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ABSTRACT

Introduction: Dengue poses a significant public health challenge
in Pondicherry. Understanding the distribution of Aedes mosquito
populations is critical for devising and implementing effective vector
control strategies.

Methods: This study aimed to measure the abundance of dengue
vectors through entomological surveillance methods and to evaluate
the potential for dengue virus transmission within the coastal regions
of Pondicherry. An entomological survey was carried out across nine
randomly selected localities within Puducherry, in and around the
premises, during 2019-2020, covering 180 households monthly.

Results: The analysis for the Adult Premise Index, per man hour density,
and correlation was calculated using the SPSS Version 16.0 for assessing
significant findings. The study found that Aedes mosquitoes infested
24.9% of the 537 positive houses. The adult density of Aedes mosquitoes
was 16.6 per 10 person-hours and the average number of mosquitoes
per house was 0.27 per 10 man-hours. The per-person-hour density
of Aedes mosquitoes varied from 8.0 to 23.7 and was more abundant
during monsoon months. Similarly, the adult premise index of Aedes
mosquitoes varied from 8.9 to 36.7 and did not differ significantly
in various months. Ae. aegypti was the predominant dengue vector
followed by Ae. albopictus, which was most prevalent in June and less
prevalent in February.

Conclusion: The current study provides valuable baseline data on the
abundance and distribution of dengue vectors in the coastal areas of
Pondicherry. Continued entomological surveillance is necessary to
monitor the effective of control measures and detect changes in vector
abundance and distribution over time.
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Introduction

Dengue constitutes a significant public health challenge asan
emerging arboviral disease transmitted by the genus Aedes
mosquitoes.! According to the World Health Organization
(WHO), over 129 countries are now endemic to dengue. It
is estimated that approximately 390 million dengue virus
infections occur globally each year, with around 96 million
manifesting clinically.? The period between 2018 and 2022
witnessed a total of 729,588 reported dengue cases along
with 1,043 fatalities attributable to dengue virus infection
within the country; specifically, Puducherry reported
6,553 cases and 9 fatalities.? Two well-known species, Ae.
aegyptiand Ae. albopictus, have been transmitting dengue
fever, chikungunya, yellow fever and the Zika virus.** It is
noteworthy that implementing vector control measures
can significantly mitigate the transmission of three critical
arboviruses: dengue, chikungunya, and Zika.® Previous
studies documented the species diversity and potential
breeding habitat of Aedes aegypti and Aedes albopictus at
Puducherry Union Territory, India.” Another study showed
that the urban and rural locality of Puducherry had an
infestation of dengue vector abundance, diversity and
immature infestation of Ae. aegypti and Ae. albopictus,
it reflects that the immature indices can be used as an
indicator of the abundance of the Aedes mosquitoes,
serving as a supplement to assess the risk of Puducherry.?
In November 2017, a notable infestation characterised
by high vector density and immature stages of the tiger
mosquito was reported in Echangadu, a coastal village in
Puducherry. This case study emphasised that mitigating
vector density through comprehensive health education and
source reduction strategies is crucial for decreasing dengue
risk among coastal populations.® In view of the changing
ecological and environmental conditions, there is a need to

continuously monitor and study the bionomics of disease
vectors on a regular basis in the present context.'° Female
Ae. aegypti mosquitoes are responsible for transmit the
dengue virus, efforts have been taken to collect adult female
mosquitoes, which would be an essential input to dengue
prevention.!! Intermittent feeding and skip oviposition
behaviour of Ae. aegypti mosquitoes are important factors
in dengue transmission potential and immature population
density.!? With the evolving ecological and environmental
conditions, there is a need to continuously monitor and
study the bionomics of disease vectors on a regular basis in
the current context. Even though only female mosquitoes
are capable of virus transmission, targeted efforts to collect
adult female specimens are critical to the prevention of
dengue. Furthermore, the intermittent feeding and skip
oviposition behaviour observed in Ae. aegypti mosquitoes
constitute vital factors in evaluating the potential for dengue
transmission and the density of immature populations. The
current study reporting the first time at different coastal
villages at Puducherry had adult vector density.

