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Abstract: Background: With the reports of indigenous cases of dengue and chikungunya in the
forest-covered rural tribal malaria-endemic villages of Dhalai District, Tripura, India, an exploratory
study was undertaken to identify the vector breeding sites. Methods: From June 2021 to August
2022, mosquito larvae were collected from both natural and artificial sources in the villages, house
premises, and their nearby forested areas outside of the houses. Other than morphological char-
acterisation, Aedes species were confirmed by polymerase chain reaction targeting both nuclear
(ITS2) and mitochondrial genes (COI) followed by bidirectional Sanger sequencing. Results: Aedes
albopictus was abundantly found in this area in both natural and artificial containers, whereas Ae.
aegypti was absent. Among the breeding sources of molecularly confirmed Ae. albopictus species,
rubber collection bowls were found to be a breeding source reported for the first time. Plastic and
indigenously made bamboo–polythene containers for storing supply water and harvesting rainwater
in the villages with a shortage of water were found to be other major breeding sources, which calls
for specific vector control strategies. Natural sources like ponds and rainwater collected on Tectona
grandis leaves and Colocasia axil were also found to harbour the breeding, along with other commonly
found sources like bamboo stumps and tree holes. No artificial containers as a breeding source were
found inside the houses. Mixed breeding was observed in many containers with other Aedes and
other mosquito species, necessitating molecular identification. We report six haplotypes in this study,
among which two are reported for the first time. However, Aedes aegypti was not found in the area.
Additionally, rubber collection bowls, ponds, and water containers also showed the presence of Culex
quinquefasciatus and Culex vishnui, known JE vectors from this area, and reported JE cases as well.
Different Anopheles vector spp. from this known malaria-endemic area were also found, corroborating
this area as a hotbed of several vectors and vector-borne diseases. Conclusions: This study, for the
first time, reports the breeding sources of Aedes albopictus in the forested areas of Tripura, with rubber
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collection bowls and large water storage containers as major sources. Also, for the first time, this
study reports the molecular characterisation of the Ae. albopictus species of Tripura, elucidating the
limitations of morphological identification and highlighting the importance of molecular studies for
designing appropriate vector control strategies. The study also reports the co-breeding of JE and
malaria vectors for the first time in the area reporting these vector-borne diseases.

Keywords: Ae. Albopictus; rubber collection bowls; ponds; water containers; dengue; chikungunya; Tripura

1. Introduction

Indigenous cases of vector-borne diseases such as dengue and chikungunya have
been recently reported from malaria-endemic rural areas of the Dhalai district of Tripura,
northeast India, and the detection of cases in the dry winter months suggests the existence of
perennial breeding sites for vectors [1]. Although not ideal for collecting Aedes mosquitoes,
CDC light trap collection in the area primarily aimed to collect Anopheles species from dusk
to dawn and often collected several Aedes species, except the established vector species of
dengue and chikungunya, Ae. aegypti and Ae. albopictus [1]. To date, these areas have yet to
be studied for detailed information about vectors. Previously, only a few studies reported
the presence of Ae. albopictus and Ae. aegypti in Tripura [2,3], but none from the forested
rural areas [4].

There is also no report on the molecular characterisation of Aedes species from Tripura.
The known vectors Ae. aegypti and Ae. albopictus belong to the genus Aedes and subgenus
Stegomyia, which contain as many as 132 species [5]. While identifying species within the
subgenus Stegomyia is often based on morphological features and, in particular for adults,
on patterns on the thorax (especially the scutum) and tarsi, there are several limitations of
this morphological identification. These morphological characteristics are insufficient to
distinguish some species, which may lead to the misidentification of individuals collected
in the field. This is a particularly valid concern for Ae. albopictus sibling species also
mentioned as members of the Scutellaris group and Ae. albopictus subgroup, as all of these
species have quite similar morphological characteristics at the adult (female) stages [6–8],
including the possibility of occurrence of other isomorphic members of the Scutellaris group
in the forest areas that are almost unidentifiable from Ae. albopictus as adult females [9,10].

The fact that some of these species are sympatric in nature [6,8,11,12] adds to the
difficulty in distinguishing between them. Hence, molecular identification serves as a better
confirmatory tool for the exact species identification. Moreover, molecular identification not
only helps in the genetic characterisation of the species, but also helps to mark the breeding
habitats of different species accurately. Furthermore, in the case of mixed breeding in any
habitat, as it is challenging to distinguish immature stages of different species, molecular
characterisation helps in accurate species identification.

Mitochondrial genes such as cytochrome c oxidase subunit 1 (cox1 or COI) are reported
as the most conserved genes in terms of amino acid sequences, have maternal lineages that
lack recombination and introns, and are widely used in taxonomic studies [13,14]. Since the
COI gene is species-specific, it is a widely used molecular marker to characterise unknown
mosquito species and identify sibling species where morphological identification fails to
discriminate between mosquito species [15]. A pilot larval survey was undertaken to
ascertain the presence of Aedes species in the area to identify the types of breeding habitats
available in the area supporting the breeding of the known vectors, which can result in the
indigenous transmission of the diseases.

2. Materials and Methods
2.1. Study Area

Dhalai district, located in the northeastern region of Tripura state, is the largest district,
with an area of 2313 km2. The district is mostly located between two hills, and more
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than 70% of the land is hilly, with minor streams and woodland. The district’s tropical
climate has hot and humid summers, mild winters, and a long rainy season. This study
involved the collection from different villages, namely, Tamarai, Ranasai, and Khusidhan
(under Karnamani Subcentre (SC)), Satiram, Dongkarai, Ananta Maniya-1, Lakhindra and
Forest village (Shikaribari SC), Tilak kumar, Dhansing, Bidhyapara and Khajendra roja par
(under Gurudhan SC), Tarjapara and Malda-1 (under Maladapara SC) of Ambassa, and
Ganganagar PHC of Dhalai District.

2.2. Sample Collection and Diagnosis of Dengue, Chikungunya

The diagnostic test protocol was described in Bhowmick IP et al. (2022) [1]. Briefly,
venous blood was collected from the febrile patients, centrifugation was carried out at
Ambassa PHC to separate the serum, and it was stored at −20 ◦C. The sera were sent for
testing to the Viral Diagnostic Disease Laboratory (VRDL), Agartala and VRDL, Dibrugarh,
where viral testing for dengue and chikungunya was conducted by IgM antibody ELISA
(NIV IgM Capture ELISA kits) and the dengue NS1 antigen as per the manufacturer’s
instructions. Additionally, the samples were also verified at the ICMR National Institute
of Virology, Pune, as per the protocol. Informed consent was obtained from all of the
patients. The study protocol was approved by the Institutional Ethical Review Committee
on 9 March 2018 (RMRC/Dib/IEC (Human) 2017-18/3573), which is in accordance with
the Declaration of Helsinki.

