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Rotavirus genotyping: keeping up with an evolving
population of human rotaviruses
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Abstract

The use of molecular methods for rotavirus characterisation provides not only increased sensitivity for typing, but also allows accurate and
more complete characterisation of strains, and the identification of putative reassortant strains. However, due to the constant accumulation of
point mutations through genetic drift, and to the emergence of novel genotypes, possibly zoonotic transmission and subsequent reassortment,
the reagents and methods used require close monitoring and updating. Methods and oligonucleotide primers are described to overcome failures
to type G9, G10 and P[11] rotavirus strains, and cross-reactivity identified between G10 and G3 rotaviruses.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Rotaviruses are the single most common cause of acute
infantile gastroenteritis throughout the world, and rotavirus
infection is associated with up to 600,000 deaths in chil-
dren under the age of five, mostly in the developing world
(Parashar et al., 2003).

Rotaviruses are classified into G and P-types, which are
determined by the two outer layer viral proteins, VP7 and
VP4, respectively. These two proteins elicit neutralising an-
tibody responses and therefore, protection from infection
and disease is believed to be type specific.

In recent years, rotavirus genotyping by RT-PCR has
provided valuable information about the diversity of ro-
taviruses circulating throughout the world, and has revealed
much greater strain diversity than that seen in earlier years
through the use of serological typing methods. Molecular
methods have allowed the detection of rotavirus types G5,
G6, G8, G9, G10, G12, P[6], P[9] and P[11], not pre-
viously found in human infections (Banyai et al., 2003;
Cubitt et al., 2000; Cunliffe et al., 1999, 2000; Das et al.,
1993, 2003; Desselberger et al., 2001; Gentsch et al.,
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1993; Gouvea et al., 1994; Griffin et al., 2002;
Pongsuwanna et al., 2002; Steele and Ivanoff, 2003).
Also, the detection of G2 antibody escape-mutants
(Iturriza-Gómara et al., 2001) and the identification of
variability associated with genetic drift among the differ-
ent genotypes (Diwarkarla and Palombo, 1999; Gouvea
et al., 1999; Iturriza-Gómara et al., 2001; Maunula and von
Bonsdorff, 1998) has been described. The sensitivity of
RT-PCR for rotavirus characterisation has also led to the
realisation that multiple infections and the resulting reas-
sortment are the principal mechanism of rotavirus evolution
in vivo (Gouvea and Brantly, 1995; Iturriza-Gómara et al.,
2001).

The rotavirus genome consists of 11 segments of dsRNA.
Due to the segmented nature of the rotavirus genome, they
can reassort during multiple infections. As the gene seg-
ments encoding VP7 and VP4 can segregate independently
during reassortment, different G- and P-type combinations
can be found in co-circualting rotaviruses. Point mutations
accumulate at a high rate and lead to the emergence of
antibody escape-mutants. When these mutations occur at
genotype-specific regions of the VP7 and/or VP4 encoding
genes they can lead to the loss of complementarity with the
typing primers, and either a failure to genotype or mistyping
results (Adah et al., 1997; Adah et al., 1997; Iturriza-Gómara
et al., 2000c).
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Rotaviruses are ubiquitous in the animal kingdom, and
therefore, interspecies transmission and more importantly,
exchange of genetic material between animal and human
strains through reassortment can lead to the emergence
of novel rotavirus strains of epidemiological significance
(Iturriza-Gómara et al., 2001).

For these reasons, the methods used for rotavirus typing
need to be monitored and updated regularly to account for
point mutations that accumulate at the type-specific primer
binding regions (Iturriza-Gómara et al., 2000c; Martella
et al., 2004), mutations that result in antibody escape mutants
(Iturriza-Gómara et al., 2001), as well as for the introduc-
tion of novel G- and/or P-types, which may be introduced
into the human population through zoonotic transmission.

In this paper, we describe methods and primers, which
overcome the failure to type G9, G10 and P[11] rotavirus
strains due to the accumulation of point mutations, to cross-
reactivity and to the unavailability of type-specific primers.

