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ABSTRACT:

Mosquito borne diseases are the most considerable public
health risks globally. Dengue fever infection is one of the
most important arboviral diseases in humans which are
transmitted by Aedes aegypti (L.) mosquitoes. These Aedes
aegypti (L.) mosquitoes are highly persistent and can
survive almost any climatic conditions. Therefore, an
entomological survey was undertaken during 2015 to 2018
to evaluate the entomo-epidemiological risk of Aedes aegypti
(L.) mosquito borne diseases (VBD) in Udaipur district of
South Rajasthan to diminish potential global health risks
and prevent introduction of new vector borne diseases
(VBD). A cross-sectional immature stage survey was done
indoors in Region-1 (Urban areas), Region-1l1 (Periurban
areas) and Region-Ill (Rural areas) of Udaipur in 3645
houses. Mosquito larval sampling was conducted using
sieves, pipette, dipper or depending on container types.
Larvae were recognized morphologically and larval indices
were also considered. Repeated surveys were undertaken in
Urban, Periurban and Rural areas of Udaipur. A total of
8733 containers were inspected, and of these 1284 were
positive for Aedes aegypti (L.) mosquito larvae. Coolers,
Plastic Drums, Tires, Flower Pots, Mud Pots and
Discarded Buckets were most favourable for breeding. All
the entomological indices were found to be above the critical
level for all selected areas, prescribed by WHO, (2003;
2011). The larval indices i.e. House Index (HI), Container
Index (CI), Breteau Index (BI) and Pupae Index (PI) varied
from 10.20% to 11.76%, from 12.84% to 16.65%, from
31.85 to 41.89 and from 32.42 to 45.02 respectively. The
Periurban areas were found to be more prone to mosquito
breeding compare to other both areas (Urban and Rural).
To control these Aedes aegypti (L.) mosquitoes, a careful
and regular invigilation of the study areas is recommended.
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INTRODUCTION

Mosquito-borne  diseases are the most
noteworthy public health risks worldwide.
Dengue fever infection is one of the most
important arboviral diseases in humans
transmitted by Aedes mosquitoes. It is
widespread in  Africa, America, eastern
Mediterranean, South East Asia, and the
Western Pacific, threatening more than 2.5
billion people (Webb, 2008; Guillena et al., 2010).
Aedes is a genus of mosquitoes initially found in
tropical and subtropical zones. It is considered
highly invasive in nature and can transmit a
variety of pathogens that can be transmitted to
humans. The species Aedes aegypti (L.) and Aedes
albopictus (Skuse) are the principal vectors of
concern worldwide. Aedes aegypti (L.) mosquito
is the chief vector that transmits the viruses that
cause dengue. It is also transmit chikungunya,
rossriver viruses, yellow fever, avian parasite,
Plasmodium gallinaceum, filarial infections of
Wuchereria bancrofti and Dirofilaria immitis
(Russell et. al., 2005) that has become adapted to
urban, periurban or suburban and rural human
environments.

Geographic distribution of dengue has
extended worldwide in the past five decades.
Dengue, mosquito borne acute disease is now
endemic in>100 countries, with an estimated 400
million infections each year (Bhatt et al., 2013).
World Health Organization currently estimates
that the incidence of dengue has increased 30-
fold over the last 50 years 50-100 million cases
of Dengue infections occur worldwide every
year, putting almost half of the world’s
population at risk (WHO, 2017).

In India dengue is widespread and
endemic in most major cities namely as Andhra
Pradesh, Goa, Gujarat, Haryana, Karnataka,
Kerala, Madhya Pradesh, Maharashtra, Punjab,
Rajasthan, Tamil Nadu, Uttar Pradesh, West
Bengal, Chandigarh, Delhi and Panduchery.
According to National Vector Borne Disease
Control Programme (NVBDCP) data, the
number of cases reported in 2018 was about
101192 for dengue with 172 deaths while in
2019, 157315 with 166 deaths India (National

Vector Borne Disease Control Programme,
2020). Rajasthan is geographically an arid region
where dengue cases are observed in a regular
manner. There was exponential increase in
dengue cases in 2015. Ajmer, Kota, Tonk and
Udaipur had the highest burden, followed by
Jaipur and Rajsamand. Unexpectedly, five
districts, i.e., Chittorgarh, Bhilwara, Jhalawar,
Pali and Sirohi, did not report a single probable
case of dengue during 2015, but laboratory
confirmed cases were reported from these
districts, except Sirohi and Pali district (Rathore
et al., 2018).

