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Rotavirus A genotype G1P[8]: a novel method to distinguish
wild-type strains from the Rotarix® vaccine strain

Tatiana L Rose/*, Marize P Miagostovich, José Paulo G Leite

Laboratério de Virologia Comparada e Ambiental, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4.365, 21040-360 Rio de Janeiro, R}, Brasil

Rotaviruses are important enteric pathogens for humans and animals. Group A rotaviruses (RV-A) are the
most common agents of severe gastroenteritis in infants and young children and vaccination is the most effective
method to reduce RV-A-associated diseases. GIP[8], the most prevalent RV-A genotype worldwide, is included
in the RV-A vaccine Rotarix®. The discrimination between wild-type GIP[8] and vaccine GIP[8] strains is an
important topic in the study of RV-A epidemiology to manage outbreaks and to define control measures for vac-
cinated children. In this study, we developed a novel method to segregate the wild-type and vaccine strains using
restriction endonucleases. The dsRNA from the Rotarix® vaccine was sequenced and the NSP3 gene was selected
as the target gene. The vaccine strain has a restriction pattern that is different than that of wild-type RV-A GIP[8]
isolates after digestion with the restriction endonuclease BspHI. This pattern could be used as a marker for the
differentiation of wild-type GIP[8] strains from the vaccine strain.
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Group A rotavirus (RV-A) infection is a global pub-
lic health concern and an important cause of paediatric
hospitalization due to severe diarrhoea (Parashar et al.
2006, 2009). RV-A transmission occurs mostly through
the faecal/oral route via direct or indirect contact with
infected individuals. Because RV-A infects children in
both developed and developing countries, factors such
as malnutrition and poverty may not play an important
role in RV-A infections (Schael et al. 2009).

The introduction of rotavirus vaccines into the na-
tional immunization schedule for newborn babies in
developing countries has become the foremost priority
to reduce the burden of RV-A gastroenteritis (RVGE)
and to prevent childhood mortality. Thus, continu-
ous efforts have been made to improve vaccine safe-
ty and efficiency. Two rotavirus vaccines, RotaTeq®,
a three-dose pentavalent human-bovine reassortant
strain (WC3, Merck and Co, NJ, USA) and Rotarix®, a
two-dose monovalent live-attenuated human strain 89-
12(P[8]G1) (GlaxoSmithKline, NC, USA) are licensed
worldwide (Ruiz-Palacios et al. 2006, Vesikari et al.
2006) and Brazil initiated universal immunization in
March 2006 with the oral vaccine, Rotarix®.

Rotarix® has been demonstrated to be effective for
preventing severe RVGE in diverse regions such as Asia,
Europe and Latin America (100%, 98.5% and 84.7% ef-
fective, respectively) (Vesikari et al. 2007, Linhares et al.
2008, Phua et al. 2009). New data reported in Africa also
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indicate significant efficacy (61.2%) against severe RVGE
(Madhi et al. 2010) and data from immunization surveil-
lance in Brazil have demonstrated an important reduction
in childhood hospitalization with severe RVGE (Leite et
al. 2008, Carvalho-Costa et al. 2009, Gurgel et al. 20009,
O’Ryan & Linhares 2009). Despite the fact that the G1P[8]
vaccine is monovalent, it provides protection against a
broad range of circulating strains, including strains car-
rying the G2 and the emerging G8 and G12 genotypes
(O’Ryan et al. 2009, Sharma et al. 2010). Apparently, the
noted significant shedding of this vaccine strain may in-
dicate a high likelihood of transmission from vaccinated
individuals to unvaccinated contacts (Salinas et al. 2005).
Immune evasion by RV-A strains with G and/or P-types
that are different from those present in current vaccines is
a subject of discussion and concern.

With this information, studying the comparative
genomics of vaccine strains and immune-evading
strains may help to identify genes encoding putative
virulence factors that should be targeted to better un-
derstand vaccine escape mechanisms or for success-
ful new vaccine development. Therefore, the aim of
this study was to develop a protocol capable of rapidly
differentiating the Rotarix® vaccine strain from wild-
type G1P[8] strains in RV-A-positive samples. We de-
scribe a new approach based on in silico observations
and restriction endonuclease digestion.