2.3. Larval Survey

Larvae were surveyed in different natural as well as artificial sources, inside the house,
in house premises (peridomestic areas), and nearby forested areas outside the houses of
the villages from June 2021 to August 2022. Collected larvae were transported to the field
laboratory and kept with proper labelling for the emergence of the adult. In case of any
mortality during rearing, dead larvae were collected and preserved for molecular species
identification and characterisation.

2.4. Adult Collection

Although the light trap is unsuitable for Aedes collection, a few daytime light traps
were installed outdoors in two rubber gardens and forest areas.

Also, the dusk-to-dawn CDC light traps set for the routine entomological surveillance
of malaria vector data were checked for the presence of different Aedes species.

2.5. Morphological Identification of Mosquito Species

Adults emerging from the collected larvae were first morphologically identified to
species level following the standard keys [6,7] and later subjected to molecular methods to
confirm the species.

2.6. Molecular Identification of Mosquito Species

Genomic DNA was extracted from individual larvae and the legs of adult mosquitoes.
Larvae and adult mosquitoes emerging from different types of containers were processed
for molecular identification. Briefly, either one leg of an individual mosquito sample was
excised, or the whole larva was taken, maintaining sterile conditions, and was placed in
a 1.5 mL microcentrifuge tube. Leg and the larva were then ground individually with
a sterile pestle. Further extraction was performed following the QIAamp DNA mini kit
protocol (Qiagen, Germantown, CA, USA). Finally, DNA was eluted in 35 µL nuclease-free
water and stored at −20 ◦C for further molecular analysis. For molecular identification
of the mosquito species, polymerase chain reaction (PCR) was carried out targeting the
mitochondrial cytochrome oxidase region I (COI) and Internal Transcribed Spacer Region
II (ITS2) of nuclear DNA as previously described by Kumar et al. [16] and Walton et al. [17].
PCR was performed for all collected dead larvae separately (except for the cases where
they decayed in the water) and for the adults which emerged from each type of container,
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and of those, 12 were sequenced. All the PCR reactions were carried out in 50 µL reaction
volume containing 2X Promega master mix with 5 µL DNA template in leg DNA and 2 µL
in larval DNA. A known Ae. albopictus DNA sample was taken as the positive control, and
nuclease-free water was used as a negative control.

PCR products were then analysed on 1.5% agarose gel stained with 0.5 µg/mL ethid-
ium bromide solution under a UV transilluminator (BioRad XR). The amplified products
were then gel purified following the manufacturer’s protocol of Wizard Gel and PCR
Clean-Up Systems (Promega, Madison, WI, USA). The amplicon size of the COI region
was approximately 720 bp for all the samples, and for the ITS2 region, the amplicon size
was 450–600 bp, depending upon the mosquito species. For Ae. albopictus ITS2, the PCR
amplicon size was 600 bp.

2.7. Sequencing of ITS2 and COI Gene and Phylogenetic Analysis

To confirm the mosquito species, a selected number of PCR cleaned-up COI and
ITS2 PCR products were outsourced for bi-directional Sanger sequencing. Sequences
were edited and trimmed using Bio-edit v7.0.5.3 software [18]. The ten edited sequences
of COI and two of ITS2 were submitted to the GenBank database. BLAST similarity
search was also performed using the NCBI database [19], and available similar global
sequences were downloaded to construct a phylogenetic tree in MEGA X software [16]. The
neighbour-joining phylogenetic tree was constructed for the COI gene by the Maximum
Likelihood statistical method, applying the Tamura-3 parameter model by using a discrete
Gamma distribution (+G) with five rate categories with 1000 bootstrap values [19,20] after
conducting the best model test in MEGA X. The total number of haplotype and haplotype
diversity, the number of polymorphic sites, and the average nucleotide diversity among
the isolates of this study were calculated by DnaSP v.6 [21]. Tajima’s D and Fu and Li’s D
and F neutrality tests were also performed in DnaSP v.6, with a computing sliding window
length of 100 sites and step size of 25 sites.

2.8. Haplotype Network Analysis

Haplotype network analysis was carried out by PopART v.1.7 software [22], applying
the Minimum Spanning method for the COI gene. COI gene sequences of the global Ae.
albopictus population were downloaded from GenBank, NCBI database [23]. A total of
110 COI sequences (including ten sequences of this study) of Ae. albopictus were considered
for haplotype network analysis.

2.9. Preparation of Ecological Maps with the Cases and Vectors

Land use land cover (LULC) mapping was prepared using the ortho-rectified Indian
Remote Sensing satellite data, Cartosat-1 (2.5 m) and LISS-IV (5.8 m), employing on-screen
visual interpretation techniques in the Geographical Information System (GIS) platform.
Major LULC categories and subcategories were delineated and updated using the latest data
(2019) on the spatial layer, initially prepared under NRSC/ISRO’s Space-based Information
Support at 1:10,000 scales. In addition, field verifications were made by the project team to
check the accuracy of the interpreted data.

The geolocations of the houses found positive for dengue and chikungunya and the
container locations found positive for Ae. albopictus were plotted on the LULC maps.

3. Results
3.1. Diagnosis of Dengue, Chikungunya

In 2021, 12 cases of dengue, 19 of chikungunya, and 34 having both infections were
detected in the study area. The blood serum was collected and examined from fever
patients through active and passive community surveillance, along with a few patients
admitted to the PHCs.
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3.2. Larval Survey

Of the 306 containers surveyed for larvae, 59 (19.28%) were found positive for the
genus Culex, 80 (26.14%) for Aedes, and 9 (2.5%) for Culex, Aedes, and Armigeres, as shown
in Table 1. A total of 158 (51.6%) containers were found negative. In the rubber collec-
tion bowls, Aedes, Culex, and Armigeres species were breeding in the association. A few
unknown species belonging to the Scutellaris group resembling Ae. albopictus and Aedes
iyengari belonging to the Diceromyia subgenus breeding was also found in association
with Ae. albopictus (RMRC unpublished data). A total of 218 Aedes larvae were collected;
out of that, 180 emerged as adults. One Ae. albopictus sample was caught by the light
trap. A total of 108 Culex larvae were collected, and 70 Culex emerged. Culex was iden-
tified morphologically, which includes Culex quinquefasciatus, Culex vishnui, and Culex
pseudovishnui.

