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Abstract
Dengue is one of the most critical diseases, caused by Dengue virus (DENV) serotypes (DENV-1 to 
DENV-4). Study aims to detect DENV in natural A. aegypti from endemic regions of Uttar Pradesh. From 
2010- 2013, mosquitoes collected from Uttar Pradesh tested for Dengue virus serotypes by capsid-
premembrane gene-based PCR analyzed for genotypes sequencing of the C-prM junction of DENV 
genome. A total of 4731, 53.54% (n=2671) A. aegypti and 46 % (n=2060) A. albopictus mosquitoes were 
collected. Of 226 mosquito pools, 10 pools of A. aegypti and 14 pools of A. albopictus were positive for 
DENV by PCR. All 24 isolates identified as DENV-I; Genotype (G)-III (n=8), G-V (n=1); DENV-2; G-IV (n=4); 
DENV-3; G-III (n=11). The overall minimum infection rate was much higher in A. albopictus mosquitoes 
and presence of MIR in male mosquitoes is an indicating natural vertical transmission and important 
observation in geographical area indicating natural vertical transmission. 
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INTRODUCTION

 In recent decades, dengue has become 
a significant threat to human health in tropical 
and subtropical areas of the world. Aedes aegypti 
and Aedes albopictus mosquitoes bite humans to 
deliver the arboviral disease known as DENV.1,2 
There are roughly 110 million dengue virus (DENV) 
infections every year, according to the World 
Health Organization Report 2023.3 This virus is 
split into four separate serotypes called DENV-1 
to 4 based on its antigenic characteristics. All of 
the nations in the Indian subcontinent, including 
India, Pakistan, Bangladesh, and Sri Lanka, have 
had epidemics brought on by all of the serotypes.4 
With a 19.7% dengue positive rate, dengue illness 
is widespread over much of India, including 
Uttar Pradesh.5 The study was conducted in the 

Uttar Pradesh state's Lucknow region between 
2006 and 2010. The sampling was carried out 
in the geographical areas lies nearby Lucknow  
(Figure 1). Throughout the five-year trial period, 
a total of 1227 serum samples were analyzed. 
242 of these samples (19.7%) were positive for 
dengue virus infection between 2006 and 2009. 
The first outbreak in India to be virologically 
proven was reported in Calcutta (now Kolkata) 
between 1963 and 1964.6 Then, in 1996, a sizable 
and widespread dengue hemorrhagic fever (DHF) 
pandemic struck the areas surrounding Delhi.7 
Since then, the illness has shown a striking return 
throughout north India, notably Uttar Pradesh. 
Due to high vector density, the sickness always 
persisted throughout the year with a surge during 
monsoon and post-monsoon season.5-7

Figure 1. Vector collection sites of Lucknow region
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 Significant outbreaks have been recorded 
from North India in recent years. India has been 
linked to a change in DENV-2 genotype and a 
lineage change in DENV-1 genotype.8-11 According 
to reports from earlier investigations, DENV-3 is 
the most common strain discovered in the big 
outbreaks from different locations of India. In 
contrast to the preceding findings, reports of the 
resurgence of DENV-4 were also made from Brazil 
and India.12-14 Increased vector control efforts and a 
decrease in disease transmission could result from 
early detection of contaminated mosquitoes.15-16 
Identification and typing of DENV from field-
caught mosquitoes and larvae are required for 
epidemiologic research to be successful. Dengue 
detection in natural Aedes populations has 
demonstrated to be a viable supplementary tool 
for early dengue outbreak prediction systems.17-18 
Strategies for vector management are essential 
for preventing or limiting disease transmission 
because there is no dengue vaccine. As a result, 
identifying DENV in field-caught mosquito 
populations is crucial for early warning systems. 
Given this, the current study's goal was to identify 
mosquito viral genetic diversity clusters.

