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ABSTRACT

Central India faced major dengue outbreaks in 2019 and 2021. In the present study, we aimed
to identify the dengue virus serotypes and genotypes circulating in Central India during the
COVID pre-pandemic year (2019) and ongoing-pandemic year (2021). For this purpose, the
suspected cases were first tested by serological assays. Sero-positive samples were then
subjected to molecular diagnosis by RT-PCR and semi-nested PCR. The serotypes obtained
were confirmed by nucleotide sequencing. A phylogenetic analysis of serotypes was performed
to identify the circulating genotypes. All four DENV serotypes were detected during 2019 and
2021, with the predominance of DENV2. Cases with multiple DENV serotype infections were
also identified, involving DENV-2 in all the coinfections. Genotyping revealed that DENV-1
(Genotype V, American/African), DENV-2 (Genotype IV, Cosmopolitan), DENV-3 (Genotype llI,
Cosmopolitan), and DENV-4 (Genotype |) were involved during both outbreaks. DENV-2
detected in 2019 and 2021 has diverged from the previous strains detected in Central India
(2016 and 2018), which may account for the higher transmission of DENV-2 during these
outbreaks. The detection of heterologous DENV serotypes with high transmission efficiency
calls for continuous viral monitoring and surveillance, which will contribute to a better under-
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standing of changing viral dynamics and transmission patterns.

1. Introduction

Dengue virus (DENV) infection caused by the bite of
infected Aedes mosquitoes, has expanded throughout
the tropical regions of the world. According to WHO,
the number of dengue cases has increased 10-fold
since 2000 [1]. In India also, the number of suspected
dengue cases in 2021 has almost doubled since 2015
[2]. Several factors such as global warming, rapid urba-
nization, and increased travel have been attributed to
the upsurge in cases. In 2019, a dengue outbreak was
observed in Central India, while in 2020, all the health-
care resources like hospitals, laboratory testing, surveil-
lance, etc were directed toward COVID-19, leading to
under-diagnosis and under-reporting of dengue cases.
Again in 2021, there was an upsurge in dengue cases
during the monsoon and post-monsoon seasons.
DENV has been antigenically classified into four ser-
otypes (DENV-1 to 4) and genetic variation between
these serotypes has already been reported [3]. Each
DENV serotype is further classified into different geno-
types based on nucleotide variations. DENV-1 is further
subdivided into five genotypes, with genotype | being
the Asian genotype, while genotype Il and Il belonging
to Thailand and Malaysia isolates respectively. Genotype
IV is the South Pacific genotype and genotype V is the
American/African genotype [4]. DENV-2 has been

classified into six genotypes: the Asian genotypes (gen-
otypes | and Il), the American/Asian genotype (genotype
1), the cosmopolitan genotype (genotype IV), and the
American genotype (genotype V). The sylvatic genotype
of DENV-2 strains was recovered from humans, forest
mosquitoes, and sentinel monkeys in West Africa and
Southeast Asia [5-7]. DENV-3 is further divided into five
genotypes (I-V) in the human lineage [8,9]. The majority
of DENV-3 infections are caused by genotypes |, Il, and
lll, which are associated with DF/DHF epidemics in the
regions of Southeast Asia, the South Pacific, the Indian
subcontinent, East Africa, and the Americas [10]. DENV-4
genotype | (Thailand, Sri Lanka, Philippines, and Japan),
genotype Il (Indonesia, Malaysia, Tahiti, the Caribbean,
and the Americas), genotype lll (Thai isolates), and gen-
otype IV (Sylvatic strains from Malaysia) were analyzed
using complete E gene sequences [11,12].

Genotypic differences play an important role in
virulence. Intra-epidemic evolution among the circu-
lating strains has been linked to disease transmission.
The emergence of DENV lineages has crucial implica-
tions for understanding dengue epidemiology and
control, since it is often associated with differential
disease incidence and severity. Therefore, in light of
the above, the present study was conducted to eluci-
date the DENV serotypes and genotypes during the
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pre-pandemic year (2019) and the ongoing-pandemic
year (2021).

