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Abstract. Rotavirus gastroenteritis is a major cause of severe dehydrating diar-
rhea in children worldwide. Rotavirus G and P genotyping is essential for epide-
miological surveillance and for better formulation of candidate rotavirus vaccines.
Out of 862 diarrheal stool samples collected from hospitalized children aged < 2
years during February 2005 - March 2007, 318 (36.9%) were positive for rotavirus
by ELISA. G and P genotyping was performed on 100 randomly selected positive
samples using a seminested multiplex RT-PCR assay. The result of G genotyping
indicates G1 (60%) was the most predominant VP7 type, followed by G2 (16%),
G9 (8%) and G3 (3%). Two cases of G12 genotype were also observed. P genotypes
identified were P[8] (40%) followed by P[4] (26%) and P[6] (17%). The most com-
mon G-P combinations were G1P[8] (26%), followed by G1P[4] and G1P[6]. Mixed
infection involved 28% of strains. In this study the G1 and P[8] genotypes were
the leading G and P types. Two cases with G12 genotype were also observed dur-
ing the study.
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INTRODUCTION

Group A rotaviruses are the major etio-
logical agents of severe infantile diarrhea,
which accounts for 48-78% of childhood
diarrhea cases worldwide. Each year more
than 125 million infants and young children
develop rotavirus-associated diarrhea, re-
sulting in 440,000 infant and child deaths,
mostly in developing countries (Parashar
et al, 2006).  Improvements in hygiene and
sanitation alone are not sufficient to de-

crease or eliminate the burden of rotavirus
associated morbidity and mortality
(Cunliffe and Nakagomi, 2005). Vaccination
is the only tool for preventing the morbid-
ity and mortality caused by rotavirus. Re-
cently, two new live oral attenuated
rotavirus vaccines (Rotarix and RotaTeq)
from the multinational manufacturers
GlaxoSmithKline and Merck, respectively,
were licensed. The Rotarix vaccine is a
monovalent vaccine containing a single
P1A[8] genotype. However, RotaTeq is a
pentavalent bovine-human reassortment
vaccine (Dennehy, 2008).

Rotavirus is a member of the family
Reoviridae and consists of 11 segments of
double stranded RNA surrounded by a
triple layered viral particle.  On the basis
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of antigenic specificities of capsid proteins
and the electrophoretic mobility patterns
of 11 RNA segments of the viral genome,
rotaviruses are classified into 7 different
sero groups (A to G). Of these 7 sero
groups, only 3, A-C, are known to infect
humans. For group A rotavirus, typing
schemes were introduced based on anti-
genic epitopes on the proteins that form
the inner capsid (VP6; subgroups I and II)
(Greenberg et al, 1983). Rotavirus can also
be classified into several serotypes using
neutralization assays with panels of anti-
sera and genotyped on the basis of two
outer capsid proteins, the glycoprotein
VP7 (defining G genotypes) and the spike
protein VP4 (defining P genotypes)
(Gentsch et al, 1992). These two structural
proteins elicit neutralizing antibodies in
the host and encoded by VP7 and VP4
genes of rotavirus, respectively. So far,
more than 15 G and 26 P genotypes have
been described in humans and in a vari-
ety of animals (Martella et al, 2006). The
incidence and distribution of G and P
genotypes that cause disease in humans
may vary by geographical location and by
year. The major human G types are G1, G2,
G3, G4, and G9, which combined with the
P types P[8], P[4], and P[6], account for
>80% of rotavirus associated gastroenteri-
tis episodes worldwide (Gentsch et al,
2005; Santos et al, 2005).

Knowledge about the diversity and
distribution of G and P types circulating
in the population is critical for the formu-
lation of an adequate vaccine as well as
for the evaluation of protection after vac-
cination. Therefore the aim of the present
study was to determine the prevalence of
rotavirus G and P genotypes present in
fecal samples obtained from northern In-
dian children less than 2 years of age who
were suffering from acute diarrhea.

