
JOURNAL OF CLINICAL MICROBIOLOGY, Apr. 2008, p. 1343–1348 Vol. 46, No. 4
0095-1137/08/$08.00�0 doi:10.1128/JCM.02358-07
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Emergence of G12 Rotavirus Strains in Delhi, India, in 2000 to 2007�

S. Sharma,1 P. Ray,1* J. R. Gentsch,2 R. I. Glass,3 V. Kalra,1 and M. K. Bhan1

Department of Pediatrics, All India Institute of Medical Sciences, New Delhi 110029, India1; Gastroenteritis and
Respiratory Viruses Laboratory Branch, Centers for Disease Control and Prevention, Atlanta, Georgia2;

and Fogarty International Center, National Institutes of Health, Bethesda, Maryland3

Received 10 December 2007/Returned for modification 22 January 2008/Accepted 5 February 2008

The prospect that rotavirus diarrhea in children may soon be prevented by vaccines has placed a new priority
on understanding the diversity of rotavirus strains and the mechanism by which these strains evolve over time.
We have characterized a total of 465 rotavirus strains collected in North India from 2000 to 2007 for G and P
types by reverse transcription-PCR and sequencing. The novel G12 rotavirus strains recently detected in other
countries were first detected in India in 2001 and have emerged as the predominant strains in Delhi, India,
during 2005 to 2007. While the VP7 sequence was highly homologous among G12 strains isolated in Delhi,
suggesting recent emergence from a common ancestor, the strains had a diverse constellation of other gene
segments, demonstrating substantial reassortment. For the entire period, the common rotavirus G types G1
(26%), G2 (25%), and G9 (14%) comprised 65% of the strains, and common P types, P[4] (19%), P[6] (22%),
and P[8] (35%), comprised 76% of the total P types. Of note, we detected a high percentage of unusual (17%)
strains and fecal specimens with mixed (12% G and 15% P) rotavirus infections having a variety of genomic
constellations. For the first time, we identified two novel rotavirus strains with unusual G/P combinations,
G2P[11] and G3P[11], in patients with diarrhea. The study highlights the great diversity among rotaviruses
isolated from Indian children, the opportunity for genetic reassortment between strains, and the emergence of
a novel G12 strain in our country. Due to the demonstrated effect of antigenic diversity on rotavirus vaccines,
it will be important to continue careful monitoring of these strains as rotavirus vaccine programs are
implemented in India.

Rotavirus is the single most important etiological agent of
severe diarrheal illness of infants and young children world-
wide, claiming between 454,000 and 705,000 lives each year
(37). Approximately 17% (100,000) of the world’s estimated
rotavirus-associated deaths, together with about 400,000 hos-
pitalizations, occur each year in India (25). This large disease
burden and the high mortality associated with rotavirus gas-
troenteritis in children emphasize the urgent need for rotavirus
vaccines (8, 19). Two viral surface proteins, VP4, a protease-
cleaved, or P, protein, and VP7, a glycoprotein, or G protein,
are the targets of neutralizing antibodies. These proteins may
mediate protection induced by a rotavirus vaccine and form
the basis for the dual molecular classification scheme that
indicates the G and P genotypes of the viruses. To date, 15 G
and 27 P genotypes have been described (28, 30, 42). World-
wide surveillance of rotavirus strains has demonstrated G1 to
G4 to be the most common circulating G types (1, 9, 48). In the
1990s, a new genotype, G9, emerged in India and is now quite
common worldwide (22, 27, 29, 31, 36). Several recent inter-
national studies have demonstrated a novel G12 rotavirus to be
emerging as well (2, 4, 9, 38, 43, 49, 56). Studies from India,
Bangladesh, and Nepal have recently shown a high prevalence
of G12 and its association with multiple VP4 genotypes (40, 41,
47, 53). In addition, several other rotavirus strains have dem-
onstrated regional predominance. G5 rotaviruses, previously
found only in pigs and horses, were detected in Brazilian chil-

dren in 1983 and have since been regularly reported from
Brazil at a high frequency (20). Similarly, G8 rotaviruses have
been detected all over the African continent at a high fre-
quency, especially in Malawi (10, 33).

Two live oral vaccines have recently been licensed to protect
children against rotavirus diarrhea: Rotateq, a human-bovine
pentavalent vaccine, and Rotarix, a G1P[8] monovalent human
rotavirus vaccine (6, 46, 55). Clinical trials of these vaccines
among children in rich and middle-income countries have
demonstrated high efficacies against the most common rotavi-
rus strains, although Rotarix was less effective against G2P[4]
strains (35). This raised the question of whether strains that
share neither serotype antigen with the vaccine may evade
immunity. Rotavirus vaccines are currently in development in
India, and the candidate 116E (G9P[11]) vaccine is analogous
to Rotarix in having a monovalent formulation (7). Therefore,
it will be important to continuously monitor strains before,
during, and after vaccine implementation in India to gauge the
impact of vaccines on strains and help understand the effect of
strain variation on the efficacies of these vaccines.