2. Material and methods
2.1. Study design and ethics statement

This cross-sectional, hospital-based study was per-
formed on Dengue-suspected patients (based on
WHO case definitions) presenting with fever/joint
pain to the Medicine, Pediatrics and Obstetrics &
Gynaecology outpatient department of our tertiary
care teaching hospital from Jan 2019 to Dec 2021.
The study protocol was duly approved by the
Institutional Ethics Committee (IEC) vide letter
no. 629/MC/IEC/2020. The study participants were
recruited after taking written informed consent.

2.2. Sample collection and Processing

Blood samples were collected at the central collection
facility of our hospital (associated with Gandhi Medical
College, Bhopal) and transported to our laboratory.
Clinical and demographic data were collected in
a predesigned case-record form. Aseptically collected
blood sample was received in a vacutainer vial and
then allowed to clot at room temperature (20-25°C).
After which, blood was centrifuged at 3000 rpm for 3
min to separate serum. Separated serum was trans-
ferred to a microcentrifuge tube for serological diag-
nosis and stored at 2-8°C until used. For molecular
detection, serum was stored in cryovials at —80°C
until use.

2.3. Serological diagnosis

For serological diagnosis of DENV, Dengue IgM
Capture ELISA kit (manufactured and supplied by
National Institute of Virology, Pune, India) and
Dengue NS1 Ag Microlisa kit (J. Mitra & Co. Pvt. Ltd,
New Delhi, India) was used following manufacturer’s
protocols.

2.4. Molecular diagnosis and serotyping

Molecular diagnosis was performed on samples posi-
tive by either the IgM ELISA and/or the NS1 antigen
ELISA. Briefly, viral RNA was extracted from 140 pl of
serum using HiGenoMB Viral RNA Purification Kit
(Himedia, India) according to the manufacturer’s pro-
tocol. Eluted RNA was stored at — 80°C until further use.
For RT-PCR, SSIII platinum one-step RT-PCR kit
(Invitrogen, U.S.A.) and DENV group-specific consensus
primers (D1 and D2) targeting the DENV capsid-
premembrane gene were used. This cPrM-based PCR
assay is routinely used in diagnostic settings as the
consensus primers are broadly reactive to amplify all

the circulating dengue isolates, making it suitable tool
for diagnosis as well as epidemiological surveillance of
dengue fever [13]. PCR cycling conditions were as per
kit instructions. After amplification, the PCR products
were run on 1% agarose gel and visualized on a Gel
Documentation system (Aplegen, U.S.A.). A band of
511 bp was identified as a DENV positive sample.
Positive and negative controls were run alongside.

For serotyping, RT-PCR positive samples were
further subjected to multiplex RT- PCR/semi-nested RT-
PCR using the following primers viz., forward D1 and
four serotype-specific reverse primers (Ts1, Ts2, Ts3
and Ts4) [13]. Following which PCR products were
electrophoresed and identified by different band
sizes viz. 482 bp (DENV-1), 119 bp (DENV-2), 290 bp
(DENV-3) and 392 bp (DENV-4).

2.5. Nucleotide sequencing

DENV serotypes detected by PCR were further con-
firmed by DNA sequencing using the Sanger’s method.
For this, representative samples of each serotype (10—
30%) were selected based on the prevalence from both
the years (2019-2 samples of DENV-1, 8 samples of
DENV-2, 2 samples of DENV-3, 1 sample of DENV-4;
2021-2 samples of DENV-1, 5 samples of DENV-2, 4
samples of DENV-3, 1 sample of DENV-4) and then
the capsid-premembrane gene of DENV was
sequenced using the above-mentioned primers (D1
and D2) [13] as per the following protocol. For this
purpose, first, the PCR product amplified by D1 and
D2 primers were agarose gel purified using the
QlAquick gel extraction kit (Qiagen, Germany).
Further, the sequencing reaction was carried out
using a Bigdye terminator cycle sequencing kit
(Applied Biosystems, U.S.A.) and the purified PCR pro-
duct was used as a template. The reaction mixture was
then purified through a column and loaded onto
a 3130x| Genetic Analyzer (Applied Biosystems, US).
After obtaining the nucleotide sequences, BLAST ana-
lysis was performed on the NCBI website (National
Centre for Biotechnology Information) to confirm the
serotypes.

