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G9P[6] and G9P[8] rotavirus strains were identi-
fied during 1995/96 through the molecular epi-
demiological surveillance of rotavirus strains
circulating in the UK between 1995 and 1998.
An increase in the incidence and spread of spo-
radic infections with rotavirus genotype G9P[8]
across the UK was detected in the two following
seasons. Partial sequencing of the VP7 gene
showed that all the UK strains shared a high
degree of homology and were related very
closely to G9 strains from the US and from
symptomatic infections in India ($96% homol-
ogy). The UK strains were related more distantly
to the apathogenic Indian strain 116E (85–87.8%
homology). Phylogenetic analysis revealed clus-
tering of the UK strains into 3 different lineages
(I to III) and into two sub-lineages within lineage
I. There were correlations between VP7 se-
quence clustering, the P type and the geographi-
cal origin of the G9 strains. Partial sequencing of
the VP4 gene showed high degree of homology
(>98%) among all the P[6] strains, and the se-
quences obtained from the P[8] strains clustered
into 2 of the 3 global lineages described for P[8]
strains associated with other G types. These
data suggest that G9 strains may be a recent
importation into the UK, and that G9P[8] strains
may have emerged through reassortment in hu-
mans between G9P[6] strains introduced re-
cently and the more prevalent cocirculating G1,
G3 and G4 strains that normally carry VP4 genes
of P[8] type. J. Med. Virol. 61:510–517, 2000.
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INTRODUCTION

Group A rotaviruses are the major aetiological agent
of gastroenteritis in infants and young children world-
wide. Infection is associated with significant morbidity
in the developed world and in addition high mortality
in the developing world [Kapikian and Chanock, 1996].
Rotaviruses are classified into G- and P-types, accord-
ing to the genetic and antigenic diversity of the two
outer capsid proteins VP7 and VP4, respectively [Es-
tes, 1996]. Both VP7 and VP4 elicit neutralising anti-
bodies, and VP4 is also involved in host restriction and
pathogenicity [Greenberg et al., 1994; Burke and Des-
selberger, 1996]. Comparative analysis of the deduced
amino acid sequences of the VP7 genes of different G
types and the analysis of neutralising monoclonal an-
tibody-escape mutants has identified regions A, B, C
and F to express type specific epitopes and to be the
major sites of neutralisation [Estes and Cohen, 1989;
Kirkwood et al., 1993]. At least 14 different G-types
and more than 19 different P-types have been identi-
fied to date, of those 10 different G types and 8 different
P-types in human infections [Estes, 1996].

The incidence and distribution of Group A rotavirus
sero- and genotypes varies between geographical areas
during a rotavirus season, and from one season to the
next. Globally, different surveys indicate that
G1P1A[8], G2P1B[4], G3P1A[8] and G4P1A[8] are the
most common G and P type combinations encountered
in human infections [Unicomb and Bishop, 1989;
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Bishop et al., 1991; Noel et al., 1991; Woods et al., 1992;
Beards and Graham, 1995; Gentsch et al., 1996; Leite
et al., 1996; Huixia et al., 1998]. Nevertheless, other
G-types have been found to be prevalent in different
areas of the world such as G5 in Brazil, G8 in Malawi,
G10 in India, and G9 in India as well as more recently
in the USA, Malawi and Bangladesh [Gentsch et al.,
1996; Leite et al., 1996; Ramachandran et al., 1996,
1998; Cunliffe et al., 1999; Unicomb et al., 1999].

Different rotavirus candidate vaccines, monovalent
or tetravalent have been formulated to provide protec-
tion against one or more of the four most common hu-
man rotavirus G-serotypes (G1–G4) [Clark et al., 1996;
Kapikian et al., 1996; Estes et al., 1997]. It still needs
to be determined to what extent these vaccines will
produce heterotypic immunity, or whether the emer-
gence of new rotavirus sero/genotypes will selectively
increase, making it necessary to incorporate additional
G and P-types into future vaccines.

Appropriate surveillance of rotavirus strains circu-
lating in the community is an absolute prerequisite
before vaccine introduction and during implementa-
tion, to monitor the prevalence of the different sero/
genotypes of cocirculating rotaviruses and to detect the
emergence of new rotavirus strains or reassortants.

