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SUMMARY

Faecal specimens collected from 2101 patients with acute gastroenteritis from three cities

(Pune, Alappuzha, Belgaum) in India during 1994-1995 and 2004-2010 were tested for

group B rotavirus (RVB) by amplification of the NSP2 gene using RT-PCR. Seventy-five

(3:6 %) specimens were shown to contain RVB RNA. The positivity rate in Pune, Alappuzha
and Belgaum was 4-1 %, 7-3% and 4-1 %, respectively, in the 2000s which was not significantly
different from the detection rate in the 1990s in Pune (2:5 %, P>0-05). RVB infections prevailed
in adolescents and adults (62/1082, 5-7%) compared to children (13/1019, 1-:3%, P<0-001) and

were detected throughout the year. Phylogenetically, all strains clustered in an NSP2 lineage
together with Indian-Bangladeshi RVB strains belonging to VP7 genotype G2. The study
confirmed the occurrence of RVB infections in western India and reported for the first time
circulation of RVB strains in southern India, suggesting that an increased awareness and

monitoring for RVB infections is necessary in India.
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INTRODUCTION

Viral gastroenteritis continues to be one of the most
frequently encountered health problems in both de-
veloped and developing countries. Rotaviruses have
been recognized as the major viral agent of acute
gastroenteritis known to occur in individuals of
all age groups [1, 2]. These viruses belong to the
family Reoviridae and appear as icosahedral particles
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consisting of 11 segments of double-stranded RNA
encoding six structural proteins (VP1-VP4, VPo,
VP7) and 5-6 non-structural proteins (NSP1-NSP5/6)
[3]. Rotaviruses are classified into eight groups,
A-G and a putative novel group H on the basis
of antigenicity of the inner capsid protein, VP6
and genomic characteristics [3—6]. Rotavirus strains
from groups A—-C and H have been detected in
human infections.

Group B rotaviruses (RVBs) are known to infect
humans and porcine, bovine, caprine and murine
animal species [7]. Association of RVBs with human
diarrhoeal disease was identified in a large epidemic
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of adult diarrhoea affecting nearly a million people
in China during 1982-1983 [§8]. In subsequent years,
several smaller outbreaks and also sporadic infec-
tions of RVB have been reported from China [9, 10].
Outside China, RVB was first detected in five
sporadic cases of severe diarrhoea occurring in
Kolkata, India during 1997-1998 [11]. Since 2000,
detection of human RVB has been reported in spor-
adic cases of acute gastroenteritis from Bangladesh
[12—14]. Furthermore, a human RVB was also de-
tected in Myanmar in 2007 [15].

RVB infections were detected at a significant level
(18-5%) in children from Kolkata, eastern India
during 2002-2004 [16]. In western India, RVB has
been reported from Pune city in sporadic diarrhoeal
infections and from Daman, Surat, Sangli and
Mumbai cities in diarrhoeal outbreaks [17-20].
However, a long-term surveillance of RVB infections
has not been documented in India. The present study
was conducted to examine the incidence of RVB
infections in the 2000s in children, adolescents and
adults with acute gastroenteritis from Pune, western
India and Belgaum and Alappuzha, southern India.
The data obtained in the study were compared to
those of the 1990s and analysed in order to determine
the temporal variations in RVB infections.

MATERIALS AND METHODS
Specimens

The study included patients with acute gastroenteritis
from Indian cities Pune (Maharashtra, western India),
Alappuzha (Kerala, southern India) and Belgaum
(Karnataka, southern India). A total of 2101 stool
specimens comprising 1794 from Pune, 110 from
Alappuzha and 197 from Belgaum were collected
from children (0-10 years, n=1019), adolescents
(11-18 years, n=135) and adults (> 18 years, n=947)
at the two time points, 1994-1995 (n=924) and
2004-2010 (n=1177). The specimens collected during
1994-1995 were available only from Pune. A case of
acute gastroenteritis in the present study was defined
as the passage of >3 loose or watery stools a day,
with or without associated symptoms such as vomi-
ting, fever and abdominal pain. One specimen
per patient was collected for the study within 24 h
of hospitalization or immediately after the visit of
the patient to the outpatient department with prior
informed consent from the parents/guardians (in the
case of children and adolescents) or adult patients.
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Epidemiological data including age, sex, date of di-
arrhoea onset and date of specimen collection were
available for the majority of the patients. Thirty per-
cent diluted faecal suspensions [liquid faeces (v/v),
semi-solid faeces (w/v)] were prepared in 0-01 M
phosphate-buffered saline (PBS) (pH 7-4) containing
calcium chloride (0-01 mm). The suspensions were
stored at —20°C until tested by enzyme-linked
immunosorbant assay (ELISA) and reverse
transcription—polymerase chain reaction (RT-PCR).