The dengue vaccine is still in
development process and is unlikely to be
obtainable in the near future. In recent days,
emergence and development of insecticide
resistance in dengue vectors, especially in Aedes
aegypti (L.) are main barriers vector control
programs. The resistance to organophosphates
and pyrethroids has been reported since the
1980s and 1990s respectively (Ranson et al.,
2010). All Aedes aegypti (L.) populations have
become resistant to temephos, deltamethrin and
other insecticides also at many places but mostly
susceptible to Bacillus thuringiensis israelensis
(Bti). This resistance has recently been shown to
be negatively impacting on the efficacy of vector
control interventions taken together, so it is
necessary to calculate susceptibility status of
vectors against insecticides before applications
of insecticides (Scholte et al., 2006; Prasad and
Kumar, 2020).

Currently, the only method to
effectively control dengue is to control the
mosquito vectors, especially Aedes aegypti (L.).
Diurnal behavior of Aedes aegypti (L.) and the
propensity to oviposit in small water-holding
containers, especially in areas that are
temporary or are located inside houses, limits
this vector’s availability for large scale sampling.
Specified the biological and behavioral
characteristics of Aedes aegypti (L.), trapping
eggs or adult mosquitoes would be a more
efficient way of identifying the temporal and
spatial placement of interventions that would
prevent disease outbreaks or lessen their
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strength (Favaro et al., 2008; Morrison et al.,
2008).

The incidences of vector-borne diseases
are increasing terrifyingly due to the emergence
of resistance against various insecticides and
potential environmental issues associated with
some synthetic insecticides such as DDT,
globalization, uncontrolled and unplanned
urbanization creating mosquitogenic,
developmental activities, poor environmental
sanitation, and human behavior relating to
water collection widespread travel both within
the country and across borders, conditions for
the vector mosquito populations has indicated
that supplementary approaches to control the
propagation of mosquito population would be
an vital priority (Grodner, 1997; WHO, 2011).

Since South Rajasthan is a tribal
dominated hilly zone of state and vector borne
diseases are much prevalent. Udaipur district
has been endemic for dengue, having incidence
recorded throughout the year. During the year
2015, total 33 dengue cases (In Urban and
Periurban areas- 19, and in Rural areas- 14) were
confirmed by ELISA method, in year 2016 total
cases were as 15 (In Urban and Periurban areas-
06 and in Rural areas- 09) and in year 2017, 28
cases (In Urban and Periurban areas- 14, and in
Rural areas- 14), in year 2018, 74 cases (In Urban
and Periurban areas- 44 and in Rural areas- 30)
and in year 2019 total 228 cases were confirmed,
out of which 86 reported from Urban and
Periurban areas and 142 from Rural areas of
Udaipur district of South Rajasthan (Source:

Office of the Chief District Medical Officer,
Udaipur).

Hence, the aim of this study was to
determine the distribution and abundance of
dengue vector Aedes aegypti (L.) mosquitoes in a
dengue endemic site in the Udaipur district of
South Rajasthan and also monitor the
susceptibility of study area for dengue disease.
Distribution and abundance data of dengue
vector Aedes aegypti (L.) have not been recorded
before in Study area, so our study will be one of
the pioneer studies to control dengue vector
Aedes aegypti (L.), for vector control programs of
National Vector Borne Disease Control
Programme (NVBDCP) and others also.

