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Pediatric gastroenteritis is a major cause of
childhood morbidity and mortality worldwide,
especially in developing countries. It has been
increasingly recognised that human caliciviruses
(HuCV), comprising noroviruses (NoV), and
sapoviruses (SaV), are important in both outbreak
and non-outbreak settings. This study aimed to
characterise caliciviruses detected in the faeces of
hospitalized children and children in the commu-
nity in India. This study examined 350 faecal
samples from children presenting to the hospital
with acute gastroenteritis and 673 samples
collected from children in the community, 500
from children with diarrhea, and 173 samples
from children without diarrhea. Strain character-
isation was performed by reverse transcription-
polymerase chain reaction (RT-PCR) and partial
sequencing of the gene encoding the RNA-
dependent RNA polymerase (RdRp) and/or a
region spanning the open reading frames (ORFs)
1 and 2 (ORF1/ORF2) junction. A total of 68 of
350 specimens (19.4%) fromhospitalized children
were positive, and SaV and NoV accounted for
5.1 and 15.1% of the infections, respectively.
Mixed infections of HuCVs with other enteric
pathogens were seen in 9.4% of the total children
tested. Sixty-eight out of 673 (10.1%) samples
collected from children in the community were
positive for caliciviruses, and SaV and NoV
accounted for 3.4 and 6.6% of the infections. In
the community cohort 55/500 (11%) and 13/173
(7.5%)were fromsymptomaticandasymptomatic
children, respectively, and SaVs accounted for
17/500 (3.4%) and NoVs for 38/500 (7.6%) of the
symptomatic infections. This is the first report
of genotyping of circulating caliciviruses in
both hospital and community in India and has
increased theevidence for the roleof theseviruses
inpediatric gastroenteritis in India.J.Med.Virol.
79:544–551, 2007. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

With the application of new and sensitive diagnostic
techniques, human caliciviruses (HuCVs) have been
recognised to be the leading cause of outbreaks of
gastroenteritis in adults and an important cause of
gastroenteritis in children in developed countries
[Fankhauser et al., 1998; Lopman et al., 2003; Moreno-
Espinosa et al., 2004]. However, little is known about the
role of calicivirus in endemic pediatric gastroenteritis in
developing countries. Children under 5 years of age in
developing countries experience the highest rates of
illness and death due to diarrhea, but despite the
importance of gastrointestinal disease as a cause of poor
health in young children, many cases are of unknown
etiology [Guerrant, 1994].

HuCVs comprise noroviruses (NoVs), previously
referred to as ‘‘Norwalk-like viruses’’ or ‘‘small round
structured viruses’’ and Sapoviruses (SaVs), which
are small (27–32 nm in diameter), single-stranded
positive sense RNA viruses recently designated
as separate genera in the Caliciviridae family based
on phylogenetic analyses and genomic organization
[Green et al., 2000]. NoVs that infect humans have
been classified into three genetically and antigenically
distinct genogroups [Zheng et al., 2006] and SaVs that
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infect humans into five genogroups [Farkas et al., 2004].
The genome has three open reading frames (ORFs)
that encode a polyprotein precursor to nonstructural
proteins including the RNA-dependent RNA poly-
merase (RdRp), and other proteins (ORF 1), the major
and minor capsid proteins VP1 and VP2 (ORF 2 and 3)
[Jiang et al., 1992, 1993; Lambden et al., 1993;
Bertolotti-Ciarlet et al., 2003]. Knowledge about the
role of HuCVs in pediatric gastroenteritis in developing
countries has been limited by the lack of sensitive and
specific diagnostic techniques. HuCVs have not been
propagated in cell culture, and direct visualization of
viruses by electron microscopy was previously the only
technique available before the cloning and character-
isation of the Norwalk virus genome allowed the
development of molecular detection assays that have
been applied in molecular epidemiological studies
[Atmar and Estes, 2001].

