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Introduction
Dengue is one of the most rapidly spreading arboviral disease, 

transmitted by the mosquito vector Aedes aegypti. During the last 
five decades, up to a 30-fold rise in dengue incidence has been 
reported with increased geographic expansion of the disease 
[1]. An estimated 50-100 million dengue infections are reported 
annually and approximately 2.5 billion people worldwide live in 
dengue endemic areas [2]. Nearly 1.8 billion people at the risk of 
dengue infection live in member states of the WHO South East 
Asia and Western Pacific Regions, which bear approximately 

75% of the dengue global disease burden [1]. India, one of the 
member states of the WHO South East Asia region has reported 
many dengue outbreaks since the first major one, in 1963 in 
Kolkata [3-5]. Dengue Virus (DENV) infections are caused by 
four antigenically distinct serotypes (DENV-1, 2, 3 and 4). These 
serotypes are further classified into distinct genotypes. Specific 
genotypes have been associated with higher outbreak potential 
and disease severity [6,7]. Beneath the level of genotype, lineages 
of the virus also exist, which are known to play an important role 
in the evolutionary dynamics and epidemiology of DENV [8].

Delhi, the capital city, situated in northern India is endemic 
for co-circulation of different dengue serotypes and genotypes 
[9]. Since the largest outbreak of Dengue Hemorrhagic Fever 
(DHF) in 1996, Delhi has reported periodic Dengue Fever (DF) 
outbreaks in 2003, 2006 and 2010 [10-12]. In Delhi, the trends 
of the last decade indicate unusual ups and downs of different 
serotypes/genotypes of DENV. The present study was conducted 
to detect the dominant serotype(s) and genotype(s) of DENV 
circulating in Delhi during the post- monsoon season in the year 
2012.

Material and Methods
Acute phase blood samples of dengue suspected patients with 

fever of less than 5 days, and prominent clinical symptoms such as 
headache, myalgia and rash were included in the study. Samples 
were referred to the National Centre for Disease Control (NCDC) 
from different locations in Delhi during the post-monsoon season 
of the year 2012. Approval of ethical committee of the institute 
was obtained to carry out the present study. “Waiver of consent” 
was granted by the committee on the basis of “Use of left over 
specimen after clinical investigation” under the Indian Council of 
Medical Research Guidelines 2006. 

Serum was separated from blood specimens by centrifugation 
and RNA was extracted from the serum by using QIAamp Viral 
RNA Mini kit (Qiagen, Germany) as per the manufacturer’s 

Abstract
The metropolitan city of Delhi is gradually heading towards the 

endemicity for dengue “exhibiting sudden ups and downs” of different 
serotypes/genotypes of Dengue Virus (DENV). In previous outbreaks, 
shift in dominance of circulating serotype towards the emergence of 
a new serotype as the dominant strain has been observed. A major 
shift in dominance of DENV-2 towards DENV-3 was witnessed during 
2003 DF outbreak. Surprisingly yet another shift was recorded with 
emergence of DENV-1 in 2006 which subsequently remained in 
circulation at low key until the 2010 DF outbreak. This study was 
conducted to detect circulating serotype and genotype of DENV in 
Delhi during the post-monsoon period of 2012. Reverse Transcription 
Polymerase Chain Reaction (RT-PCR) and sequencing analysis of 
Capsid/Premembrane CprM gene region confirmed 16.12 % samples 
of DENV-1 (genotype III), 38.70 % samples of DENV-2 (genotype IV) 
and 45.16% samples of DENV-3 (genotype III).The result indicated 
dominance shift of DENV-1, which was the causative agent of 2010 
dengue outbreak, toward re-emergence and co-dominant circulation 
of erstwhile DENV-2 (genotype IV) and DENV-3 (genotype III). This 
dominance shift can be imperative for dengue epidemiology as 
both DENV-2 and DENV-3 have been associated with major Dengue 
Haemorrhagic Fever/Dengue Fever (DHF/DF) outbreaks previously, 
and any of these (DENV-2 and DENV-3) serotype can be the cause of 
dengue outbreak in future. 

Keywords: Dengue fever; Dengue hemorrhagic fever; Molecular 
epidemiology; Outbreaks

Received: September 19, 2014; Accepted: October 11, 2014; Published: October 19, 2014

*Corresponding author: Dr. Arvind Rai, Division of Biotechnology, National Centre for Disease Control, 22-Sham Nath Marg, Delhi-110054, E-mail: 
hodbio@gmail.com



Page 2 of 5Citation: Sharma P,  Mittal V, Chhabra M, Singh P, Bhattacharya D, et al. (2014) Dominance Shift of DENV-1 towards Re-Emergence 
and Co-Dominant Circulation of DENV-2 & DENV-3 during Post-Monsoon Period of 2012 in Delhi, India. J Virol Retrovirol 1(1): 104.