MATERIAL & METHODS

Study Area

Present  entomological  surveillance  was
undertaken in and around the Udaipur district
of South Rajasthan from year 2015 to 2018.
Udaipur district is one of the
33 districts of Rajasthan in  India that lies
between 23°46° and 25°5’ north latitudes and
73°9’ and 74° 35’ east longitude with an average
elevation of 598.00 meter (1,962 feet) and total
area 64 km2. Udaipur district is generally hilly.
A door-to-door cross-sectional entomological
survey was carried out in houses and
peridomestic areas to perceive mosquito larval
breeding sites with a view to study the level of
infestation of areas with Aedes aegypti (L.) larvae
(Figure 1). The weather of study area of the year
is hot and humid throughout the day and night.
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Figure 1: Sample collection sites of Study area (Udaipur district of South Rajasthan)

Entomological Surveillance

The entomological surveillance of Aedes aegypti
(L.) mosquito has been standardized on different
indices based on simple determination of
presence or absence of Aedes aegypti (L.) larvae
either in each water container or rather in each

house (Tun-Lin et al., 1996; Focks, 2003). House
index (HI) which is percentage of houses
positive for larvae, Container index (Cl) that is
percentage of containers positive for larvae,
Breteau index (BIl) i.e., number of positive
containers per 100 houses and Pupae index (PI)
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defined as number of pupae collected in infected
containers from searched houses were
calculated.

Surveillance was conducted for three
years (2015 to 2018) in three selected seasons-
Premonsoon, Monsoon and Postmonsoon in
three type regions/ areas i.e. Region-lI (Urban
areas), Region-Il (Periurban areas) and Region-
1l (Rural areas) with the selection of four
villages or colonies of each area. Larval and
pupal collection was carried out three times in
each season at each selected spot with the help
of trays, plastic cups, pipettes, droppers, sieves
and dippers (250 ml capacity). All water-holding
containers were examined. Either the
name/type of the containers namely as Coolers,
Underground Cemented Tanks, Cemented
Tanks, Plastic Drums, Discarded Buckets, Plastic
Bowls, Metallic Bowls, Mud Pots, Flower Pots,
Tires, Cattle Drinking Tanks and Bird Drinking

Bowls. The water of narrow mouth was sucked
up with the pipette. Small containers (<20 liter
capacity) were completely drained through a
strainer into a larval sampling tray to collect
larvae and pupae. Larger containers were
sampled using a 250 ml larval dipper. Three
dips were taken from the surface water. The
larvae and pupae were taken into small plastic
wide-mouthed bottles having air in the top 1-2
cm, labeled with type of water bodies, places
and date and brought to insectary of Laboratory
of Public Health Entomology, Department of
Zoology, Mohanlal Sukhadia University,
Udaipur, Rajasthan, India for rearing and adult
emergence. Emerged adults were carefully
identified under a microscope, using taxonomic
key of “Pictorial key for the identification of
mosquitoes (Diptera: Culicidae) associated with
dengue virus transmission” given by of Reuda
(2004).

Figure 2: Aedes aegypti (L.) mosquito larvae and pupae breeding in various containers: (A) Cooler, (B)
Underground Cemented Tank, (C) Cemented Tank, (D) Plastic Drum, (E) Discarded Bucket, (F) Plastic
Bowl, (G) Metallic Bowl, (H) Mud Pot, (1) Flower Pot, (J) Tire, (K) Cattle Drinking Tank and (L) Bird

Drinking Bowl
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Data Analysis
For calculation of risk factors of an area following calculations were done for the collected Surveillance

data-
House Index (H |) — No.of house possitive with Aedes larvae and puanlOO

Total no.of house searched
No.of water containers found possitive with Aedes larvae

Container Index (CI) - Total no.of container searched

X100
Breteau Index (BI) — No.of water containers found possitive with Aedes larvae X100

Total no.of house searched

_ No.of Pupae collected from positive containers

X100

Pupae Index (PI)

Statistical Analysis

Larval survey data of different breeding sites
based on the name/type of the containers
(namely, Coolers, Underground Cemented
Tanks, Cemented Tanks, Plastic Drums,
Discarded Buckets, Plastic Bowls, Metallic
Bowls, Mud Pots, Flower Pots, Tires, Cattle
Drinking Tanks and Bird Drinking Bowls) was
analyzed. Plain vanilla probabilistic test to judge
the significance of chance of getting positive
containers (i.e., containers contain single Aedes
aegypti (L.) larvae) in different areas were
applied. For all areas different entomological
indices (namely as HI, CI, Bl, and PI) were
calculated.