Materials and Methods
Study Site

The present study was conducted in the coastal area of
the Puducherry district in India. Puducherry district is
located between 11°46’ and 12°13’ North and 79°36’ and
79°53’ East. The entomological survey was carried out
in nine randomly selected sites in Puducherry, namely
Ganapathichettikulam, Kalapet, Pillaichvadi, Solainagar,
Vaithikuppam, Kurusukuppam, Vambakirapalayam,
Poornagkuppam and Nallavadu from May 2019 to April
2020 extensively in the coastal areas (Figures 1 and 2).
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2 Kalapet (12.030270°N 79.865864°F)

3 .Pillaichavadi (12.007587°N 79.857054°E)
4.Solainagar (11.955714°N 79.839598°E)

5 Vaithikuppam (11.947558°N 79.837813°E)

9.Nallavadu (11.855607°N79.813223°E)

2 e e — e
1.Ganapathichettikulam (12.043639°N 79.861520°E)

6.Kuruchikuppam (11.941526°N 79.836470°E)
7.Vambakerapalayam (11.921213°N 79.832864°E)
8.Pooranaguppam (11.866129°N 79.815091°E)

Figure 1.A Map of Selected Study Sites in Puducherry, India
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MDIA

Study Sites in Puducherry

Figure 2. Satellite Map Showing the Coordinate Positions of the Study Sites.26

Entomological Surveillance

The basic sampling unit for adult surveillance has been the

multiplied by 100) and the per man-hour density (PMH, adult
mosquitoes collected divided by total time spentin hours).

house or premise. Systematic sampling was used to choose APl = No.ofhouses positive for adult female .,
180 households each month for a year. All mosquito resting No.of houses inspected
places, such as clothes, curtains, furniture, storerooms, No.of Adult mosquito collected

PMH = x100

bedrooms and so on, were explored both inside (within the
houses) and outside (outside the houses 10-20 m around
the surrounding areas, including various domestic places)
to collect female adult Aedes mosquitoes. In accordance
with methodologies established in preceding studies, a hand
net, mechanical/ oral aspirators, and a flash lamp were
utilised to perform inspections within selected residences
for 10 minutes in each dwelling during the early hours of
day 5. Adult mosquitoes were collected and maintained in
test tubes labelled with a location ID, house ID code, and
collection date and preserved in polystyrene containing
recyclable ice before being transported to the laboratory
for identification using appropriate keys.*?

No ethical approval was required for the study
Data Analysis

Based on the standard identification key, the Aedes
mosquitoes were identified and classified according to
species and gender. Subsequently, the adult density was
estimated using the Adult Premise Index (API, which is
the number of positive residences for adult female Aedes
mosquitoes divided by the number of examined houses

Total time spentin hours

The monthly meteorological data for temperature and
rainfall was collected from the Department of Science,
Technology and Environment, Government of Puducherry
to calculate the correlation. The analysis was carried out
using Excel spreadsheet 2013 and the SPSS supplied for
assessing significance.

Results

A total of 596 female Aedes mosquitoes were collected
from 2,160 house units, spending 10 minutes in each
house Table (1)

The adult density of Aedes mosquitoes was 16.6 per 10 man-
hours (Table 1) while the average number of mosquitoes
per house was 0.27 per 10 man-hours (PMH). The density
of Aedes mosquitoes varied from 8.0 to 23.7 (Table 1) and
was found more abundant during monsoon months but
did not differ significantly (p > 0.05). Similarly, the API of
Aedes mosquitoes varied from 8.9 to 36.7 (Table 1) and
the difference did not show any significance in various
months (p > 0.05).

Table 1.Per 10 man hour density and Adult premise index of Aedes mosquitoes.

Avg. Monthly .. No.of Aedes Time Per man Adult
. Houses Positive . .
Month Temp rainfall examined | houses mosq. spentin hour premise
(°C) (mm) Collected hours density index
May (2019) 30.7 22.5 180 31 24 30 8 17.2
Jun (2019) 315 29.7 180 41 46 30 15.3 22.8
Jul (2019) 29.8 156 180 43 51 30 17 23.9
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Aug (2019) 29.3 161 180 55 66 30 22 30.6
Sep (2019) 28.3 180.4 180 56 56 30 18.7 311
Oct (2019) 27.7 289.7 180 61 67 30 22.3 33.9
Nov (2019) 27 312.5 180 66 71 30 23.7 36.7
Dec (2019) 25.4 201.1 180 62 69 30 23 344
Jan (2020) 25.5 1.6 180 38 43 30 14.3 21.1
Feb (2020) 26.5 3.4 180 35 40 30 13.3 19.4
Mar (2020) 27.5 0.8 180 33 38 30 12.7 18.4
Apr (2020) 29.2 29.5 180 16 25 30 8.3 8.9

Total - 1388.2 2160 537 596 360 16.6 24.9

*Per 10 man hour = adult mosquitoes collected/ total time spent X 10.

Correlation of Monthly Rainfall and Temperature
to Premise Index

There is a strong positive correlation (r = 0.87; p < 0.5)
between the rainfall and API. As the rainfall increases in
the month of August 2019 to December 2019, the API also
increases (and vice versa). However, the temperature had
a negative correlation (r = 0.31; p < 0.5) with the APl as it
remains almost the same throughout the whole year (Figure
3). A total of 360 man-hours were spent and 537 houses
(24.8%) were found infested by Aedes mosquitoes (Table 1).