Dominance Shift of DENV-1 towards Re-Emergence and Co-Dominant Circulation of 
DENV-2 & DENV-3 during Post-Monsoon Period of 2012 in Delhi, India

Copyright: 
© 2014 Rai et al.

protocol. For detection of DENV, reverse transcription 
polymerase chain reaction (RT-PCR) was performed using 
Capsid/Premembrane (CprM) gene junction specific primers 
D1 (5’-TCAATATGCTGAAACGCGCGAGAAACCG-3’) and D2 
(5’-TTGCACCAACATCAATGTCTTCAGTTC-3’) [13]. RT-PCR 
was carried out, using the Access Quick one-step RT–PCR kit 
(Promega, USA) in ABI 9700 Thermal cycler (Applied Biosystems, 
USA). Reverse transcription was performed at 42°C for 45 min 
followed by initial denaturation at 95°C for 2 min and 35 cycles 
of denaturation (95°C for 1 min), annealing (55°C for 1 min) and 
extension (72°C for 2 min). Final extension was carried out at 
72°C for 10 min. The PCR product of 511 bp was visualized on 
ethidium bromide stained 1.2 % agarose gel. 

PCR product purification of positive samples was done 
using QIAquick PCR purification kit (Qiagen, Germany). For 
sequencing Big Dye Terminator cycle sequencing ready reaction 
kit v. 3.1 (Applied Biosystems, USA) was used on automatic DNA 
sequence (ABI 3130xl Genetic Analyzer, Applied Biosystems). 
After obtaining sequences, BLAST search (www.ncbi.nlm.nih.
gov/Education/BLASTinfo/information3.html) was carried out to 
confirm type of DENV. Thus obtained sequences were submitted 
to GenBank (www.ncbi.nlm.nih.gov) to acquire accession numbers 
(Table 1).

After sequence comparison from different geographical 
locations (Table 1) CLUSTAL W based multiple sequences 
alignment was done using BioEdit v 7.0.5.3. For phylogenetic 
analysis and tree construction MEGA v 6.0 was used by employing 
“Neighbor-Joining” method with bootstrap analysis of 1000 
replicates.

Results
Out of 107 samples, 31 were found positive for CprM gene 

region by RT-PCR. Sequencing and further BLAST analysis 
confirmed 5, 12 and 14 samples of DENV-1, DENV-2 and DENV-
3 serotypes respectively. In the phylogenetic tree construction 
(Figure 1) sequences were found to be segregated in three 
separate groups, DENV-1 (genotype III), DENV-2 (genotype IV) 
and DENV-3 (genotype III). All 5 DENV-1 sequences (KJ438859, 
KJ438860, KJ438861, KJ438862 and KJ438863) grouped with 
Delhi isolates of 2010 and 2011 and formed a single lineage of 
DENV-1 (lineage I) which was found to be closely related with 
Comoros isolate (DQ285562). All 12 isolates of DENV-2 serotype 
were split into two lineages (lineage I and lineage II). Both the 
lineages were found to be closely related with GWL228 isolate 
(DQ448237) of India and FJ-10/11 isolates (AF276619 and 
AF359579) of China. Sequence comparison of all sequences 
of DENV-2 (lineage I and II) with GWL 228 isolate revealed 
average sequence similarity of 98.70%. While average sequence 
similarity with Delhi isolates (AF047394 and AF047396) of 1996 
was found to be 98.57%. The estimate of mean evolutionary 
diversity (D) between the two lineages and within the lineages 
was found 1.45 and 0.75 respectively. Phylogeny of all DENV-3 
sequences also revealed the presence of two lineages (lineage I 
and lineage II). Five of DENV-3 sequences (KJ451722, KJ451724, 
KJ451729 KJ451731 and KJ451734) were clustered with DENV 

isolates of Delhi from 2006 and 2007 (EU181211, EU846235 & 
EU846236), within lineage II while 9 sequences formed distinct 
clade (lineage I) in close proximity with Guangzhou and Yiwu 
isolates (GU363549, JN662391 and JF504679) of China. The 
estimate of mean evolutionary diversity (D) between the two 
lineages of DENV-3 (lineage I and lineage II) was 3.18 while 
within the lineages was 1.12. Sequence comparison of 5 DENV-
3 isolates (KJ451722, KJ451724, KJ451729, KJ451731 and 
KJ451734) of (lineage II) with Delhi isolates of 2007 (EU846235 
and EU846236) revealed average sequence similarity of 99.28%, 
while the remaining isolates falling under lineage I were found to 
be 97.88% to 98.11% (average 98.08%) similar to same isolates 
(EU846235 and EU846236).