RESULTS

In entire survey from 2015 to 2018, a total of
3645 houses were surveyed for the presence of
artificial breeding containers for Aedes aegypti
(L.) mosquitoes. Out of these 421 houses (143 in
Region-1 (Urban areas), 154 in Region-II
(Periurban areas) and 124 in Region-11l (Rural
areas)) were found to contain positive
containers. Maximum house infested with
vector was found in Region-1l (Periurban areas).
Overall 8733 artificial containers were inspected
among which maximum infected containers
were found in Region-1l (Periurban areas) (509)
where as minimum in Region-I1l (Rural areas)
(387) containers were found positive for
mosquito larvae and pupae (Graph 1).

Total no.of house searched

The most of the breeding was detected
in coolers. Various breeding containers searched
were Coolers, Underground Cemented Tanks,
Cemented Tanks, Plastic Drums, Discarded
Buckets, Plastic Bowls, Metallic Bowls, Mud
Pots, Flower Pots, Tires, Cattle Drinking Tanks
and Bird Drinking Bowls. Percentage positivity
of mosquito breeding in different containers in
Urban, Periurban and Rural areas of Udaipur
district of South Rajasthan were shown in Table:
1 & Figure: 2. Among these different containers,
coolers showed most favourable breeding sites
in all areas with overall probability of (24.03%),
whereas metallic bowls showed least favourable
for breeding (10.24%) (Table 1). Although other
containers i.e. Plastic Drums, Tires, Flower Pots,
Mud Pots and Discarded Buckets were also
found favourable for Aedes aegypti (L.)
mosquitoes breeding.

The outcomes of the commonly used
larval indices (house index, container index,
breteau index and pupae index) are depicted in
Table: 2. HI, Cl, Bl and PI ranged between
10.20% and 11.76%, between 12.84% and 16.65%,
between 31.85 and 41.89 and between 32.42 and
45.02 respectively, at different locations in the
Udaipur district. Region-Il (Periurban areas)
showed highest HI (12.67%), CI (16.65%) and BI
(41.89) followed by Region-1 (Urban areas) and
Region-Ill (Rural areas). These indices showed
that there was high infestation of artificial water
containers by mosquito immature stages (larvae
and pupae) which may cause an outbreak of
dengue (Table 2).
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Table 1: Percentage positivity showing positive mosquito (larvae and pupae) breeding among different types of containers at Region-1I (Urban
areas), Region-11 (Periurban areas) and Region-111 (Rural areas) of Udaipur district of South Rajasthan during 2015 to 2018

Region (Areas)/ C UCT CT PD DB PB MB MP FP T CDT BDB Total
Containers type

Region-I 23.62% 14.12% 4.80%  20.11% 16.1% 12.44% 8.86% 21.29% 13.15% 21.42% 7.03% 16.17% 14.57%
(Urban Areas)

Region-II 28.41% 1191% 17.68% 21.53% 15.52% 7.21% 8.62%  14.03% 16.39% 17.27% 21.17% 8.72%  16.65%
(Periurban Areas)

Region-l111 18.77% 17.24% 15.74% 12.36% 10.00% 11.26% 12.40% 13.47% 15.55% 12.74% 9.46%  10.96% 12.84%
(Rural Areas)

Total 24.03% 13.52% 11.94% 17.61% 13.60% 10.51% 10.24% 14.79% 14.54% 16.41% 12.29% 11.53% 14.70%

*C- Coolers, UCT- Underground Cemented Tanks, CT- Cemented Tanks, PD- Plastic Drums, DB- Discarded Buckets, PB- Plastic Bowls, MB-
Metallic Bowls, MP- Mud Pots, FP- Flower Pots, T- Tires, CDT- Cattle Drinking Tanks, BDB- Bird Drinking Bowls

Table 2: Entomological Indices of Region-1I (Urban areas), Region-11 (Periurban areas) and Region-111 (Rural areas) of Udaipur district of South
Rajasthan during 2015 to 2018