The LULC map shows the geolocation of the cases along with the positive container
locations (Figure 1), where the proximity of the study areas to the forest can be seen for
most of the collections.

As shown in Table 2 and Figure 2, the survey revealed that water storage plastic tanks
made by the company Sintex, usually of a 500–1000 litre capacity, other smaller water
storage containers, indigenously made bamboo tanks with polyethene sheets inside, rubber
collection bowls, and plastic buckets are the major breeding source of Ae. albopictus in
the area. Some of the images of the larval breeding ground of Ae. albopictus are shown in
Figure 2. Apart from these containers, Ae. albopictus breeding was also reported in ponds,
Tectona grandis leaves that fell on the forest floor containing a small amount of rainwater,
Colocasia axil, and pits on the ground. Breeding of Ae. albopictus was observed in both clear
and turbid water, small containers, and large water bodies like ponds, as shown in Table 1.
The percentage positivity rate of different types of containers for Ae. albopictus is shown in
Figure 2.

Rubber bowl collections containing Ae. albopictus were also found to harbour Aedes
iyengari larvae. No Aedes aegypti was found in this study from the study area. There were
few water containers inside the houses, and none of them were found to contain larvae.
They were mostly covered and used for drinking and cooking purposes. The household
index calculated for August 2022 for Satiram and Ranasai was 7.7% and 17.3%, respectively.
The container index of the different containers during the study period is shown in Table 1.

3.3. Phylogenetic Analysis

A total of ten COI and two ITS2 gene sequences of Ae. albopictus were generated
in this study and were submitted to the GenBank database. The details of the collection
sites and containers with the positive isolates are provided in the supplementary Table S1.
The phylogenetic analysis of the COI gene was carried out along with other Ae. albopictus
isolates reported earlier from various parts of India and other parts of the globe. In the
phylogenetic tree, the Aedes albopictus isolates with accession number ON854152 (Satiram,
water drum), OP503387 (Dongkarai, light trap collection), OP503388 (Satiram, light trap
collection), OP503389 (Ranasai, light trap collection), and OP503391 (Ranasai, rubber
collection bowl) clustered with isolates from India, Thailand, China, and California. The
isolates OP503386 (Ranasai, rubber collection bowl, Hap-3) and OP503390 (Ranasai, plastic
bucket, Hap-6) formed separate branches in the tree (Figure 3).

The resulting phylogenetic tree delineated the presence of Ae. albopictus mosquito
species, which were collected from artificial water containers like Sintex water tanks, plastic
buckets, rubber collection bowls, chips packets, and natural containers such as ponds as
habitats in Dhalai, Tripura, of Northeast India (Figure 3). The two sequences of ITS2 also
confirmed the presence of Ae. albopictus in both artificial (rubber collection bowl) and
natural (bamboo stump) as habitats.
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Table 1. Container positive and container index observed in different villages for Aedes species.

Place (Village) Time of Survey Containers
Searched (No.s)

Container Type (Positive)
for Aedes. Water Condition

No. of Containers Positive for
Aedes Species (Morphological
and Molecular Identification)

Container
Index for

Aedes Species

Containers Positive for Mosquito
Species Other than Aedes Species

(Morphological Identification)

Tamarai

July 2021 8 Bamboo stump Coloured, clear 2 Aedes albopictus

22.2

3 Culex spp. * Culex

May 2022 4 Bamboo stump Turbid, coloured 1 Aedes albopictus 1 Culex spp. *

July 2022 4 Bamboo stump Coloured 1 Aedes albopictus 2 Culex spp. *

August 2022 2 Bamboo stump Clear 0 0

Satiram

July 2021 6 Water drum Clear 1 Aedes albopictus

38.1

3 Culex spp. *

August 2021 2 Well Clear 0 1 Culex spp. *

April 2022 6 Water drum and tyre Clear 3 Aedes albopictus 2 Culex quinquefasciatus, Culex spp. *,
1 mixed with Culex spp. * and Aedes spp. *

May 2022 5 Cemented water tank and
plastic water drum Polluted, clear 4 Aedes albopictus 1 Culex spp. *

July 2022 5

Coal tar metal drum

Clear, Coloured 4 Aedes albopictus 1 Culex mixed with Aedes spp. * and
Culex spp. *

plastic drum

Mixed breeding in tyre

August 2022 18

Metal coal tar

Clear 4 Aedes albopictus 0drum and plastic (Sintex)
water tank

Tilak Kumar

June 2021 4 Pond Clear 0

28.6

1 Culex spp. *

July 2021 4 Chips packet
Turbid 1 Aedes albopictus 0

April 2022 3 Cemented water tank and pond Turbid 2 Aedes albopictus 0

July 2022 3 Small plastic container Clear 1 Aedes albopictus 0

Ranasai

December 2021 12
Plastic bucket

Clear 3 Aedes albopictus

50

1 Culex spp. *
1 Armigeres spp.*Plastic sheet

February 2022 1 Sintex water tank Clear 1 Aedes albopictus 0

April 2022 10 Rubber collection bowl Clear 3 Aedes albopictus (1 mix with
Aedes iyengari) 1 Culex quinquefasciatus

May 2022 17 Rubber collection bowl Clear 12 Aedes albopictus 0

June 2022 16 Rubber collection bowl Clear 4 Aedes albopictus (1 mixed with
Aedes spp. *) 0

July 2022 7 Sintex water tank Clear 7 Aedes albopictus 0

August 2022 3 Plastic (Sintex) water tank,
Colocasia axil Clear 3 Aedes albopictus 0
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Table 1. Cont.