Despite the advances in diagnostics, there is limited
data available from India. Only two studies have been
published using molecular methods for detection of
HuCVs, from Vellore in 2000 [Kang et al., 2000], and
from Delhi in 2002 [Girish et al., 2002]. This study
characterises HuCVs in samples collected from hospi-
talized children with acute gastroenteritis and samples
collected from symptomatic and asymptomatic children
in the community. Phylogenetic analysis of the regions
of the genes encoding the RdRp, capsid, and/or the
region spanning the ORF1/ORF2 of the genome of
selected SaV and NoV strains has been performed to
classify the strains co-circulating in the study popula-
tions during a defined surveillance period.

MATERIALS AND METHODS

Study Population

The study was carried out in Vellore in Southern
India. Hospital based studies were carried out at the
Christian Medical College (CMC) hospital, a 2100 bed
referral hospital. A total of 350 faecal samples collected
during a period of 3 years (December 2001–2004) from
children <5 years age, presenting to the hospital with
acute gastroenteritis were examined for caliciviruses.
The samples were collected within 24 hr of admission to
hospital. For the community based study, 500 samples
collected from children with diarrhea and 173 samples
from asymptomatic children were randomly selected
from a cohort of 452 children who had been recruited for
follow-up from birth to the age of 3 years in an urban
slum population The community samples were collected
every 2 weeks from the cohort of children during the
same period as the hospital samples.

Assessment of Severity

Diarrhea was defined as the passage of three watery
stools in a 24-hr period. An episode was defined as at
least 1 day of diarrhea, preceded and followed by two or
more days without diarrhea. The severity of diarrhea
was assessed using the 20-point scale of the Vesikari

scoring system [Ruuska and Vesikari, 1990] which was
originally developed for scoring severity of rotavirus
diarrhea but incorporates duration and frequency of
diarrhea and vomiting, associated fever and dehydra-
tion. To permit calculation of this score, the episode was
considered mild for a score �5, moderately severe for a
score of 6–10 and severe for scores >10.

RNA Extraction and cDNA Synthesis

RNA was extracted from 200 ml of a 10% faecal
suspension (100 ml of stool and 900 ml of Minimal
Essential Medium) using the method of Boom et al.
[1990] and eluted in 50 ml of RNase-free sterile water
containing 40 U of RNase inhibitor (RNAsin, Ambion,
Huntingdon, Cambridgeshire, UK). Forty microliters of
extracted RNA, which was denatured at 958C for 5 min
and immediately chilled in ice for 2 min, was used for
generation of complementary DNA (cDNA) in 70 ml
reactions by reverse transcription (RT) at 378C for 1 hr.
RT was carried out in the presence of random primers
(hexamers; Pd(N)6, Pharmacia Biotech, Little Chalfont,
Buckinghamshire, UK), and 400 U of Moloney murine
leukemia virus reverse transcriptase (Invitrogen, Life
Technologies, Paisley, UK). Following generation of
cDNA, the tubes were incubated at 958C for 5 min and
chilled on ice for 2 min. The cDNA was then stored at
�208C until subsequent use in PCRs.

Norovirus RT-PCR

The cDNA was used directly for detecting both
genogroups I and II NoVs [Ando et al., 1994]. Single
round PCRs were performed using published oligonu-
cleotide primers Ni and E3 which amplify a 113-bp
region of the RNA polymerase gene to detect GII NoVs
[Green et al., 1995], and SG1 and D1 primers, which
amplify 150-bp product of the RNA polymerase gene
to detect GI strains [Green et al., 1995]. To amplify the
597-bp NoV GI ORF1–ORF2 junction region, a PCR was
carried out using a mixture of three forward primers,
GIFF-1, -2 and -3 [Kageyama et al., 2003] and a reverse
primer, GISKR [Kojima et al., 2002]. Similarly, to
amplify the NoV GII ORF1–ORF2 junction region
(468-bp), a PCR was also performed with a mixture of
three forward primers, GIIFB -1, -2 and -3 [Kageyama
et al., 2003] and the reverse primer G2SKR [Kojima
et al., 2002]. PCR was carried out in 50 ml reactions
containing 20 pmole primers and 1 U Taq DNA
polymerase (Invitrogen, Life Technologies). Products
were amplified using the following conditions: 958C for
2 min, then 40 cycles of 958C for 30 sec, 488C for 30 sec,
and 728C for 2 min, followed by 1 cycle of 728C for 5 min
and then held at 158C. Cycling reaction conditions were
similar for amplification of both polymerase and the
ORF1–ORF2 junctions regions. Amplification products
were examined by gel electrophoresis of the PCR
amplicon in 2% agarose gels stained with (0.5 mg/ml)
ethidium bromide and photographed under UV
light using a BioRad GelDoc system (BioRad, Hemel
Hempstead, Hertfordshire, UK).
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Sapovirus RdRp-Specific PCR