Region (Areas) House Index (HI) Container Index (CI) Breteau Index (BI) Pupae Index (PI1)
Region-1 (Urban areas) 11.76 14.57 31.93 33.74
Region-1l (Periurban areas) 12.67 16.65 41.89 32.42
Region-111 (Rural areas) 10.20 12.84 31.85 45.02
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Graph 1: Number of Containers Searched and Found Positive for Aedes aegypti (L.) Breeding in

Udaipur district of South Rajasthan
DISCUSSION

The present study revealed that the common
breeding habitats for Aedes aegypti (L.) in the
study area were Coolers, Underground
Cemented Tanks, Cemented Tanks, Plastic
Drums, Discarded Buckets, Plastic Bowils,
Metallic Bowls, Mud Pots, Flower Pots, Tires,
Cattle Drinking Tanks and Bird Drinking Bowls.
Out of them Coolers, Plastic drums, Tires,
Flower Pots, Mud Pots and Discarded Buckets
were most favourable. The majorities of the
residents in Udaipur district of South Rajasthan
store tap and rain water in containers for
domestic use. Storing rain and tap water is
common practice due to irregular supply and
preference of rain water for laundry purpose.
Similarly Getachew et al., (2015) reported that
tires (33.33 percent), barrels (16.04 percent),
plastic drums (24.19 percent) and Jericans (19.01
percent) were most favourable containers for

Aedes mosquitoes breeding in Dire Dawa, East
Ethopia as compared to other searched
containers in the entomological surveillance
from May-June to September-October 2014
because of common practice due to irregular
supply to store tap and rain water in containers
for daily use.

The Entomological surveys of Aedes
breeding of three islands i.e., Kadmat, Amini
and Kavaratti in the Union Territory of
Lakshwadeep revealed the maximum breeding
of Aedes albopictus (Skuse) was found in coconut
shells (57 percent), metal containers (9 percent),
tyres (9 percent) and plastic containers (8
percent) (Sharma et al., 2008).

A study in Tirunelveli district, India,
indicated that, due to poor rainfall and scarcity
of water supply, the population stored water in
various containers for long duration and these
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containers constituted the main mosquito
breeding sources (Bhat and Krishnamoorthy,
2014).

Kumar et al, (2014) reported that
among different inspected containers, fire
extinguisher bucket (23%), coolers, earthen pots,
disposable plastic cups and glass showed
maximum potential for Aedes mosquitoes
breeding during December 2010 in residential
and operational areas of Mumbai Port Trust
(MPT).

Our study also depicted that out of total
surveyed houses (3645) for the presence of
artificial breeding containers for Aedes aegypti
(L.) mosquitoes for the presence of artificial
breeding containers for Aedes aegypti (L.)
mosquitoes. Maximum house infestation and
container infectivity was detected in Region-II
(Periurban areas) followed by Region-1 (Urban
areas) and Region-Ill (Rural areas). Similarly
Yadav, (2017) during her studies in Rajasthan
observed that periurban people store rainy
water for drinking and also for other purposes
due to scarcity of drinking water. So to get water
without difficulty they have developed a
practice to collect drinking water in the pots,
underground cemented takas and underground
takas which are good places for the mosquitoes
to breed, while in urban areas water storage
often occurs in the piped water systems because
of intermittent water supply and due to the
necessity of collecting supplementary rainwater,
they don’t collect water in domestic containers.

Wu et al., (2013) conducted a study by
adult’s survey with the sticky plastic in the High
Dengue-Risk Areas (metropolitan and rural
areas) of Taiwan and reported that the mosquito
species captured was Aedes aegypti (L.) (2.8
percent and 1.8 percent in the metropolitan and
rural areas, respectively), Aedes albopictus (0.5
and 0.6 percent in the metropolitan and rural
areas, respectively), unidentified Aedes (1.8 and
1.3 percent in the metropolitan and rural areas,
respectively), Armigeres subalbatus (0.1 percent
for both areas) and Culex quinquefasciatus Say
(66.5 percent and 24.6 percent in the
metropolitan and rural areas, respectively),
followed by Other mosquitoes collected were

Anopheles sinensis Wiedemann, Culex fuscanus
Wiedemann and Culex sitiens Wiedemann.