MATERIALS AND METHODS

Stool specimens. In the present study, we characterized rotaviruses identified
in 1,524 fecal specimens obtained from children hospitalized with diarrhea. Of
these specimens, 1,051 were collected between 2000 and 2002 from surveillance
at six major hospitals in South Delhi (1), and 473 were collected between 2002
and 2003 and 2004 to 2007 from another study at the All India Institute of
Medical Sciences (AIIMS), New Delhi, India (J. Malik et al., unpublished data).
For both studies, monitoring of rotavirus strains was performed from August to
July. Rotavirus G and P typing data for 2000 to 2001 were described previously
(1), but the nontypeable strains for which samples were still available (53/66)
were further characterized by improved reverse transcription-PCR (RT-PCR)
and sequencing, and the revised data have been used in the present analysis.
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Rotavirus detection. Fecal specimens were individually screened for rotavirus
antigen using a monoclonal antibody-based enzyme immunoassay kit (Premier
Rotaclone; Meridian Bioscience Inc., Cincinnati, OH) according to the manu-
facturer’s guidelines.

Polyacrylamide gel electrophoresis (PAGE). Rotavirus double-stranded RNA
was extracted from 10% fecal suspensions or rotavirus-infected culture lysates by
the Trizol method (Invitrogen Corp., Carlsbad, CA) according to the manufac-
turer’s instructions and was electrophoresed on a 10% polyacrylamide gel for
16 h at 8 mA, as described previously (34).

G and P typing by multiplex RT-PCR. G and P types of the strains were
determined by RT-PCR with the Qiagen OneStep RT-PCR kit (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s protocol (44). For G typing,
we used two consensus primer pairs (9con1/9con2 and beg9/end9) and G-type-
specific primers such as G1 to G4, G9, and G12 (11, 47). For P typing, consensus
primer pair con2/con3 was used along with P[4]-, P[6]-, P[8]-, and P[11]-type-
specific primers (16). Specimens that did not react with either G- or P-type-
specific primers were recorded as nontypeable.

Sequence determination. Sequences were determined from amplicons with
primer pair Beg9/End9 following PCR. The amplification product was purified
by GeneClean purification method (Q-biogene, Cambridge, United Kingdom)
and sequenced on an automated sequencer (45). Phylogenetic analysis was per-
formed with MEGA software, version 3.1, based on the neighbor-joining
method. Phylogenetic distances were measured by the Kimura two-parameter
model. Phylogenetic trees were statistically supported by bootstrapping with
1,000 replicates (51).

Nucleotide sequence accession numbers. The Delhi G12 VP7 gene sequences
described in this study were submitted to the GenBank database, and sequence
accession numbers are as follows: EU179533 for strain DB029, EU179534 for
strain DS061, EU179535 for strain DS142, EU179536 for strain DA227,
EU179537 for strain DA428, EU179538 for strain Dan15, EU179539 for strain
Dan412, EU179540 for strain Dan516, and EU179541 for strain Dan297.

RESULTS

G and P genotypes of circulating rotavirus strains. Of the
500 rotavirus-positive specimens (259 from the multicenter
study and 241 from the AIIMS hospital), G/P genotyping could
be performed for 465 (93%) strains for which an adequate
quantity of sample was available (Table 1). Rotavirus geno-
types G1, G2, and G9 were observed to be widely circulating in
Delhi, with overall incidences of 25.8%, 24.9%, and 14.4%,
respectively. Additionally, for the first time, we detected the
emergence of G12 strains in Northern India, with a high over-
all prevalence (14.4%), identical to that of G9 strains, while G3
(2.4%) and G4 (0.4%) strains were rarely detected. Among the
P types, P[4], P[6], and P[8] accounted for 19.3%, 22.4%, and
34.8% of the total rotavirus-positive samples, respectively. The
most common rotavirus strains were G1P[8], G2P[4], G12P[6],

and G9P[8], with prevalences of 19.3%, 17.2%, 9.7%, and
6.7%, respectively. Interestingly, the present study demon-
strated a high incidence (17.2%) of unusual G/P combinations.
Of note, two novel and unusual rotavirus strains with G2P[11]
and G3P[11] specificity that have not previously been observed
were detected in this study. Furthermore, a high percentage of
mixed infections was also present, including 11.6% among G
types and 15.5% for P types. However, throughout the study,
nontypeable rotavirus strains (G and P) were detected at low
frequencies. Comparison of G and P type data between AIIMS
and other hospitals in South Delhi did not show any significant
difference.