Viral dsRNA from four faecal samples, genotyped
as G1P[8] according to the Regional Reference Center
for Rotaviruses of the Laboratory of Comparative and
Environmental Virology, and from three different Ro-
tarix® vaccine lots (#AROLAO029CA, #AROLAO040AA,
#XROLAO55BI1) were extracted using the glass powder
method (Boom et al. 1990). The genes that code for the
structural proteins (VPs: VP1, VP2, VP3, VP4, VP6 and
VP7) and non-structural proteins (NSPs: NSP1, NSP3,
NSP4 and NSP5) were amplified by reverse transcrip-
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tion-polymerase chain reaction (RT-PCR) according to
previously described methods (Both et al. 1984, Das et
al. 1994, Nakagomi & Kaga 1995, Matthijnssens et al.
2006a, Varghese et al. 2006, Tort et al. 2010). The PCR
amplicons were purified and sequenced using an ABI
Prism BigDye Terminator Cycle Sequencing Ready Re-
action Kit® and an ABI Prism 3730 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA), as de-
scribed by Otto et al. (2008). The chromatograms were
analyzed using BioEdit® (Hall 1999). The NSP3 nucle-
otide sequences from clinical stool samples were entered
into the GenBank/EMBL/DDBJ database under the fol-
lowing accessions: sp30843-86 (FN870369), rj7363-03
(FN870370), sel6537-09 (FN870371) and sel6897-09
(FN870372). The Rotarix® NSP3 gene sequence and ac-
cession will be released as soon as the National Program
of Immunization authorises. The NSP3 vaccine nucle-
otide sequences from all segments (VPs and NSPs) were
compared to the sequences from the reference strains
and to other RV-A sequences available in GenBank us-
ing BLAST software (data not shown).

There are two primary conditions that can be used
to differentiate two viral strains, e.g. the vaccine strain
from wild-type G1P[8] strains, by restriction enzymes:
(1) a specific gene fragment that has mutations and al-
lows for differentiation between the two strains and
(i1) the stability of mutations over time. Thus, based
on sequence alignment observations and the use of the
NEBcutter program server (New England Biolabs) to

G1P[8] vaccine
X81434/WA/Hu/G1P8
EF672572/D/Hu/G1P8
DQ492677/Dhakal6-03/Hu/G1P8
AB022771/KU/Hu/G1P8
EF136660/DS-1/Hu/G2P4
AY787649/TB-Chen/Hu/G2P4
AY740733/B4106/Hu/G3P14
DQ490535/AU-1/Hu/G3P9
EF990689/A131/Po/G3P7
EF672600/P/Hu/G3P8
X81436/ST3/Hu/G4P6
EF672586/IAL28/Hu/G5P8
DQ005106/DRC88/Hu/GBP8
AF541920/RMC321/Hu/G9P19
X81437/Wi61/Hu/GIP8
EF990711/B3458/Hu/G9P8
DQ146646/B4633-03/Hu/G12P8
DQ146668/Dhakal2-03/Hu/G12P6
DQ146657/Dhaka25-02/Hu/G12P8
DQ146697/126/Hu/G12P4
DQ146679/Matlabl3-03/Hu/G12P6
DQ146690/N26-02/Hu/G12P6
DQ490542/RV161-00/Hu/G12P6
DQ490559/RV176-00/Hu/G12P6
DQ146704/T152/Hu/G12P9
FJ793969/r3j1527-98/Hu/G9P8
FJ793973/r3j8224-04/Hu/G9P8
FJ793978/rs11126-05/Hu/G9IP8
FJ793983/ac11822-06/Hu/G9IP8
FJ793984/ac11823-06/Hu/G9IP8
FJ793986/r312077-06/Hu/G9IP8
FJ793987/rj12226-06/Hu/G9IP8
FJ793989/r013270-06/Hu/G9IP8
FJ793990/ba12537-06/Hu/GIP8
FJ793991/bal3255-06/Hu/G9IP8
FJ793992/ba13619-07/Hu/GIP8
FJ793974/r311149-05/Hu/G1P8
GU831596/rj15221-08/Hu/G1P8
* FN870369/sp30843-86/Hu/G1P8
FN870370/rj7363-03/Hu/G1P8
FN870371/se16537-09/Hu/G1P8
FN870372/5e16897-09/Hu/G1P8

*
*
*
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test different restriction endonucleases, the NSP3 gene
was selected from among the RV-A genes analyzed to
be used as the marker due to the presence of a unique
conserved point mutation resulting in the presence of a
unique restriction site.

All available data for the NSP3 gene in GenBank
were retrieved and a total of 239 sequences were select-
ed on April 7 2010. In silico digestion with a BspH] re-
striction enzyme resulted in two fragments (464 bp and
598 bp) specific for the Rotarix® vaccine strain. Fig.
1 shows the alignment of the vaccine NSP3 sequence
and same NSP3 sequences from representative strains,
demonstrating this particular difference. Although a
large variety of restriction endonucleases can digest
DNA at more than 150 recognition sites (Roberts et al.
2003) and other enzymes are capable of differentiating
between rotavirus strains, only BspH1 can achieve this
differentiation in one digestion round.

The length of the restriction fragments estimated
in silico was confirmed using four clinical samples.
The NSP3 amplicons from these samples were digested
with the BspHI restriction enzyme and were compared
with the BspHI-digested NSP3 vaccine amplicon, as
shown in Fig. 2. None of the RT-PCR amplicons from
the wild-type G1P[8] clinical samples were cleaved by
BspHI. The 464-bp and 586-bp fragments were pres-
ent in the digested RT-PCR amplicon from the vaccine
strain, indicating a good correlation between the in
silico and experimental data.

