
 

 

Introduction 
 
Noroviruses (NoVs) are the major cause of non-
bacterial epidemic gastroenteritis, a disease 
that usually occurs in family or community-wide 
outbreaks [1-4]. NoV belongs to the Caliciviridae 
family. The genome is organized into three ma-
jor open reading frames (ORF1, ORF2, and 
ORF3) [5]. Currently five major phylogenetic 
clades, or genogroups, designated GI through 
GV of NoVs are documented that are subdivided 
into approximately 32 genetic clusters [6]. Vari-
ous molecular epidemiologic studies have 
shown marked genetic diversity among circulat-
ing noroviruses documenting distinct genetic 
clustering of strains viz. GI(8 clusters); GII(19 
clusters); GIII(2 clusters); GIV(2 cluster) and GV
(1 cluster) to date [4]. Reports have shown in-
tergenogroup, intergenotype, and intersubgeno-
type recombination events among different NoV 
strains [7, 8]. Breakpoint analysis of recombi-

nant NoV showed that the recombination site 
was at the open reading frame ORF1/ORF2 
overlap [9, 10]. Evidence of recombination in 
the NoV capsid gene [11, 12], RNA-dependent 
RNA polymerase (RdRp) gene [13] and ORF2/
ORF3 overlap [14] is also reported. Mixed NoV 
infection in a single individual and the possibil-
ity of genomic recombination causing anomalies 
in phylogenetic analyses are also reported [15]. 
Coexistence of multiple genotypes, including 
newly identified genotypes, and multiple recom-
binant NoVs, which were both dependently and 
independently introduced from four different 
continents (Asia, America, Europe and Oceania), 
and emerged to cause acute gastroenteritis 
among Japanese children has also been re-
ported [16, 17]. The objective of this study was 
to monitor the emergence and/or genetic diver-
sity of NoVs, circulating among diarrheic pa-
tients in Kolkata, India. In the course of this 
study, recombinant NoV strains were detected 
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cases in Kolkata, India. The present study documents characterization of two recombinant NoV strains (Hu/NoV/
IDH1501/2009/IND and Hu/NoV/IDH1873/2009/IND) along with other interesting GII NoV strains. Similarity plot 
and phylogenetic analysis confirmed the strain Hu/NoV/IDH1501/2009/IND as a NoV recombinant strain with genes 
for RNA dependent RNA polymerase (RdRp) GII.1-like and capsid GII.13-like; the strain Hu/NoV/IDH1873/2009/IND 
was a NoV recombinant strain with its RdRp gene GII.5-like and capsid gene being GII.13-like. Clinical symptoms 
chiefly associated with the cases that had NoV infection was varying duration of diarrohea and vomiting with some 
dehydration. 
 
Keywords: Norovirus, Diarrhoea, Reverse transcription-polymerase chain reaction, novel GII NoV intergenotype recom-
binants 



Norovirus recombinants with NVGII.1/NVGII.5 RdRp gene and NVGII.13 capsid gene  

 
 
131                                                                                             Int J Mol Epidemiol Genet 2011:2(2):130-137 

with recombination event among genogroup II 
NoVs, showing hitherto unreported intergeno-
type combinations, from Kolkata.  
 
Materials and methods 
 
RNA extraction 
 
Extraction of viral RNA was carried out using 
QIAamp viral RNA mini kit (Qiagen, Hilden, Ger-
many) according to manufacturer’s instructions. 
60µl of molecular biology grade viral RNA was 
eluted for use in RT-PCR experiments. The viral 
RNA was stored at -20°C (for immediate use) or 
at -80°C for long term storage.  
 