Temporal distribution of rotavirus strains. We examined
the yearly distribution of rotavirus genotypes throughout the
period (Fig. 1A to C). From 2004 to 2007, G12 strains were
detected more frequently, with a concomitant decrease in G1
strains (Fig. 1A). Interestingly, other common strains, such as
G3 and G4 strains, were rarely detected, while G9 strains were
detected consistently throughout the study period. The novel
G12 rotaviruses were first observed with low prevalence (5.3%)
in 2000 to 2001, and their prevalence increased to 33.3% by
2006 to 2007. However, no such seasonal distribution was seen
in the case of P genotypes (Fig. 1B). The common rotavirus
strains (G1P[8], G2P[4], and G9P[8]) and the novel G12P[6]
strain constituted 40 to 60% of the total rotavirus strains an-
nually (Fig. 1C).

Phylogenetic analysis of G12. We sequenced the VP7 gene
(nucleotides 54 to 484) of G12 strains from Delhi collected
during 2000 to 2007 to determine their relationship to previ-
ously reported G12 strains (Fig. 2). The sequence homology
between the Delhi strains and other G12 strains was high
(�95.2 to 99.5%), and all of them clustered in one lineage
(lineage III) (Fig. 2), showing no significant temporal or geo-
graphical variation.

Electropherotype of G12 and other rotavirus strains. The
overall genomic profile of the novel G12 strains and several
other P[6] rotavirus strains from Delhi was analyzed by RNA
PAGE (Fig. 3). Both long and short electropherotypes were
observed among 25 of 67 G12 strains. All G12P[8] (n � 4) and
a majority of the G12P[6] (n � 16) strains including RV024, a
strain detected in Delhi, previously had a long electrophero-
type (Fig. 3, lanes 1 to 3), while a short electropherotype (n �

TABLE 1. G/P distribution of rotavirus strains circulating in Delhi during 2000 to 2007

Human rotavirus
type

No. (%) of strainse

G1 G2 G3 G4 G9 G12 Gmixa Gntb Total

P�4� 4 (0.9) 80 (17.2) 3 (0.6) 2 (0.4) 1 (0.2) 90 (19.3)
P�6� 11 (2.4) 6 (1.3) 9 (1.9) 1 (0.2) 12 (2.6) 45 (9.7) 15 (3.2) 5 (1.1) 104 (22.4)
P�8� 90 (19.3) 6 (1.3) 31 (6.7) 14 (3.0) 14 (3.0) 7 (1.5) 162 (34.8)
P�11� 1 (0.2) 1 (0.2) 4 (0.9) 2 (0.4) 8 (1.7)
P�mix�c 7 (1.5) 20 (4.3) 1 (0.2) 14 (3.0) 5 (1.1) 24 (5.2) 1 (0.2) 72 (15.5)
P�nt�d 8 (1.7) 3 (0.6) 1 (0.2) 3 (0.6) 1 (0.2) 13 (2.8) 29 (6.2)

Total 120 (25.8) 116 (24.9) 11 (2.4) 2 (0.4) 67 (14.4) 67 (14.4) 54 (11.6) 28 (6.0) 465

a Gmix, G1/G2/G3/G4/G9/G12.
b Gnt, nontypeable for the G genotype.
c Pmix, P�4�/P�6�/P�8�/P�11�.
d P�nt�, nontypeable for the P genotype.
e Data in boldface type represent the globally common rotavirus strains. Data in both boldface and italic type represent unusual G/P combinations, while data in italic

type represent regionally common P�6� strains.
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5) was found exclusively among G12[P6] strains (lanes 4 and
5). Genomic heterogeneity was observed among G9P[6] (Fig.
3, lanes 6 and 7) and G2P[6] (lanes 8 and 9) rotavirus strains.
It is noteworthy that G12P[6], G9P[6], and G2P[6] strains with

long electropherotypes had a much smaller segment 5, encod-
ing NSP1, than other strains. Electropherotyping for many
unusual rotavirus strains (G9P[4], G2P[11], G3P[11], and oth-
ers) detected in the present study could not be performed
because of the unavailability of sample with enough quantity.

DISCUSSION

This study documents the first detection of G12 in Delhi in
2000 and its emergence by 2005 to 2007 to become a predom-
inant strain. We sequenced the VP7 gene to identify the degree
of homology among G12 rotavirus strains, which suggested a
common and recent ancestor (41, 47, 50). However, like recent
G9 strains, these strains were reassortants, and we identified
G12 strains with all common P types (i.e., P[4], P[6], and P[8])
and also with both short and long electropherotypes, confirm-
ing the potential of G12 strains to undergo rapid evolution (12,
40, 43). Despite this variety, the ages of children infected with

FIG. 1. (A) Yearly percentage of prevalence of G genotypes (G1 to
G4, G9, G12, mixed [Gmix], and nontypeable [Gnt]) among children
hospitalized with acute rotavirus diarrhea in Delhi. (B) Yearly per-
centage of prevalence of P genotypes (P[4], P[6], P[8], P[11], mixed,
and nontypeable [nt]) among children hospitalized with acute rotavirus
diarrhea in Delhi. (C) Temporal shift and percentage of incidence of
predominant rotavirus strains circulating in Delhi during 2000 to 2007.