2. Materials and methods

2.1. Specimens

Rotavirus-positive faecal specimens, as determined by
group A-rotavirus specific commercial EIAs or by electron

Table 1
G and P consensus and type-specific recommended primers

Primer Sequence (5′–3′) nt Position Amplicon (bp) Reference

G-typing (a)
1st round

VP7-F ATG TAT GGT ATT GAA TAT ACC AC (nt 51–71) 881 Iturriza-Gómara et al. (2001)
VP7-R AAC TTG CCA CCA TTT TTT CC (nt 914–932) Iturriza-Gómara et al. (2001)

2nd round
G1 CAA GTA CTC AAA TCA ATG ATG G (nt 314–335) 618 Gouvea et al. (1990)
G2 CAA TGA TAT TAA CAC ATT TTC TGT G (nt 411–435) 521 Gouvea et al. (1990)
G3 ACG AAC TCA ACA CGA GAG G (nt 250–269) 682 This paper
G4 CGT TTC TGG TGA GGA GTT G (nt 480–499) 452 Gouvea et al. (1990)
G8 GTC ACA CCA TTT GTA AAT TCG (nt 178–198) 754 Gouvea et al. (1990)
G9 CTT GAT GTG ACT AYaA AAT AC (nt 757–776) 179 Modified fromGouvea et al.

(1990); this paper
G10 ATG TCA GAC TAC ARbA TAC TGG (nt 666–687) 266 This paper
VP7-R As above

P-typing (b)

1st round
Con-3 TGG CTT CGC CAT TTT ATA GAC A (nt 11–32) 876 Gentsch et al. (1992)
Con-2 ATT TCG GAC CAT TTA TAA CC (nt 868–887) Gentsch et al. (1992)

2nd round
P[4] CTA TTG TTA GAG GTT AGA GTC (nt 474–494) 483 Gentsch et al. (1992)
P[6] TGT TGA TTA GTT GGA TTC AA (nt 259–278) 267 Gentsch et al. (1992)
P[8] TCT ACT GGRb TTRb ACNc TGC (nt 339–356) 345 Iturriza-Gómara et al. (2000b)
P[9] TGA GAC ATG CAA TTG GAC (nt 385–402) 391 Gentsch et al. (1992)
P[10] ATC ATA GTT AGT AGT CGG (nt 575–594) 583 Gentsch et al. (1992)
P[11] GTA AAC ATC CAG AAT GTG (nt 305–323) 312 This paper
Con-3 As above

a Y= C or T.
b R= A or G.
c N= A, G, C or T.

microscopy, collected from children in the UK or in Vellore,
India, were prepared as 10% faecal suspensions in balanced
salt solution.

2.2. Nucleic acid extraction and G and P typing
RT-PCR

Rotavirus-positive 10% faecal suspensions were used
for nucleic acid extraction using guanidinium isothio-
cyanate/silica (Boom et al., 1990). Reverse transcription
with random primers and G and P typing semi-nested
PCRs were performed as described previously (Gentsch
et al., 1992; Gouvea et al., 1990; Iturriza-Gómara et al.,
1999). The PCR mixes were prepared using 10× PCR
buffer without MgCl2 (Invitrogen), 20 pmol of each of
the primers (seeTable 1), MgCl2 (Invitrogen) at the fi-
nal concentrations indicated inTable 2, and 5 U of re-
combinant Taq polymerase per reaction (invitrogen).
Thermal-cycling was performed as indicated inTable 2,
with the addition of an initial 5-min denaturation step at
95oC and a final 5-min extension step at 72oC for each
assay.

Amplicons were analysed by electrophoresis using a 2%
NuSieve 3:1 (Cambrex, UK) agarose gel in TBE at 7–8 V/cm
for 75–90 min.
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Table 2
G and P typing PCR conditions

[MgCl2] (mM) Denaturation Annealing Extension No cycles

Temperature (◦C) Time (min) Temperature (◦C) Time (min) Temperature (◦C) Time (min)

G typing
1st round 2 95 1 52 1 72 1 35
2nd round 2.5 95 1 42 2 72 1 30

P typing
1st round 2.5 95 1 50 2 72 1 35
2nd round 2.5 95 1 45 2 72 1 30

2.3. Rotaviruses that failed to genotype

Fragments of 881 bp of the gene encoding VP7 from 10
rotavirus-positive specimens, which failed to G-type, were
sequenced using VP7 consensus primers VP7-F and VP7-R
(Iturriza-Gómara et al., 2001). These strains were collected
between 1998 and 1999 as part of a surveillance study of
rotavirus infection in the UK (Iturriza-Gómara et al., 2000b)
and were all P-typed as P[8]. The nucleic acid sequences
were aligned and compared with VP7 sequences of G1, G2,
G3, G4, G8, G9 and G10 rotavirus genotypes. Similarly, a
876 bp fragment of the gene encoding VP4 was amplified
and sequenced using primers Con2 and Con3 (Gentsch et al.,
1992) from 10 rotavirus strains that failed to P-type. These
strains were collected in Vellore, India, between 1999 and
2000 and were originally G-typed as G3 by RT-PCR from
a cohort of 43 rotavirus-positive neonates. The sequences
were aligned with, and compared to sequences of P[4], P[6],
P[8], P[9], P[10], P[11] and P[12] rotavirus genotypes.