The cDNA was amplified by hemi-nested PCR using
previously described methods with first round primers
SR80 and JV33 which amplify a 320-bp region of the
RdRp gene (Noel et al., 1999; Vinje et al., 2000] and
second round primers SR80 GI 1-3 (50CTR KCV GAT
ATT GGA RAG ATT T 30) at position 4405–4425 on
Manchester virus (GenBank X86560), SR80 GI 2 (50

AGT CTY TCC ATC TTA GAG AGA 30) at position 25–
45 on Parkville virus (GenBank U73124), SR80 GII 1–
2 (50 GCT GCR TCY TTG KCA ATC CT 30) at position
4400–4419 on Bristol virus (GenBank AJ249939) and
JV33, amplifying a 280- , 293- , and 289-bp region of the
RdRp, respectively. Products were amplified using the
following conditions: 958C for 2 min, then 31 cycles of
958C for 15 sec, 408C for 45 sec, and 728C for 1 min,
followed by 1 cycle of 728C for 5 min and then held at
158C. Amplicons were electrophoresed in agarose gels
and stained with ethidium bromide as described above.

ORF1/ORF2 Junction—Specific PCR for SaV

For the SaV genotyping PCR, PCR amplification from
cDNA used previously described first round primers
SLV5317 and SLV5749 [Yan et al., 2003] which
amplified a 432-bp region and second round primers
Svpol30-A (50 AAG GMR CSY MCA AAA ATA GTG 30) at
position 5144–5164 on Manchester virus (GenBank
X86560), SVpol30-B (50 GAA GRK RCW MCC AAA TTA
GTG 30) at position 5147–5167 on Bristol virus
(GenBank AJ249939), amplifying a 371- and 375-bp
region of the RdRp/capsid junction, respectively.
Cycling conditions were 948C for 5 min, then 35 cycles
of 948C for 30 sec, 508C for 1 min and 728C for 1 min,
followed by 1 cycle of 728C for 5 min and then hold at
158C. Electrophoresis was performed as described
above.

DNA Sequencing and Analysis

DNA sequencing was performed using a dye termi-
nator cycle sequencing kit and a CEQ 2000 XL DNA
analysis system (Beckman Coulter, High Wycombe,

Buckinghamshire, UK) directly from the purified
amplicons, which were sequenced in both directions
using the same oligonucleotide primers used in the
PCRs described above. Sequences and phylogenetic
analyses were carried out using the Bionumerics 2.5
(Applied Maths, Kortrijk, Belgium) and/or the BioEdit
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html) soft-
ware packages. Following the classification criteria for
NoVs and SaVs, strains were assigned to a genogroup if
the polymerase and/or capsid region shared >70%
homology at the nt level to those of strains within a
recognised genogroup. Genotypes were assigned based
on >90% homology at the nt level with other strains
within a given genotype.

RESULTS

Detection of HuCVs

The incidence of HuCV infections among hospitalized
children and in the community, and their association
with other pathogens is described in Table I. HuCVs
were detected in 68 (19.4%) samples of the 350
children hospitalized with diarrhea. Eighteen (5.1%) of
350 samples from children hospitalized with acute
gastroenteritis were positive for SaV, and 53 (15.1%)
for NoV. Multiple pathogens were detected in samples
collected from 33 children, this was 9.4% of the total
numbers of children tested in the hospital (Table I).

HuCvs were detected in 55 of 500 (11%) diarrheal
samples of children with diarrhea in the community and
in 13 out of 173 (7.5%) asymptomatic children. SaVs
were detected in 23 (3.4%) samples from children in the
community, of which 17 had diarrhea and 6 were
asymptomatic. NoV was found in 45 samples (6.6%), of
which 38 had diarrhea and 7 were asymptomatic. Nine
(16.4%) of 55 children with diarrhea had a second
pathogen and there were two asymptomatic multiple
infections (Table I).