2.6. Phylogenetic analysis

The obtained nucleotide sequences were aligned with
different Indian and global DENV sequences using the
clustalW module in MEGA 7.0 software [14]. After align-
ment, a phylogenetic tree was constructed using the
Maximum Likelihood method based on the Tamura Nei
model in MEGA 7.0 software [15]. The tree topologies
were verified using 1000 bootstrap replicates of the
dataset. The DENV-1 tree was constructed from 41
Indian and global sequences belonging to five geno-
types. DENV-2 tree was constructed using 41 Indian
and global sequences belonging to five genotypes.



DENV-3 tree was constructed using 35 sequences
belonging to three genotypes. DENV-4 tree was con-
structed using 35 sequences belonging to three geno-
types. For the outgroup, a sequence of sylvatic viruses
belonging to the same serotype or a sequence of
different serotypes was used.

2.7. Statistical analysis

The chi-square test was used to compare categorical
variables such as gender and clinical manifestations.
An independent two-tailed t-test and ANOVA were
used to compare continuous variables such as age
distribution and mean disease duration. p <.05 was
considered as statistically significant.

3. Results

In 2019, out of 1447 suspected samples, 606 (41.8%)
(512: IgM+, 94: NS1+, 18: IgM & NS1+) were serologi-
cally positive, and in 2021, out of 1395 suspected
samples, 546 (39.1%) (455: IgM+, 91: NS1+, 12: IgM &
NS1+) were serologically positive. A schematic repre-
sentation of the study layout has been shown in
Figure 1. In both the years, males were infected more
(65.6% and 60.2%) than females (34.3% and 39.7%).
The age group most commonly affected by dengue
infections was 16-45 years old, followed by 6-15 years.
The most common clinical presentation was fever,
which occurred in all the patients. Other symptoms
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observed in seropositive patients were chills (25%),
rigor (8.3%), malaise (11.6%), myalgia (16.4%), arthral-
gia (4.8%), vomiting (10.2%), rash (9.7%), headache
(11.0%), retro-orbital pain (5.1%), hemorrhagic mani-
festations (4.0%) and joint pain. Other clinical manifes-
tations seen were sore throat, cough, abdominal pain,
diarrhea, bullag, and new onset of seizures.

The temporal distribution of dengue cases during
the 2019 outbreak revealed seropositivity onset from
June onwards, while a peak was observed during
November (496) with 278 being seropositive, out of
which 35 were RT- PCR positive. Due to the COVID-19
pandemic in 2020, dengue-suspected samples for
the year were not included in the study as very few
samples were received, low seropositivity was
observed and none of the samples were positive by RT-
PCR. Due to the second wave of the COVID-19 pan-
demic in 2021, the majority of samples were received
during the monsoon and post-monsoon season, i.e.
from August to October. A maximum number of sam-
ples (498) were received in the month of October with
221 being seropositive, out of which 29 were RT- PCR
positive (Figure 2).

3.1. Identification of DENV serotypes

Among all the serologically positive samples, 84 sam-
ples (13.8%) and 70 samples (12.8%) were positive for
viral RNA in 2019 and 2021 respectively. In 2019, 78
cases were found to be infected with a single serotype
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Figure 1. Schematic representation of the work flow.
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Figure 2. Temporal distribution of dengue cases during the 2019 and 2021 outbreak. X-axis represents the month and year of the
outbreak, Y-axis represents the number of suspected cases, secondary axis represents the number of positive cases.

(DENV-1 =14, DENV-2 =39, DENV-3 =10, DENV-4=9),
and 6 cases were infected with two serotypes (DENV 1
& 2=3,DENV 2 & 3=2, DENV 2 & 4=1). In 2021, 66
cases were found to be infected with a single serotype
(DENV-1 =7, DENV-2 =27, DENV-3 =24, DENV-4 =4),
and 4 cases were infected with two serotypes (DENV
2 &3 =2,DENV 2 &4 =2). Among the coinfected cases,
the patients did not show any different or unusual
clinical syndromes as compared to single-infected
ones. DENV-2 was the dominant serotype circulating
during the study period, followed by DENV-3. DENV-4
was the least detected serotype. The serotypes identi-
fied by RT-PCR were validated by nucleotide sequen-
cing of a panel of selected samples as shown in
Figure 1. BLAST analysis of the nucleotide sequences
demonstrated complete concordance with RT-PCR
results. The following accession numbers of the sero-
types were obtained after the submission of nucleotide
sequences in GenBank (2019: OR215469, OR215470,