MATERIALS AND METHODS

 A total of 862 stool samples were col-
lected from children aged < 2 years, ad-
mitted to the Pediatrics Department of
LNJP Hospital, New Delhi, due to acute
diarrhea, during February 2005-March
2007. All stool samples collected in the
hospitals were transported within 2 hours
to the testing laboratory (Microbiology
Department of Maulana Azad Medical
College, New Delhi). Samples were tested
for the presence of human rotavirus VP6
antigen by solid phase sandwich type En-
zyme Immuno Assay using a PremierTM

Rotaclone ELISA kit (Meridian Bioscience,
OH). Of 862 samples, 318 (36.9%) were
positive for VP6 antigen. Stool samples
were stored at -70ºC until further pro-
cessed. One hundred samples were ran-
domly selected from the 318 VP6 antigen
positive stool samples and genotyped into
their respective G and P types by RT-PCR.

RNA extraction

PBS suspensions of fecal samples 10%
were clarified by centrifugation at 10,000g
for 10 minutes. Genomic RNA was ex-
tracted from 140 µl of 10% stool suspen-
sions using a spin column technique ac-
cording to the manufacture’s instructions.
(QIAamp Viral RNA mini kit from
QIAGEN Gmbh, Hilden, Germany).

RT-PCR

Reverse transcription was carried out
by heating 10 µl of extracted viral genome
at 95ºC for 5 minutes and chilling on ice for
5 minutes. Fifteen microliters of RT reac-
tion mixture was added, yielding a total
reaction volume of 25 µl. It consisted of 50
mM Tris-HCl (pH 8.3), 4 mM MgCl2, 10 mM
DTT, 50 mM KCl, a 0.4 mM concentration
of each dNTP (Fermentas Life Sciences),
0.4 µM each of consensus primers (9 Con1
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and 9 Con2 for G typing and Con3 and
Con2 for P typing), and 100 units of
RevertAid H Minus M-MuLV Reverse
Transcriptase (MBI Fermentas, Life Sci-
ences). The RT step was carried out at 42ºC
for 1 hour, and was stopped by heating the
reaction mixture to 70ºC for 15 minutes.
The RT product was then maintained at
4ºC.

Rotavirus G genotyping
G genotyping was performed by

seminested multiplex PCR. In the first
round of PCR, consensus primers 9 Con1
and 9 Con2 (complementary to the con-
served region of the VP7 gene) were used
to amplify a 905 bp region. The second
round of typing PCR incorporated the 9
Con1 consensus primer and G type spe-
cific primers for the G1, G2, G3, G4, G9
and G12 types.

The first round PCR mixture consisted
of 18 mM Tris-HCl (pH 8.3), 45 mM KCl,
0.4 mM each of dNTP, 1U of Taq DNA
polymerase (Fermentas Life Sciences) and
a 0.4 µM concentration of each consensus
primer. The first round PCR was per-
formed by adding 6 µl of cDNA to 19 µl of
the PCR mix. After denaturation at 94ºC
for 3 minutes, 35 cycles at 94ºC for 30 sec-
onds, 45ºC for 30 seconds, 72ºC for 60 sec-
onds, and a final extension of 7 minutes at
72ºC were carried out in a thermal cycler.

 The PCR mixture for the second
round of amplification consisted of 18 mM
Tris-HCl (pH 8.3), 45 mM KCl, 0.4 mM of
dNTP, 1 U of Taq DNA polymerase
(Fermentas Life Sciences) and 0.4 µM of
consensus primer 9 Con1 and 0.2 µM con-
centration of each G type specific primer.
The second round of PCR was performed
by adding 1 µl of the first PCR product to
24 µl of the PCR mix. This was denatured
at 94ºC for 3 minutes. followed by 35 cycles

of 94ºC for 30 seconds, 48ºC for 30 seconds,
72ºC for 60 seconds, and a final extension
at 72ºC for 7 minutes.