Discussion
Dengue is emerging as one of the most important arboviral 

infections in India. Several parts of the country are endemic for 
dengue infection. During the last 2 decades Delhi has experienced 
several dengue outbreaks. High rates of Aedes infestation and 
climatic conditions (temperature and humidity) after the post-
monsoon season are important contributing factors for the 
occurrence of dengue in Delhi. All four serotypes of DENV have 
been reported in Delhi at different times; however, the dominance 
of one serotype during a given outbreak has been observed. In 
the DHF outbreak of 1996, DENV-2 (genotype IV) emerged as the 
dominant serotype, which remained in circulation till 2002 [10-
14]. Emergence of DENV-3 (genotype III) was observed during 
a 2003 DF outbreak, which continued and dominated till 2006 
[11,15]. However, in 2006 the emergence of DENV-1 (genotype III) 
was also observed and reported in nearly 30% of the cases [11]. 
In the following years, a continued presence and predominance 
of DENV-1 was reported, which resulted in the 2010 DF outbreak 
[12,16]. In our study, we confirmed the presence of DENV-1 in 
16.12%, DENV-2 in 38.70% and DENV-3 in 45.16% of the samples 
inform the year 2012. These results suggest a shift from DENV-1 
circulation towards the co-dominant circulation of both DENV-
2 and DENV-3. A recent study by another group of researchers 
has reported the dominance of DENV-2 in 2013 [17]. Possibly, 
this could be a further shift from co-dominance of DENV-2 and 
DENV-3 towards predominance of DENV-2. However, this might 
be further authenticated by additional studies involving larger 
geographical areas and a larger number of samples. The co-
dominant re-emergence of DENV-2 and DENV-3 during 2012 
is an important event for dengue epidemiology. In the coming 
years, any of these re-emerging serotypes can be the major 
circulating serotype in the population and may cause a new 
dengue outbreak. The phylogenetic analysis of DENV-2 and 
DENV-3 also revealed the presence of multiple lineages of DENV 
circulating and evolving in a parallel manner. Comparatively, 
the low sequence similarity (98.08%) of lineage I (DENV-3) 
with DENV-3 isolates from 2007 (lineage II) depicts the genetic 
variability accumulated over this period of time by the viruses. In 
a similar way, an average sequence similarity of 98.57% between 
DENV-2 (lineage I and II) and 1996 DENV-2 isolates (from Delhi) 
also indicates accumulation of genetic changes. However, the 
low divergence (d = 1.45) between the two lineages of DENV-2 

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html
http://www.ncbi.nlm.nih.gov


Page 3 of 5Citation: Sharma P,  Mittal V, Chhabra M, Singh P, Bhattacharya D, et al. (2014) Dominance Shift of DENV-1 towards Re-Emergence 
and Co-Dominant Circulation of DENV-2 & DENV-3 during Post-Monsoon Period of 2012 in Delhi, India. J Virol Retrovirol 1(1): 104.

Dominance Shift of DENV-1 towards Re-Emergence and Co-Dominant Circulation of 
DENV-2 & DENV-3 during Post-Monsoon Period of 2012 in Delhi, India

Copyright: 
© 2014 Rai et al.

