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Abstract: G1P[8] rotaviruses are an important cause of diarrhea in humans in China. To
date, there are no reports on the whole genomic analysis of the Chinese G1P[8] rotaviruses.
To determine the origin and overall genetic makeup of the recent Chinese G1P[8] strains,
the whole genomes of three strains, RVA/Human-wt/CHN/E1911/2009/G1P[8],
RVA/Human-tc/CHN/R588/2005/G1P[8] and RVA/Human-tc/CHN/Y128/2004/G1P[8],
detected in an infant, a child and an adult, respectively, were analyzed. Strains E1911,
R588 and Y128 exhibited a typical Wa-like genotype constellation. Except for the NSP3
gene of E1911, the whole genomes of strains E1911, R588 and Y128 were found to be
more closely related to those of the recent Wa-like common human strains from different
countries than those of the prototype G1P[8] strain, or other old strains. On the other hand,
the NSP3 gene of E1911 was genetically distinct from those of Y128, R588, or other
Wa-like common human strains, and appeared to share a common origin with those of the
porcine-like human G9 strains, providing evidence for intergenotype reassortment events.
Comparisons of the amino acid residues defining the VP7 and VP4 antigenic domains
revealed several mismatches between these Chinese G1P[8] strains and the G1 and P[8]
strains contained in the currently licensed rotavirus vaccines Rotarix"" and RotaTeq"™.
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1. Introduction

Group A rotavirus (RVA) (Family Reoviridae, genus Rotavirus, species Rotavirus A) is a major
cause of severe childhood diarrhea [1]. The RVA VP4 and VP7 outer capsid proteins elicit protective
immunity against rotavirus infection, forming the basis of the current RVA vaccines [1]. To date,
RVAs are classified into at least 27 G and 35 P genotypes on the basis of variations in the nucleotide
sequences of their VP7 and VP4 genes, respectively [2]. In humans, G1, G2, G3, G4 or G9 strains in
combination with P[4], P[6] or P[8] have been widely reported, whilst, G12 has been emerging as the
sixth globally important human VP7 genotype [3,4]. Among the common human RVAs, G1P[8]
strains constitute the majority of human RVA infections worldwide [3,4]. Therefore, the VP7 of G1
and VP4 of P[8] have been included in both the currently licensed oral RVA vaccines, Rotarix™
(live-attenuated monovalent RVA vaccine, GlaxoSmithKline Biologicals, Belgium) and RotaTeq™
(live-attenuated pentavalent RVA vaccine, Merck and Co., USA) [5].

In China, RVAs have been associated with 12.10 million cases of childhood diarrhea annually,
imposing a tough burden on the national economy [6]. The most frequent RVA strains were G3P[8]
and G1P[8], though other common (G2P[4], G4P[8] and G9P[8]) and uncommon (G1P[4], G1P[6],
G3P[4] and G4P[6]) human strains have been also reported [7-9]. The Chinese government has yet to
introduce routine RVA vaccination into the national childhood immunization program [6]. However, a
live oral RVA vaccine, the Lanzhou lamb rotavirus (LLR) vaccine, has been licensed for use in China
since 2000 [10]. To date, the currently licensed RVA vaccines, Rotarix™™ and RotaTeq"™, remain to be
introduced in China.

Whole genomic analyses of common human RVA strains from different countries are essential to
obtain conclusive data on their overall genetic makeup and evolution patterns [11,12]. Although
G1P[8] is a predominant global genotype [3,4], the whole genomes of only a few recent human G1P[8]
RVA strains from Bangladesh, India and USA have been analyzed so far [13—-16]. Based on limited
whole genome-based studies on common human RVAs, it has been hypothesized that a stable Wa-like
genetic backbone might be circulating in majority of the recent Wa-like common human RVAs, such
as G1P[8], facilitating the propagation of these strains worldwide [11,13,15]. However, whole genomic
analyses of common human Wa-like RVAs from different countries across the globe are required to
corroborate this hypothesis. In China, G1P[8] RVAs have been identified as one of the major causes of
childhood diarrhea [7-9]. However, to date, there are no reports on the whole genomic analysis of the
G1P[8] RVA strains from China. Therefore, to gain insights into the overall genetic makeup and
evolution of the recent Chinese G1P[8] strains and compare their genetic backbones with those of
common human Wa-like RVAs from other countries, the whole genomes of three human G1P[8] RVA
strains, RVA/Human-wt/CHN/E1911/2009/G1P[8], RVA/Human-tc/CHN/R588/2005/G1P[8] and
RVA/Human-tc/CHN/Y128/2004/G1P[8], detected in the city of Wuhan, central China, were analyzed
in the present study.