2.4. Design of new typing primers and multiplex PCR
optimisation

New G3, G10 and P[11]-specific primers were designed
using multiple alignments consisting of multiple examples
of each of the rotavirus G or P-types found in human in-
fections to date. Blast searches were performed to ensure
complementarity only with the rotavirus genes of interest.
The G9-specific primer was modified from that originally
designed byGouvea et al. (1990)to take account of the
point mutations accumulated over time, since these strains
first emerged. The new or modified primers were used in
multiplex second round reactions that included primers for
the remaining G or P-types (seeTable 1for oligonucleotide
sequences and amplicon sizes, andTable 2for reaction con-
ditions). The specificity of the multiplex PCRs was tested
using a panel of random-primed cDNA derived from G1,
G2, G3, G4, G8, G9, G10, P[4], P[6], P[8] and P[11] ro-
tavirus strains.

Multiple alignments and phylogenetic analysis were per-
formed using the Clustal and Neighbour Joining methods
and the Bionumerics software (Applied Maths, Kortrijk,
BE).

3. Results

Sequence analysis of the gene encoding VP7 of the ro-
taviruses that failed to genotype in the second round multi-
plex PCR identified them as G9 strains. Multiple alignment,
including sequences of G9 strains that had successfully been
genotyped by RT-PCR, indicated a drift from the G9 strain
WI61 isolated in the 80’s and used for the G9-specific primer
(aFT9;Gouvea et al., 1990). An accumulation of three con-
served point mutations at the G9-specific primer binding site
did not prevent annealing of the primer. A fourth conserved
point mutation, identified in strains collected in 1998 and
subsequently, prevented annealing of the primer a FT9 to
the target cDNA (Fig. 1a). The G9-specific primer was re-
designed to account for the three conserved point mutations,
and a degeneracy was introduced at the position encompass-
ing the 4th point mutation (Fig. 1a).

Sequence analysis of the gene encoding VP8* of ro-
taviruses that failed to genotype in the second round multi-
plex PCR identified them as P[11] strains. A P[11]-specific
primer was designed to anneal between nt positions 306
and 323 (Fig. 1b). These strains had been G-typed as G3
by RT-PCR, the unusual finding of G3 in combination with
P[11] led to sequence analysis of the 1st round VP7 am-
plicons of a subset of these strains. Multiple alignment and
phylogenetic analysis revealed them to be G10 rotaviruses
rather than G3.

The sequence alignment of the G10 rotavirus strains
mistyped by RT-PCR as G3 showed that the G3-specific
primer aET3 (Gouvea et al., 1990) was complementary to
the G10 strains in all but two positions (Fig. 1c). A region
between nt 665 and 685, which was well conserved among
the G10 strains but differed sufficiently from the other
G-types was used as a new G10-specific primer (Fig. 1d).
Similarly, a region between nt 249 and 267 conserved
among G3 strains, but sufficiently diverse between G3 and
any other G-type, was used as a new G3-specific primer
(Fig. 1e).

The new primers (seeTable 1) were used in the second
round multiplex PCR in conjunction with the remaining G
or P typing primers, but excluding primers aET3 and aFT9
for the G typing mix, and using the reaction conditions in-
dicated inTable 2. All rotavirus strains, including the panel
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Fig. 1. Multiple alignments of primer-binding regions of (a) G9 primer and G9 strains isolated between 1996 and 1999; (b) P[11] primer; (c) aET3 primer; (d) G10 primer; and (e) G3 primer.
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of diverse strains and the neonatal isolates, were identified in
this PCR, and amplicons of the expected sizes were obtained
in all cases (data not shown).

4. Discussion

Rotavirus vaccination continues to be a priority in the fight
to reduce or eliminate mortality associated with rotaviral
gastrointestinal disease in the developing world (McCarthy,
2003). Rotavirus surveillance and typing remain crucial, be-
fore and during the implementation of any vaccinination
strategy, as protection from infection and severe disease is
believed to be type specific.