Place (Village) Time of Survey Containers
Searched (No.s)

Container Type (Positive)
for Aedes. Water Condition

No. of Containers Positive for
Aedes Species (Morphological
and Molecular Identification)

Container
Index for

Aedes Species

Containers Positive for Mosquito
Species Other than Aedes Species

(Morphological Identification)

Donkarai July 2021 4 Tree hole Turbid 0 42.1 6 Culex spp. *

August 2021 3 Tree hole Turbid 0 1 Culex spp. *

November 2021 1 Pond Clear 0 0

April 2022 1 Tamarind root hole Turbid 1 Aedes albopictus 0

May 2022 2 Pond Clear 0 0

June 2022 1 Stream pool Clear 0 0

July 2022 1 Cemented water tank Clear 1 Aedes albopictus 0

August 2022 6
Plastic (Sintex) water tank,

jackfruit tree trunk hole, and
aluminium cooking vessel

Coloured, clear 6 3 Armigeres spp. *

Dhansingh

July 2021 2 Pond Coloured 0

16.5

2 Culex spp. *

October 2021 2 Pond Turbid 0 0

December 202021 21
Indigenously made bamboo

tanks with polyethene
sheets inside

Clean 1 Aedes albopictus 0

January 202022 33 Plastic (Sintex) water tank Clear 1 Aedes albopictus 3 Culex spp. *

February 2022 1 Pond Turbid 0 1 Culex spp. *

March 2022 1 Pond Clear 0 1 Culex spp. *

April 2022 6
Pond Coloured, turbid

6 Aedes albopictus
2 Culex vishnui

Groundwater pool Clear 1 Anopheles vagus

May 2022 8
Tree hole

Clear 1 Aedes albopictus 1 Anopheles spp. *, 3 Culex spp. *
Bamboo stump

June 2022 3
Bamboo stump

Clear 2 Aedes albopictus 0tree hole

July 2022 2
Indigenously made bamboo

tanks with polyethene
sheets inside

Clear 2 Aedes albopictus 0

Forest Village

December 2021 13 Tectona grandis leaf Clear 1 Aedes albopictus

5.6

3 Culex spp. *

February 2022 3 Pond Coloured 0 1 Culex spp. *

April 2022 2 Bottle Coloured 0 1 Culex spp. *
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Table 1. Cont.

Place (Village) Time of Survey Containers
Searched (No.s)

Container Type (Positive)
for Aedes. Water Condition

No. of Containers Positive for
Aedes Species (Morphological
and Molecular Identification)

Container
Index for

Aedes Species

Containers Positive for Mosquito
Species Other than Aedes Species

(Morphological Identification)

Tarjapara

April 2021 2 Ground pool Turbid 0

70

1 Culex spp. *

December 2021 4 Plastic (Sintex) water tank Clear 3 Aedes albopictus 0

July 2022 4 Plastic (Sintex) water tank Clear 4 Aedes albopictus 0

Ananta Maniya-1

August 2021 4 Well Clear 0

16.7

2 Culex spp. *

June 2022 5 Bamboo fence Turbid 2 Aedes albopictus 3 Culex spp. *
2 Armigeres subalbatus

July 2022 3 Pond Turbid 1 Aedes spp. * 1 Culex spp. *
1 Armigeres subalbatus

Khajendra roja
Para Juyl 2022 6 Plastic (Sintex) water tank Clear 1 Aedes albopictus 16.7 0

Khusidhan

July 2021 4 Pond Turbid 0

0

3 Culex spp. *

October 2021 4 Pond Coloured 0 1 Culex spp. *

August 2022 2 Pond Clear 0 2 Culex spp. *

Bidhyapara June 2022 2 Pond Coloured 0 0 2 Culex spp. *

Malda-1 December 2021 4 Plastic (Sintex) water tank and
Discarded tyres Coloured, Clear 0 0 2 Culex spp. *

Lakhindra November 2021 6 Stream pool Clear 0 0 4 Culex spp. *

spp. *—Genus was morphologically identified for these specimens, but the exact species could not be identified.
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Figure 1. LULC map showing the geolocation of the chikungunya and dengue cases along with
the positive container locations. Some areas are zoomed in to show the nearby rubber garden and
forested area.



Biomedicines 2023, 11, 2186 10 of 16

Table 2. Type of containers searched and positivity rate.

Sl. No Container
Type Searched Found

Positive
Container

Positivity %

1 Bamboo stump 13 6 46

2 Pond 47 6 13

3 Indigenously made bamboo tanks with
polyethene sheets inside 3 3 100

4 Pit 2 1 50

5 Plastic Water drum 10 7 70

6 Sintex water tank 45 24 53

7 Metal coal tar drum 8 5 63

8 Tyre 4 2 50

9 Cemented water tank 9 3 33

10 Tectona grandis leaf 2 1 50

11 Chips packet 1 1 100

12 Small plastic container 3 2 67

13 Plastic bucket 6 2 33

14 Rubber bowl 40 18 45

15 Tree trunk hole 5 2 40

16 Colocasia axil 1 1 100

17 Bamboo fence 2 2 100

18 Tamarind root hole 1 1 100

19 Jackfruit tree trunk 1 1 100

20 Metal utensil 1 1 100
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Figure 3. Neighbour-joining phylogenetic (original) tree of Ae. albopictus COI gene inferred by
using the Maximum Likelihood statistical method and applying the Tamura-3 parameter model with
1000 bootstrap values in MEGA-X. The tree was rooted to Ae. albopictus isolates of India.

3.4. Haplotype Network Analysis

Based on the 100 global sequences of Ae. albopictus, the COI gene aligned with ten
isolates of this study; the total haplotypes calculated was 24. Among the ten isolates of
this study, six haplotypes were calculated H-1 (n = 3), H-2 (n = 3), H-3 (n = 1), H-4 (n = 1),
H-5 (n = 1), and H-6 (n = 1) (Figure 4). The H-1, H-2, H-4, and H-5 haplotypes have been
reported earlier from India and other countries like Laos, Cambodia, Thailand, China,
Singapore, Malaysia, Cameroon, USA, and Brazil. Hap-3(OP503386) and Hap-6 (OP503390)
are the two new haplotypes observed in this study (Figure 4).
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3.5. Polymorphism and Population Genetics Analysis of COI Gene in Ae. albopictus

The total number of haplotypes calculated from the isolates of this study was six, and
haplotype diversity (Hd) was 0.867. No haplotype diversity was seen among the isolates of
Brazil and Spain. The isolates of this study and that of Thailand share a similar haplotype
diversity of 0.867 and 0.885, respectively (Supplementary Table S2).

The highest number of haplotypes was observed among the Thailand population
(n = 11). Nucleotide diversity (Pi) and the average number of nucleotide differences (k)
were highest among the Cameroon isolates. For the present study population, Pi and k
values were 0.002 and 1.51, respectively, relatively similar to the Ae. albopictus isolates of
Laos, Thailand, and Cambodia (Supplementary Table S2).

