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Short Communication

ABSTRACT

Background: Dengue is one of the rapidly emerging arboviral infection in many parts of the world
including India. The metropolitan city, Delhi is one of the worst affected areas by dengue. In the last
two decades, it has witnessed frequent outbreaks with the continuous changing trend of circulating
serotype(s)/genotype(s). The genetic characterization of circulating serotype(s)/genotype(s) is
essential to establish the molecular epidemiology of the virus.

Aims: The present study was undertaken to elucidate the molecular epidemiology of dengue virus
(DENV), circulated during the post-monsoon period of 2014.

Study Design: Total 112, dengue suspected samples were included in the study. Samples,
positive in the NS1 antigen detection assay were processed for reverse transcription polymerase
chain reaction (RT-PCR) and partial nucleotide sequencing for capsid-premembrane (CprM) gene
region.

Results: Serotypic and genotypic analysis revealed cases of DENV-2 (genotype V) 58.33%,
DENV-3 (genotype IllI) 33.33% and DENV-1 (genotype Ill) 8.33%. Presence of DENV-2 (genotype
IV) in majority of the cases (58.33%) indicated its pre-dominance. Multiple sequence alignment and
phylogenetic analysis revealed the presence of a new strain of DENV-2 (genotype 1V);
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premembrane protein.

recently and circulating at low key in the capital.

differentiated from pre-existing strain by the substitutions; Alal02Val in capsid and lle49Val in

Conclusion: This study reports, continued circulation of DENV-2 (genotype 1V) in 2014. The
results also indicated circulation of a new strain of DENV-2, similar to Hyderabad isolate “1392”
(IX475906), along with the pre-existing strain. It is proposed that, this strain has been introduced

Keywords: Dengue; capsid-premembrane; outbreak; molecular epidemiology.

1. INTRODUCTION

Dengue fever (DF), a mosquito borne arboviral
infection is emerging as a major public health
threat on a global scale. A recent study
estimated one third contribution of India in global
dengue infection [1,2]. The infection from dengue
virus (DENV) can cause mild fever (DF) to
severe disease conditions; dengue hemorrhagic
fever (DHF) /dengue shock syndrome (DSS) [3].
DENYV (genus Flavivirus and family Flaviviriadae)
is enveloped, single stranded positive sense
RNA of nearly 11 kb length. The genomic
organization consists of three structural (capsid,
C; membrane, M; and envelope, E) and seven
non-structural (NS1, NS2A, NS2B, NS3, NS4A,
NS4B and NS5) genes flanked by non-coding
region at 5’ and 3' ends [4]. DENV circulate as
four antigenically distinct serotypes (DENV-1,
DENV-2, DENV-3 and DENV-4). Serotypes are
further classified into genetically related forms,
termed as genotypes which may differ in their
virulence and pathogenesis.

Delhi, the capital city is majorly affected area by
dengue. The city has witnessed a continuous
changing trend of circulating serotypes(s)/
genotype(s) during the last two decades [5]. The
present study was undertaken to detect the
circulating serotype(s)/genotype(s) in Delhi
during the post-monsoon period of 2014. To
achieve this partial molecular characterization of
DENV was performed on the basis of capsid-
premembrane (CprM) gene region.

2. MATERIALS AND METHODS
2.1 Study Samples

Acute phase serum samples of suspected
dengue patients with fever of less than 5 days
and prominent clinical symptoms such as body
aches, headache, myalgia and rash were
included in the study. Samples were referred to
the National Centre for Disease Control from

different locations in Delhi during the post-
monsoon period of 2014.

2.2 NS1 Antigen Detection Assay

For detection of DENV, NS1 antigen detection
assay was carried out by DENV Detect NS1
ELISA kit (InBios, USA) according to the
manufacturer’s instruction. Optical density was
read at 450 nm. Immune status ratio (ISR) was
calculated from the ratio of optical density
obtained from test sample and the mean optical
density of the cut-off control. ISR = 1 considered
positive for NS1 antigen.

2.3 RNA Extraction

Viral RNA was isolated from 140 pl serum, by
spin  column technique according to the
manufacturer’s instructions. For this purpose
QIlAamp Viral RNA Mini kit (Qiagen, Germany)
was used. RNA was eluted in 50 ul nuclease free
water and stored at -80°C.