OR215471, OR215472, OR215473, OR215474,
OR215475, OR215476, OR215477, OR215478,
OR215479, OR215480, OR215481; 2021: OR215482,
OR215483, OR215484, OR215485, OR215486,
OR215487, OR215488, OR215489, OR215490,

OR215491, OR215492, OR215493).

3.2. Genotype identification of DENV-1 isolates

For genotype identification of DENV-1 isolates, 41
representative DENV-1 strains from India, as well as
diverse geographical origins, were retrieved from
GenBank. In this study, four DENV-1 sequences were
obtained as observed by BLAST analysis. These
sequences were aligned with other 41 strains and
edited to a final length of 446 bp. The phylogenetic
tree based on the CprM region revealed five distinct
genotypic groups (Figure 3). All DENV-1 strains belong
to genotype V (American/African) and are clustered
into one group along with DENV-1 from Central India

2016 & 2018 strains. Indian strains from Kerala (2008-
09), Gwalior (2010-11), and Delhi 2009 were forming
a separate group within this genotype. Other strains
that represent this genotype are Singapore (2013),
Myanmar (1998), Brazil (2006), Argentina (2000), Brazil
(1997), Columbia (2006), Mexico (2008), Venezuela
(1997), and Indian prototype strain, Vellore (1964).
Genotype | was represented by Asian isolates (Sri
Lanka, Myanmar, Vietnam, Cambodia, Thailand, and
Singapore). Genotypes Il and Il were represented by
isolates from Thailand and Malaysia respectively.
Genotype IV was represented by viruses from South
Pacific (Seychelles, Reunion, French Polynesia,
Micronesia, New Caledonia, and Nauru island). The
sylvatic isolate from Brunei formed an outgroup.

3.3. Genotype identification of DENV-2 isolates

For genotype identification of DENV-2 isolates, 41
representative DENV-2 strains from India, as well as
diverse geographical origins, were retrieved from
GenBank. In this study, 13 DENV-2 sequences were
obtained as observed by BLAST analysis. These
sequences were aligned along with the other 41 strains
and edited to a final length of 440 bp. The phyloge-
netic tree based on the CprM region revealed five
distinct genotypic groups (Figure 4). All the 13 strains
of DENV-2 belong to genotype IV (Cosmopolitan). Only
one strain from 2019 was forming a cluster along with
Central Indian strains of 2016 and 2018 and recent
strains from Kerala, Delhi, Kolkata, Lucknow and
Karnataka. While the other 12 strains are clustered
into a separate group along with Taiwan, Indonesia,
and Singapore isolates indicating genetic divergence.
Isolates from China belong to Genotype | (Asian-Il) and
isolates from Thailand and Cambodia belongs to
Genotype |l (Asian-l). The American/Asian genotype
() was represented by viruses from Brazil, Puerto
Rico, and U.S.A.. The American genotype (V) was
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Figure 3. Phylogenetic tree based on CprM gene of DENV-1. Each strain is identified by its GenBank accession number, country/
state/city of origin and the year of isolation. The DENV-1 viruses sequenced in this study are marked with a pink-colored circle

symbol.

represented by viruses from Colombia, Venezuela and,
India. The sylvatic isolate from Malaysia formed an
outgroup.