4. Discussion

Our study is the first of its kind from Tripura, focusing on detailed molecular and
genetic analysis of Ae. albopictus and comparing it with different regions of India and the
world (Figures 3 and 4; Table S1). The study identified varied natural and artificial breeding
habitats of the molecularly confirmed Ae. albopictus species (Figures 1 and 2; Tables 1 and 2).
It also reported rubber collection bowls to be a major breeding source in the villages of
Ranasaipara under Karnamani Subcentre of Ganganagar Primary Health Centre (PHC)
and Satirampara under Shikaribari Subcentre of Ambassa PHC, in Dhalai district, Tripura.
Rubber bowls were previously described by only one study from Kerala, India [24]. Even
though some earlier studies from India reported plastic drums, containers, buckets, and
cemented water tanks as breeding sources of Aedes species [25,26], none of these studies
were from forested rural areas.

We were able to collect larvae of Ae. albopictus from the rubber collection bowl and
also the adults using light traps placed in the rubber gardens from 2 to 5 pm, indicative
of dark shaded areas of the rubber garden serving as the resting place for Ae. albopictus.
Aedes mosquitoes were also able to be collected by aspirators in the rubber garden area
when they attacked people entering the garden. The rubber gardens not only provide a
good breeding source for Ae. albopictus throughout the year, but adult females also tend to
gather there, as evident from the hand and light trap catch, indicating that it can be a good
resting place. The mosquitoes collected from the rubber collection bowls were identified
as Ae. albopictus, by both molecular and morphological methods. Ae. iyengari, other Aedes
sp., and Culex quinquefasciatus larvae were also found in the same container. We also came
across some dead larvae and instances of mixed breeding, based on which we can say
that determining the species based on larval morphology and attributing the breeding
source to that particular species can often be erroneous. Hence, rather than conducting
studies by pooling samples or relying only on larval morphological identification, molecular
identification and breeding habitat analysis of molecularly confirmed species is imperative.
It should be noted that, in addition to Ae. albopictus, many other species such as Ae.
novalbopictus, Ae. patriciae, Ae. pseudoalbopictus, Ae. subalbopictus, Ae. unilineatus, of the
albopictus subgroup and Ae. krombeini, Ae. malayensis, and Ae. scutellaris of the scutellaris
subgroup of the genus Stegomyia are reported in India [27]. Cryptic species of the Ae.
albopictus subgroups have recently been reported from China and Vietnam [9,10] and
are also suspected in our studies (unpublished data). The presence of similar-looking
morphological species reiterates the requirement of molecular identification at both the
larval and adult level since the existence of cryptic species can be common [28].

Haplotype network analysis of the COI sequence of Aedes albopictus was reported
for the first time in Tripura, India. This analysis resulted in the identification of two new
haplotypes, Hap-3 (Accession No: OP503386, Ranasai, rubber collection bowl) and Hap-6
(Accession No: OP503390, Ranasai, plastic bucket) from the Dhalai district of Tripura,
which was not reported in other parts of the world (Figure 4). Hap-3 and Hap-6 form
separate branches in the phylogenetic tree and do not cluster with any subgroup. Although
nucleotide differences were observed among the Tripura isolates at some positions, no
changes in the amino acid sequence were found.
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Our study focuses on the varied breeding habitat of the molecularly confirmed Ae.
albopictus species and, owing to the ecological plasticity, Ae. albopictus is shown to use
various man-made containers as its breeding habitat [29]. For the first time, rainwater
collected in the Tectona grandis leaves fallen in the forest, indigenous water tanks made up
of bamboo, and polythene sheets were reported as the breeding habitat of Ae. albopictus.
The pond, although a common breeding place for some species of Culex and Anopheles,
was found to be another unusual source for Ae. albopictus. Further collections may be
required to confirm these water bodies as regular breeding sources for Ae. albopictus. In
addition, breeding was also observed in bamboo stumps, tree holes, and Colocasia axils,
which can be categorised as natural breeding sources. Colocasia axil is normally found to
harbour the breeding of Malaya species and, from our studies, may be considered a natural
container favouring mixed breeding with Ae. albopictus. Our study demonstrated mixed
breeding in various types of natural and artificial containers and reasserts the importance
of molecular identification. As shown in Table 1, we found breeding in clear, turbid, and
coloured water. It is reiterated that we included only those molecularly confirmed samples;
hence, some of the samples can be missed where the larvae became dead and decayed in
the water. Calculating different indices from the longitudinal study in selected locations is
currently underway and can produce important information on the seasonality of the vector
abundance. In this study, we obtained Ae. albopictus throughout the year (Table 1), as there
were different kinds of artificial containers, and even sporadic rain in the non-rainy season
months caused water accumulation in the rubber collection bowls when the collection of
rubber was not being conducted.

Ae. albopictus is not only a vector of the dengue, chikungunya, and zika viruses, but
this species is also capable of transmitting 14 other arboviruses [30]. Considering its oppor-
tunistic feeding behaviour on a variety of animals, including humans, Ae. albopictus has
been considered a competent bridge vector for several arboviruses, having the possibility
of transmitting such zoonotic viruses to the human population [30]. Tewari et al. (2004) [31]
first isolated the dengue virus from Ae. albopictus in rural areas of south India. Studies
carried out earlier in urban areas of four Northeastern states established Ae. albopictus as
a dengue vector in this region [32], and this study also reported that Ae. albopictus (94%
composition) predominates over Ae. aegypti in a small township of Arunachal Pradesh,
which has good vegetation cover compared to other areas with much less vegetation cover.
The present study was in the rural areas of Tripura and Ae. aegypti was not encountered.

Additionally, rubber collection bowls, ponds, and water containers showed the pres-
ence of Culex quinquefasciatus and Culex vishnui, known JE vectors from this area. We had
previously reported JE infections from the area [1], and during the study period, we also
detected several JE mono and mixed infections from the area (unpublished data). This area
is known to be highly malaria-endemic, as reported by several studies [33–36]. Anopheles
vagus and other unidentified larvae of the genus Anopheles were found during this study
period, mainly from the ponds (unpublished data). Hence, this study corroborates this area
as a hotbed of several vectors and vector-borne diseases.