MATERIALS AND METHODS

Mosquitoes Collection 
 Due to the high incidence of DENV and 
Chikungunya virus (CHIKV) case-patients there,19-20 
we collected mosquitoes from a number of 
places in the Lucknow area where DENV positive 
patients resided in order to test for DENV in Aedes 
mosquitoes (Figure 1). From January 2010 to 
December 2013, adult Aedes mosquitoes were 
collected in the homes and surrounding regions 
of DENV-positive patients.21 The pyrethrum spray 
approach was employed for interior collection, and 
carbon dioxide-baited traps and battery-operated 
aspirators were used for outdoor collection. 
Several collection locations in the Lucknow district 
were split into urban, suburban, and rural settings. 
All of the caught adult mosquitoes were brought 
to the lab, morphologically classified, divided into 
species and sexes, and kept at -80°C until testing.

Mosquito Identification
 Mosquito identification was created in 
a lab using Rueda's Aedes species identification 
keys.22 Microscopic examination led to the 
identification of the mosquitoes. On a table, 

Figure 2. Monthly trend of Adult mosquito’s indices of A. aegypti and A. albopictus from March 2010- December 2013
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mosquitoes were placed in a Petri dish lined with 
white filter paper. The species were identified 
using a stereomicroscope using their taxonomic 
keys, and then counted, sorted, and afterwards 
separated based on the species, location, and 
time of collection. Specimens were assigned to a 
pool based on the species, sex, location, date, and 
applied collection method.

Mosquito Processing
 According to Tome et al., identified 
mosquitoes were treated between 2010 and 
2013.23 Each pool, which included 20–25 
mosquitoes or larvae, was homogenized using 
a motor-driven tissue grinder using 3-5 ml of 
Media Dulbecco minimum essential medium 
(MEM), depending on the number of insects. After 
centrifuging the homogenate, the supernatant was 
used for further screening.

RNA extraction and RT-PCR
 According to Conceicao et al., 2010,24 real-
time PCR was used to identify the dengue virus 
strains. Using the manufacturer's instructions, 

RNA was extracted from 140µl of cleared mosquito 
supernatant using a QI-Aamp viral RNA Mini Kit 
from Qiagen Hilden, Germany. DENV identification 
and serotyping using RT-PCR were carried out in 
mosquito pools as previously mentioned.25

Minimum infection rate (MIR)
 The ratio of the number of virus-
positive pools to the total number of mosquitoes 
examined, multiplied by 1000, and was used to 
calculate the minimum infection rate (MIR).26

Nucleotide sequencing and Phylogenetic analysis 
 By utilising the QIA-quick Gel Extraction 
Kit, all PCR positive amplicons were purified 
(Qiagen, Hilden, Germany). Purified products were 
cycle sequenced using a Big Dye Terminator cycle 
sequencing ready reaction kit in accordance with 
the manufacturer's instructions (Thermo Fisher 
Scientific, CA, USA). According to Tripathi et al., 
2013,19 the sequencing primers utilized here. The 
reaction mixture was then fed into an automated 
DNA sequencer (ABI PRISM 3100 Genetic analyzer, 
Applied Biosystems, USA) after being purified using 

Table 1. Adult Aedes Mosquitoes collection with their MIR for DENV from May 2010 to October 2013

Species Gender No. of Total No.  Total No. MIR
  Mosquitoes of Pools of Positive  
    Pools by PCR

2010
A. aegypti Female 377 17 4 10.61
 Male 290 13 0 -
A. albopictus Female 314 15 4 12.73
 Male 251 13 1 3.98
2011     
A. aegypti Female 317 15 1 3.15
 Male 261 12 0 -
A. albopictus Female 301 13 2 6.64
 Male 131 7 0 0
2012
A. aegypti Female 299 14 2 6.68
 Male 260 13 0 -
A. albopictus Female 241 12 2 8.29
 Male 174 9 0 0
2013
A. aegypti Female 562 26 2 3.55
 Male 305 15 1 3.27
A. albopictus Female 395 19 4 10.12
 Male 253 13 1 3.95
Total  4731 226 24 5.07
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a column. The NCBI's GenBank has received the 
partial C-prM gene sequences of DENV isolates 
isolated from mosquito pools. Utilizing the Bio-Edit 
programme (http://www.mbio.ncsu.edu/bioedit/
bioedit.htmL), sequence similarity and identity 
analysis were conducted. Using the CLUSTAL-W 
programme (http://www.ebi.ac.uk/clustalw/), 
the incomplete C-prM gene nucleotide sequences 
were matched with the sequences of reference 
strains found in the Gen Bank. Phylogenetic 
analysis was performed using MEGA 5 software 
(www.megasoftware.net). The Kimura-two 
parameter of nucleotide substitution and the 
neighbor-joining method were used to create 
the phylogenetic tree. Using bootstrap analysis 
with 1000 repeats, the tree's dependability was 
verified.27

Analysis of environmental factors
 Throughout the whole study period, 
meteorological data including temperature (°C), 
rainfall (mm), and relative humidity (%) were 
regularly received from the meteorological 
department of the Government of India.