The age range of children presenting with HuCV-
associated diarrhea to the hospital was 8–52 months
with a median of 13 months. The median age of detection
of HuCVs in children from the community was
12 months with an age range of 0–30 months

J. Med. Virol. DOI 10.1002/jmv

TABLE I. Incidence of HuCVs Singly and in Association With Other Pathogens in Children Hospitalised for diarrhea, and
Children With and Without diarrhea in the Community

Children hospitalised for
diarrhea (n� 350)

Children in the community
with diarrhea (n� 500)

Children in the community
without diarrhea (n� 173)

No. % No. % No. %

HuCV 68 19.4 55 11 13 7.5
NoV alone 27 7.7 33 6.4 5 2.9
SaV alone 7 2.0 13 2.6 6 3.5
SaVþCryptosporidium 1 0.3
SaVþRotavirus 6 1.7 1 0.02
SaVþVibrio 1 0.3
SaVþGiardia 0 0.0 3 0.06
NoVþCryptosporidium 1 0.3
NoVþAeromonas 1 0.3
NoVþ rotavirus 21 6.0 5 0.01 2 0.04
NoVþSaVþ rotavirus 3 0.9
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(P¼0.04). There was no difference in the median age at
infection for symptomatic and asymptomatic infection.
A larger proportion of HuCV-positive children admitted
to hospital with diarrhea were male (60.2%), but this is a
reflection of male children constituting approximately
60% of all children brought to the hospital for gastro-
enteritis in this and previous studies.

In the community, 58.2% of the episodes of HuCV
diarrhea were mild, 38.2% were moderate, and 3.6%
were severe. In contrast, only 7.5% of HuCV diarrheal
cases admitted in the hospital were mild, 39.6%
moderate, and 52.8% were severe (P< 0.001). The
median Vesikari score was also higher in the hospital
as compared to the community (11.0 vs. 5) (P< 0.001).
However, there was no significant difference severity of
diarrhea in those infected with NoV or SaV alone and
those multiply infected with a HuCV and another
enteric pathogen in either the hospital or the community
(P¼0.2,P¼ 0.85 andP¼ 1,P¼0.95, Wilcoxon rank sum

test) for NoVs and SaVs in the hospital and the
community, respectively (Table II).

Diversity of SaV Strains

A total of 31 SaV strains from 29 samples were
genotyped, 6 from the hospital, and 23 from the
community (Table III). GII-1 was the most frequently
identified genotype in both settings although the
numbers of strains of each genotype were too small for
meaningful statistical analysis. Figure 1 shows the
diversity of genogroup II SaVs from the hospital and
the community. Infections with multiple SaV strains
were found in two children (6.4%).

Diversity of NoV Strains

Seventy-three NoV strains from 72 samples were
genotyped, 27 from the hospital, and 45 from the
community (Table IV). A total of seven genotypes

J. Med. Virol. DOI 10.1002/jmv

TABLE II. Comparison of Severity of diarrhea Between NoVs and SaVs, and Single Infections With HuCVs and Multiple
Infections With HuCVs and Other Enteric Pathogens

Community median severity score Hospital median severity score

n (Inter-quartile range) n (Inter-quartile range)

No. of diarrheal episodes 55 5 (5,7)a 68 11.5 (9,13)b

No. of NoV infection 36 5 (5,5) 14 10.5 (9,13)
No of SaV infection 17 5 (5,7) 47 12 (9,13)
Mixed infection with NoV and SaV — — 3 12 (11,14)
Comparison of severity between single

caliciviral or mixed infection (P-value)c
0.3 0.33

Infection with calicivirus (either SaV or
NoV) alone

44 5 (5,7) 33 11 (9,13)

Calicivirus infection with another infection 9 5 (5,7) 31 12 (10,14)
Comparison of severity between single

and mixed infection (P-value)c
0.94 0.23

NoV alone 31 5 (5,7) 25 11 (9,13)
NoV with another infection 5 5 (5,7) 22 12 (10,14)
Comparison of severity between single

and mixed infection (P-value)c
1 0.2

SaV alone 13 5 (5,5) 7 11 (8,13)
SaV with another infection 4 5 (4,7.5) 7 10 (9,12)
Comparison of severity between single

and mixed infection(p-value)c
0.95 0.85

aSeverity scores available for 53 episodes of diarrhea.
bSeverity scores available for 64 episodes of diarrhea.
cWilcoxon Rank sum test.