2.4 Reverse Transcription
Chain Reaction (RT-PCR)

Polymerase

Nearly 511 bp CprM gene region (from 134 to
644) was amplified using Access Quick  one-
step RT-PCR kit (Promega, USA) [5]. RT-PCR
was carried out in a 25 pl reaction volume
containing PCR master mix, AMV RT and gene
specific, forward (D1l: 5-TCAATATGCTGAAA
CGCGCGAGAAACCG-3' and reverse (D2: 5'-
TTGCACCAACAGTCAATGTCTTCAGGTTC-3)

primers [6]. Thermal profile consisted a reverse
transcription step (42<C for 45 min) followed by
initial denaturation (95C for 2 min) and 35
cycles of denaturation (95C for 1 min),
annealing (55T for 1 min) and extension (72C
for 2 min). Final extension step was carried
out at 72C for 10 min. Amplified products
were visualized on 1.2% agarose gel, stained
with ethidium bromide.



2.5 Sequencing and
Analysis

Phylogenetic

Amplified PCR products were purified, using the
QIAquick PCR  purification kit (Qiagen,
Germany). For sequencing BigDye terminator
v3.1 cycle sequencing kit (Applied Biosystems,
USA) was applied. Purification of sequencing
PCR product was done, using Centri-Sep™ Spin
Column (Princeton Separations, USA). Purified
products were lyophilized, subsequently
reconstituted in HiDi Formamide (Applied
Biosystems, USA) and loaded in 3130x| Genetic
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Analyzer, (Applied Biosystems, USA) for capillary
electrophoresis. The sequences thus obtained
were submitted to GenBank and accession
numbers were acquired (Table 1). A BLAST
search was carried out to  confirm
serotype(s)/genotype(s) of DENV. For sequence
comparisons, multiple sequence alignment was
performed with other isolates (DENV-1, 2 and 3)
of diverse geographical origin, with the help of
Clustal W tool available in Bio edit version
7.0.5.3. The phylogenetic tree was constructed in
Molecular  Evolutionary  Genetics  Analysis
(MEGA) version 6.0.

Table 1. Dengue virus isolates used for sequence alignment and phylogenetic tree (DENV
isolates sequenced in the study are shown in bold accession numbers)