RESULTS

 A total of 226 pools of adult Aedes 
mosquitoes (n=4731) were collected from different 
sites around the Lucknow district, representing 
urban and suburban settings (125 pools of 
A. aegypti and 101 pools of A. albopictus). In 
comparison to A. albopictus, which had 59 female-
only pools and 42 male-only pools out of its 125 
total pools, A. aegypti had 72 female-only pools 
and 53 male-only pools. A. aegypti mosquitoes, 
numbering 2671 (n=1555 females and n=1116 
males), and A. albopictus mosquitoes, numbering 
2060 (n=1251 females and n=809 males), 

respectively (Table 1). Figure 2's representation of 
the monthly trend for adult Aedes species reveals 
that both were most prevalent in the monsoon and 
post-monsoon seasons, with January, February, 
and December having the lowest densities.

Serotype distribution in mosquito pools
 Out of a total of 226 positive pools, 
DENV was detected in 24 pools by RT-PCR (10 
pools of adult A. aegypti, n=9 for females; n=1 for 
males, and 14 pools of adult A. albopictus, n=12 
for females; n=2 for males). The serotyping study 
revealed DENV-1 in 9 pools, DENV-2 in 4 pools, and 
DENV-3 in 11 pools out of a total of 24 positive 
pools of Aedes species. However, DENV-1 positive 
pools were discovered to be at their greatest in 
2010, while DENV-2 and DENV-3 positive pools 
were found to be at their highest in 2012 and 
2013. During the time of the study, DENV-4 was 
not detected. Table 2 displays the DENV serotype 
distribution by year. In 2010, DENV-1 was the most 
common serotype; in 2010 and 2012, DENV-2 was 
more common and in 2013, DENV-1 was replaced 
by DENV-3. But out of all the serotypes, DENV-3 
had the highest incidence in contaminated pools 
(11/24) (45.83%).

Minimum Infection Rate
 Based on the results of PCR performed 
between 2010 and 2013, the MIR for A. aegypti 
was estimated to be 3.74 (10/2671 mosquitoes), 
while the MIR for A. albopictus was 6.79 (14/2060 
mosquitoes). Both species' overall infection rates 
are predicted to be 5.07 percent. The greatest MIR 
was determined to be 12.73 (4/314) and 10.12 
(4/395) in pools of A. albopictus adult females 
in 2010 and 2013, respectively, as compared to 
the pools of A. aegypti (MIR=10.61 & 3.5). MIR 
of 3.27 has been recorded in A. aegypti, but 

Table 2. Year-wise distribution of Dengue serotype in mosquito samples

Year DENV-1 DENV-2 DENV-3 Total
 (No. of Pools) (No. of Pools) (No. of Pools) No. of Pools
    
2010 6 1 2 9
2011 2 0 1 3
2012 1 3 0 4
2013 0 0 8 8
Total 9 4 11 24
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MIR of 3.98 and 3.95 have been observed in A. 
albopictus among male mosquitoes in 2010 and 
2013, respectively (Table 1).

Correlation of environmental factors with DENV 
incidences
 Every year, the latter week of June or 
the beginning of July saw an increase in dengue 
fever cases, which peaked from August to October. 
In Lucknow, the rainy season starts in late June 
and lasts through October. Regarding changes 
in maximum temperature (R=-0.17, p=0.959), 

minimum temperature (R=0.006, p=0.985), and 
amount of rainfall (R=-0.181, p=0.574), substantial 
statistical evidence between environmental 
parameters and DENV IgM positive patients was 
not found in the current investigation.