These study outcomes can have major implications in Tripura as this small state has
one of the highest rubber plantations in the country. Even though rubber plantations are
not very common in our study district, Dhalai, the findings of our study can be extended
to other districts of Tripura like Gomoti, Sepahijala, Unokoti, South district, etc. which
have comparatively higher rubber plantations [24] and are at high risk for dengue and
chikungunya. In 2021, a dengue outbreak was reported in some areas of the Gomoti,
Sepahijala, and Unokoti districts, which mostly adjoin the rubber plantations (unpublished
data), reasserting this study’s findings. Indeed, there has been an outbreak in some areas of
these districts during October–November 2021, and the role of Ae. albopictus as a vector
and its relationship with the rubber gardens have been explored (unpublished data).

The findings of the artificial containers, plastic water drums, or indigenously made
bamboo tanks with polyethene sheets inside them as major sources of different vector
species call for special attention. These are used to store water supplied by the Government
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and harvest rainwater. As there was almost no piped water supply in the area, the practice
of water storage in these containers to avoid water scarcity is rampant. We found that,
to facilitate rainwater harvesting, many of these containers are not covered and remain
partially or fully open, aiding in the breeding of Ae. albopictus. These containers are deep
and are often regularly used, but that does not prevent the breeding as only the upper part is
used, rendering the larvae at the bottom undisturbed. Special innovative targeted strategies
and inter-sectoral coordination are required to stop the breeding in all these containers.

5. Conclusions

Given the current findings, an active Information, Education, and Communication
(IEC) campaign and particular vector control initiatives in the area are required, especially
given the artificial breeding grounds such as plastic water storage containers and rubber
collection bowls that are the primary source of Ae. albopictus in the area. For in-depth
research of the vector species, accurate molecular identification of mosquito species and
their sub-species is required, which may add information to the current gene database and
aid in investigating species variation among species from different regions of the world.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines11082186/s1. Table S1: Isolates of the study with
respect to the container and area. Table S2: Diversity and neutrality indices for Ae. albopictus global
populations based on COI gene.

Author Contributions: Conceptualisation, I.P.B., K.N., D.R.B. and S.K.S.; methodology, S.B., J.R., T.N.,
I.P.B., D.R.B., R.P., P.G., S.R.J. and U.S.; Software, J.R., T.N., S.R.J., S.B., U.S. and R.P.; validation, I.P.B.,
S.R.J., B.B. and T.M.; investigation, T.N., S.B., P.G., J.R., I.P.B., U.S., D.R.B. and B.B.; writing—original
draft preparation, I.P.B., T.N., S.B., S.R.J., D.R.B. and S.K.S.; writing—review and editing, D.R.B.,
S.K.S., K.N., A.P., S.R.J., I.P.B. and T.M.; visualisation, I.P.B., A.P., T.N., S.B., J.R., S.R.J., K.M. and U.S.;
supervision, I.P.B., K.N., B.B., S.K.S., D.R.B. and T.M.; data curation, S.B., S.R.J., K.M., T.N., U.S. and
P.G.; project administration, K.N. and I.P.B.; funding acquisition, I.P.B. and K.N. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was funded by an Indian Council of Medical Research (ICMR) extramural grant
NER/65/2018-ECD-I to IPB.

Institutional Review Board Statement: Ethical permission for the work has been obtained by the
Institutional Bioethics Committee. The study protocol was approved by the Institutional Ethical
Review Committee on 09.03.2018 [RMRC/Dib/IEC (Human)2017-18/3573], which is according to
the Declaration of Helsinki.

Informed Consent Statement: Consent was obtained from all the participants.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical and privacy reasons.

Acknowledgments: We acknowledge the help of Chelapro Mog, Prosenjit Malakar, Sangit Debnath,
Bidyakanta Das, Kamaljoy Tripura, Dipanjan Dasgupta, Jotish Debbarma, Bishuram Reang, Nirmal
Reang, and Gupen Tripura Debbarma in mosquito and blood sample collection; Chandra Bhat-
tacharya, Saikat Majumder, Apurba Sarkar, Sathish Kumar Vinayagam, and Vijay Vetri for support in
experimentation; Kongkona Gogoi for support in data curation; PL Joshi and Saurav Jyoti Patgiri for
help in review and editing; Harpreet Kaur for help in fund acquisition and project administration;
Analabha Basu and Diptarup Nandi for suggestions regarding data analysis and Apolo Koloi, Abhijit
Das, Ashit Paul, Kalpana Baruah, Satyajit Sen, Siddhartha Jaiswal, Mayur Govekar Ratilal, Tapas
Bhattacharya and Tanu Jain for support from the vector-borne disease program and State and District
Health Departmen and administration. We also acknowledge the support of NVBDCP, Tripura State
and District Health Authorities, health workers, ASHAs, and village local facilitators.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/biomedicines11082186/s1
https://www.mdpi.com/article/10.3390/biomedicines11082186/s1


Biomedicines 2023, 11, 2186 15 of 16

References
1. Bhowmick, I.P.; Pandey, A.; Subbarao, S.K.; Pebam, R.; Majumder, T.; Nath, A.; Nandi, D.; Basu, A.; Sarkar, A.; Majumder, S.;

et al. Diagnosis of Indigenous Non-Malarial Vector-Borne Infections from Malaria Negative Samples from Community and Rural
Hospital Surveillance in Dhalai District, Tripura, North-East India. Diagnostics 2022, 12, 362. [CrossRef] [PubMed]

2. Dutta, P.; Khan, S.A.; Khan, A.M.; Sharma, C.K.; Mahanta, J. An updated checklist of species of Aedes and Verrallina of northeastern
India. J. Am. Mosq. Control Assoc. 2010, 26, 135–140. [CrossRef] [PubMed]

3. Chowdhury, P.; Baidya, S.; Saikia, G.; Paul, D.; Karmakar, S.; Kalita, B. Distribution and breeding habitats of Aedes: Implications
for risk of potential arboviral outbreaks in urban Tripura, India. Int. J. Infect. Dis. 2020, 101, 375. [CrossRef]

4. Baidya, S.; Chander, M.P.; Karmakar, S.; Paul, B.; Kalita, B. Entomological survey for identification of Aedes larval breeding sites
and their distribution in selected rural villages of West and South Tripura, India. Int. J. Curr. Microbiol. Appl. Sci. 2022, 11, 312–317.
[CrossRef]

5. Mosquito Taxonomic Inventory. 2016. Available online: http://mosquito-taxonomic-inventory.info (accessed on 3 July 2023).
6. Huang, Y.M. Contributions to the mosquito fauna of Southeast Asia. XIV. The subgenus Stegomyia of Aedes in Southeast Asia

—The scutellaris group of species. Contrib. Am. Ent. Inst. 1972, 9, 110.
7. Barraud, P.J. A revision of the culicine mosquitoes of India, Part XXIII.The genus Aedes (sens. lat.) and the classification of the

subgenus.Descriptions of the Indian species of Aedes (Aedimorphus), Aedes (Ochlerotatus), and Aedes (Banksinella), with notes on
Aedes (Stegomyia) uariegatus. Ind. J. Med. Res. 1928, 15, 653–669.