S. no. Virus isolate Country Year Accession Serotype
numbers
1. ThD1_0442_80 Thailand 1980 AY732476 DENV-1
2. ThD1_0673_80 Thailand 1980 AY732474 DENV-1
3. Comoros 04.329/93 Comoros 1993 DQ285562 DENV-1
4, D1/2CprM/Del01 India 2001 EU846233 DENV-1
5. DENV-1/CO/BID-V3379/2001 Colombia 2001 GU131948 DENV-1
6. GWL-14 India 2004 EU626491 DENV-1
7. DENV-1/VE/BID-V3558 Venezuela 2005 GU131837 DENV-1
8. 04/1/del2006 India 2006 EF126999 DENV-1
9. 05/1/del2006 India 2006 EF127000 DENV-1
10. Delhi-24 India 2010 JF815193 DENV-1
11. 14/Del/2011 India 2011 KJ420619 DENV-1
12. 58/Del/2011 India 2011 KJ420622 DENV-1
13. 3/D1/Del/2012 India 2012 KJ438859 DENV-1
14. 4/D1/Del/2012 India 2012 KJ438860 DENV-1
15. RR57 India 2009 JQ917404 DENV-1
16. RGCB585 India 2009 JN903580 DENV-1
17. RGCB592 India 2009 JN903581 DENV-1
18. Delhi-27 India 2010 JF815195 DENV-1
19. 1/D1/Del/2013 India 2013 KT180231 DENV-1
20. 3/D1/Del/2013 India 2013 KT180233 DENV-1
21. 1/D1/Del/2014 India 2014 KT180255 DENV-1
22. NGC 44 New Guinea 1944 AF038403 DENV-2
23. 980 India 1996 AF047396 DENV-2
24, 841 India 1996 AF047394 DENV-2
25. FJ11/99 China 1999 AF359579 DENV-2
26. DENV-2/LK/BID-V2416/1996 Sri lanka 1996 FJ882602 DENV-2
27. FJ-10 China 1999 AF276619 DENV-2
28. GWL228 INDI-01 India 2001 DQ448237 DENV-2
29. 06DELO3 India 2003 AY706094 DENV-2
30. D2/SG/05K3295DK1/2005 Singapore 2005 EU081177 DENV-2
31. D2/SG/05K3330DK1/2005 Singapore 2005 EU081178 DENV-2
32. RR44 India 2009 JQ955623 DENV-2
33. 1392 India 2009 JX475906 DENV-2
34. D2/Pakistan/78/2009 Pakistan 2009 KF041237 DENV-2
35. VCRC/DEN2/12/10 India 2010 JN935393 DENV-2
36. VCRC/DEN2/11/10 India 2010 JN935392 DENV-2
37. Den 13/Odisha India 2011 KC800607 DENV-2
38. Den 14/Odisha India 2011 KC800608 DENV-2
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S. no. Virus isolate Country Year Accession Serotype
numbers
39. D2/Pakistan/2011-3/2011 Pakistan 2011 KF041233 DENV-2
40. 5/D2/Del/2012 India 2012 KJ438868 DENV-2
41. 6/D2/Del/2012 India 2012 KJ438869 DENV-2
42. 1/D2/Del/2013 India 2013 KT180234 DENV-2
43. 2/D2/Del/2013 India 2013 KT180235 DENV-2
44. 3/D2/Del/2013 India 2013 KT180236 DENV-2
45. 1/D2/Del/2014 India 2014 KT180256 DENV-2
46. 2/D2/Del/2014 India 2014 KT180257 DENV-2
47, 3/D2/Del/2014 India 2014 KT180258 DENV-2
48. 4/D2/Del/2014 India 2014 KT180259 DENV-2
49. 5/D2/Del/2014 India 2014 KT180260 DENV-2
50. 6/D2/Del/2014 India 2014 KT180261 DENV-2
51. 7/D2/Del/2014 India 2014 KT180262 DENV-2
52. D3/SG/05K3927DK1/2005 Singapore 2005 EU081212 DENV-3
53. D3/SG/05K3305DK1/2005 Singapore 2005 EU081199 DENV-3
54, 25/3/del2006 India 2006 EU181211 DENV-3
55. D3/2CprM/Del07 India 2007 EU846235 DENV-3
56. ND143 India 2007 FJ644564 DENV-3
57. D3/3CprM/Del07 India 2007 EU846236 DENV-3
58. GzZ2D3 China 2009 JN662391 DENV-3
59. ZJYW?2009 China 2009 JF504679 DENV-3
60. 4/D3/Del/2012 India 2012 KJ451724 DENV-3
61. 8/D3/Del/2012 India 2012 KJ451728 DENV-3
62. 11/D3/Del/2012 India 2012 KJ451731 DENV-3
63. 13/D3/Del/2012 India 2012 KJ451733 DENV-3
64. 13GDZDVS30E China 2013 KF954949 DENV-3
65. 1/D3/Del/2013 India 2013 KT180250 DENV-3
66. 4/D3/Del/2013 India 2013 KT180253 DENV-3
67. 5/D3/Del/2013 India 2013 KT180254 DENV-3
68. 1/D3/Del/2014 India 2014 KT180263 DENV-3
69. 2/D3/Del/2014 India 2014 KT180264 DENV-3
70. 3/D3/Del/2014 India 2014 KT180265 DENV-3
71. 4/D3/Del/2014 India 2014 KT180266 DENV-3

3. RESULTS AND DISCUSSION KT180231 and KT180233) in close proximity to
Comoros isolate (DQ285562). Analysis of DENV-

2 revealed clustering of 4 sequences (KT180256,

Out of 112 samples, 12 were positive for NS1
antigen. The mean age of the samples (6 male
and 6 female) was 22.05 years (SD #13.51
years). The platelet count equal or less than
150,000 cells per mm® was observed in positive
samples. All the 12 samples were amplified for
the CprM gene region by RT-PCR. Amplified
PCR products were sequenced and serotype
was confirmed through BLAST analysis. Of the
12 samples 7 were DENV-2 (58.33%), four were
DENV-3 (33.33%) and 1 was DENV-1 (8.33%).
In the phylogenetic tree (Fig. 1), sequences
grouped into three separate clades, DENV-1
(genotype IIl), DENV-2 (genotype 1V) and DENV-
3 (genotype Ill). Single DENV-1 sequence of
2014 (KT180255) was clustered with recent
DENV-1 isolates of Delhi (JF815193, JF815195,
KJ420619, KJ420622, KJ438859, KJ438860,