3.4. Genotype identification of DENV-3 isolates

For genotype identification of DENV-3 isolates, 35
representative DENV-3 strains from India, as well as
diverse geographical origins, were retrieved from
GenBank. In this study, six DENV-3 sequences were
obtained as observed by BLAST analysis. These
sequences along with the other 35 strains were

aligned and edited to a final length of 407 bp. The
phylogenetic tree based on the CprM region revealed
three distinct genotypic groups (Figure 5). All six
strains of DENV-3 belong to lineage 3 within geno-
type lll (Cosmopolitan) and are clustered together
with 2016 and 2018 Central Indian strains. Other
isolates grouped into genotype Ill belong to Asian,
the Pacific Island and, South American countries.
Further, genotype Il is divided into five lineages.
Lineage | is represented by isolates from the
Americas. Lineage Il & V are represented by isolates
from Sri Lanka. Lineages Ill & IV are represented by
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Figure 4. Phylogenetic tree based on CprM gene of DENV-2. Each strain is identified by its GenBank accession number, country/
state/city of origin and the year of isolation. The DENV-2 viruses sequenced in this study are marked with a blue-colored square

symbol.

Indian & Singapore strains respectively. Genotype | is
represented by DENV-3 from Indonesia, Taiwan,
Philippines, Samoa, French Polynesia, and New
Caledonia. Genotype Il is represented by DENV-3
from Asian countries. The DENV-2 sequence was
used as an outgroup.

3.5. Genotype identification of DENV-4 isolates

For the genotype identification of DENV-4 isolates, 35
representative DENV-4 strains from India, as well as
diverse geographical origins, were retrieved from
GenBank. In this study, two DENV-4 sequences were
obtained as observed by BLAST analysis. These
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Figure 5. Phylogenetic tree based on CprM gene of DENV-3. Each strain is identified by its GenBank accession number, country/state/city
of origin and the year of isolation. The DENV-3 viruses sequenced in this study are marked with a red-colored diamond symbol.

sequences were aligned with the other 35 strains and
edited to a final length of 427 bp. The phylogenetic tree
based on the CprM region revealed three distinct geno-
typic groups (Figure 6). Both the strains of DENV-4
belong to genotype | and are clustered together with
Central Indian strains of 2016 and 2018 and other Indian
strains as described above. Other isolates grouped into
this genotype | are from Asian countries (Sri Lanka,
Thailand, Singapore, Cambodia, China, and the
Philippines). Genotype Il was represented by the isolates
from South America (Venezuela, Brazil, and Colombia).
Genotype |l was represented by isolates from Asian
countries (Thailand, Indonesia, Taiwan, China, and
Singapore). The DENV-2 sequence was used as an
outgroup.

3.6. Comparison of clinical and demographic
characteristics in patients infected with different
DENYV serotypes

When comparing the clinical and demographic character-
istics of patients infected with different DENV serotypes,
there was no significant difference observed between the
mean age, number of males & females, and clinical man-
ifestations. However, the mean disease duration was sig-
nificantly longer i.e. 10 days in DENV-2 infected patients as
compared to 7, 8, and 6days in DENV-1, DENV-3, and
DENV-4 infected patients respectively (p <.01). In addition,
hemorrhagic manifestations were found in 4 of the DENV-
2 infected patients, but this symptom was not observed in
patients infected with other serotypes (Table 1).
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4. Discussion

During 2019, there was a significant dengue outbreak
in Central India and a high number of dengue-
suspected samples were received at our tertiary care
hospital. However, 2020 saw significant drop in den-
gue cases as well as positivity due to the COVID-19
pandemic. This might be due to lockdowns or move-
ment restrictions, resulting in reduced exposure to
mosquitoes. Continuous environmental sanitization
and fumigation also led to a decline in mosquito popu-
lations. However, in 2021, the dengue outbreak ree-
merged with a large number of cases. Therefore, in this
study, we attempted to elucidate the DENV serotypes

and genotypes circulating in the year before the pan-
demic (2019) and ongoing-pandemic year (2021).
Studies on various demographic characteristics
revealed that males were affected more by dengue
infection than females. This may be due to the higher
tendency of males to engage in more outdoor-related
activities and travel more often than females making
them favorable targets for Aedes mosquitoes. Further,
we found that the most common age group affected
by dengue infections was 16-45 years old, followed by
6-15 years. The higher prevalence of dengue fever in
this age group could be due to the higher outdoor
exposure to dengue mosquitoes [16]. The elderly
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Table 1. Comparison of clinical presentations in patients infected with different DENV serotypes.