ELISA for detection of group A rotavirus (RVA)
antigen

All faecal specimens were subjected to RVA antigen
capture ELISA according to a protocol described
previously [21]. Specimens having optical density
(OD) values above the cut-off value (2:0 x OD of
negative control wells) were considered positive for
RVA antigen.

RNA extraction and RT-PCR for detection of RVB
RNA

Viral RNA was extracted from faecal specimens using
TRIzol™ LS reagent (Invitrogen, USA) according to
the manufacturer’s instructions. RT-PCR based on
NSP2 gene-specific primers was performed using the
one-step RT-PCR kit (Qiagen, Germany) according
to the manufacturer’s instructions. Briefly, PCR was
performed at an initial denaturation at 94 °C for
5Smin followed by 35 cycles of amplification (94 °C
for 1 min, 55 °C for 30 s, 72 °C for 1 min) and a final
extension at 72 °C for 10 min. In the first step, a 321-
bp amplicon was generated using primers NSP2-AF
(GCCATCAGACAGAGAATGTGTTGCA, primer
positions 112-136) and NSP2-CR (TTGTCTGCCG-
AAGCTAAAACATCC, primer positions 432-409).
This product was further used as a template for semi-
nested PCR (229 bp) using primers NSP2-AF and
NSP2-BR (CCAATCAGTCACAAGAGTCCATAGT,
primer positions 340-316). All final PCR products
were analysed on ethidium bromide-stained agarose
gels (2 %), visualized under UV light, excised from the
gel and purified using the QIAquick gel extraction kit

(Qiagen).

Nucleotide sequencing and phylogenetic analysis

All PCR products, 229 bp in size were sequenced
using the ABI PRISM Big Dye Terminator cycle
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sequencing ready reaction kit (Applied Biosystems,
USA) on an automated DNA sequencer (ABI PRISM
3100 Genetic analyser, Applied Biosystems).
Nucleotide sequences of partial NSP2 gene were
aligned with the sequences of reference strains
available in GenBank using CLUSTAL W [22]. The
phylogenetic analyses were conducted in the MEGA
version 5 software package using p-distance and the
neighbour-joining algorithm [23]. The reliability of
different phylogenetic groupings was confirmed using
the bootstrap test (1000 bootstrap replications)
available in MEGA 5.

Statistical analysis

The proportions across two different periods as well
as two different age groups were compared using the
%? test with Yates’s correction and P values <0-05
were considered statistically significant.

Accession numbers

Sixty-five of 75 NSP2 gene sequences of RVB
strains derived in this study have been deposited
in GenBank under the accession numbers
JQ686121-JQ686185. Sequences of the remaining
10 strains containing <200 bp could not be submitted
to GenBank.

RESULTS
RVB positivity rates

From a total of 2101 faecal specimens collected from
patients with acute gastroenteritis, 75 (3-6%) were
shown to contain RVB RNA.

The rate of positivity in Pune (2004-2010),
Alappuzha (2009) and Belgaum (2008-2009) cities
was found to be 4-1% (36/870), 7-3% (8/110) and
4-1% (8/197), respectively. Although the positivity
rate appeared lower (2-5 %, 23/924) during 1994-1995
compared to the rate in 2004—2010 in Pune, the dif-
ference was not significant (P>0-05).

Age distribution of RVB-infected patients

RVB positivity was significantly higher in adoles-
cents/adults (20/538, 3:7% in the 1990s; 36/413,
87% in the 2000s) compared to that of children
(3/386, 0-8 % in the 1990s; 0/457, 0-0 % in the 2000s)
(P<0-005 for each comparison) in specimens
analysed from Pune city. However, it was not
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significantly different in children and adolescents/
adults from Alappuzha (3/32, 9:4% vs. 5/78, 6:4%)
and Belgaum (7/144, 4-9% vs. 1/53, 1-9%). Overall,
RVB infections were detected at a higher prevalence
in adolescents and adults (62/1082, 5-7%) compared
to those from children (13/1019, 1-3%) (P <0-001).
In the group of children aged between 0 and 10
years the prevalence of RVB infection was highest
in children aged <2 years (8/13, 61-5%). However,
the rate of RVB positivity in adolescents and in
different age groups (>18-29, 30-39, 4049, 50-59,
=60 years) of adults was not different (P> 0-05).