COO0OOOODDOODOD OB L

Fig. 1: vaccine site specificity. Alignment of nucleotides sequences of the non structural protein 3 gene of Rotarix® G1P[8] vaccine, clinical
and prototype samples. The points symbolize the identity of the nucleotide with Rotarix®. Grey square indicate the BspHI enzyme site and is
found 464 bp upstream of ATG start point. The accession number, representative strain name, species of origin and G/P genotype are shown.
The DNA sequence analysis showed the enzymatic specificity between the Rotarix® vaccine sample and clinical samples. Asterisks mean

Brazilian strains analyzed in this study.
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1062 bp

598 DD wmp-
464 bp

Fig. 2: the non structural protein 3 gene restriction enzyme digestion
reveals site specificity. Shown is the agarose gel electrophoresis re-
sult for analysis of four individuals. Lane 1: 100 bp molecular weight
marker (Invitrogen®); 2-6: BspHI-digested amplicons (Rotarix® vac-
cine and clinical samples); 2: Rotarix® vaccine; 3: sp30843-86; 4:
1j7363-03; 5: se16537-09; 6: se16897-09. Clinical stools samples were
previously genotyped as GIP[8].

The detection and identification of specific geno-
types of RV-A in human stool samples can be performed
using various methods, including type-specific PCR
(Matthijnssens et al. 2006a), PCR amplicon length poly-
morphism (Gentsch et al. 1992), sequence analysis (Itur-
riza Gomara et al. 2002), capture and primer expression
(Baggi & Peduzzi 2000, Barman et al. 2004, DiStefano
et al. 2005) and hybridization to oligonucleotide probes
(Lovmar et al. 2006). Our novel assay, based on the en-
donuclease restriction enzyme method, is a rapid and
sensitive technique to distinguish the Rotarix® vaccine
NSP3 gene from wild-type NSP3 genes in RV-A G1P[8]
strains. The greatest advantages of this protocol are the
lower risk of contamination and the lower costs com-
pared to other published methods. Additional advantages
are the reductions in time and manpower required when
compared to RT-PCR followed by reverse hybridization
(Leite et al. 1996, Chizhikov et al. 2002, Santos & Ho-
shino 2005, Santos et al. 2008, van Doorn et al. 2009).

Similarly to the reverse hybridization method, our
method discriminates between wild-type and vaccine
strains based on a single-nucleotide change. Despite the
fact that position 605 of the VP7 gene is a sequence sig-
nature for the vaccine strain (van Doorn et al. 2009), no
marketed restriction enzyme is specific for this site. The
BspHI enzyme is a low-cost restriction enzyme that hy-
drolyses position 464 of the NSP3 gene, allowing this di-
gestion to be used a marker for the differentiation of wild-
type G1P[8] strains from the vaccine strain. Nevertheless,
the limitation of this method is that it does not provide
information about the G and P types; thus, conventional
RT-PCR is still needed to identify the genotypes.

Although genetic drift is probably a slow process in ro-
tavirus evolution, genetic shift through gene reassortment
may be rather common and may explain the existence of
similar genes in strains derived from animals and humans
(Desselberger 1996, Parra et al. 2004, Matthijnssens et al.
2006b). These reassortment events could have a strong im-
pact on RV-A ecology because of the potential to escape
the immune response after vaccination. As described in
other studies, the new approach shown here analyses a sin-
gle gene segment; thus, tracking of the vaccine strain can
be compromised. We suggest using a set of methodologies
for exact vaccine discrimination and the proposed method
will improve vaccine segregation accuracy because it is
not based on the generally used VP4 and VP7 genes.

Vaccine virus shedding and transmission to unvac-
cinated individuals could stimulate an immune response
and confer protective immunity. As a result, the poten-
tial risk-to-benefit ratios of vaccine shedding among
different groups and individuals are of special interest
in low-income areas where reduced immunization rates
exist but where high morbidity and mortality from RV-A
occur (Anderson 2008).

It is known that shedding is not associated with an
increase in gastroenteritis-like symptoms and the rates
of adverse reactions to the Rotarix® vaccine observed in
clinical trials cannot be directly compared to the rates
observed in clinical trials of any other RV-A vaccine.
Additionally, adverse reaction rates may not reflect the
rates observed in clinical practice. As with any vaccine,
there is the possibility that the broad use of Rotarix® will
reveal adverse reactions not observed in clinical trials
(O’Ryan & Linhares 2009), thus emphasizing the impor-
tance of global surveillance.

Monitoring the genotypes and frequency of circulat-
ing strains in a community will allow the determination
of how routine immunization impacts the prevalence
of common genotypes, the emergence of immunity-es-
caping strains and the evolution of wild-type rotavirus
genes as a consequence of immune selective pressure.
Because evolutionary changes may occur constantly in
different gene segments, resulting in genetic drift of
the vaccine strain from the prototype strain, supervis-
ing vaccine evaluation is also a critical part of surveil-
lance programs. Variations must always be ascertained
because genetic fluctuations may theoretically lead to
reduced vaccine efficacy or even to vaccine failure over
time. Therefore, the continuous surveillance of circulat-
ing strains is required and research on the evolutionary
rate of different gene segments is important for evaluat-
ing and updating vaccine analysis methods.
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