Sequence and Phylogenetic analysis
 Nucleotide sequencing was used to 
confirm the DENV serotypes that were isolated 
from Aedes aegypti and Aedes albopictus. 24 
typical dengue viruses' C-prM gene junction 
nucleotide sequences from the current 

Figure 3. Phylogenetic tree of studied Dengue serotype 1 sequences was constructed by Maximum Likelihood 
method (1,000 Bootstrap replicates) in MEGA 5.05 software. The tree is based on C–prM regions of the selected 
strains. The studied strains of DENV-1 serotype are indicated by black square shaped box prior to the accession 
number of the studied
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investigation were submitted to GenBank, and 
accession numbers were obtained KM097082 to 
KM097087, KM097089 to KM097096, KM112168, 
KM507025 to KM507026, and KM507029-
KM507035 are the samples' GenBank accession 
numbers. In this investigation, 8 of the 9 DENV-1 
strains were genotype III, and one was genotype 
V. While all 11 DENV-3 strains were classified as 
genotype III, all 4 DENV-2 strains belonged to 
genotype IV. Table 3 provides a summary of the 
genotyping data results along with their accession 
number.

DENV-1
 A phylogenetic tree based on partial 
C-prM gene sequences was created using 24 
reference DENV-1 strains that were acquired 
from Gen Bank and 9 mosquito-derived DENV-1 
sequences. This tree showed that isolates from 
India and other countries fell into two separate 
genotypes (III and V) (Figure 3). According to 
phylogenetic research, 8 of the 9 DENV-1 strains 
(KM097082–KM097087, KM097090, KM097091) 

isolated from mosquitoes shared a 99.4%–99.7% 
nucleotide sequence similarity with the human 
DENV-1 strain from Delhi 2010 and are all genotype 
III strains. One DENV-1 strain (KM97089) from a 
mosquito is aggregating with strains of Genotype 
V at the same time.

DENV-2
 A Phylogenetic tree based on incomplete 
C-prM gene sequences was created using 31 
reference strains of DENV-2 that were obtained 
from Gen Bank, and it revealed that isolates from 
India and other countries fell into three separate 
genotypes (II, III, and IV) (Figure 4). Based on 
phylogenetic analysis, we discovered that the four 
DENV-2 strains (KM50726, KM507029, KM507030, 
and KM112168) isolated from mosquitoes shared 
99.4%–99.7% of their amino acid sequences with 
one another and 99.2%–99.9% of their amino 
acid sequences with the genotype IV human 
DENV-2 strains from Lucknow, Kerala, Gwalior, and 
Lucknow 2010–2012.