Seasonality

Monthly distribution of RVB infections identified in
Pune in 1994-1995 and 2004-2010 is depicted in
Figure 1. RVB-positive cases were detected through-
out the year and no seasonal pattern of infection was
observed as is known for RVA. However, peak ac-
tivity was found in April and December during
1994-1995 and in April, June and September during
2004-2010.

Mixed infection

Mixed infections of RVA and RVB were identified in
15/59 (25:4%), 1/8 (12-5%) and 2/8 (25 %) specimens
from Pune, Alappuzha and Belgaum, respectively.
Adults from different age groups (n=4 for >18-29
years, and n =23 for each of the 30-39, 4049 and > 60
years age groups) showed the highest number (13/18,
72-2%) of mixed infections. Adolescents and children
also showed presence of mixed infections, but at lower
levels (2/18, 11-1%; 3/18, 16:7%).

Sequencing of NSP2 genes and phylogenetic analysis
of RVB strains

The presence of RVB RNA in 75 faecal specimens
was confirmed by sequencing of the partial NSP2
gene (229 bp). Nucleotide sequence identity in the 75
Indian RVB strains was 93-9-100 %. Phylogenetically,
all strains clustered with other RVB strainsin an NSP2
lineage containing Indian-Bangladeshi RVB strains
belonging to VP7 genotype G2 (Fig. 2). The RVB
sequences obtained from the different cities in India
were indistinguishable and showed 93-1-100% and
92:6-95-1 % nucleotide identity with their counter-
parts in other strains of Indian-Bangladeshi and
Chinese lineages, respectively.
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Fig. 1. Monthly distribution of group B rotavirus positivity in adolescent/adult patients with acute gastroenteritis from Pune,

western India.

DISCUSSION

Identification of non-RVA strains is known to be
based on the characteristic electrophoretic migration
patterns of their genomes or by electron microscopy
of rotaviruses not reactive in common enzyme im-
munoassays for RVAs [24]. Surveillance conducted
to identify non-RVA strains in the 1980s made use
of electropherotyping, electron microscopy, immune
electron microscopy and ELISA [8, 9, 25, 26]. In
the 1990s, highly sensitive RT-PCR assays were
utilized for detection of RVB and group C rotavirus
(RVC) strains in faecal specimens from human and
animal species [24, 27]. Using electropherotyping
aided by RT-PCR, limited studies conducted in
Pune, western India and Kolkata, eastern India
reported variable (0-8-18-5%) frequencies of RVB
infection in patients with acute gastroenteritis
[16, 17]. Recently, different rates (0-5-26-2%) of RVB
and RVC infections have been reported for humans
or pigs from Ireland, South Korea, Myanmar and
Bangladesh [14, 15, 28-30]. The present study docu-
ments similar findings (2:5-7-3 %) on RVB infections
in three different cities located in three different states
of India.

RVB infections were detected in both genders and
in all age groups. However, the rate of infection was
higher in children aged <2 years, compared to older
children (aged between 2 and 10 years), similar to that
reported earlier for RVA and RVB infections [16, 31].
It is interesting to note that RVB infection in
Pune, western India was confined only to adolescent
and adult cases of acute gastroenteritis during the
seven consecutive years, 2004-2010 although a small
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proportion of the paediatric population (0-9 %) was
found affected by this virus in the 1990s. This may
indicate a low exposure of children to RVB in the
recent past or low shedding of RVB in faecal speci-
mens, below the detection limit of the assay employed
in the study [32]. Although our study has limitations
because the analysis was restricted to a small
number of specimens and/or a short period of collec-
tion, especially from Alappuzha (2009) and Belgaum
(2008-2009), it revealed similar rates of RVB infec-
tions (P>0-05) in adolescents and different age
groups of adults.