Tobias et al., (2016) reported that in
urban environment Aedes albopictus (Skuse) egg
density was 2.26 times higher than on
intervention area, on the Italian side of the
border, as compared to intervention area in
Ticino. Researchers also found that ratio in egg
densities between urban and  sylvatic
environment was twice as high in the non-
interventionism area and Aedes albopictus (Skuse)
egg densities in the non-interventionism area on
the Italian region of the Swiss-Italian border
were more than twice compared to the
intervention area in Ticino.

According to World Health
Organization, (2003; 2011) a locality with
HI>10%, CI>10%, BI>50 & PI=1, considered as
high risk of transmission of dengue whereas a
locality with HI<1%, Cl<1%, BI<3-5 & PI<1,
considered as low risk of transmission. An Hi
>5% & BI >20 for any locality is an indication
that the locality is dengue sensitive and
therefore adequate preventive measures should
be taken. The study revealed that important
indices in all areas were above (HI>10.20
percent, C1>12.84 percent, BI>31.85 & P1>32.42),
hence all study areas were at high risk of dengue
disease transmission. Region-lIl (Periurban
areas) was more susceptible for disease
transmission than Urban and Rural areas.
Similarly Kumar et al., (2014) concluded that all
the entomological indices i.e. House Index (HlI),
Container Index (CI), Breteau Index (Bl) and
Pupae Index (PI) were above the critical level,
prescribed for sea ports by (International Health
Regulations Act, 2005) in their study that was
undertaken during December 2010 to estimate
the entomo-epidemiological threat of Aedes
mosquito borne diseases (VBD) in operational
and residential areas of Mumbai Port Trust
(MPT) areas to minimize potential worldwide
health risks and avert introduction of new
vector borne diseases in India.

According to Bharathi et al., (2015) all
blocks in three districts i.e., Dindigul HUD,
Madurai and Theni of the Western Ghats region,
Tamil Nadu, India were above emergency index
during the fever outbreaks.
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Similarly Sharma et al., (2005) reported
that all indices i.e. House Index, Container Index
and Breteau Index were significantly high
during postmonsoon season during their study
on Aedes aegypti undertaken in different areas of
Delhi, during 2000.

All indices were at critical levels such as
house index, container index, pupal index and
Breteau index were 58.62 percent, 12.44 percent,
141.38 and 64.66, respectively in their
entomological door-to door survey for dengue
vectors in and around different localities in
Kabir Nagar, Alwar, Rajasthan in March 2016
(Kumari et al., 2016).

In the surveillance study at different
airports- Santa Cruz of Bombay, Dum Dum of
Calcutta and Palam of Delhi. Container Index
(CI) was observed as ranged from 1.6% to 86.7%
at the Delhi Airport, while at Vizag, it was
between 5.7% and 11.2% and at Cochin, 23.4% &
30.7%. Highest Breteau Index (185.7) was
reported at old Chennai airport as 185.7,
whereas it was ranged from 1.8% to 33.3% at
Delhi (Sharma et al., 2020).

CONCLUSION

In the study area, the community store water in
different domestic containers for long period of
time for the daily use. In calculation to
household containers, different discarded
containers namely as discarded plastic bowls,
discarded buckets and tires hold rain water for
long period time. This enables Aedes aegypti (L.)
to breed in these containers. As our present
study showed, mainly of the containers were
infested with Aedes aegypti (L.) mosquitoes
which may serve as vector of dengue disease.

From this investigation, it is clear that
there are many chances of dengue disease
transmission in the sampling areas. However, to
conclude whether this mosquito is transmitting
ailment or not by looking for the virus in the
mosquitoes needs additional investigation.
There has to be a viral separation through
collecting the adult females to look if they
harbor the dengue disease pathogen. It also

requires awareness creation of the people not to
be affected by the disease in case epidemic may
occur. Since this study was only in Udaipur
district of south Rajasthan, it should also be in
the whole south Rajasthan to identify the foci of
the disease. In containers containing only tap
water, Aedes aegypti (L.) mosquito larvae were
not abundant and were found greatly in tap
water mixed with rain water. This showed that
the requirement to study water chemistry to
know the motive behind the fact.
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