Rotavirus G9 strains were detected increasingly in
the UK during the 1995–96 and 1996–97 winter sea-
sons as a result of comprehensive molecular epidemio-
logical surveillance, indicating the introduction of G9
strains to Europe.

MATERIALS AND METHODS
Specimens and Genotyping

Over 2,000 faecal specimens from children and elder-
ly patients with diarrhoea, determined to be rotavirus-
positive by electron microscopy, passive particle agglu-
tination or enzyme-linked immunosorbent assay
(ELISA), were received at the Rotavirus Surveillance
Laboratory, Clinical Microbiology & Public Health
Laboratory, Cambridge, from collaborating laborato-
ries across the UK between 1995–98. Specimen prepa-
ration and genotyping RT-PCRs were performed as
previously described [Gentsch et al., 1992; Govea et al.,
1990; Iturriza-Gomara et al., 1999].

Sequencing

Two of the VP7 amplicons (specimens GOS51117 and
GOS51203, obtained in London during the 1995–96
season) were sequenced manually [Cubitt et al., 2000];
the remaining VP7 and all the VP4 amplicons were
sequenced using an automated sequencer (ABI; Per-
kin-Elmer).

Automated sequencing. The amplicons obtained
in the first round of the VP7 and VP4 specific RT-PCRs
were purified using a commercial spin column method
(QIAquick PCR purification Kit; QIAGEN). The re-
gions sequenced corresponded to the entire length
(1062 bp) of the VP7 gene and to a 876 bp fragment of
VP4 situated at the 58 end of the gene, that included
the whole VP8* fragment of the gene. Concentration of

the template was estimated by comparison against
known concentrations of DNA fragments, run simulta-
neously on an ethidium bromide (4 mg/ml)-stained aga-
rose gel (2% NuSieve 3:1 [Flowgen] in TBE buffer [Sev-
ern Biotech]). Approximately 75–100 ng of PCR
amplicons were sequenced in both directions using the
same primer pairs as in the first round PCRs and the
ABI PRISM Dye Terminator or Big Dye Terminator
Cycle Sequencing Ready Reaction Kits (Perkin-Elmer
Applied Biosystems). The sequencing reactions were
performed according to the manufacturer’s instruc-
tions. Extension products of the sequencing reactions
were purified by ethanol precipitation to remove excess
dye terminators. Sequence data were analysed using
SeqManII (DNAStar Inc, Madison, WI). Consensus se-
quences were used for the alignment and phylogenetic
analyses using the Clustal method and the programme
MegAlign (DNAStar Inc). VP7 cDNA obtained from two
rotavirus G9 strains (9919878 and 9919877) isolated
from children with gastroenteritis in December 1998 in
Mysore, South India, were sequenced and used for com-
parative analysis. The following strains/sequences ob-
tained from GenBank/EMBL were also used for com-
parative alignments.

VP7 DNA sequences. Rotavirus strain 116E (ac-
cession number L14072); strain US1205, DNA se-
quence provided by Dr. Kirkwood et al. [1999].

VP4 DNA sequences. P[8] strains: KU, Wa and
F45 (accession numbers M21014, M96825 and U30216,
respectively); P[6] strains: US1205 and AC3/6 (isolated
from India); accession numbers AF079356 and U32619,
respectively.

RESULTS

Totals of 19, 18 and 13 G9 rotavirus strains were
detected during the 1995–96, 1996–97 and 1997–98
seasons, respectively. An increase in the percentage of
G9 strains was detected in the 7 geographical areas
from which specimens were available in two consecu-
tive seasons (1995–96 and 1996–97; Table I). G9
strains were detected in only 1 out of 7 locations in
1995/96 and increased to 4 out of 7 in 1996/97 in those
areas where samples were collected during two con-
secutive seasons (Table I). A significant increase in the
percentage of G9 strains isolated in Birmingham was
also detected, from 3.6% (4/109) in 1996–97 to 15% (9/
60) in 1997/98 (x2 test, P < 0.001). G9 rotavirus was
also found in a hospital outbreak in London during
1997–98. Typing data for the season 1997–98 are not
yet complete.