Table 3.  Accession Number and Dengue serotype/genotype in collected mosquitoes

No. Accession Year Vector Serotype Genotype
 Number   species  

1. KM097082 2010 A. aegypti DENV-1 III
2. KM097083 2010 A. aegypti DENV-1 III
3. KM097084 2010 A. albopictus DENV-1 III
4. KM097085 2010 A. albopictus DENV-1 III
5. KM097086 2010 A. albopictus DENV-1 III
6. KM097087 2010 A. albopictus DENV-1 III
7. KM507025 2010 A. aegypti DENV -3 III
8. KM507026 2010 A. albopictus DENV -2 IV
9. KM507034 2010 A. aegypti DENV -3 III
10. KM097089 2011 A. aegypti DENV-1 V
11. KM097090 2011 A. albopictus DENV-1 III
12. KM507035 2011 A. albopictus DENV -3 III
13. KM097091 2012 A. aegypti DENV-1 III
14. KM112168 2012 A. albopictus DENV-2 IV
15. KM507029  2012 A. aegypti DENV-2 IV
16. KM507030 2012 A. albopictus DENV-2 IV
17. KM097092 2013 A. aegypti DENV-3 III
18. KM097093 2013 A. aegypti DENV-3 III
19. KM097094 2013 A. albopictus DENV-3 III
20. KM097095 2013 A. albopictus DENV-3 III
21. KM097096 2013 A. albopictus DENV-3 III
22. KM507031 2013 A. albopictus DENV-3 III
23. KM507032 2013 A. albopictus DENV-3 III
24. KM507033 2013 A. aegypti DENV-3 III
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Figure 4. Phylogenetic tree of studied Dengue serotype 2 sequences was constructed by Maximum Likelihood 
method (1,000 Bootstrap replicates) in MEGA 5.05 software. The tree is based on C–prM regions of the selected 
strains. The studied strains of DENV-2 serotype are indicated by black square shaped box prior to the accession 
number of the studied sequences. Bootstrap values of >40 are shown in the tree. Scale bar indicates the nucleotide 
substitutions per site
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Figure 5. Phylogenetic tree of studied Dengue serotype 3 sequences was constructed by Maximum Likelihood 
method (1,000 Bootstrap replicates) in MEGA 5.05 software. The tree is based on C–prM regions of the selected 
strains. The studied strains of DENV-3 serotype are indicated by black square shaped box prior to the accession 
number of the studied sequences. Bootstrap values of >40 are shown in the tree. Scale bar indicates the nucleotide 
substitutions per site
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DENV-3
 A Phylogenetic tree based on partial 
C-prM gene sequences was created using 33 
reference strains of DENV-3 that were obtained 
from Gen Bank, and 11 mosquitoes-derived 
DENV-3 sequences. This revealed that isolates 
from India and other countries around the world 
clustered into three different genotypes (I, II, and 
III) (Figure 5). All of the DENV-3 (n=11) strains 
used in this investigation had a 99.2 to 99.9% 
nucleotide similarity. According to a phylogenetic 
analysis of the C- prM gene sequence, all 11 DENV-
3 mosquito-derived genotype-III strains, as well as 
strains from India, China, and Pakistan, fall into two 
sub-clusters (KM507025, KM507031-KM507035, 
and KM097092-KM097096).

DISCUSSION

 Over the past 20 years, dengue, an acute 
arboviral illness, has grown to be a significant 
public health threat in tropical and subtropical 
areas. Mosquito species Aedes aegypti and 
Aedes albopictus are the main urban vectors 
involved in the transmission of the dengue virus 
around the world, including India. Vector control 
measures are essential for avoiding or limiting 
disease transmission given the paucity of dengue 
vaccinations. Therefore, it has become clear that 
isolating and identifying DENV from field-caught 
mosquitoes is a crucial component of an early 
warning system. In the current work, we examined 
DENV infection in Aedes vectors and their genetic 
characteristics in the Lucknow District around 
DENV affected areas from March 2010 to October 
2013. Several papers had previously described 
the DENV activity in this area,28-29 referring to the 
region's predominance of mosquito vectors as 
the reason for DENV persistence in the Lucknow 
district. Entomological observation of adult Aedes 
mosquitoes in the Lucknow district throughout 
our investigation revealed that 43.54% of them 
belonged to the Aedes albopictus population 
and 56.45% to the Aedes aegypti population. In 
adult female Aedes aegypti and Aedes albopictus 
mosquitoes, DENV-1 to 3 was isolated and 
genotypically identified for the first time in Uttar 
Pradesh.
 According to our investigation, A. aegypti 
was most prevalent in the studied area,30 which is 