KT180257, KT180261 and KT180262) with pre-
existing strains of 2012 and 2013 (KJ438868,
KJ4388869, KT180234 KT180235 and
KT180236). However, three  sequences
(KT180258, KT180259 and KT180260) formed a
separate clade and clustered with Indian isolates
from Hyderabad (Andhra Pradesh) and Kerala
(JX475906 and JN935393). The sequences
(KT180258, KT180259 and KT180260) were
closely related to Sri Lankan isolate (FJ882602)
with average sequence identity of 97.07%. The
multiple sequence alignment of DENV-2 isolates
(from nucleotide 172 to 615) with the prototype
strain NGC 44 (AF038403) revealed mostly
synonymous substitutions with no base insertion
or deletion. Deduced amino acid alignment
revealed two amino acid substitutions i.e. Alanine
(Ala) to Valine (Val) at position 134 (Fig. 2) and



Isoleucine (lle) to Valine (Val) at
(Fig. 2) in three

KT180259 and KT180260). The

position 195
(KT180258,
substitutions

10
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(lle49Val) proteins respectively.

the premembrane

Fig. 1. Phylogenetic tree of DENV based on 360 bp (nucleotide 202 to 561) CprM gene region

generated by the Neighbor-Joining (NJ) method (1000 Bootstrap replications). Each sequence