The VP7 cDNA partial sequence data (nucleotides
[nt] 166–782) of 20 of these G9 strains, 7 from 1995–96,
9 from 1996–97 and 4 from the 1998 outbreak, indi-
cated $96% homology among the UK G9 strains. The
UK strains showed between 96–99% homology with the
Indian symptomatic strains and the US1205 strain
[Kirkwood et al., 1999]. The UK G9 strains and the
Indian neonatal asymptomatic strain 116E [Das et al.,
1993] were related more distantly, exhibiting only be-
tween 85–87.8% homology.
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The VP7 sequences clustered into 3 lineages (I–III)
and into two sub-lineages (I-A and I-B) within lineage
I (Fig. 1). There were correlations between the VP7
sequence clustering, the P type and the geographical
origin of the G9 strains. All lineage I strains were of
P[6] type, and all except for one strain from Leeds had
been detected in London as sporadic cases during
1995–96 and in an outbreak in 1997–98. Lineages II
and III were of P[8] type; lineage II consisted of spo-
radic strains detected in 5 different geographical areas
(Birmingham, Newcastle, Plymouth, Reading and
Rhyl) during 1996–97; lineage III consisted of the
strains detected in Leeds during 1996–97. The US1205
(G9P[6]) strain clustered with the UK strains of lineage
I and sublineage I-A, sharing $99% homology at the
nucleotide level. The Indian symptomatic strains clus-
tered with the UK strains of lineage I and sublineage
I-B, showing between 98.9–99.5% homology at the nt
level. Lineage and sub-lineage defining point muta-
tions were located between nt positions 176 and 750 of
the VP7 gene. Alignment of the deduced amino acid
sequence revealed that of the 6 lineage-defining point
mutations, 3 resulted in amino acid substitutions.
Within lineage I, 5 point mutations defined 2 sub-
lineages, and only a mutation at codon position 234
resulted in an amino acid substitution (Table II).

The VP7 antigenic regions A, B, C and F predicted
from the deduced amino acid sequences were identical
in 12 of the UK strains and strain US1205. A double
substitution in region A and single substitutions in re-
gions B and F were identified in UK strain 632/97, and
single substitutions in regions either A, B or F were
also identified in 5 more strains (Fig. 2). Antigenic re-
gion C was identical in all the UK strains and in strain
US1205. Strain 116E revealed double substitutions in
regions A and C, at positions 87,120 and 208, 221, re-
spectively, and a single substitution was seen in region

B at position 145. Amino acid substitutions defining
lineages I and II, and sub-lineages I-A and I-B were
located outside the antigenic regions A, B, C and F of
the VP7 protein, lineage-III defining substitution at
amino acid position 87, corresponded with the first
amino acid of the antigenic A region. Lineages I and II
had a threonine residue at this position, as did the
strain US1025, and lineage III an isoleucine, as did
strain 116E (Fig. 2).

All the G9 strains detected during the season 1995–
96 in Leeds (1 sample) and in London (17 samples)
were P[6], as were the strains detected in the outbreak
in a London Hospital in 1998. The G9 strains detected
during the season 1996/97 in 6 different geographical
areas (Birmingham, Leeds, Newcastle, Plymouth,
Reading and Rhyl) were all P[8], subsequently G9P[6]
as well as G9P[8] strains were found to be cocirculating
in Birmingham during 1997–98.

The VP4 partial sequences of the G9P[8] strains clus-
tered into 2 lineages (P[8]-2 and P[8]-3) that corre-
sponded with 2 of the three P[8] global lineages
[Maunula and von Bonsdorff, 1998; Gouvea et al., 1999;
Iturriza-Gomara et al., 2000] (Fig. 3). There was 84–
88% homology among strains of different lineages, and
89–100% homology among strains of the same lineage.
The partial sequences of the VP4 gene (corresponding
to the VP8* region of the gene) of UK P[6] were highly
conserved (>98% homology) and shared >97% homol-
ogy with the VP4 sequences of US and Indian P[6]
strains (Fig. 3).

DISCUSSION

Rotavirus G9 strains, not reported previously in Eu-
rope, were found to be circulating in the UK in the
rotavirus season 1995–96. Although the prevalence of
G9 strains in the UK was low in comparison to the
more common G1 to G4 strains, there was an increase
in prevalence in those geographical areas from which
samples were tested in two consecutive seasons. There
was also an increase in the geographical spread of G9
rotaviruses from 1995–96 to 1996–97.