Reverse transcription 
 
Briefly, 6µl of RNA was taken in a 0.2ml micro-
fuge tube and 1µl of random primer (150ng/µl; 
Invitrogen, Carlsbad, CA), 1µl of 10mM dNTPs 
(New England BioLabs, Ipswich, MA) and 6µl 
RNase-free water were added to it. The micro-
fuge tube containing the RNA, dNTPs and ran-
dom primer was incubated in the thermal cycler 
at 65oC for 5 minutes and then kept on ice to 
snap chill for 10 minutes, followed by the addi-
tion of 6µl RT mix to adjust the final volume to 
20µl. RT mix comprised of 5x Reverse transcrip-
tase buffer (Invitrogen, Carlsbad, CA) 4µl, 0.1 M 
DTT (dithiothreitol) 1µl, RNase-Inhibitor (40 
units/µl Ambion, Austin, Texas) 1µl, Superscript 
II reverse transcriptase (200 units/µl Invitrogen, 
Carlsbad, CA) 0.5µl. The RT reaction was carried 
out for 60 minutes at 42°C to produce cDNA; 
an aliquot was used directly in the PCR amplifi-
cation; excess was stored at -20°C for further 
use. 
 
ORF1 and ORF2 overlap amplification 
 
5µl of cDNA was added to the PCR mix contain-
ing 2.5µl of 10x PCR buffer (Invitrogen, Carls-
bad, CA), 0.75µl of 50mM MgCl2 (Invitrogen, 
Carlsbad, CA), 0.5µl of 10mM dNTPs (New Eng-
land BioLabs, Ipswich, MA), 1µl of 100nM of 
forward primer NV2F [8] and reverse primer 
G2SKR [19], 0.25 µl of Taq DNA polymerase 
(5U/ µl, Invitrogen, Carlsbad,CA) and 14µl 
RNase-free water to obtain a final volume of  
25µl. PCR was performed under the following 
conditions: 94°C for 3 min followed by 35 cy-
cles of 94°C for 30s, 55°C for 45s, and 72°C 
for 1 min and 10s, with a final extension step at 
72°C for 10 min. The 1050bp amplicons ob-

tained from GII NoV strains were visualized by 
2% agarose gel electrophoresis followed by 
ethidium bromide staining. 
 
PCR product purification 
 
The PCR products of six NoV GII positives show-
ing expected amplicon size (GII-1050bp) were 
purified using QIAquick PCR Purification kit 
(QIAgen, Hilden, Germany) and used for se-
quencing. 
 
Nucleotide sequencing 
 
The purified PCR products were subjected to 
cycle sequencing using the ABI PRISM BigDye 
Terminator Cycle Sequencing Ready Reaction 
Kit, version 3.1 (Applied Biosystems, Foster City, 
CA). Sequencing was done for ORF1/ORF2 over-
lap region in order to identify the exact 
genogroup as well as to identify recombinant 
viruses. For ORF1/ORF2 overlap region, se-
quencing was carried out by using both forward 
and reverse primers separately. The sequences 
were collected from an automated DNA se-
quencer (ABI 3100, Applied Biosystems, Foster 
City, CA).  
 
Phylogenetic analysis  
 
Sequence identity was determined through 
BLAST (www.ncbi.nlm.nih.gov/blast) and multi-
ple sequence alignment was carried out with 
CLUSTAL W program [20]. The phylogenetic 
analysis of aligned sequences was carried out 
using MEGA 4.0 [21]. The phylogenetic tree was 
generated with neighbor-joining algorithm [22]. 
The reliability of the phylogenetic tree was 
tested by applying a bootstrap test with 1000 
bootstrap replications. 
 
Detection of recombination 
 
Detection of recombination was achieved by 
using similarity plots in SimPlot version 3.5 
(Lole et al., 1999). SimPlot calculates and plots 
the percent identity of a query sequence to a 
panel of reference sequences in a sliding win-
dow of 200 nucleotides in 20-nucleotide steps 
across the alignment.  
 