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. Isolate sequenced in the

study are shown in bold



Sharma et al.; BMRJ, 11(3): 1-8, 2016; Article no.BMRJ.21728

6? I i'[0 | E;J | 910 | ‘?O | "Io | 1?} | 1::0 |
D2INGC/A4IAF038403 VQALTKRFSLGMLQGRGPLKLFMALVAFLRFLTIPPTAGILKRWGTIKKSKAINVLRGFRKE IGRMLNILNRRRRTAGMI
DUINDABDRUDUATING:  ams aven wich R0 Gl SV W % GaTE SURIN SRS WIOVE GRTR GIE WM WM BUSTV RS GRRNR G N O WA W RENR WORTE el S N s vl ..
DRININKERMORINSBEIIZ. & & oo o s v b wati e W alh w e e K e e e s s e skl e ae e e e e e b aid
DUINDKERMBIINEINIE: & oz oo o sies 5on s 3R 8 i 5iied Sl Simis Eaus Bkl Bl & B e diies BE EnEus Bub S S B8 S Sese Bk EibE B 8 A
DUINDDELDFAYTOBNM o & o o v 0 woo s o0 e 5as 600 8 bt @ as 300 6008 800 4008 608 8 B8 K88 $10 8 B E SR S8 8 R 8 e St B e e e e e b o
DNNDMELPUKTIOONE. & .o ooon wins somn ww s @ e Bas wons Sision sl 6kK B B w08 K ETR R WK G SR B W B R R e e e e o uiva
DYINDVDELIVUKTIBOR:.  .oiu i winca ouise wvali S0 Gend Wraimie Mo v WAk Aol R AV RORSCH WORIE WPETH R OO WSO N SR RAT SRR B i
DINDDELIMMKTIBOB0. o oo v o v s w o wio waiv aina sl wwoasio /s oo daw oo s won sloaasiovavensssonesasssuveessensins o
DONIVDELMIKTIBOIME. . . . . .. .is vocim ne s b s wun s wen pomy e mi s Ein s d e e wiwie Swie un ALe % e als e mome wom A b 8w V.
DUINDDELIUKTIBORS. . 0io wiwe mimie sueie womin evecm s sisne sviesls wiwse sps sepis a0 s siie Sues siels wiei sUaT e BN Siee aess See wHER egee ale e 8 V.
DUIMDMELIYRTIB0NR: o oo wvein simew e wali sl GG wrdiie ey woelie Rialle SUR0Y WU % W0 MUMI YR BUALIE BeE EH0 S EON WD SR RV Bl At B W V.
DOANINDELIVAKTIOOREE. . s avo woicd o 9000 000 W GO ERY SR SR WA R DA RODVD DRSS TR O B W R R R S R s V.
DUINDDELIMMKTIBORST o & i wio wioii a7 oia aiwi o oia wais oo alws s as e s ol v bls Weis e o wie o e el e b wels wiela S see die a8 ale V.
DZINDIDELMAIKTIBOZET . . o o o ot e e e e e e e e e V.
IONNDMRLIVIREIIOIRE . oo ooeie oo e mawis Aun s Bt WOWi WM Fih WLSHN SO KIS % BN ST ROORE ATEOR mE ik W GO WRGR RGN N SN 6B % 6 # V.
DUINDDELARARITING o woo woavi wooii wwd o aie & w6 i ot seie Boa 000 @l § W KT eeTE R aan B0E A B e B e e E e 6 e V.
DMNDDELIORIARMEIINE. . oo a9 3 B 6 N TR VRSE T BT R R PR O R e B R O R VRS e B i e V.
D2NINGWLRVOQMBZIT . .o o oo ivn smd va v sa s at s ae 8 o e e b e A T e B F e ey e s A A e B e e e V.
D2INDIDELIDIMAIBIEZT . . o o o et e e e e e e e e e e
DRANDVEELIZNCMIINE . . oo von wiim v wmomw i on ams e woimih Woiin S aTie WO MH WIENe Wi SOEIe TS W SR BN GET WIS BVACH ATRGE MM N A0 % V.
DOANINDELIZACIIBBRY. & oo oo v somin avasi ok o Wl W MR VR ARUK G B AT R R R W R T W e R e AR R e R V.
DINDIODIFACRO0B0B:. 05 wwny v @0 000 400 W a0 300 ed W0 Bhals o R W O RN SR B R e WG s s v § Mg smrg om ey ¥ V.
NAANINODMIAMEBO0BET & . o v w0 wiv s bomn o omn sin 8 6ia 8 08 560 Swm na8 36 8 B8 8 aa a8 KA e 0 e livesinnannan loasavannns V.
DIPARIEUIFBIEIIS. . .o ocn mine s somn wom wn s woesn mimsy 4o mipin W 8 S0 50800 SUELE SLNIR WSS R W0 ESNE Se0E WOECE O ETRE NN 0 e V.
DUPAKINGEBHAZOT & s v wiion b om0 % o600 006 Woiid SHBD WAl aSR G e BE SO SUNTE WA N MU HED B KW WOHE SR SHENS BUEO eN K el X V.
DUSRUSORBIND: oo oo o R SRR GOR WD Gae ST R WEOE GOA G RN s Mo aen o B R P R P P
DUSGONBIMBMIT . oo o aisly b 000 o0 it e ST ST RS A S U0 R BN R R W T G Ve WU S S 1
DUCHINVIRARTIEON . v s ainis a0 dhe s siwm mg s A(orls SUmGh BO6LR &0re mi b oedh R SURUS BTmid md e how B e Ayess WeGH ShRK ik b ke
DCHINAIMIARIOONIY oo vowon mone womm wwin o o win wians sws WOMGF Wowjie EOsd G WA SCEDY RONUE SONE 8 1 P -
DYSGONEDIBIIIE o i vwi v wire wwi i e e wae w el B R B W e R E T O R B e e e E R e e e e e e |