G9 strains were first identified in the human popu-
lation in the USA in 1983 [Clark et al., 1987] but they
were not reported again until more than a decade later
[Ramachandran et al., 1998]. The first finding of G9
strains in the UK coincides with the emergence of G9
strains in Bangladesh [Unicomb et al., 1999] and the
re-emergence and spread of G9 strains in the USA
[Jain et al., 1999]. G9 strains, however, may not have
been detected in previous epidemiological studies of ro-
tavirus infections in the UK, either due to the unavail-
ability of specific monoclonal antibodies, or the limited
use of genotyping assays. Retrospective studies of
strains isolated pre-1995 are necessary to determine
the year of emergence of G9 strains in the UK.

Numerous studies have found considerable intra-
typic diversity between the more prevalent G and P
types of rotaviruses [Coulson and Kirkwood, 1991; Xin
et al., 1993; Wen et al., 1995, 1997; Coulson, 1996; Jin

TABLE I. Prevalence of G9 Rotavirus Strains in 15
Geographical Areas in the UK During the Rotavirus

Seasons 1995–96, 1996–97

Location
Number G9/Total number typed
1995–96 1996–97

Cambridge 0/118 (0%) 0/53 (0%)
Dundee 0/19 (0%) 0/40 (0%)
Leeds 1/33 (3%) 5/102 (5%)
Newcastle 0/148 (0%) 1/197 (0.5%)
Peterborough 0/13 (0%) 0/14 (0%)
Reading 0/57 (0%) 1/154 (0.6%)
Rhyl 0/66 (0%) 2/150 (1.3%)
Sub-Total 1/454 (0.2%) 9/710 (1.3%)
Belfast 0/78 (0%)
Norwich 1/92 (1%)
Birmingham 4/109 (3.6%)
Bristol 0/69 (0%)
Cardiff 0/20 (0%)
Plymouth 5/205 (2.4%)
Porstmouth 0/13 (0%)
London (GOSa) 17/150 (11.3%)
Total 19/774 (2.5%) 18/1226 (1.5%)

Typing was performed by RT-PCR
aGOS: Great Ormond Street Hospital for Children, London
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Fig. 1. Phylogenetic tree constructed from partial sequences of the VP7 gene (nt 166–782) of the G9 rotavirus strains using the Clustal
method and Megalign. Nomenclature of the sequences indicates the G and P-types of the strains, the laboratory number, year of isolation and
the geographical origin (spor: sporadic; O/B outbreak). The VP7 sequence of strain US1205 was provided by Dr. Kirkwood and that of strain
116E was obtained from GenBank (accession number L14072).

TABLE II. Nucleotide Point Mutations and Amino Acid Substitutions
Defining Lineages I to III and Sub-Lineages I-A and I-B Among the G9

Strains in the UK

Codon
position Lineage I Lineage II Lineage III

Amino acid
substitution

43 ATT GTT ATT Isoleucine to Valine
77 TTG TTG TTA None
87 ACA ACA ATA Threonine/Isoleucine

123 GAT GAC GAT None
127 TTC TTT TTC None
129 ATT GTT ATT Isoleucine to Valine

I-A I-B
122 ACC ACT None
131 CCG CCA None
233 GTG GTT None
234 AAC AAA Lysine to Asparagine

>
Fig. 2. Schematic representation of the VP7 gene and protein (indicating sequencing primer positions and antigenic sites), and alignment of

the deduced amino acid sequences from positions 40–245. Substitutions differing from the consensus are indicated, lineage and sub-lineage
defining amino acid substitutions are highlighted. Antigenic regions A, B, C and F are boxed.
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et al., 1996; Maunula and von Bonsdorff, 1998; Di-
wakarla and Palombo, 1999; Gouvea et al., 1999;
Iturriza-Gomara et al., 2000]. The clustering of the G9
strains according to geographical origin and different
VP7-VP4 combination, and the relative lack of diver-
sity between the VP7 nucleotide sequences of the UK
G9 strains suggest that G9 rotaviruses are a relatively
recent importation into the UK. The high degree of
homology between the VP7 nt sequences of the G9
strains and the P[6]-VP4 nucleotide sequences from the
UK, US and Indian strains suggests the recent intro-
duction of these strains into the human population.
The observation that G9P[6] strains were associated
with more severe disease in older children requiring
hospital admission and intravenous rehydration
therapy [Cubitt et al., 2000], also suggests that these
strains are a recent importation into an immunologi-
cally naı̈ve population.