Rotavirus P genotyping
A seminested multiplex type specific

PCR was used for P typing. In the first
round of PCR, consensus primers Con3
and Con2 (complementary to the con-
served region of the VP4 gene) were used
to amplify a 877 bp region. The consensus
Con3 and the P type specific primers for
P4, P6, P8 and P11 were used during the
second round of PCR. The PCR mixture
composition and thermal conditions for
the first and second rounds of amplifica-
tion were the same for the G typing, ex-
cept for the primers used for amplification.

Agarose gel electrophoresis
All amplified PCR products after the

first and second rounds of PCR were sub-
jected to electrophoresis on 2% agarose gel
containing 0.5 µg/ml of ethidium bromide
and observed under ultraviolet light. Spe-
cific segment sizes for different G and P
genotypes were observed.

Nucleotide sequencing
For group A rotavirus isolates that

were G and P nontypeable by the second
round of semi nested multiplex RT-PCR
and which were amplified during the first
round of PCR, typing was accomplished
by direct sequencing of the first round PCR
products. Some typed rotavirus isolates
were also sequenced to validate the semi
nested multiplex RT-PCR result. A total of
41 PCR products comprised of non-type-
able (19), typeable (9) and mixed types (13)
were purified and sequenced.

PCR product purification was per-
formed with the QIAquick PCR purifica-
tion kit (Qiagen, Hilden, Germany) and
sequencing was performed. The consen-
sus forward primer 9 Con1 and Con3 were
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used to amplify and sequence the VP7 and
VP4 genes, respectively. G and P typing
was done by comparing the nucleotide
sequence with reference rotavirus strains
available in the GenBank.

The results of semi-nested multiplex
PCR were evaluated by confirmation with
direct sequencing of some of the typeable
strains. No bias was observed between the
results obtained by the different methods.
This supports the semi-nested multiplex
PCR as a technique for molecular epide-
miological studies.

RESULTS

Detection of rotavirus antigen
From February 2005 to March 2007, a

total of 862 stool samples was tested for
group A rotavirus VP6 antigen, 318 (36.9%)
were positive by ELISA.

Age of the rotavirus positive patients
The age range of the 100 rotavirus

diarrhea patients (2005-2007) was from 1
month to 24 months, with a mean age of
13.2 months. Most rotavirus positive pa-
tients (91%) were < 12 months of age.

Seasonal pattern of rotavirus infection
Table 2 shows the monthly distribu-

tion of rotavirus diarrhea in Delhi.

G and P typing
The distribution of the G and P types

is shown in Table 3. Five different G types
were detected: G1, G2, G3, G9 and G12.
Of these, G1 was the most prevalent geno-
type (60%), followed by G2 (16%), G9 (8%),
G3 (3%) and G12 (2%). The P types identi-
fied were P[8] (40%), P[4] (26%), and P[6]
(17%).

The most common G-P combinations
seen were: G1P[8] (26%), G1P[4] (12%),
G1P[6] (11%), G2P[4] (8%), G9P[8] (5%),
G2P[8] (3%), G2P[6] (3%), G3P[4] (1%),
G3P[8] (1%), G9P[6] (1%) and G12P[4]
(1%).

Primer Type Position (nt) Sequence (5’-3’) Size of
(Polarity) amplicon (bp)

9con1 (+) VP7 37-56 TAGCTCCTTTTAATGTATGG
9con2 (-) VP7 922-941 GTATAAAATACTTGCCACCA 905
9T-1 (-) G1 176-195 TCTTGTCAAAGCAAATAATG 159
9T-2 (-) G2 262-281 GTTAGAAATGATTCTCAACT 245
9T-3 (-) G3 484-503 GTCCAGTTGCAGTGTTAG 467
9T-4 (-) G4 423-440 GGGTCGATGGAAAATTCT 404
9T-9B (-) G9 131-147 TATAAAGTCCATTGCAC 111
G12R (-) G12 471-490 AGTACAGTACCAAATTTCAT 454
Con3 (+) VP4 11-32 TGGCTTCGCTCATTTATAGAC
Con2 (-) VP4 868-887 ATTTCGGACCATTTATAACC 877
1T-1 P8 339-356 TCTACTTGGATAACGTGC 346
2T-1 P4 474-494 CTATGGTTAGAGGTTAGAGTC 484
3T-1 P6 259-278 TGTTGATTAGTTGGATTCAA 268
ND-2 P11 116-133 AGCGAACTCACCAATCTG 123