8. Reuben, R.; Tewari, S.C.; Hiriyan, J.; Akiyama, J. Illustrated Keys to Species of Culex (Culex) Associated with Japanese Encephalitis in
Southeast Asia; American Mosquito Control Association, Inc.: Sacramento, CA, USA, 2019.

9. Minard, G.; Van, V.T.; Tran, F.H.; Melaun, C.; Klimpel, S.; Koch, L.K.; Kim, K.L.H.; Thuy, T.H.T.; Ngoc, H.T.; Potier, P.; et al.
Identification of sympatric cryptic species of Aedes albopictus subgroup in Vietnam: New perspectives in phylosymbiosis of insect
vector. Parasit. Vectors 2017, 10, 276. [CrossRef]

10. Guo, Y.; Song, Z.; Luo, L.; Wang, Q.; Zhou, G.; Yang, D.; Zhong, D. Molecular evidence for new sympatric cryptic species
of Aedesalbopictus (Diptera: Culicidae) in China: A new threat from Aedes albopictus subgroup? Parasit. Vectors 2018, 11, 228.
[CrossRef]

11. McLain, D.K.; Rai, K.S.; Fraser, M.J. Intraspecific and interspecific variation in the sequence and abundance of highly repeated
DNA among mosquitoes of the Aedesalbopictus subgroup. Heredity 1987, 58, 373–381. [CrossRef]

12. Patsoula, E.; Samanidou-Voyadjoglou, A.; Spanakos, G.; Kremastinou, J.; Nasioulas, G.; Vakalis, N.C. Molecular and morphologi-
cal characterization of Aedes albopictus in northwestern Greece and differentiation from Aedescretinus and Aedes aegypti. J. Med.
Entomol. 2006, 43, 40–54. [CrossRef]

13. Saccone, C.; De Giorgi, C.; Gissi, C.; Pesole, G.; Reyes, A. Evolutionary genomics in Metazoa: The mitochondrial DNA as a model
system. Gene 1999, 238, 195–209. [CrossRef] [PubMed]

14. Knowlton, N.; Weigt, L.A. New dates and new rates for divergence across the Isthmus of Panama. Proc. R. Soc. B Boil. Sci. 1998,
265, 2257–2263. [CrossRef]

15. Das, M.; Das, M.K.; Dutta, P. Genetic characterization and molecular phylogeny of Aedes albopictus (Skuse) species from Sonitpur
district of Assam, India based on COI and ITS1 genes. J. Vector Borne Dis. 2016, 53, 240–247. [PubMed]

16. Kumar, S.; Stecher, G.; Li, M.; Knyaz, C.; Tamura, K. MEGA X: Molecular Evolutionary Genetics Analysis across Computing
Platforms. Mol. Biol. Evol. 2018, 35, 1547–1549. [CrossRef] [PubMed]

17. Walton, C.; Somboon, P.; O’loughlin, S.; Zhang, S.; Harbach, R.; Linton, Y.-M.; Chen, B.; Nolan, K.; Duong, S.; Fong, M.-Y.; et al.
Genetic diversity and molecular identification of mosquito species in the Anopheles maculatus group using the ITS2 region of
rDNA. Infect. Genet. Evol. 2007, 7, 93–102. [CrossRef] [PubMed]

18. Hall, T.A. BioEdit: A user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic
Acids Symp. Ser. 1999, 41, 95–98.

19. Tamura, K. Estimation of the number of nucleotide substitutions when there are strong transition-transversion and G+C-content
biases. Mol. Biol. Evol. 1992, 9, 678–687.

20. Nei, M.; Kumar, S. Molecular Evolution and Phylogenetics; Oxford University Press: New York, NY, USA, 2000.
21. Rozas, J.; Ferrer-Mata, A.; Sánchez-DelBarrio, J.C.; Guirao-Rico, S.; Librado, P.; Ramos-Onsins, S.E.; Sánchez-Gracia, A. DnaSP 6:

DNA Sequence Polymorphism Analysis of Large Data Sets. Mol. Biol. Evol. 2017, 34, 3299–3302. [CrossRef]
22. Leigh, J.W.; Bryant, D. Popart: Full-Feature Software for Haplotype Network Construction. Methods Ecol. Evol. 2015, 6, 1110–1116.

[CrossRef]
23. Sayers, E.W.; Bolton, E.E.; Brister, J.R.; Canese, K.; Chan, J.; Comeau, D.C.; Sherry, S.T. Database resources of the national center

for biotechnology information. Nucleic Acids Res. 2022, 50, D20–D26. [CrossRef]
24. Sumodan, P.K. Potential of Rubber Plantations as Breeding Source for Aedesalbopictus in Kerala, India. Dengue Bull. 2008, 27,

197–198.
25. Bhat, M.A.; Krishnamoorthy, K. Entomological investigation and distribution of Aedes mosquitoes in Tirunelveli, Tamil Nadu,

India. Int. J. Curr. Microbiol. App. Sci. 2014, 3, 253–260.
26. Singh, S.; Rahman, A. Contribution of Aedes aegypti breeding by different income group communities of Dehradun city, Uttarak-

hand, India. Biol. Forum. Int. J. 2013, 5, 96–99.