Virus Isolate Country Year Accession No. Serotype
Comoros 04.329/93 Comoros 1993  DQ285562  DENV-1
DENV-1/CO/BID-V3379 Colombia 2001  GU131948  DENV-1
D1/2CprM/Del01 India 2001  EU846233  DENV-1
GWL-14 India 2004  EU626491  DENV-1
DENV-1/VE/BID-V3558 Venezuela 2005  GU131837  DENV-1
04/1/del2006  India 2006  EF126999  DENV-1
05/1/del2006  India 2006  EF127000  DENV-1
Delhi-24  India 2010  JF815193  DENV-1
Delhi-27  India 2010  JF815195  DENV-1
Delhi-23 India 2010  JF815192  DENV-1
14/Del/2011  India 2011  KJ420619  DENV-1
15/Del/2011  India 2011  KJ420620  DENV-1
25/Del/2011  India 2011  KJ420621  DENV-1
58/Del/2011  India 2011  KJ420622  DENV-1
67/Del/2011  India 2011  KJ420623  DENV-1
70/Del/2011 India 2011  KJ420624  DENV-1
3/D1/Del/2012  India 2012  KJ438859  DENV-1
4/D1/Del/2012  India 2012  KJ438860  DENV-1
1/D1/Del/2012 India 2012  KJ438861  DENV-1
2/D1/Del/2012  India 2012  KJ438862  DENV-1
5/D1/Del/2012  India 2012  KJ438863  DENV-1
980  India 1996  AF047396  DENV-2
841  India 1996  AF047394  DENV-2
FJ-10 China 1999  AF276619  DENV-2
FJ11/99  China 1999  AF359579  DENV-2
GWL228 INDI-01 India 2001  DQ448237  DENV-2
D2/SG/05K3295DK1/2005 Singapore 2005  EU081177  DENV-2
D2/SG/05K3330DK1/2005 Singapore 2005  EU081178  DENV-2
1/D2/Del/2012  India 2012  KJ438864  DENV-2
2/D2/Del/2012 India 2012  KJ438865  DENV-2
3/D2/Del/2012  India 2012  KJ438866  DENV-2
4/D2/Del/2012 India 2012  KJ438867  DENV-2
5/D2/Del/2012 India 2012  KJ438868  DENV-2
6/D2/Del/2012 India 2012  KJ438869  DENV-2
7/D2/Del/2012 India 2012  KJ438870  DENV-2
8/D2/Del/2012  India 2012  KJ438871  DENV-2
9/D2/Del/2012  India 2012  KJ438872  DENV-2
10/D2/Del/2012  India 2012  KJ438873  DENV-2
11/D2/Del/2012  India 2012  KJ438874  DENV-2
12/D2/Del/2012 India 2012  KJ438875  DENV-2
D3/SG/05K3927DK1/2005 Singapore 2005  EU081212  DENV-3
D3/SG/05K3305DK1/2005 Singapore 2005  EU081199  DENV-3
D3/2CprM/Del07 India 2007  EU846235  DENV-3
D3/3CprM/Del07  India 2007  EU846236  DENV-3
25/3/del2006 India 2006  EU181211  DENV-3
GZ2D3  China 2009  JN662391  DENV-3
ZJYW2009  China 2009  JF504679  DENV-3
GZ1D3 China 2009  GU363549  DENV-3
1/D3/Del/2012 India 2012  KJ451721  DENV-3
2/D3/Del/2012 India 2012  KJ451722  DENV-3
3/D3/Del/2012  India 2012  KJ451723  DENV-3
4/D3/Del/2012 India 2012  KJ451724  DENV-3
5/D3/Del/2012 India 2012  KJ451725  DENV-3
6/D3/Del/2012  India 2012  KJ451726  DENV-3
7/D3/Del/2012  India 2012  KJ451727  DENV-3

Table 1: Dengue Virus Sequences Used For Phylogenetic Tree. (DENV Isolates Sequenced In Study Are   Shown In Bold Accession No.)
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Figure 1: Phylogenetic tree of DENV based on 360 bp nucleotide sequences of the CprM gene region generated by the Neighbor-Joining (NJ) method. 
Bootstrap support values (based on 1000 replications) above 50% are shown at the branch nodes. Each strain is denoted by serotype, country of 
origin, state name (only for Indian samples) followed by the last two digits of year of isolation and Genbank accession number. DENV sequences, 
sequenced in the study are shown in bold.
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suggests the need of further investigation for the genetic changes 
and sites under positive selective pressure in other gene regions 
of the virus. 

Both, DENV-2 and DENV-3 have been the causative agents 
of major dengue outbreaks in the country, including Delhi 
[10,11,14,18]. The re-emergence and co-dominant circulation of 
DENV-2 and DENV-3 not only pose the risk of dengue outbreak but 
also the threat of increased disease severity as a large portion of 
population of Delhi may have been infected with DENV-1 during 
previous outbreak and the secondary dengue infection with 
different serotype may result in increased severity of the disease 
due to antibody dependent enhancement [19]. The evolvement 
and circulation of multiple lineages further complicates the 
problem as clinical manifestation such as encephalitis may 
be associated with new lineages with increased pathogenic 
potential. To manage dengue outbreaks and institute effective 
preventive and control measures, continuous surveillance, vector 
control and monitoring of dengue cases will be required, as this 
co-dominant circulation of DENV-2 and DENV-3 serotypes can 
emerge as a major public health problem.
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