Mixed infections of RVA and RVB strains have
been reported in humans and animals [16, 33]. In
the present study, a significant proportion (24 %) of
RVB-infected patients was found to be co-infected
with RVA as well. Interestingly, patients infected with
RVB or with both, RVB and RVA strains only ex-
perienced mild to moderate gastroenteritis.

With respect to seasonality, the results of this study
are in agreement with previous findings showing the
absence of a seasonal pattern for RVB infections [16].
In Bangladesh, incidence of RVB was found highest
between August and October during 2003 [13] and
in March and May during 2008 [14]. In the present
study, more RVB infections were noted in April
and December in 1994-1995 and April, June and
September during 2004-2010 in Pune compared to
other months (Fig. 1).

The partial nucleotide sequences of the NSP2
gene of all 75 RVB strains of the present study
clustered together (Fig. 2) and displayed a high nu-
cleotide sequence similarity not only among them-
selves but also with other strains from eastern India,
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6a 4 RVB/Human-wt/IND/NIV-941505/1994/GXP[X]
0.05 4 RVB/Human-wt/IND/NIV-957326/1995/GXP[X]
4 RVB/Human-wt/IND/NIV-943862/1994/GXP[X]
O RVB/Human-wt/IND/NIV-0915184/2009/GXP[X]
€ RVB/Human-wt/IND/NIV-948014/1994/GXP[X]
4 RVB/Human-wt/IND/NIV-053606/2005/GXP[X]
4 RVB/Human-wt/IND/NIV-946978/1994/GXP[X]
€ RVB/Human-wt/IND/NIV-944188/1994/GXP[X]
O RVB/Human-wt/IND/NIV-0912212/2009/GXP[X]
A RVB/Human-wt/IND/NIV-104721/2009/GXP[X]
A RVB/Human-wt/IND/NIV-106083/2009/GXP[X]
O RVB/Human-wt/IND/NIV-0912220/2009/GXP[X]
RVB/Human-wt/IND/GBRV/2003/GXP[X]
49 RVB/Human-wt/IND/NIV-052634/2005/GXP[X]
4 RVB/Human-wt/IND/NIV-942187/1994/GXP[X]
4 RVB/Human-wt/IND/NIV-052635/2005/GXP[X]
€ RVB/Human-wt/IND/NIV-949847/1994/GXP[X]
4 RVB/Human-wt/IND/NIV-943300/1994/GXP[X]
@ RVB/H t/IND/NIV- )8/2005/GXP[X]
RVB/Human-wt/IND/NIV-04624/2004/GXP[X]
A RVB/Human-wt/IND/NIV-104747/2008/GXP[X]
O RVB/Human-wt/IND/NIV-0912218/2009/GXP[X]
RVB/Human-wt/IND/IDH-084/2007/G2P[X]
4 RVB/Human-wt/IND/NIV-062743/2006/GXP[X]
€ RVB/Human-wt/IND/NIV-0410728/2004/GXP[X]
4 RVB/Human-wt/IND/NIV-0632002/2006/GXP[X]
4 RVB/H t/IND/NIV. /2005/GXP[X]
RVB/Human-wt/IND/NIV-094459/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-944489/1994/GXP[X]
RVB/Human-wt/BGD/Bang373/2000/G2P[X]
52 - ¢ RVB/Human-wt/IND/NIV-076222/2007/GXP[X]
{RVB/Human-w‘t/lND/CAL»1/1 998/G2P[X]
4 RVB/Human-wt/IND/NIV-0811158/2008/GXP[X]
€ RVB/Human-wt/INDNIV-093753/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-0633552/2006/GXP[X]
RVB/Human-wt/MMR/MMR-B1/2007/G2P[X]
4 RVB/Human-wt/IND/NIV-077439/2007/GXP[X]
4 RVB/Human-wt/IND/NIV-094441/2009/GXP[X]
€ RVB/Human-wt/IND/NIV-0634223/2006/GXP[X]
4 RVB/Human-wt/IND/NIV-0713602/2007/GXP[X]
4 RVB/Human-wt/IND/NIV-0713570/2007/GXP[X] Indian-Bangladeshi lineage
€ RVB/Human-wt/IND/NIV-942523/1994/GXP[X]
4 RVB/Human-wt/IND/NIV-07530/2007/GXP[X]
A RVB/Human-wt/IND/NIV-104742/2009/GXP[X]
49 RVB/Human-wt/IND/NIV-0811157/2008/GXP[X]
O RVB/Human-wt/IND/NIV-098120/2009/GXP[X]
€ RVB/Human-wt/IND/NIV-0512661/2005/GXP[X]
O RVB/Human-wt/IND/NIV-0913430/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-959029/1995/GXP[X]
€ RVB/Human-wt/IND/NIV-0632252/2006/GXP[X]
A RVB/Human-wt/IND/NIV-104767/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-0632260/2006/GXP[X]
€ RVB/Human-wt/IND/NIV-0715438/2007/GXP[X]
#‘ RVB/Human-wt/IND/NIV-0953680/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-0948756/2009/GXP[X]
RVB/Human-wt/IND/NIV-04622/2004/GXP[X]
O RVB/Human-wt/IND/NIV-099130/2009/GXP[X]
‘ RVB/Human-wt/IND/NIV-943103/1994/GXP[X]
O RVB/Human-wt/IND/NIV-0912207/2009/GXP[X]
4 RVB/Human-wt/IND/NIV-079233/2007/GXP[X]
4 RVB/Human-wt/IND/NIV-958488/1995/GXP[X]
49 RVB/Human-wt/IND/NIV-943353/1994/GXP[X]
4 RVB/H t/IND/NIV. /2008/GXP[X]
|- @ RVB/Human-wt/IND/NIV-95472/1995/GXP[X]
57 RVB/Human-wt/IND/NIV-096155/2009/GXP[X]
%‘ RVB/Human-wt/IND/NIV-1048101/2010/GXP[X]
RVB/Human-wt/IND/IC-008/2008/G2P[X]
| — @ RVB/Human-wt/IND/NIV-059778/2005/GXP[X]
RVB/Human-wt/IND/CAL-30/2003/GXP[X]
RVB/Human-wt/IND/CAL-10/2003/GXP[X]
RVB/Human-wt/BGD/Bang117/2002/G2P[X]
@ RVB/Human-wt/BGD/DhakaB1/2003/G2P[X]