In the present study, the three Chinese G1P[8] strains were selected among RVAs from infants,
children and adults, respectively. Despite generally affecting infants and children, common human
RVAs, such as G1, G2 and G3 strains, have also been associated with diarrhea in adults [8,9,17,18].
Limited studies, based on analyses of the VP4 and VP7 genes, have demonstrated a close genetic
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relationship between RVAs from children and adults [8,18], but the whole genomes of human RVAs
from adults and children have never been compared before.

2. Results, Discussion and Conclusion

By nucleotide sequence identities and phylogenetic analyses of the nearly full-length nucleotide
sequences, the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4- NSP5 genes of strains
E1911, R588 and Y128 were assigned to the G1-P[8]-11-R1-C1-M1-Al1l-N1-T1-E1-H1 genotypes,
respectively (Figures 1A-K). Therefore, all the three Chinese G1P[8] RVA strains exhibited a typical
Wa-like genotype constellation. With the exception of the NSP3 gene of strain E1911, strains E1911,
R588 and Y128, detected in an infant, a child and an adult, respectively, were found to be closely
related (nucleotide sequence identities of 97.5-99.8%) to each other (Figures 1A-K).

The VP7 genes of strains E1911, R588 and Y128 exhibited high nucleotide sequence identities
(99%) to those of several other recent G1 strains. Phylogenetically, the VP7 genes of the Chinese
G1P[8] strains clustered into a subcluster (shown as G1-L6-S1) that primarily consisted of G1 strains
from China and Japan within G1-Lineage 6, different from those of the G1 strains contained in the
RVA vaccines Rotarix™ (Lineage 5) and RotaTeq™ (Lineage 1) (Figure 1A). By multiple alignment,
the deduced amino acid sequences of the VP7 of the Chinese G1P[8] strains exhibited 17-18, 14-15
and 21-22 mismatches with those of the prototype G1P[8] strain Wa, VP7 of Rotarix™ and G1
component of RotaTeq'™, respectively. To date, the RVA P[8] strains have been classified into two
genetically distinct subtypes, P[8]a and P[8]b (also referred to as OP354-like RVAS) [19]. The VP4
genes of strains E1911, R588 and Y128 were closely related (nucleotide sequence identities of 99%) to
those of the recent P[8]a strains from different countries, and phylogenetically, appeared to cluster
within the same subcluster (shown as P[8]a-S1) as the P[8] component of RotaTeq™", whilst the VP4
gene of Rotarix™ was found to cluster into the other subcluster (designated as P[8]a-S2) within the
P[8]a lineage (Figure 1B).

Deduced amino acid residues defining the RVA VP4 and VP7 epitopes have been identified by
neutralization escape mutants and identifying surface exposed amino acid residues that show
intergenotypic variability among prevalent human G- and P- genotypes [20-24]. With the exception of
a single residue in VP4 of E1911, these amino acid residues were conserved among the three Chinese
G1P[8] strains (Figures 2, 3). Recently, the nucleotide sequences of the VP4 and VVP7 genes of the G1
and P[8] strains contained in the currently licensed rotavirus vaccines Rotarix™™ and RotaTeq"™ have
been reported [24,25], allowing us to compare for the first time these genes with those of the Chinese
G1P[8] strains. With the amino acids defining the VP7 epitopes of G1 strains in Rotarix™™ and
RotaTeq"", the Chinese G1P[8] strains differed in 5 and 7 residues, respectively (Figure 2). Alignment
of the amino acid residues defining the VP4 neutralization domains revealed 8 mismatches between
the Chinese G1P[8] strains and the P[8] strain in Rotarix" ™ (Figure 3). On the other hand, strains Y128
and R588 differed in 5 residues, whilst strain E1911 exhibited 4 mismatches with those in the VP4 of
the P[8] strain in RotaTeq" (Figure 3).
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Figure 1. (A-K) Phylogenetic trees constructed from the nucleotide sequences
of VP7, VP4, VP6, VP1-3 and NSP1-5 genes of rotavirus strains
RVA/Human-wt/CHN/E1911/2009/G1P[8], RVA/Human-tc/CHN/R588/2005/G1P[8],
RVA/Human-tc/CHN/Y128/2004/G1P[8], with those of the other group A rotavirus
strains. Although strains representing all the RV-A genotypes were included in the
phylogenetic analyses to prepare the dendograms, only those relevant to the present
analysis are shown in Figure 1A-K. In all trees, positions of strains E1911, R588 and Y128
are shown by closed circles. In Figures 1A and 1B, triangles indicate the G1 and P[8] RVA
strains contained in the currently licensed rotavirus vaccines Rotarix™ and RotaTeq™.
Scale bar, 0.05 substitutions per nucleotide. Bootstrap values less than 85% are not shown.