TABLE III. Distribution of SaV Genotypes in Children in Different Settings in South India

Community –diarrhea Communitya–no diarrhea Hospital Total

No % No % No % No %

GI-1 2 11.8 2 25 1 16.7 5 16.1
GI-2 1 5.9 1 12.5 0 0.0 2 6.5
GI-3 4 23.5 1 12.5 0 0.0 5 16.1
GII-1 9 52.9 2 25 3 50 14 45.2
GII-2 1 5.9 2 25 1 16.7 4 12.9
GII-3 0 0.0 0 0.0 1 16.7 1 3.2
TOTAL 17 100 8 100 6 100 31 100

aTwo children had dual SaV infections, one had GI-2 þGII-1 and the other GII-1 þ GII-2.
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were found (Fig. 2), all but one within genogroup II. The
only genogroup I strain found was a GI-3 in a coinfection
with a GII-2 strain. In the community, GII-4 was the
most frequently identified genotype, followed by GII-2,
while in the hospital, GII3 was the most frequently
identified genotype followed by GII-1 and GII-4 in equal

proportions. However, no statistically significant differ-
ences were found in the distribution of genotypes
between the hospital and community (P� 0.1). Three
children in the hospital had NoV strains of unidentified
genotype. These strains were most closely related
(>92% homology at the nt level) to a strain previously
found in the Mediterranean region in the year 2000 and
which do not share sufficient homology with any of the
recognised genotypes to be classified within them.
Figure 2 is the dendrogram constructed using the
maximum parsimony method and 300 nt of 50terminus
of the ORF2 region.

Repeat infections with HuCVs were identified in nine
children in the community. The time between infections
ranged from 1 to 12 months. Seven children were
symptomatic at the time of the second infection, but
the second infecting genotype was different from that
associated with the first infection. The only child that
had two infections with a genogroup II 2 NoV 6 months
apart, was asymptomatic on both occasions. Another
child had two asymptomatic infections 11 months apart
with SaVs of different genogroups.

DISCUSSION

In this study, HuCVs were detected in 19.4% of the
samples analyzed from children with gastroenteritis
presenting to the hospital and in 11% of symptomatic
and 7.5% of asymptomatic children in the community,
respectively. The results from the hospital population
are consistent with those from similar studies conducted
in other developing and developed countries. In a report
from Thailand, 12% of stool specimens were positive for
NoVs [Hansman et al., 2004a]. Reports from Malawi,
China, Vietnam, Mongolia, and India [Kang et al., 2000;
Hansman et al., 2004b, 2005; Dove et al., 2005; Liu et al.,
2006], have reported NoVs associated with 6–25%
of acute gastroenteritis cases. This contrasts with
incidences of 25–30% of rotavirus gastroenteritis in
hospitalized children in this region of India [Banerjee
et al., 2006], and indicates that NoV disease is less
prevalent or less severe than that associated with
rotavirus infection. A significantly larger number of
children (P<0.001) in the hospital cohort had HuCV

J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Dendrogram constructed using the maximum parsimony
method and 280 nt of the interprimer region, amplified using SR80/
JV33, of the polymerase encoding gene of SaVs of Genogroup II. Strain
designations or accession numbers for reference strains are indicated
in the first column. The genotype is listed in the second column.
Sequences from this study are available from the corresponding author.