1

63 RVB/Human-wt/BGD/DhakaB529/2008/G2P[X]
PP |l RvB/Human-wt/BGD/DhakaB452/2008/G2P[X]
50|~ @ RVB/Human-wt/IND/NIV-0924341/2009/GXP[X]
74 @ RVB/Human-wt/IND/NIV-0924342/2009/GXP[X]

64' @ RVB/Human-wt/IND/NIV-0924339/2009/G XP[X]
€ RVB/Human-wt/IND/NIV-948278/1994/GXP[X]

29 7-{‘ RVB/Human-wt/IND/NIV-957971/1995/GXP[X]

L @ RVB/Human-wt/IND/NIV-941644/1994/GXP[X]
€ RVB/Human-wt/IND/NIV-958731/1995/GXP[X]

RVB/Human-wt/CHN/ADRV/1982/G2P[X] j Chinese lineage
29 L

RVB/Human-wt/CHN/WH-1/2002/G2P[X]
RVB/Rat-hhp/USA/IDIR/1984/G1P[X]
99 —————— RVB/Pig-wt/BRA/BRA14-UEL/X0XXX/GXP[X]
L RVB/Pig-wt/BRA/BRA12-UEL/>X0OX/GXP[X]
RVB/Cow-wt/DB176/2001/G3P[X]
99 RVB/Cow-wt/IND/RUBV226/2004/G3P[X]
96 ' RVB/Cow-wt/IND/RUBV282/2005/G3P[X]
RVX/Human-tc/CHN/NADRV-J19/1997/GXP[X]

Fig. 2. Phylogenetic dendrogram of partial group B rotavirus (RVB) NSP2 gene (137-340 bp). The strains of the present
study (n=65) are indicated by the symbols: @ (strains from Pune city), (] (strains from Alappuzha city) and A (strains from
Belgaum city). The scale represents genetic distance. RVB strain names are according to the guidelines of the Rotavirus

Classification Working Group [34].
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Bangladesh and Myanmar, thus revealing a single
lineage of RVB circulating in the human popu-
lation.

To summarize, this study has confirmed that hu-
man RVB strains are consistently causing infections
in western India at low to moderate levels, and also
documented for the first time the circulation of RVB
strains in southern India. To our knowledge, this is
the first description of a long-term surveillance of
RVB infections from India. Similar studies would be
useful for a better understanding of the disease bur-
den caused by RVB infections.
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