consistent with the findings of the other studies. 
During the dry season, both species were confined 
to a small number of nesting locations. Even 
though, compared to A. aegypti, the larval species 
of A. albopictus were pronouncedly growing during 
and after the monsoon.24 positive pools were 
DENV positive out of the total of 4731 mosquitoes, 
proving DENV transmission in this area. While 
DENV-2 circulated at a lesser frequency, DENV-1 
and DENV-3 were the two most common serotypes 
in 2010 and 2013, respectively.31 In 2010, the 
mosquitoes that had been captured tested positive 
for all three serotypes (DENV-1, 2 and 3). In the 
same year, similar serotypes were discovered in 
human samples; 60% of dengue cases were DENV-
1, 1.8% was DENV-2, and 24.3% were DENV-3,32-33 
According to studies, adult Aedes aegypti and 
Aedes albopictus mosquitoes from Orissa and 
Surat between 2010 and 2011 had DENV-2 and 
DENV-3.34-35 DENV-3 (n=8) was found to be the 
most common serotype in 2013. According to our 
research, DENV-1 predominated in 2010–2011, 
followed by DENV 2 in 2012, and DENV 3 in 2013. 
DENV-1 and 2 were then replaced by DENV-3 in 
2014.
 Therefore, the current study demonstrates 
that during many year-wise outbreaks, the 
prevalence of each serotype within a certain 
geographic area has altered. The three serotypes 
are circulating with the shift in dominant species, 
according to results from other studies.10,36 
To define the molecular subtype/genotype of this 
virus and the introduction of novel genotypes, 
molecular characterization is required. The C-prM 
gene junction has been described as a potent 
genotyping tool in many studies.37-39 Eight of the 
nine DENV-1 derived strains sequenced in this 
work were assigned to genotype III by phylogenetic 
analysis, placing them in close proximity to 
previous Indian human DENV-1 infections reported 
from the Delhi and Lucknow region in 2010. 
There are many of DENV-1 genotype III viruses in 
Mexico, Colombia, Brazil, and Venezuela. Because 
the viruses recovered in 2001–2002, 2004–2005, 
and 2006–2007 from northern India belong to 
different lineages, the majority of Indian DENV-1 
genotype III viruses are phylogenetically distinct. 
Additionally, one Lucknow strain (KM097089) 
generated from a mosquito and discovered in 
2011 corresponded to genotype-V. This genotype 
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is typically found in Asian nations, African and 
American countries.40,41 The genotype IV status of 
the four DENV-2 mosquito-derived strains from 
2010–2012 allowed them to be more closely 
related to earlier isolates from Lucknow (2010), 
Kerala (2010), and Gwalior (2011) than to any 
other isolates.
 In India, genotype IV was initially 
discovered in New Delhi11-17 during the dengue 
epidemic of 1996. Human isolates from Gwalior 
in 2001, Delhi in 2007–2009, and Kerala in 
2008–201042 have already been connected to 
DENV-2 genotype IV. Our findings show that 
DENV-2 genotype IV is the most common genotype 
derived strain in this area. Each of the eleven 
DENV-3 strains sequenced in this study was given 
the genotype III. The Indian strains that have 
previously been described from Chennai (2013), 
Orissa (2011), and Surat (2012)42-43 are closely 
related to these eleven mosquito-derived strains. 
The most prevalent DENV-3 genotype44 circulating 
worldwide is genotype III. This study demonstrates 
that genotype III is the most prevalent strain of 
DENV-3 coming from a mosquito in this region. 
A. aegypti and A. albopictus were found to be 
the two most common species, according to 
entomological research conducted in the areas 
under study. MIR in A. aegypti and A. albopictus 
was evaluated from 2010 to 2013. We discovered 
a 12.73 fold rise in MIR in A. albopictus in 2010, 
followed by a 10.12 fold increase in 2013.16 This 
is similar to recent results from India. MIR varies 
depending on a number of variables, including the 
collecting period, the size of the sample pool, and 
the quantity of processed samples.34

 Our study's key conclusion is the 
identification of DENV in mosquitoes, particularly 
male mosquitoes. Since male mosquitoes do 
not feed on blood, the vertical (trans-stadial or 
transovarial) transmission phenomena32-40 is the 
most likely method by which male mosquitoes 
can become infected. Humans are exposed to the 
virus by venereal transmission, which occurs when 
an adult male mosquito transmits it to a female 
A. aegypti during mating.45 Vertical transmission 
in conjunction with venereal transmission is 
therefore likely to act as a survival mechanism to 
keep this virus in the environment at the research 
locations in the Lucknow district. Research 

evidence regarding arbovirus transmission from 
women to men has grown. Critical factors for 
arbovirus vertical transmission in mosquitoes 
were studied by Lequime and Lambrechts in 2014 
and by Leguime et al.46-47 An explanation of the 
vertical transmission of arbovirus in mosquitoes 
is given by Mao et al. In this part of India,48 there 
have never been any reports of DENV being 
found in Aedes mosquito populations. As a result 
of the co-circulation of several DENV serotypes 
in Northern India, this study demonstrates the 
growing endemicity of the disease. The current 
study provides the first evidence of DENV in field-
caught mosquitoes in this area. A well-functioning 
early warning system for dengue outbreaks is 
necessary to control these vectors in this area, as 
high MIR found in male Aegypti and A. albopictus 
mosquitoes is indicative of natural vertical 
transmission.
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