TABLE IV. Distribution of NoV Genotypes in Children in Different Settings in South India

Community with
diarrhea

Communitya without
diarrhea Hospital Total

No % No % No % No %

GII-1 8 21.1 0 19.6 5 18.5 13 19.2
GII-2 10 26.3 2 23.9 2 7.4 14 17.8
GII-3 4 10.5 4 17.4 9 33.3 17 23.3
GII-4 15 39.5 1 34.8 5 18.5 21 28.8
GII-6 0 0.0 0 0.0 1 3.7 1 1.4
GII-7 1 2.6 0 2.2 2 7.4 3 4.1
GI-3 0 0.0 1 2.2 0 0 1 1.4
GII-Undefined 0 0.0 0 0.0 3 11.1 3 4.1
TOTAL: 38 100 8 100 27 100 73 100

aOne child had a dual NoV infection with GII-2 and GI-3 strains.
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Fig. 2. Dendrogram constructed using the maximum parsimony method and 300 nt of 50terminus of the
ORF2 of NoVs. Strain designations or accession numbers for reference strains are indicated in the first
column. The second and third columns refer to the year and place of identification of the strain. The
genotype is listed in the fourth column. Sequences from this study are available from the corresponding
author.
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when compared to the symptomatic children in the
community.

A significant finding of this study was the incidence of
calicivirus in asymptomatic children, with 3.4 and 4% of
surveillance samples in the community positive for SaV
and NoV, respectively, which has not been reported
previously from India.

The incidence of SaV and NoV gastroenteritis in the
community was 3.4% (17/500) and 7.6% (38/500),
respectively. This is lower than reported previously in
community-based studies in children in developed
countries which have found NoVs in 18–21% cases of
gastroenteritis in children <5 years of age [Pang et al.,
1999]. Comparable data on rates of asymptomatic
carriage are also not available for this age group but de
Wit et al. [2001], in a nested case-control study, reported
that NoVs were associated with symptomatic infection
in 16.1% of cases of gastroenteritis and asymptomatic
infection in 5.2% of controls.

Analysis of clinical disease through severity scores
and of sequence diversity showed that disease in the
community associated with HuCVs was mild or moder-
ate and that there was no statistically significant
difference in the distribution of genotypes between
children with diarrhea in the community and those
presenting to hospital (P¼ 0.1).

It is also interesting to note that in eight of nine repeat
infections identified in the community, the genotypes
seen in the second infection were different from those
first encountered. This highlights the high incidence
and diversity of HuCVs in this setting. Immune
responses to homotypic and heterotypic viruses have
been insufficiently studied in calicivirus infection, in
part due to the diversity of the agents and the lack of
appropriate assays. A prospective cohort study aimed at
genotyping infecting strains in conjunction with mea-
surement of immune responses would allow dissection of
the immune response and the presence or lack of
protection from infection and/or disease, but no such
studies have been conducted.

In this study, HuCVs from India have been genotyped
for the first time. As reported from other parts of the
world, genogroup II NoVs were more prevalent in
children in the hospital and the community, and
belonged to multiple genotypes [de Wit et al., 2001;
Lopman et al., 2003]. GII-4 strains which are widely
distributed in the world and have recently caused
multiple outbreaks in Europe, Asia, and Australia [Bull
et al., 2006] were also seen in both the community and
the hospital in this study, but interestingly this
genotype was more common in the community and was
not the most prevalent genotype in the hospital. The
majority of the data on health-care associated NoV
infections reported worldwide shows infections caused
by GII-4 strains, however, most of these studies refer to
hospital an/or residential care institution outbreaks,
with most involving adults and the elderly. The hospital
data presented here is from children and does not
represent nosocomial outbreaks, which may explain the
greater diversity observed in the hospital. Among the

SaVs, genogroup II strains were more common than
genogroup I and this finding also differs from reports
from the United Kingdom and Japan [Phan et al., 2005;
Gallimore et al., 2006].

In summary, these data have described the preva-
lence of co-circulating HuCVs in children with or
without gastroenteritis in Vellore, Southern India and
shown that these viruses contribute significantly to the
burden of diarrheal disease. Detection of HuCVs in
asymptomatic children signifies that these viruses can
circulate in the general population in the absence of
disease in young children. Asymptomatic infection may
be widespread in young children as, although immunity
is of short duration, the frequency of infection in this age
group may result in fewer symptomatic infections.
These asymptomatic infections, however, constitute a
significant reservoir for infection in the community, and
may act as a source of both endemic and epidemic
disease.
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