RVAHUman-tc/KOR/CAU 164/2006/G1P[8] \
RVAHuman-xx/AUSICKO0047/2006/G 1P [8]
RVA/Human-wt/CHN/ZET8/2008/G 1P[8]
@ RVAHuman-c/CHN/RSBEIZ005/G 1P[8]
RVAHuman-wt/CHN'S Y5/2007/G1P[x]
RVAHuman-wilCHNASA/2007/G1P([8]
RVA/Human-wilJPNJP-8824/2007T/G1P[x]
RVA/Human-wi'JPNJP-8T 33 2007/G1P[x]
@ RVAHuman-tc/CHNY128/2004/G1P[8]
RVAHuman-wtiCHNChi-87/20021G1P[x]
to! RVAHUman-wiiCHN/IC hi-T8/20021G1P[x]
RVAHuman-wtJPNJ-B236/2005/G1P[x] > G1-L6-S1
RVAHuman-wtJPN99SA2997/1999/G1P[B]
RVAHuman-wt/CHW98 B431M1998/G1P[x]
— RVAHuman-wt/CHN/raT-196/xx xx/G1P[x]
RVAHUman-wtiJPNJ-4826/2003/G1P[]
— RVAHuman4c/KORICAL 219/2006/G1P[E]
RVAHuman-wt'JPNOSOT10/2008/G1P[8]
# || RVAHuman-wt'JPNU4892/2002/G1P[x]
— RVA/Human-witUSA/2007769947/2007/G1P[8]
L @ RVAHuman-wiCHNIE1911/2009/G1P[E]
— RVA/HI IUSAILB2T 1P[8]
L RVAHuman-wtiCHN/S7 SZ2%/xxx x/G1P[x]
RVA/Hum an-witJPNIAUBA xxxx /G 1P[x] .
— RVAHuman-wiIND/G1060/2006/G1P[E] |_|neage 6
= RVAHuman-xx/AUSICK00011/2004/G1P[8]
’_Iiﬁ’\l'“" 1c/KORICALU1 60 1P[8]
RVAHUman-wUBEL/BT4/2002/G1P[8]
1 _r_R\l'NHum an-wilUSA/LB2758/2008/G1P[E]
= RVAHuman-wt/USALB2771/2005/G1P[8]

RVAHuman-wt/AUS/G314 A1 891/G1P[x]
RVAHuman-wilRLICIT-4RV/ixxxx/G1P[x] G 1
100y RV AHuman-wi'VNMIVN-355/2003/G1P{x]
RVAHuman-wiTHA/CMHO22/2004/G 1P[E]
RVAMHuman-wtRL/IG193/2003/G1P[B]
RVAHuman-wi/MMR/M M A0B/2008/G1P[8]
RVAHuman-wtIND/&361/2006/G1P[8)
= | = RVAHuman-wt/MMRIMMA0S-10/2010/G1P[8)
RVAHuman-w1/BELIBEMIOOE2005/G1P[8]
RV, AITHAIC M 1P[B]
RVA/Human-wilBGD/IDhaka18/2002/G1P[8]
RVAHuman-tc/BGDMMCT1/2005/G1P[8]
RVAHuman-1c/BGDISK322/2006/G1P[E]
RVAHuman-wiINDISO-<4/xuxx/G1P[x]
— RVAHuman-w/BGDIDhaka16/2003/G1P (8]

RVAH /MY STHRUK 1P[x]
RVAHuman-xx/CHWTT Jxxxx/G1P[x] —/

el RVAHuman-wi/CHNIKA TixxxxiG1P[x]
RVAHuman-wi1TAPATS/2001/G1P[E]
RVAHuman-tc/BG D Ban-59/1988/G1P[x]

RVAHuman-wtPRY/Py 03IPN11312003/G 1P[8]
RVAHuman-wiIND/613158/2006/G1P (8] g
RVA/Hum an-cx/AUS/CKOD035/2005/G1P[g) L|neage 5
RVA/Human-e/USARV 4lxo 1(G1P1A[8]
A RVAVaccine/USA/Rotarix-A4 1CB052A1988.61P1A[3]

100
RVAHuman-wi'K OR/KS4/xxxx/G1P[x] =
0 RVAHuman-wilJPNI4211x¢xx/G 1] } Lineage 4
[— RYAHuman-1cLJPNIKE/97TIG1P(3]

1 RVAJ 1o/ JPNKU8TRIGIF1A[E] H
# L RuammancusamoTaGTP 1A Lineage 1 j

w0 — & RVAVaccine/USARotaT eq-BrB-9/1998/G 1PT(5] .