The results indicate that the risk of dengue transmission is

throughout the year and in all the study areas. The study
successfully collected three Aedes mosquito species (Ae.
aegypti, Ae. albopictus, Ae. vittatus) from each surveyed
location. Notably Ae. aegypti Ae. albopictus were prevalent
all year and manifested as perennial species. Ae. vittatus
demonstrated a seasonal dependency being only observed
during the monsoon season. The analysis also revealed
that, Ae. aegypti and Ae. albopictus were the predominant
species accounting for 73% and 23%, respectively, of all
adults collected, with only 4% belonging to Ae. vittatus
(Table 2)

NN W W s
o wnw o uo
L | |

Avg. temperature (in"C)
=
o
Il

S\ & S o >3
& S N o
< Py '3 & <&
Ch o SRS

s Adult premise index

O L
| ...—.--_.. O e
—vﬁ% o . .___._——. L
.
/_& S
5 :. & I I I I I I l . S 50
o 4 *s—®——e@ - 0

= Y < <
SRS
SRS

Year

— = Avg Temp

r 350
300
250
- 200
F 150

100

Avg. total rainfall (in mm)

2
SN

2 B> ,\9’ A

==o==Total Rainfall

Figure 3.Correlation of Aedes Mosquito Diversity with Monthly Rainfall and Temperature

Table 2.Village wise Aedes sp. Diversity

Percentage of Aedes sp. Diversity
Name of Coastal Sites No. of mos.
Collected Ae.aegypti Ae.albopictus Ae.vittatus

Ganapathichettikulam 87 0.66 0.32 0.02
Kalapet 69 0.68 0.30 0.01
Pillaichavadi 85 0.69 0.24 0.07
Solainagar 62 0.81 0.19 0.00
Vaithikuppam 68 0.71 0.29 0.00
Kuruchikuppam 46 0.74 0.26 0.00
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Vambakerapalayam 59 0.95 0.05 0.00
Pooranaguppam 58 0.50 0.34 0.16
Nallavadu 62 0.92 0.06 0.02
Total 596 73 23 4
Discussion or measure that can forecast epidemic dengue transmission

Dengue fever is a significant public health concern
around the world.?® In the absence of a vaccine, public
health preventative measures aim to maintain a vector
population density that is too low to permit continuous
viral transmission because eradication is not practical.}*>
Although an immature survey is essential, it must provide
adequate disease transmission potential because only
adults are responsible for disease transmission potency
and blood-feeding ability toward susceptible hosts.®%”
Moreover, adult mosquitos were collected, which is a
potential technique for assessing the incidence of dengue
transmission and provides critical scientific investigations.

Three Aedes mosquito species were observed in this
study. Ae. vittatus was very rare, whereas Ae. aegypti, Ae.
albopictus was abundantly reported throughout the year
and was well established in these localities as a permanent
population with a higher percentage, denoting that, Ae.
aegyptiis the primary dengue vector of the study areas and
indicates dengue fever infection throughout the year. Still,
the possibility of infection may vary in different regions.
Several other studies supported our study by attempting to
find infestations based on adult mosquito surveillance.'®*®
This study confirmed that the density of adult female
mosquitos is the best indicator of dengue occurrence and
supported previous studies.?0?!

This study assists in identifying areas where vectors
are present and thus aids in vector control measures
by preventing the early spread of mosquitoes through
various vector surveillance technologies. Other studies
have found that climatic factors significantly impact dengue
transmission and that dengue incidence increases during
the rainy season.?% However, rainfall was not found to be
a determinant factor in this study because water storage
was observed throughout the year due to scarcity of water,
which is closely related to the abundance of vectors and
thus increases the risk of dengue outbreaks, and similar
findings have been found in other studies.?* Viral evolution,
unplanned urbanisation, rising population, international
travelling, and population migration have all contributed
to the spread of dengue. A continuous dengue surveillance
system is the only way to reduce the severity of further
dengue spread.® A system like this could show the spread
of DENV and its serotypes over time and space in each
Indian state. An adult vector population density indicator

is needed for entomological surveillance. The study areas
are predicted to be susceptible to dengue transmission due
to the abundance of vector females, and an entomological
risk exists in the Puducherry district.

Conclusion

The current research and elucidation of species diversity
have revealed that coastal villages in Pondicherry exhibit
a notable presence of Aedes adults. These coastal regions
are increasingly vulnerable to the propagation of arboviral
infections, exacerbated by shifting climatic dynamics and
alterations in land utilisation patterns. Environmental
condition variations along the coastlines create opportune
niches for several mosquito species, facilitating their
establishment in these localities. Consequently, it is
imperative to implement continuous monitoring and
surveillance of vector populations, thereby enabling early
warning systems and the decrease of arboviral disease risk.
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