Clinical variables DENV-1 (n=21) DENV-2 (n =68) DENV-3 (n=36) DENV-4 (n=13) p value

Mean Age 27 +16 26+ 15 26+ 13 25+ 16 P=.98

Males 15 (71.4%) 42 (61.7%) 23 (63.8%) 9 (69.2%) P=.85
Females 6 (28.5%) 26 (38.2%) 13 (36.1%) 4 (30.7%)

Mean disease duration 7 + 2 days 10 £ 3 days 8 + 3 days 6 + 2 days P<.01

Fever 21 (100%) 68 (100%) 36 (100%) 13 (100%) cannot be calculated
Chills 6 (28.5%) 23 (33.8%) 12 (33.3%) 2 (15.3%) P=.59

Rigors 3(14.2%) 2 (2.9%) 4 (11.1%) 3 (23.0%) P=.06
Malaise 5 (23.8%) 6 (8.8%) 5 (13.8%) 2 (15.3%) P=34
Myalgia 9 (42.8%) 32 (47.0%) 15 (41.6%) 4 (30.7%) P=.73
Bone/Joint Pain 1 (4.7%) 1 (1.4%) 0 (0%) 0 (0%) cannot be calculated
Joint Swelling 1 (4.7%) 2 (2.9%) 1(2.7%) 0 (0%) cannot be calculated
Headache 4 (19.0%) 5(7.3%) 3 (8.3%) 2 (15.3%) P=.40

Rash 1 (4.7%) 3 (4.4%) 2 (5.5%) 1 (7.6%) P=.96
Retro-Orbital Pain 3(14.2%) 6 (8.8%) 4 (11.1%) 2 (15.3%) P=.84
Jaundice 0 (0%) 0 (0%) 1(2.7%) 0 (0%) cannot be calculated
Hemorrhagic Manifestations 0 (0%) 4 (5.8%) 0 (0%) 1 (7.6%) cannot be calculated

group (55 years to 79 years old) showed a low dengue
infection rate which could be due to the development
of immunity from previous infections [16,17].
A comparison of clinical and demographic character-
istics in patients infected with different DENV sero-
types revealed no significant difference. However, the
mean disease duration was significantly longer in
DENV-2 infected patients as compared to patients
infected with other serotypes (p <.01). Further, hemor-
rhagic manifestations were found only in DENV-2
infected patients. The temporal distribution of dengue
cases during the 2019 and 2021 outbreaks revealed the
peak in November and October respectively.

DENV has been antigenically classified into four
serotypes (DENV- 1 to 4) and genetic variation
between these serotypes has also been reported [3].
Exposure to one virus induces lifelong immunity
against a particular serotype, but the interaction
between the serotypes is less clear. Multiple hypoth-
eses have been proposed, however, a common expla-
nation focuses on antibody-dependent enhancement
(ADE) [18]. During primary infection, neutralizing anti-
bodies are produced against the infecting serotype,
and cross-reactive antibodies produced during sec-
ondary infection (with a heterologous serotype) lead
to severe manifestations. The antibodies help the virus
to infect monocytes more efficiently [19]. As a result of
ADE, overall replication of the virus increases, as does
the chance of severe dengue. Thus, knowledge of the
DENV serotype associated with a particular attack of
Dengue could help identify patients with a higher like-
lihood of severe outcomes. Characterization of circu-
lating DENV serotypes helps in a better understanding
of genetic recombination and the evolutionary basis of
their emergence.

Our molecular analysis revealed the presence of all
four DENV serotypes in these 2019 and 2021 out-
breaks, with the predominance of DENV-2, followed
by DENV-3 and DENV-1. DENV-4 was the least detected
serotype. DENV-1, DENV-2, and DENV-3 are prevalent
in most of North and South India [20-22]. DENV-4 from

Central India was reported in 2010, DENV-1 in 2012,
and DENV-2 during 2013 [23,24]. A recent report
demonstrated the predominant circulation of DENV-1,
followed by DENV-2 and DENV-3 from Central India in
2016 [25]. The serotype distribution observed in our
study suggests a replacement of the DENV-1 with
DENV-2 in this region, along with DENV-3 and re-
occurrence of DENV-4. Co-circulation of multiple
DENV serotypes in a particular area is an indicator of
endemicity, which is influenced by growing urbaniza-
tion, deforestation, and changing weather conditions
[26]. More frequent reports on the co-circulation of
multiple DENV serotypes have been observed in India
since 2011 [20,22,25,27,28]. In our study, DENV-2 is the
commonest serotype present in all the coinfections
observed during 2019 and 2021.