The VP4 nucleotide sequences of all P[6] strains
showed a high degree of homology ($98%), whereas the
VP4 nucleotide sequence of the G9P[8] strains revealed
clustering in the same global lineages identified from
rotavirus strains with other G types that do not corre-
late with any geographical, temporal or G-type cluster-
ing [Maunula and von Bonsdorff, 1998; Gouvea et al.,
1999; Iturriza-Gomara et al., 2000]. This suggests that
the G9P[8] strains have emerged through reassort-
ment in humans between the G9P[6] strains intro-
duced recently and the more prevalent cocirculating
G1, G3 and G4, that commonly carry VP4 genes of P[8]-
type.

Because G9 strains are not represented in any of the
proposed rotavirus candidate vaccines [Clark et al.,
1996; Kapikian et al., 1996; Estes et al., 1997] cross-

protection against infection or disease caused by
strains other than G1 to G4 may or may not be con-
ferred. If cross-protection is not achieved, a selective
increase of the prevalence of G9 or other emerging ro-
tavirus strains could result after widespread use of
these vaccines.

The deduced amino acid sequence of the VP7 protein
showed that most of the lineage and the sub-lineage
defining amino acid substitutions were outside the an-
tigenic regions A, B, C and, F of VP7. Some amino acid
substitutions, however, were identified in antigenic re-
gions A, B and F in a small number the G9 strains,
including a lineage defining substitution at position 87
(region A). Similarly, although the VP7 genes of the
two US G9 strains (WI61 and US1205) showed a high
degree of homology, some antigenic differences be-
tween them were also identified [Ramachandran et al.,
1998; Kirkwood et al., 1999]. This may have implica-
tions for rotavirus serotyping using monoclonal anti-
bodies (Mabs). It has been recognised that serotyping of
strains G1 to G4 may require the use of a panel of
monoclonal antibodies to serotype intratypic variants
[Coulson, 1996]. Serotyping by ELISA strains using a
G9-specific Mabs (F45:1 and F45:8) has been reported
[Coulson et al., 1999; Cubitt et al., 2000]; however, as
the prevalence and spread G9 strains increases and
differences at the antigenic sites are recognised, it will
be necessary to evaluate the usefulness of these Mabs
for typing G9 strain from different areas and seasons.
If the prevalence and spread of G9 strains continues to
increase, sequence data will allow the monitoring of the
diversification of these strains.

It is important to continue surveillance of rotavirus
infections to monitor the prevalence of these strains,

Fig. 3. Phylogenetic tree constructed from
partial sequences of the VP4 gene of the rotavi-
rus strains (nt 11-887) using the Clustal method
and Megalign. Nomenclature of the sequences
indicates P-type of the strains, the laboratory
number, rotavirus season and the geographical
origin. VP4 sequences of the strains KU, Wa,
F45, US1205 and AC3/6 were obtained from
GenBank/EMBL (accession numbers M21014,
M96825, U30216, AF079356 and U32619, re-
spectively).
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and to establish whether the prevalence of G9 rotavi-
rus strains continues to rise or, as it has been
recognised for rotavirus G1 to G4 strains, it follows a
cyclical pattern of re-emergence [Woods et al., 1992].

ACKNOWLEDGMENTS

This work is part of a rotavirus surveillance study
supported by a grant from the Public Health Labora-
tory Service, London, UK. D. Cubitt and D. Steele were
supported by a UK/South Africa Science & Technology
Research Fund Grant from the British Council. We
thank the staff of the collaborating laboratories for sup-
plying the rotavirus strains for typing and Dr. C. Kirk-
wood, CDC, Atlanta, USA, for providing the VP7 se-
quence of the US1205 strain.

REFERENCES

Beards G, Graham C. 1995. Temporal distribution of rotavirus G-
serotypes in the West Midlands region of the United Kingdom,
1983–94. J Diarrhoeal Dis Res 13:235–237.

Bishop RF, Unicomb LE, Barnes GL. 1991. Epidemiology of rotavirus
serotypes in Melbourne, Australia, from 1973–89. J Clin Microbiol
29:862–868.