ST PO PN, PR RTey | Y POGL Y PR T vaal
D2INGCI44/AF038403 IMLIPTVMAFHLTTRNGEPHMIVSRQEKGKSLLFKTEDGVNMCTLMAMDLGELCEDT|IITYKCPFLRQN
D2/INDIANDI9IJX4TS906 . . . . .. Biis G000 000 0 a0 8 A S Ge Ree 6 e T Kaes N A W e wileiLla oa
DZ/INDIKERMOIIN935392 .. .. .. R v s we comn 0w @ w e s R e e W e e AN R e e e N T S
D2/IND/KERMO/JN935393  §. .. .. s wore vimn win w ais wiece wimi e e eIns 4e e bTe sETs WINE wIgle prals sle e a0 sioe Wi Ba o
D2/INDIDELIOJ/AYT06094 . . . . .. B cicts SRR R SRR R SO WA WRAYR WG R RN I SO MR AR S G i Wil Bralias
DZ/INDIDEL/4/KT180258 ... ... o (s R AR B TG G R S TR T G S N RS Rl RIS S
D2/IND/DELI4/KT18025 ... ... oo o v e a g aas sa e s v e s s e BB b N e re s e Y I e
D2/INDIDEL/4/KT180260 . . .. .. Wivie wwin walin wiio o wiin wUNGH WA W N N N WORIY BT ASNVE wAWGY SSRUE WY (0 vin Waaibw
DZINDIDELM3IKTI8024 ... ... Rivs wme wae e v e S SRS BT BT S B W S S SN I E e e s TR Nowlas
DZIND/DELMI/KT80235 ... ... Roiid and w600 W W B B T e e R R T T e N L
D2/INDIDELM3/KT180236 .. .. .. RALG i B G Al S e el salE e I S R R W A | ) S
DZINDIDELM4/KT180256 . . . ... N AV AR AR NN N N S N R | T
D2/IND/DELMAIKT180257 ... ... Riv o voin vwm s m wn wian v ey wiee e ne e wee et aee SR b e e e Nowloo
D2/INDIDELM4/KT180261 .. . . .. Rivios wond om0 w0 BN T R TR SN W BT R T U B W W B Lo
DZ/IND/DELM4/KTI80262 . .. . .. Reina wasa avans w6 w0 GaNE BSE RR SURG SRR IR W R D R BRI R e | S R
D2/IND/DELI96/AFO4T3%6 . . . . . . NG T G e e R T B SEIE R DY G DR I S e
DZINDIDELIS6/AFO4TIE .. . . .. W8 i Bhon B Fdpd M Bt Bl b o oo Wit Bon® Woodn mioin Moo beh ¥
DZINDIGWLIO1/DQ44823T . . . . . . Bvin wron wvenn Bie i dgh euani Sees sl wesTe mONS GV W HUD URDe SWE aain eiend e WG e e | oI o
D2/IND/DELID9/JQI955623 . . . . . . Beose 300w s O W SR WRR AT RGO W N0 SORUE AVSAR SIVER AR EA o S N Lvaicw
DZIND/IDELM2/KJ438868 . . . . .. (R A R e S e e e Wi bas
D2/INDIDELM2/KJ438869 ... ... K ST A S N R SR U S SR O T DS SN TN VA B E AN e Nl
D2/IND/ODIM1/KCB00608 . . . . . . e N..L...
DZ/INDIODI1/KCBOOGOT . . . . . . Bovcn wavin worn o) U0 WORER RIVEN WONER WEOE SN ETE GG RO NGECE KEROR GRTAE W W W S SN
DZPAKM1KFOMI23Z ... .. B i o a s s s o Ko ey wavie aviote ot i Wha aIaE B aRG B0 W el | PR (N
D2IPAKIOSKFOMI23T ... ... N @5 vas o B 9358 K it v S0 B0 TS DR O N AT e Wi L
DZSRI96/FIBE2602 ... ... Bo s Vs iy B ¥R S i v e B e P S S v boe e b e | ) NS
D2/SGISEU0811TT o o Mieiae wonn g e siew we wow e e euson waene suew e Wl woan mne sioom somne won m wne 0 Nool.K,.
D2ICHINA/SO/AF276619 ... ... Biicn v son v wie wane aede S S ST 0 NP EURTY RN WSS ADAle AR Wiy ST | [T L
D2CHINA/9YIAFIS95T9 ... ... R o was S AT R R AW AR IR AT R S SRR R A A W . T TR
D2/SG/0S/EU081178 o oMlaa e S e e e e e e e e el M i avie wialia acwa otiom e W N Lk,

Fig. 2. Deduced amino acid alignment of CprM gene region of all DENV-2 isolates.
The numbering of amino acid position corresponds to the ORF of prototype strain NGC 44
(AF038403). Gap () indicates amino acid sequence not available

The substitution, Alal02Val in capsid protein was
observed in a Delhi isolate (AY706094), reported
in 2003 and Kerala isolates (JN935392 and
JN935393) reported later in 2010. However, both
substitutions; Alal02Val and lle49Val were seen
in only Hyderabad isolate, “1392" (JX475906)
reported in 2009. The average sequence identity

of three sequences (KT180258, KT180259 and
KT180260) to the Delhi and Kerala isolates;
AY706094, JN935392 and JN935393 were
recorded 97.71%, 98.65% and 99.18%
respectively. The closest identity (99.62%) was
observed with Hyderabad isolate “1392”
(IX475906).