Table 1
Oligonucleotide primers used in the study of PCR amplification.
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Month (Year) Total Samples %
no. of positive

samples

February (2005) 33 14 42.4
March (2005) 42 25 59.5
April (2005) 26 8 30.7
May (2005) 17 6 35.2
June (2005) 67 21 31.3
July (2005) 63 11 17.4
August (2005) 60 14 23.3
September (2005) 67 16 23.8
October (2005) 35 15 42.8
November (2005) 29 25 86.2
December (2005) 20 13 65.0
January (2006) 14 4 28.5
February (2006) 22 8 36.3
March (2006) 39 8 20.5
April (2006) 64 10 15.6
May (2006) 18 5 27.7
June (2006) 35 9 25.7
July (2006) 42 14 33.3
August (2006) 23 10 43.4
September (2006) 23 9 39.1
October (2006) 32 19 59.3
November (2006) 20 11 55.0
December (2006) 37 22 59.4
January (2007) 17 13 76.4
February (2007) 16 8 50.0
March (2007) 1 0 0.00
Total no. of samples 862 318 36.9

Table 2
Temporal distribution of rotavirus cases.

P type
G1 G2 G3 G4 G9 G12 Mixed Total

P[4] 12 8 1 - - 1 4 26
P[6] 11 3 - - 1 - 2 17
P[8] 26 3 1 - 5 - 5 40
P[11] - - - - - - - -
Mixed 11 2 1 - 2 1 - 17
Total 60 16 3 - 8 2 11 100

Table 3
Genotypic characterization of rotavirus strains into G and P types.

% of children with indicated genotype

Mixed infection with more than one
G type was in 11% of cases, which were
G1-G2 (6%) and G2-G9 (5%). Mixed P type
infections were found in 17% of cases: P[4]-
P[6] (7%), P[6]-P[8] (5%) and P[4]-P[8]
(3%). Two instances of triple P infection
were observed: P[4]-P[6]-P[8] (2%).

DISCUSSION

In the US and Europe, rotavirus infec-
tion occurs primarily during the winter.
Some studies from India suggested the
disease occurs year-round there. The peak
of infection occurs during the winter
(Chakravarti et al, 1992), while one study
found 2 peaks per year (Singh et al, 1989)
and another study found no seasonal pat-
tern (Yachha et al, 1994). During our study,
temporal distribution of rotavirus inci-
dence was observed throughout the year
with higher incidences during the colder
season (October- January).

The semi nested multiplex RT-PCR
strategies used in this work allowed
characterization of 87.0% of the strains.
One Indian study found G genotyping was
more successful than P genotyping (Kang
et al, 2005a). Our results are also compa-
rable with previously published studies
(Fruhwirt et al, 2000; Estes, 2001). The
strains which could not be typed by semi
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nested multiplex RT-PCR were further se-
quenced and their nucleotide sequences
were compared with reference strains
available at the NCBI in order to know
their respective G and P types. A possible
reason behind the failure of the second
round of semi nested multiplex RT-PCR
could be the presence of a mutation at
primer binding sites. This was observed
in the case of G12 which was untypeable
during the second round of semi nested
multiplex RT-PCR. On analyzing the
nucleotide sequence of both G12 strains,
two mismatches were observed at the
primer-binding site of the type specific
primer. It is possible the nucleotide se-
quence differences (mismatches) between
the target region of the gene and the
primer sequences used for typing led to
the genotyping failure. This result sup-
ports the idea that genotyping methods
require close monitoring and updating of
oligonucleotide primers in order to mini-
mize the percentage of untypeable strains
during rotavirus surveillance studies
(Rahman et al, 2005).