Boom R, Sol CJA, Salismans MMM, Jansen CL, Wertheim-van Dillen
PME, van den Noordaa J. 1990. Rapid and simple method for the
purification of nucleic acids. J Clin Microbiol 28:495–503.

Burke B, Desselberger U. 1996. Rotavirus pathogenicity. Virology
218:299–305.

Clark HF, Hoshino Y, Bell LM, Groff J, Hess P, Bachman P, Offit PA.
1987. Rotavirus isolate WI61 representing a presumptive new hu-
man serotype. J Clin Microbiol 25:1757–1762.

Clark HF, Offit PA, Ellis RW, Eiden JJ, Krah D, Shaw AR, Pichichero
M, Treanor JJ, Borian FE, Bell LM, Plotkin SA. 1996. The devel-
opment of multivalent bovine rotavirus (strain WC3) reassortant
vaccine for infants. J Infect Dis 174(Suppl):S73–S80.

Coulson BS. 1996. VP4 and VP7 typing using monoclonal antibodies.
Arch Virol 12(Suppl):113–118.

Coulson BS, Gentsch JR, Das BK, Bhan MK, Glass RI. 1999. Com-
parison of enzyme immunoassay and reverse transcriptase PCR
for identification of serotype G9 rotaviruses. J Clin Microbiol 37:
3187–3193.

Coulson BS, Kirkwood C. 1991. Relation of VP7 amino acid sequence
to monoclonal antibody neutralisation of rotavirus and rotavirus
monotype. J Virol 65:5968–5974.

Cubitt WD, Steele AD, Iturriza M. 2000. Characterisation of rotavi-
ruses from children treated at a London Hospital during 1996.
Emergence of strains G9P2A[6] and G3P2A[6]. J Med Virol
61:150–154.

Cunliffe NA, Gondwe JS, Broadhead RL, Molyneux ME, Woods PA,
Bresee JS, Glass RI, Gentsch JR, Hart CA. 1999. Rotavirus G and
P types in children with acute diarrhea in Blantyre, Malawi, from
1997–98: predominance of novel P[6]G8 strains. J Med Virol 57:
308–312.

Das BK, Gentsch JR, Hoshino Y, Ishida S, Nakagomi O, Bhan MK,
Kumar R, Glass RI. 1993. Characterisation of the G serotype and
genogroup of New Delhi newborn rotavirus strain 116E. Virology
197:99–107.

Diwakarla CS, Palombo EA. 1999. Genetic and antigenic variation of
capsid protein VP7 of serotype G1 human rotavirus isolates. J Gen
Virol 80:341–344.

Estes M. 1996. Rotaviruses and their replication. In: Fields BN, edi-
tor. Fields virology, 3rd ed. Vol 2. Philadelphia: Lippincott-Raven.
p 1625–1655.

Estes MK, Ball JM, Crawford SE, O’Neal C, Opekun AA, Graham DY,
Conner ME. 1997. Virus-like particle vaccines for mucosal immu-
nisation. Adv Exp Med Biol 412:387–395.

Estes MK, Cohen J. 1989. Rotavirus gene structure and function.
Microbiol Rev 53:410–449.

Gentsch JR, Glass RI, Woods P, Gouvea V, Gorziglia M, Flores J, Das
BK, Bhan MK. 1992. Identification of Group A rotavirus gene 4

types by polymerase chain reaction. J Clin Microbiol 30:1365–
1373.

Gentsch JR, Woods PA, Ramachandran M, Das BK, Leite JP, Alfieri
A, Kumar R, Bhan MK, Glass RI. 1996. Review of G and P typing
results from a global collection of rotavirus strains: implications
for vaccine development. J Infect Dis 174(Suppl):S30–S36.

Gouvea V, Glass RI, Woods P, Taniguchi K, Clark HF, Forrester B,
Fang ZY. 1990. Polymerase chain reaction amplification and typ-
ing of rotavirus nucleic acid from stool specimens. J Clin Microbiol
28:276–282.

Gouvea V, Lima RC, Linhares RE, Clark HF, Nosawa CM, Santos N.
1999. Identification of two lineages (WA-like and F45-like) within
the major rotavirus genotype P[8]. Virus Res 59:141–147.