Nucleotide sequence accession number 
 
The partial nucleotide sequences covering 
ORF1/ORF2 overlap region of the NoV strains 
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from Kolkata (present study) was submitted to 
DNA Data Bank of Japan (DDBJ), under the fol-
lowing accession numbers - IDH883 
(AB591831), IDH1390 (AB592958), IDH1501 
(AB592960), IDH1521 (AB592962), IDH1801 
(AB592964), and IDH1873 (AB592965). 
 
Results 
 
Among the 46 NoV positives amplified by using 
NV2F and G2SKR primers, twelve positives am-
plified in the desired region; six were NVGII.4 
strains, two were recombinants of NVGII.3/
NVGII.13, two were VannesL23-like and two 
were interesting NoVs. 
 
Sequence analysis of Kolkata recombinant 
strains with other NoV strains 
 
Sequence alignment of 808bp of partial RdRp 
and partial capsid genes region covering ORF1/
ORF2 overlap of the strain IDH1501/2009/IND 
showed 92% nucleotide identity with Pune/
PC24/2006/IND, which is reported as an 
NVGII.1/NVGII.12 NoV recombinant strain from 
Pune and it has NVGII.1 specificity in the RdRp 
gene. The RdRp portion (620bp) of the strain 
IDH1501/2009/IND had 96% nucleotide ho-
mology for the RdRp region of Pune/
PC24/2006/IND strain. The capsid portion 
(282bp) of the strain IDH1501/2009/IND 
showed 96% nucleotide homology to PontdeR-
oide671/2004/FR strain, which has NVGII.13 
specificity in the capsid gene. However RdRp 
portion or capsid portion of IDH1501/2009/IND 
showed only 80% and 86% nucleotide identity 
to Pune/PC24/2006/IND and PontdeR-
oide671/2004/FR strains respectively. This 
suggests that IDH1501 is a NVGII.1/NVGII.13 
recombinant. To study the recombination event, 
NoV strains Hawaii calicivirus (NVGII.1) and Pont 
de Roide 671 (capsid gene of NVGII.13 specific-
ity) was taken for further analysis.   
 
Sequence alignment of 913bp fragment of par-
tial RdRp and partial capsid gene covering 
ORF1/ORF2 overlap of the strain 
IDH1873/2009/IND shared 89% nucleotide 
identity with VannesL23 strain. The portion of 
RdRp (651bp) of IDH1873/2009/IND strain 
shared 93% identity with VannesL23/1999/FR 
strain, which is a reported recombinant of 
NVGII.5/NVGII.1 strains and it has NVGII.5 
specificity for its RdRp. The portion of capsid 
region (282bp) of IDH1873/2009/IND shared 
97% identity with V1668 strain, which is a re-

combinant of NVGII.3/NVGII.13 strains having 
NVGII.13 specificity for its capsid gene. How-
ever, RdRp portion or capsid portion of 
IDH1873/2009/IND showed only 77% and 81% 
nucleotide identity to V1668/2009/IND and 
VannesL23/1999/FR strains respectively. This 
suggests that the strain IDH1873 is a recombi-
nant of NVGII.5/NVGII.13 strains. To study the 
recombinat ion  event  we se lected 
Whiteriver/290 (NVGII.5) and Pont de Roide 
671 (capsid specificity NVGII.13) as reference 
strains for further analysis. 
 
Sequence alignment for fragment of ORF1 and 
ORF2 including the ORF1/ORF2 junction region 
(900bp) of NoV strains IDH1521/2009/IND and 
IDH1801/2009/IND showed their close homol-
ogy (94%) to the French recombinant (NVGII.5/
NVGII.1) strain VannesL23/1999/FR. The NoV 
s t r a i n s  I D H 8 8 3 / 2 0 0 8 / I N D  a n d 
IDH1390/2009/IND showed close homology 
(98%) to Kolkata strain V1668/2006/IND 
within the partial RdRp region and partial capsid 
region covering ORF1 and ORF2 overlap. The 
Kolkata strain V1668/2006/IND also showed 
close homology (98%) to the Pune recombinant 
(NVGII.3/NVGII.13) strain Pune/PC25/2006/
IND. 
 
