identification of 
mosquitoes (Diptera: Culicidae) associated with 
Dengue Virus Transmission. Zootaxa. 2004:589.  

25. World Health Organization. Dengue, guidelines for 
diagnosis, treatment and prevention: A joint publication 
of the WHO and the Special programmes for research 
and training in tropical diseases (TDR). 2009. 

26. Were. “The dengue situation in Africa.” Paediatr Int 
Child Health. 2012 May;32(1):18–21. 

27. Gratz NG. Critical review of the vector status of Aedes 
albopictus. Med Vet Entomol. 2004 Sep;18 (3),215–27. 

28. Chan KL, Ho BC, Chan YC. Aedes aegypti (L.) and 
Aedes albopictus (Skuse) in Singapore City. 2. Larval 
habitats. Bull World Health Organ. 1997;44:629–33.  

29. Hawley W. The biology of Aedes albopictus. J Am Mosq 
Control Assoc. 1988 Dec;1:1–39.  

30. Tsuda Y, Suwonkerd W, Chawprom S, Prajakwong S, 
Takagi M. Different spatial distribution of Aedes aegypti 
and Aedes albopictus along an urban-rural gradient and 
the relating environmental factors examined in three 
villages in northern Thailand. J Am Mosq Control 
Assoc. 2006 Dec;22(2):222–8. 

31. Thavara U, Tawatsin A, Chompoosri J. Evaluation of 
attractants and egg-laying substrate preference for 
oviposition by Aedes albopictus (Diptera: Culicidae). 
Journal of Vector Ecology 2004;29(1):66-72. 

32. Chen CD, Seleena B, Masri MS, Chiang YF, Lee HL, 
Nazni WA, Sofian-Azirun M. Dengue vector 
surveillance in urban residential and settlement areas in 

http://globalhealtheducation.org/pages/whyglobalhealth.aspx
http://globalhealtheducation.org/pages/whyglobalhealth.aspx
http://www.cdc.gov/dengue/entomologyEcology/climate.html
http://www.cdc.gov/dengue/entomologyEcology/climate.html


 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.3.L128- 135           Entomology 

 

L-135 

 

Selangor, Malaysia. Tropical Biomedicine 
2005;22(1):39-43. 

33. Preechaporn W, Jaroensutasinee M, Jaroensutasinee K. 
The larval ecology of Aedes aegypti and Aedes 
albopictus in three topographical areas of Southern 
Thailand. Dengue Bulletin 2006;30:204-13. 

34. Thenmozhi V, Hiriyan JG, Tewari SC, Samuel PP, 
Paramasivan R, Rajendran R, Mani TR, Tyagi BK. 
Natural vertical transmission of dengue virus in Aedes 
albopictus (Diptera: Culicidae) in Kerala, a Southern 
Indian State. Japanese Journal of Infectious Diseases. 
2007;60:245-9. 

35. Lee HL, Hishamudin M. Nationwide Aedes larval survey 
in urban towns of Peninsular Malaysia (1988–1989). 
Tropical Biomedicine 1990;7:185-8.  

36. Chen CD, Nazni WA, Lee HL, Seleena B, Masri MS, 
Chiang YF, Sofian-Azirun M. Mixed breeding of Aedes 
aegypti (L.) and Aedes albopictus Skuse in four dengue 

endemic areas in Kuala Lumpur and Selangor, Malaysia. 
Tropical Biomedicine 2006;23(2):224-7. 

37. Patricia NO, Popoola KOK, Olayemi MA, Kolade TI, 
Ademowo GO. Species Composition and Temporal 
Distribution of Mosquito Populations in Ibadan, 
Southwest Nigeria. J. Entomol. Zool. Stud. 2014 
Aug;2(4):164-169. 

38. Youdeowei A, Service MW. Relationships between 
development programmes and health: In Pest and 
Vector Management in the tropics. ELBS edition. 
1986;pp 399. 

39. Adeleke MA, Mafiana CF, Idowu AB, Adekunle MF, 
Sam-Wobo SO, 2008. Mosquito larval habitats and 
public health implication in Abeokuta, Ogun State, 
Nigeria. Tanzan J Health Res. 2008 Apr;10(2):103–107. 

40. Mandal B, Biswas B, Banerjee A, Mukherjee TK, Nandi 
J, Biswas D. Breeding propensity of Anopheles stephensi 
in chlorinated and rainwater containers in Kolkata City, 
India. J Vector Borne Dis. 2011;48(1):58–60.

 
 