Greenberg HB, Clark HF, Offit PA. 1994. Rotavirus pathology and
pathophysiology. Curr Top Microbiol Immunol 185:255–283.

Huixia W, Taniguchi K, Urasawa T, Urasawa S. 1998. Serological and
genomic characterisation of human rotaviruses detected in China.
J Med Virol 55:168–176.

Iturriza-Gomara M, Green J, Brown DWG, Desselberger U, Gray JJ.
1999. Comparison of specific and random priming in the reverse
transcriptase polymerase chain reaction for genotyping Group A
rotaviruses. J Virol Methods 78:93–103.

Iturriza-Gomara M, Green J, Brown DWG, Desselberger U, Gray JJ.
2000. Diversity within the VP4 gene of rotavirus P[8] strains: im-
plications for RT-PCR genotyping. J Clin Microbiol 38:898–901.

Jain V, Clark F, Dennehy P, Zangwill K, Kirkwood C, Glass R, Gen-
tsch J. 1999 Identification of serotype G9 rotavirus in archival
collections: implications for United States vaccine implementa-
tion. ASV 18th Annual Meeting W43–4:136.

Jin Q, Ward RL, Knowlton DR, Gabbay YB, Linhares AC, Rappaport
R, Woods PA, Glass RI, Gentsch JR. 1996. Divergence of VP7
genes of G1 rotaviruses isolated from infants vaccinated with re-
assortant rhesus rotaviruses. Arch Virol 141:2057–2076.

Kapikian AZ, Chanock RM. 1996. Rotaviruses. In: Fields BN, editor.
Fields virology, 3rd ed. Vol 2. Philadelphia: Lippincott-Raven. pp
1967–1708.

Kapikian AZ, Hoshino Y, Chanock RM, Perez Schael I. 1996. Jenne-
rian and modified Jennerian approach to vaccination against ro-
tavirus diarrhea using a quadrivalent rhesus rotavirus (RRV) and
human-RRV reassortant vaccine. Arch Virol 12(Suppl):163–175.

Kirkwood C, Masendycz PJ, Coulson BS. 1993. Characteristics and
location of cross-reactive and serotype-specific neutralisation sites
on VP7 of human G type 9 rotaviruses. Virology 196:79–88.

Kirkwood CD, Gentsch JR, Hoshino Y, Clark HF, Glass RI. 1999.
Genetic and antigenic characterisation of a serotype P[6]G9 hu-
man rotavirus strain isolated in the United States. Virology 256:
45–53.

Leite JP, Alfieri AA, Woods PA, Glass RI, Gentsch JR. 1996. Rotavi-
rus G and P types circulating in Brazil: characterisation by RT-
PCR, probe hybridisation, and sequence analysis. Arch Virol 141:
2365–2374.

Maunula L, von Bonsdorff CH. 1998. Short sequences define genetic
lineages: phylogenetic analysis of Group A rotaviruses based on
partial sequences of genome segments 4 and 9. J Gen Virol 79:
321–332.

Noel JS, Beards GM, Cubitt WD. 1991. Epidemiological survey of
human rotavirus serotypes and electropherotypes in young chil-
dren admitted to two children’s hospitals in Northeast London
from 1984–90. J Clin Microbiol 29:2213–2219.

Ramachandran M, Das BK, Vij A, Kumar R, Bhambal SS, Kesari N,
Rawat H, Bahl L, Thakur S, Woods PA, Glass RI, Bhan MK, Gen-
tsch JR. 1996. Unusual diversity of human rotavirus G and P
genotypes in India. J Clin Microbiol 34:436–439.

Ramachandran M, Gentsch JR, Parashar UD, Jin S, Woods PA, Hol-
mes JL, Kirkwood CD, Bishop RF, Greenberg HB, Urasawa S,
Gerna G, Coulson BS, Taniguchi K, Bresee JS, Glass RI. 1998.
Detection and characterisation of novel rotavirus strains in the
United States. J Clin Microbiol 36:3223–3229.

Unicomb LE, Bishop RF. 1989. Epidemiology of rotavirus strains in-
fecting children throughout Australia during 1986–87. A study of
serotype and RNA electropherotype. Arch Virol 106:23–34.

Unicomb LE, Podder G, Gentsch JR, Woods PA, Hasan KZ, Faruque

516 Iturriza-Gómara et al.
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