The use of molecular methods for rotavirus characterisa-
tion has provided increased sensitivity for typing, and the
use of RT-PCRs directed to both VP7 and VP4 allows the
types of the two rotavirus neutralisation target proteins to
be characterised accurately. This has lead to the realisa-
tion that the diversity of co-circulating rotaviruses is much
greater than previously thought, and has revealed that reas-
sortment and the introduction of novel rotavirus types into
the human population though zoonotic transmission are rela-
tively common events (reviewed inDesselberger et al., 2001;
Iturriza-Gómara et al., 2003).

The need for panels of monoclonal antibodies in serotyp-
ing ELISAs in order to account for the variability within G
serotypes, designated monotypes, was reported early in the
90’s (Coulson, 1996; Raj et al., 1992). Although RT-PCR is
currently the most widely used method for rotavirus char-
acterisation in surveillance studies, it is becoming apparent
that the reagents and methods used need to be regularly re-
vised and updated to keep up with the continuous evolu-
tion of these viruses. The accumulation of point mutations
through genetic drift at the type-specific primer binding sites
has resulted in failures to genotype strains or in mistyping
(Adah et al., 1997; Iturriza-Gómara et al., 2000c).

G9 rotaviruses emerged globally as common pathogen
in humans in the mid 90’s. In the initial years, strains
found throughout the world were highly conserved
(Iturriza-Gómara et al., 2000a), and as they became
established, diversity within this population was seen
(Iturriza-Gómara et al., 2001; Kirkwood et al., 2003; Laird
et al., 2003; Santos et al., 2003). The accumulation of point
mutations at the G9 type-specific primer binding site has
been recently reported as having an impact for the efficient
genotyping of these strains (Martella et al., 2004; Santos
et al., 2003), and the mutations reported were similar to
those found in the strains circulating in the UK, and which
prevented genotyping by RT-PCR (Table 1a). Modification
of the primer sequence to take account of these changes and
the introduction of a degenerate position, similar to the strat-
egy adopted byMartella et al. (2004), resulted in the suc-
cessful typing of G9 rotaviruses isolated from 1996 to date.

A cluster of rotavirus strains, which were typed as G3 by
RT-PCR, but which failed to P-type, were studied further

through sequencing of both the VP7 and the VP8* fragment
of the VP4 encoding gene. The majority of these strains
were isolated from neonates of whom >60% had symptoms
of acute gastroenteritis (Iturriza-Gómara et al., 2004). Inter-
estingly, sequence analysis of the genes encoding VP7 and
VP4 showed that they were G10P[11] strains and were very
closely related to the neonatal asymptomatic strain I321 pre-
viously isolated also in India (Das et al., 1993; Dunn et al.,
1993).

The close identity between G3 and G10 strains at the
aET3 G3-type-specific primer binding site explained why
this primer cross-reacted with both G3 and G10 rotaviruses.
Two alternative regions were found, which are conserved
among G3 or G10 strains, but which differ significantly
from each other and the remaining G-types, and the se-
quences of these two regions were used for novel G3
and G10-type-specific primer design. These novel G3
and G10-type-specific primers can be used in a multiplex
semi-nested PCR that incorporates primers specific for G1,
G2, G4, G8 and G9. This allows accurate characterisation
of rotavirus strains through size discrimination of the am-
plicons produced and eliminates the cross-reactivity seen
previously.

Similarly, a novel P[11]-specific primer was designed and
tested showing that this primer can be used in conjunction
with the current P-specific primers to accurately P-type ro-
tavirus strains.

G10P[11] strains had previously only been detected in
India and were thought to be exclusively associated with
asymptomatic neonatal infections (Das et al., 1993, 1994).
Through the use of these new primers we have been able to
detect G10P[11] strains circulating in Vellore, India, not only
in the neonatal population, but also in older children with
acute gastroenteritis (Iturriza-Gómara et al., 2004). As most
laboratories use the primer sets designed byGouvea et al.
(1990)for G typing and the primer aET3 cross-reacts with
G10 strains, it may be advisable to confirm the type of some
of the G3 rotaviruses genotyped in recent years. This may be
particularly important in India and neighbouring countries,
where populations are in close daily contact with cattle with
a high incidence of infection with G10 rotaviruses (Gulati
et al., 1999; Varshney et al., 2002).
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