The prevalence of rotavirus G and P
types have been monitored worldwide.
The most common G types are G1, G2, G3,
G4 and G9 (Arguelles et al, 2000; Estes,
2001; Van Man et al, 2005). In our study
similar G genotypes were detected, except
G4, which was not identified during the
study. G1 and G2 accounted for 76% of G
genotypes. G1 was the predominant geno-
type comprising 60% of rotavirus cases
falling in this type. A previous study re-
ported 44% of the strains to be G1 type
from this same geographical area (Bahl et
al, 2005). The predominance of G1 strains
indicates the this region is at higher risk
of severe rotaviral diarrhea due to this type
(Bahl et al, 2005).  G9 has been recognized
as the most widespread of the emerging
genotypes. It was first reported in the

United States in the early 1980s. Soon af-
ter its detection, it disappeared for more
than a decade; then reemerged in the mid-
1990s (Clark et al, 1987); today it comprises
4.1% of global rotavirus infections, and
accounts for as high as 70% of rotavirus
infections in some recently published data.
(Kirkwood et al, 2003; Santos and Hoshino,
2005). In the present study, G9 accounted
for 8% of rotaviral diarrhea cases. This
finding is similar to a previous report
(Banerjee et al, 2006). In our study G3 was
detected in only 3% of diarrheal cases,
which is in concordance with other epide-
miological studies indicating G3 is a rare
infection (1.9%) in northern India (Kang
et al, 2005a). A notable finding is the de-
tection of G12 strains in two diarrheal
cases. It is an emerging G genotype. Since
its first identification in the Philippines in
1990 (Taniguchi et al, 1990), it has spread
worldwide (Kang et al, 2005b; Pietruchinski
et al, 2006). In India it was first time de-
tected in Kolkata in 2003. The identifica-
tion of G12 strains in the children younger
the 2 years old indicates G12 is circulating
in younger children, in contrast to the find-
ings of another study (Bahl et al, 2005)
which found G12 was confined to older
children.

Various epidemiological studies
worldwide have shown the most common
P genotypes are P4, P6 and P8 (Arguelles
et al, 2000; Das et al, 2002; Fang et al, 2005).
The same P types were detected in the
present study. The P8 genotype was found
in 40% of cases, followed by P4 (26%) and
P6 (17%). These findings are in concor-
dance with previous published data,
which showed the predominance of the P8
genotype in New Delhi (Bahl et al, 2005).

Studies in many countries have found
G1[P8], G2[P4] and G3[P8]  are the most
common G-P combinations worldwide
(Das et al, 2002; Fang et al, 2005). In the
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present study, G1[P8] was found in 26%
of combined cases. Notable findings are
the detection of G3[P8] and the emergence
of G1[P4] in New Delhi. Earlier reports
found G3[P8] was not commonly detected
in New Delhi (Bahl et al, 2005). G3[P8] is a
common circulating genotype combina-
tion in the community, but studies have
found its identification in hospitalized
children is limited (Kang et al, 2002). In
Argentina, G1P[4] had an incidence of
14%; this may be an emerging natural
reassortmant strain (Arguelles et al, 2000).

In this study mixed infection occurred
in 28% of cases, this finding is similar to
previous percentages found in India (21.0
and 23.0 % by Jain et al (2001) and Das et al
(2002), respectively, 24.0% in Bangladesh
(Unicomb et al, 1999), 18.8% in Ireland
(O’Halloran et al, 2000) and 16.0% in Bra-
zil (Santos et al, 1998).

The present work provides basic in-
formation about the prevalence of
rotavirus infection and describes circulat-
ing G and P types during 2005-2007 in
New Delhi. We found a predominance of
G1 genotypes, emergence of G12 in
younger children and emergence of the
G3[P8] combination in hospitalized chil-
dren. It is hoped these results will help to
provide relevant information for design-
ing future rotavirus vaccines.
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