https://doi.org/10.3390/diagnostics12020362
https://www.ncbi.nlm.nih.gov/pubmed/35204453
https://doi.org/10.2987/09-5913.1
https://www.ncbi.nlm.nih.gov/pubmed/20649122
https://doi.org/10.1016/j.ijid.2020.09.986
https://doi.org/10.20546/ijcmas.2022.1103.034
http://mosquito-taxonomic-inventory.info
https://doi.org/10.1186/s13071-017-2202-9
https://doi.org/10.1186/s13071-018-2814-8
https://doi.org/10.1038/hdy.1987.65
https://doi.org/10.1093/jmedent/43.1.40
https://doi.org/10.1016/S0378-1119(99)00270-X
https://www.ncbi.nlm.nih.gov/pubmed/10570997
https://doi.org/10.1098/rspb.1998.0568
https://www.ncbi.nlm.nih.gov/pubmed/27681547
https://doi.org/10.1093/molbev/msy096
https://www.ncbi.nlm.nih.gov/pubmed/29722887
https://doi.org/10.1016/j.meegid.2006.05.001
https://www.ncbi.nlm.nih.gov/pubmed/16782411
https://doi.org/10.1093/molbev/msx248
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1093/nar/gkab1112


Biomedicines 2023, 11, 2186 16 of 16

27. Bhattacharyya, D.R.; Rajavel, A.R.; Mohapatra, P.K.; Jambulingam, P.; Mahanta, J.; Prakash, A. Faunal richness and the checklist
of Indian mosquitoes (Diptera: Culicidae). Check List. 2014, 10, 1342–1358. [CrossRef]

28. Wang, G.; Li, C.; Guo, X.; Xing, D.; Dong, Y.; Wang, Z.; Zhang, Y.; Liu, M.; Zheng, Z.; Zhang, H.; et al. Identifying the Main
Mosquito Species in China Based on DNA Barcoding. PLoS ONE 2012, 7, e47051. [CrossRef]

29. Waldock, J.; Chandra, N.L.; Lelieveld, J.; Proestos, Y.; Michael, E.; Christophides, G.; Parham, P.E. The role of environmental
variables on Aedes albopictus biology and chikungunya epidemiology. Pathog. Glob Health 2013, 107, 224–241. [CrossRef] [PubMed]

30. Dos Santos, S.; Marinho, R.; Duro, R.L.S.; Santos, G.L.; Hunter, J.; da Aparecida Rodrigues Teles, M.; Brustulin, R.; Milagres,
F.A.D.P.; Sabino, E.C.; Diaz, R.S.; et al. Detection of coinfection with Chikungunya virus and Dengue virus serotype 2 in serum
samples of patients in State of Tocantins, Brazil. J. Infect. Public Health 2020, 13, 724–729. [CrossRef] [PubMed]

31. Tewari, S.C.; Thenmozhi, V.; Katholi, C.R.; Manavalan, R.; Munirathinam, A.; Gajanana, A. Dengue vector prevalence and virus
infection in a rural area in south India. Trop. Med. Int. Health 2004, 9, 499–507. [CrossRef]

32. Chetry, S.; Patgiri, S.J.; Bhattacharyya, D.R.; Dutta, P.; Kumar, N.P. Incrimination of Aedes aegypti and Aedes albopictus as
vectors of dengue virus serotypes 1, 2 and 3 from four states of Northeast India. Access Microbiol. 2020, 2, acmi000101. [CrossRef]
[PubMed]

33. Sarmah, N.P.; Bhowmik, I.P.; Sarma, D.K.; Sharma, C.K.; Medhi, G.K.; Mohapatra, P.K. Role of Anopheles baimaii: Potential vector
of epidemic outbreak in Tripura, North-east India. J. Glob Health Rep. 2019, 3, e2019036. [CrossRef]

34. Bhowmick, I.P.; Nirmolia, T.; Pandey, A.; Subbarao, S.K.; Nath, A.; Senapati, S.; Tripathy, D.; Pebam, R.; Nag, S.; Roy, R.; et al. Dry
Post Wintertime Mass Surveillance Unearths a Huge Burden of P. vivax, and Mixed Infection with P. vivax P. falciparum, a Threat
to Malaria Elimination, in Dhalai, Tripura, India. Pathogens 2021, 10, 1259. [CrossRef] [PubMed]

35. Bhowmick, I.P.; Chutia, D.; Chouhan, A.; Nishant, N.; Raju, P.L.N.; Narain, K.; Kaur, H.; Pebam, R.; Debnath, J.; Tripura, R.; et al.
Validation of a Mobile Health Technology Platform (FeverTracker) for Malaria Surveillance in India: Development and Usability
Study. JMIR Form. Res. 2021, 5, e28951. [CrossRef] [PubMed]

36. Patgiri, S.J.; Gohain, G.G.; Goswami, S.K.; Bhattacharyya, D.R.; Das Debnath, S.H.; Panat, L.; Karajkhede, G.; Mohapatra, P.K.;
Sarma, D.K.; Bhowmick, I.P.; et al. Development and On-Field Deployment of a Mobile-Based Application ‘MoSQuIT’ for Malaria
Surveillance in International Border Districts of Northeast India—Challenges and Opportunities. Int. J. Environ. Res. Public Health
2022, 19, 2561. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.15560/10.6.1342
https://doi.org/10.1371/journal.pone.0047051
https://doi.org/10.1179/2047773213Y.0000000100
https://www.ncbi.nlm.nih.gov/pubmed/23916332
https://doi.org/10.1016/j.jiph.2020.02.034
https://www.ncbi.nlm.nih.gov/pubmed/32224108
https://doi.org/10.1111/j.1365-3156.2004.01103.x
https://doi.org/10.1099/acmi.0.000101
https://www.ncbi.nlm.nih.gov/pubmed/33005866
https://doi.org/10.29392/joghr.3.e2019036
https://doi.org/10.3390/pathogens10101259
https://www.ncbi.nlm.nih.gov/pubmed/34684207
https://doi.org/10.2196/28951
https://www.ncbi.nlm.nih.gov/pubmed/34757321
https://doi.org/10.3390/ijerph19052561
https://www.ncbi.nlm.nih.gov/pubmed/35270256

	Introduction 
	Materials and Methods 
	Study Area 
	Sample Collection and Diagnosis of Dengue, Chikungunya 
	Larval Survey 
	Adult Collection 
	Morphological Identification of Mosquito Species 
	Molecular Identification of Mosquito Species 
	Sequencing of ITS2 and COI Gene and Phylogenetic Analysis 
	Haplotype Network Analysis 
	Preparation of Ecological Maps with the Cases and Vectors 

	Results 
	Diagnosis of Dengue, Chikungunya 
	Larval Survey 
	Phylogenetic Analysis 
	Haplotype Network Analysis 
	Polymorphism and Population Genetics Analysis of COI Gene in Ae. albopictus 

	Discussion 
	Conclusions 
	References