Genotypic differences play an important role in
virulence. The emergence of genotypes/lineages has
crucial implications for understanding DENV’s evolu-
tionary process, epidemiology, and control, as it is
frequently linked to variations in disease incidence
and severity [29]. DENV-1 (2021) isolates from our
study (Central India) belongs to genotype
V' (American/African) and are clustered into one
group along with DENV-1 from Central India 2016 &
2018 strains. Most Indian studies have shown the pre-
valence of this genotype [30,31]. Another molecular
study suggests that the Indian DENV-1 belonged to
different lineages of this genotype till 2012; however,
in a large outbreak in 2012 in Tamil Nadu, South India,
infection by the Asian genotype of DENV 1 resulted in
high case fatality rates [32]. DENV-2 is the predominant
serotype circulating during the study period. It is
regarded as the most virulent and predominant sero-
type associated with the outbreaks of DF and DHF
cases during 1970-2000 [26]. DENV-2 sequenced in
this study belongs to genotype IV (Cosmopolitan)
and are clustered into one group along with Taiwan,
Indonesia, and Singapore isolates but not with Central
Indian 2016 & 2018 strains or other Indian strains. This
demonstrates that the DENV-2 detected in 2021 has
diverged from the previous strains, which might be
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responsible for the higher transmission of this particu-
lar serotype. Other studies from Central India, Delhi,
and Tamil Nadu also found the Cosmopolitan geno-
type (IV) of DENV2 [31,33-35].

Phylogenetic analysis of DENV-3 strains (2021)
obtained in this study revealed them to be of lineage
3 within genotype Il (Cosmopolitan). These are found
to be clustered into one group along with the Central
Indian strains of 2016 and 2018 as well as other
Indian strains. Another report from Central India
showed DENV3 belonged to genotype Il (lineage C)
and the viruses belonging to this lineage were
responsible for causing more severe diseases [36].
Similar studies from Central India (2012, 2013) and
Tamil Nadu (2017) have reported the same lineage
and genotype in previous years [31,35]. Phylogenetic
analysis of DENV-4 (2021) sequenced in our study
belongs to genotype I. These are found to be clus-
tered into one group along with Central Indian strains
of 2016 and 2018, strains from Bangalore (2015), Pune
(2016), Pondicherry (2017), and Mumbai (2018).
DENV-4 was previously reported from Central India
in 2010 [23,24]. A study conducted by other authors
also reported DENV4 virus belonging to genotype
| [37,38]. Genotype | of DENV4 was also detected in
Pune (Maharashtra), Jabalpur (Madhya Pradesh) and
Tamil Nadu [23,32,35,37,39]. DENV4 has been rarely
responsible for outbreaks; however, secondary infec-
tion by DENV4 has been associated with severe out-
comes and high epidemic potential [40].

The study suffered from some limitations. Firstly,
only a smaller number of seropositive samples were
positive for viral RNA. This might be owing to the
hospital visit during the later stage of infection or
after viral clearance, leading to RNA degradation.
Secondly, nested PCR was used for serotyping, while
most of the laboratories are now using real-time RT-
PCR. Thirdly, nucleotide sequencing and genotypic
analysis of only selected samples were carried out. In
addition, partial genome sequencing was done instead
of complete genome due to limited resources.

5. Conclusions

In conclusion, our study reports the circulation of
DENV-2 as the dominant serotype followed by DENV-
3 and DENV-1, and the reappearance of DENV-4. In
addition, we observed coinfection with DENV-2 &
DENV-3 as well as DENV-2 & DENV-4 in two patients
each. DENV-2 detected in 2019 and 2021 has diverged
from the previous strains detected in Central India
(2016 and 2018), which might be responsible for the
higher transmission of DENV-2 during these outbreaks.
Thus, continuous surveillance, vigilant monitoring, and
testing are needed for the effective management of
these outbreaks.
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