Phylogenetic trees of RNA polymerase region, 
and capsid region 
 
The phylogenetic tree of the nucleotide se-
quences was constructed using Minireovirus 
TV24 (U02030), VannesL23 (AY682551), Neus-
trelitz260 (AY772730), Hawaii calicivirus 
(U07611), IDH1873, IDH1501, IDH883, 
IDH1390, PontdeRoide671 (AY682548), V1668 
(AB447409), PC24 (EU921353), PC25 
(EU921354), White River/290 (AF414423), 
MOH (AF397156), and Dresden/pJG-Sap01 
(AY694184) strains. On the basis of the RdRp 
region, IDH1501/2009/IND clustered with 
NVGII.1 NoV strains whereas on the basis of the 
capsid region, IDH1501/2009/IND was closely 
related to NVGII.13 (PontdeRoide671) (Figure 
1). On the basis of the RdRp region, 
IDH1873/2009/IND clustered with NVGII.5 
strain, whereas on the basis of the capsid re-
gion, IDH1873/2009/IND clustered with 
NVGII.13 strains (NoV strains PontdeRoide671 
and V1668) (Figure 1). 
 
Recombination analysis 
 
To analyze recombination, the nucleotide iden-
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tity window search of IDH1501/2009/IND was 
performed with Hawaii calicivirus/1994/US, 
and PontdeRoide671 strains. The nucleotide 
identities among the strains were plotted along 
the 804bp nucleotide sequence using a window 
size of 200 nucleotides that was moved along in 
20-nucleotide steps. IDH1501/2009/IND 
showed a close association with Hawaii 
calicivirus/1994/US and was distantly related 
to PontdeRoide671/2004/FR strain in the nu-
cleotide sequence from positions 1 to 574. 
However, this strain showed a closer associa-
tion to the PontdeRoide671 strain than to the 
Hawaii calicivirus/1994/US strain in the nucleo-
tide sequence from position 574 to the 3’end 
(Figure 2). The nucleotide identity window 
search of the strain IDH1873/2009/IND 
showed a close associat ion with 
Whiteriver/290/1994/US and was distantly 
related to the PontdeRoide671 strain in the 
nucleotide (nt) sequence from nt position 1 to 

544. However, this strain showed a closer asso-
ciation with PontdeRoide671 strain than 
Whiteriver/290/1994/US strain in the nucleo-
tide sequence from position 544 to the 3’end 
(Figure 3). 
 
Discussion 
 
Recombinant NoVs and multiple recombinant 
NoVs have been reported from different geo-
graphical locales [11, 17, 24-30]. In the studies 
from Russia and Kolkata breakpoint analysis of 
recombinant NoV showed that the recombina-
tion site was at the open reading frame ORF1/
ORF2 overlap [8-9]. The noroviruses circulating 
in different parts of India were notably different 
and included the first intergenogroup recombi-
nant from Kolkata and occasionally other GII 
NoV intergenotype recombinants. To date, 3 
intergenotype (NVGII.b/NVGII.18, NVGII.1/
NVGII.12 and NVGII.3/NVGII.13) from Pune 

Figure 1. Phylogenetic analysis of the nucleotide sequences of RdRp region and capsid region of GII NoV strains 
(IDH1873, IDH1501, IDH1390, and IDH883) in relation to other known GII NoV strains. The tree on the left shows the 
relationship of a 600bp region of the 3' end of the RdRp region and tree on the right shows the relationship of 282bp 
of the 5' end of the capsid sequence. The corresponding sequence of RdRp and capsid gene of sapovirus strain Dres-
den/pJG-Sap01 was selected as the outgroup strain, to root with an outgroup. Suspected recombinants are under-
lined to emphasize their different phylogenetic groupings. 
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Figure 2. Nucleotide identity plot between the query sequence (IDH1501) and two reference NoV strains (Hawaii 
Calicivirus, and PontdeRoide671) using SimPlot program. A window size of 200 nucleotides with an increment of 20 
was used. The vertical axis indicates the nucleotide similarity between the query sequence and the other reference 
strains expressed as a percentage. The horizontal axis indicates nucleotide positions. 