The analysis of DENV-3 revealed circulation of
the same strain of DENV-3 since 2012. All 4
DENV-3 sequences (KT180263, KT180264,
KT180265 and KT180266) were clustered with
recent Delhi isolates (KJ451728, KJ451733,
KT180250, KT180253 and KT180254). The
isolates from China (JF504679 and JN662391)
were found closely related to circulating DENV-3
(KT180263, KT180264, KT180265 and
KT180266) with average sequence identity of
99.38% and 99.18% respectively.

All the 4 serotypes of DENV circulate in Delhi.
During outbreaks, many cases of mixed infection,
with more than one serotype have also been
documented [7-9]. But so far, only three
serotypes have been reported as a main
etiological agent in different outbreaks; DENV-1,
DENV-2 and DENV-3. The last three outbreaks
in 2013, 2010 and 2006 were predominated by
DENV-2, DENV-1 and DENV-3 respectively
[7-12]. Since the three serotypes (DENV-1,
DENV-2 and DENV-3) had also been associated
with DF outbreaks throughout the country, it is of
prime importance to understand molecular
epidemiology of these serotype(s). This study
was focused on identifying the circulating
serotype(s)/genotype(s) during the  post-
monsoon period in 2014. A low positivity rate,
10.71% (12/112) was observed in virus detection
as compared to the previous years [5,9].
However several factors, one of them could be
the presence of DENV NS1 antibodies
(secondary infection) in the samples as well as to
the fact that the RT-PCR was performed only in
the samples NS1 antigen positive. Sequencing
and BLAST analysis confirmed the majority of
DENV-2 (58.33%) cases as compared to DENV-
3 (33.33%) and DENV-1 (8.33%). The single
DENV-1 sequence clustered within the same
clade with previous DENV-1 isolates, being
circulated from 2010 to 2013 (Fig. 1). High
sequence identity to these isolates (99.51-
99.71%) with no amino acid change confirmed
the circulation of the same strain of DENV-1
since 2010. Similar analysis revealed clustering
of all the four DENV-3 sequences with previous
Delhi isolates (from 2012 and 2013) with no
changes in amino acid sequence and hence;
circulation of the same strain of DENV-3 for the
past three years was observed. Analysis of
DENV-2 revealed the circulation of different
strains of DENV-2. Four sequences (KT180256,
KT180257, KT180261 and KT180262) clustered
with pre-existing strain from 2012 and 2013
(Fig. 1) and showed similar genetic make-up at
the amino acid level (Fig. 2). The newly
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introduced strain  of DENV-2 (KT180258,
KT180259 and KT180260) was characterized by
the presence of Alal02vVal and lle49Val
substitutions in capsid and premembrane protein.
The strain was identical (100%) at the amino acid
level to “1392” isolate (JX475906) from
Hyderabad (Andhra Pradesh).

4. CONCLUSION

Among all four serotypes DENV-2 is genetically
most diverse [13]. Studies have shown existence
of 6 different genotypes of DENV-2. Genotype IV
of DENV-2 is most widely distributed genotype
and has been isolated in different countries of
Asia, Africa, American continents and Australia.
Due to its global occurrence, it is also known as
cosmopolitan genotype [2,14]. The pre-
dominance of DENV-2 (genotype IV) during an
outbreak has been documented from different
areas in the country including Delhi [9,15-17].
This genotype has already been associated with
DHF outbreaks in 1996 in Delhi [15]. After being
in circulation silently for past few years, its re-
emergence in 2012, followed by the pre-
dominance in 2013 was recorded [5,9].

This study reports continued circulation of DENV-
2 (genotype 1V) in 2014. The sequence based
studies are helpful to monitor the genomic
changes occurring in virus as well as its spread.
The persistence of DENV-2 (genotype V) in the
capital is a major concern for public health. Its
continuous circulation may give rise to another
DF/DHF outbreak. The results also indicated
circulation of a new strain of DENV-2, similar to
Hyderabad isolate “1392” (JX475906), along with
the pre-existing strain. It is proposed that, this
strain has been introduced recently and
circulating at low key in the capital. The
assessment of its impact on the population still
needs to be determined. Further study of
different gene regions of this strain may be
required to detect important mutations and their
role in pathogenesis, virulence and outbreak
potential, but till then close monitoring of
circulating strains along with clinical co-relation
will be essential.
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