FIG. 2. Phylogenetic analysis of the VP7 gene (nucleotides 54 to
484) of G12 rotavirus strains from Delhi (shown in closed circles). The
tree was constructed using the neighbor-joining method with 1,000
bootstrap resamplings and rooted with rotavirus strain Wa (G1 geno-
type). Percent bootstrap support is indicated by the value at each node,
and values of �80 are omitted. Reference sequences were obtained
from the GenBank/EMBL database. Origin and year of isolation for
each strain are shown. The bar indicates the variation scale. NA, data
not available.
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G12 versus other strains were not significantly different. In
addition, G1, G2, and G9 genotypes were still prevalent in
Delhi, while G3 and G4 strains were very uncommon.

The prevalence of genotypes G1, G2, and G9 is in agree-
ment with numerous reports published worldwide, including in
India (1, 3, 17, 48). An earlier study conducted during 1996 to
1998 demonstrated the predominance of G2P[4], followed by
G9P[8] and G1P[8] strains in Delhi (26). Our previous study
with samples collected in 2000 to 2001 demonstrated that G1
rotaviruses were the predominant genotype, followed by G9
and G2 (1). The low detection rates of G/P-nontypeable strains
compared to those reported by some other studies, particularly
compared to those in our previous report, may be attributed to
differences in the RT-PCR assay that we employed, such as the
use of more sensitive enzymes and the addition of both G12-
specific primers and an alternate set of consensus primers (1,
15). Our observation of a high percentage of unusual rotavirus
strains was in agreement with data from several other studies
from the Indian subcontinent (3, 13, 18, 26, 27). Additionally,
genomic diversity among the regionally common rotavirus
strains (G9P[6] and G2P[6]), particularly in regard to the mi-
gration pattern of various gene segments, could be attributed
to a close association of humans with domesticated animals
and/or a frequent occurrence of mixed infections (5, 14, 17,
21–24, 27, 32, 54). The introduction of G12 strains with a P[6]
combination in large numbers may also be attributed to mixed
infections. This is evident from our recent finding that both
G12P[6] and G9P[6] neonatal strains were circulating simulta-
neously in the AIIMS nursery (45). Of note, the G3P[11]
rotavirus that we recently detected in a child with diarrhea was
first detected a decade ago among newborns in hospitals in
New Delhi (11).

G12 rotaviruses were first detected in the Philippines in 1987
(52) and in many other places since then (12, 39, 43, 49, 56).
Regular detection of G12 has been reported in Bangladesh,
Nepal, Japan, South Korea, the United Kingdom, the United
States, Belgium, Argentina, Brazil, Hungary, and Slovenia,

similar to the emergence of G9 strains previously (4, 9, 23, 38,
40, 41, 50). The high level of VP7 sequence homology within
the recently detected G12 strains indicates a common Se585-
like ancestor (strains having a genetic makeup similar to that of
Se585). However, great strain diversity among G12 rotavirus
strains with different VP4 types, similar to G9 strains within the
Indian subcontinent, has been due to reassortment with other
gene segments (12, 43, 47, 53). Recently, Rahman et al. made
a similar observation with very high diversity among G12
strains; additionally, they reported that the first G12 rotavirus
prototype strain, L26, has porcine-like NSP2 and NSP5 genes,
indicative of G12 having an animal origin (41).

One limitation of this study was our inclusion of only a single
city (Delhi), so the prevalence of G12 in other parts of India,
both north and south, could not be ascertained. In addition,
since this study was restricted to hospitalized children, repre-
senting only severe cases, the overall incidence of G12 infec-
tions within the community needs to be determined. Future
rotavirus surveillance studies should involve more sites from
both hospital and community settings. The study emphasizes
the inclusion of G12 primers for all future rotavirus strain
surveillance. It is now important to evaluate the antigenic
cross-reactivity of these novel G12 strains with other common
global strains including vaccine strains.

In conclusion, the present study documents the first detec-
tion of G12 strains in Delhi and their high frequency in the
latest year. Rich genomic diversity along with high prevalences
of unusual and mixed strains in India further increase the
chances of evolution of more novel strains. Hence, efforts to
survey prevalent and newly evolving rotavirus strains in com-
munities should continue. Additional study needs to be carried
out to assess the cross-neutralization potential of G12 in the
context to other rotavirus strains, which will facilitate further
evaluation of vaccines.
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