Figure 3. Nucleotide identity plot between the query sequence (IDH1873) and two reference NoV strains 
(Whiteriver/290 and PontdeRoide671) using SimPlot program. A window size of 200 nucleotides with an increment 
of 20 was used. The vertical axis indicates the nucleotide similarity between the query sequence and the other refer-
ence strains expressed as a percentage. The horizontal axis indicates nucleotide positions. 
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Table 1: The clinical details of the recombinant NoV-positive patients in Kolkata, India 
Sample No. Date of 

interview 
Norovirus 
specificity 

Age 
(yy.mm) 

Sex Diarrhea 
duration 
(in hour) 

Type 
of 

diarrhea 

Number of stools  
during last 24 hr or 

since onset 

Number of 
vomiting during 

last 24 hr or since 
onset 

Vomiting 
duration 
(in hours) 

Fever 

RdRp Capsid 

IDH 883 09/16/2008 GII.3 GII.13 21.00 M 24 Watery 12 0 0 No 

IDH 1390 02/02/2009 GII.3 GII.13 00.09 F 24 Watery 8 24 2 No 

IDH 1501 03/12/2009 GII.1 GII.13 10.00 M 15 Watery 10 0 0 No 

IDH 1521 03/18/2009 GII.5 GII.16 3.00 F 6 Watery 6 6 4 No 

IDH 1801 05/18/2009 GII.5 GII.16 0.06 F 72 Loose 9 24 3 Yes 

IDH 1873 06/03/2008 GII.5 GII.13 1.00 F 12 Watery 10 12 1 No 
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[31], 3 intergenotype recombinations (NVGII.b/
NVGII.7, NVGII.4/NVGII.8 and NVGII.5/NVGII.12) 
from Kolkata [32], an intergenogroup recombi-
nation (NVGI.3 RdRp and NVGII.4 capsid gene) 
from Kolkata [8] and an intragenotype recombi-
nation event between ORFs 2 (new NVGII.4 vari-
ant) and 3 (Den Haag subcluster) from Pune 
[14] have been described from India.  
 
The present study documents characterization 
of two novel NoV intergenotype recombinant 
strains IDH1501 (NVGII.1/NVGII.13), and 
IDH1873 (NVGII.5/NVGII.13). This study also 
reports the identification of NVGI.3/NVGII.13 
and VannesL23-like recombinant strains identi-
fied in Kolkata, India. In course of the study, 
besides the strain IDH1873, two strains - 
IDH1521 and IDH1801 - also showed nucleo-
tide identity with VannesL23, which was iso-
lated in 1999 and is now confirmed as a recom-
binant NoV [33]. This suggests that these NoVs 
emerging in Kolkata may have evolved from 
VannesL23. The NVGII.3/NVGII.13 intergeno-
type recombinant strains may be prevalent 
among diarrhoea cases in Kolkata and Pune 
since 2006. In course of this study we have 
again found NVGII.3/NVGII.13 intergenotype 
recombinant strains (IDH883, and IDH1390). 
This indicates the continued prevalence and 
association of NVGII.3/NVGII.13 recombinant 
strains among diarrheic patients in India. Clini-
cal symptoms of NoV positives of this study also 
showed that diarrhea and/or vomiting were im-
portant symptoms in affected cases (Table.1). A 
similar observation was made by Tsugawa et al., 
(2006) [34] among NoV-affected patients. In 
the light of recent findings, it is imperative that 
stringent surveillance and constant monitoring 
should be continued to better understand the 
evolutionary relationships and genetic diversity 
of emerging NoVs. 
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