RVAHUMan-tc/JPNIAU19/1997 /G 1P [6)] s Llneage 2
RVACow-xx/ARGITd49/xxx/G1P[x] H

100 L— RV APy wt ARGICH5 /o /G1P[x] Llneage 3

RVAHuman-tc/USADS-1/197T6/G2P1B4] (outgroup)

0.05

(1A) VPT gene



Viruses 2012, 4

99
98

91

98

RVA/Human-wt/BGD/DH375/2004/G9[8]
RVA/Human-wt/BGD/SK430/2005/G9[8]
RVA/Human-wt/BGD/Matlab36/2002/G11P[8]
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]
RVA/Human-xx/KOR/CAU202/XXXX/G9[8]
RVA/Human-tc/BEL/B3458/2003/G9P[8]

6; RVA/HUman-wt/USA/2007719674/2007/G1P[8]
RVA/Human-wt/USA/VU06-07-21/2006/G3P[8]
@ RVA/Human-tc/GHN/R588/2005/G1P[8]
RVA/Human-xx/AUS/CK00047/2006/G1P[8]
RVA/Human-tc/KOR/CAU 164/2006/G1P[8]
RVA/Human-wt/BEL/B4633/2003/G12P[8]
RVA/Human-KOR/CAU 160/2006/G1P[8]
RVA/Human-tc/KOR/CAU 219/2006/G1P[8]
RVA/Human-tc/KOR/CAU09-376/2009/G9P[8]
RVA/Human-wt/USA/LB2719/2006/G1P[8]

@ RVA/Human-tc/CHN/Y128/2004/G1P[8]
RVA/Human-wt/USA/NVU08-09-30/2008/G3P[8]
RVA/Human-wt/USA/2008747500/2008/G3P[8]
RVA/Human-xx/ USA/VU05-06-9/2005/G1P[8]
RVA/Human-wt/IND/063158/2006/G1P[8]
RVA/Human-tc/USA/P/1974/G3P1A[8]

A RVA/Vaccine/USA/RotaTeq-WI79-4/1992/G6P1A[8]
RVA/Human-tc/JPN/KU/1978/G1P1A[8]
100 - RVA/Human-xx/CHN/A7B53/1997/G1P[8]
RVA/Human-wt/USA/DC135/1979/G3P[8]
RVA/Human-tc/ITA/VATO/XXXX/G4P1A[8]
100 f RVA/Human-wt /AUS/CK00041/2006/G1P[8]
RVA/Human-wt/BEL/BE00042/2008/G1P[8]
RVA/Human-wt/USA/LB2758/2006/G1P[8]

A RVA/NVaccine/USA/Rotarix-A41CB052A/1988/G1P1A[8]
RVA/Human-tc/USA/D/1974/G1P1A[8]
RVA/Human-tc/USA/Wa/1974/G1P1A[8]

RAV/Human-wt/RUS/Nov10-N596/2010/G4P[8]
RVA/Human-wt/CHN/E1545/2009/G9[8]

Figure 1. Cont.

P[8]a-S1

RVA/MHuman-wt/CHN/E1911/2009/G1P[8]

P[8]a-S2

J

RVA/Human-wt/BGD/DH389/2004/G9P[8]
RVA/Human-tc/BGD/MMC38/2005/G9P[8]
RVA/Human-wt/BGD/MMC153/2006/G9P[8]
RVA/Human-tc/BGD/MMC71/2005/G9P[8]
RVA/Human-wt/BGD/MMC183/2006/G9P[8]

RAV/Human-wt/BEL/BE00045/2009/G1P[8]

P[8]b

RVA/Human-wt/CHN/Z1108/2008/G9[8]

RVA/Human-wt/VNM/N20-NhaTrang /2006/G1P[8]
86| RVA/Human-wt/VNM/N/30-NhaTrang/2006/G1P[8]
RVA/Human-wt/VNM/V32-NhaTrang/2006/G1P[8]

0.05

100

RVA/Human-tc/VEN/M37/1982/G1P[6] (outgroup)

(1B) VP4 gene

@ RVAHuman-tc/CHN/R588/2005/G1P[8]
RVA/Human-xx/AUS/CK00047/2006/G1P[8]
RVA/Human-tc/KOR/CAU164/2006/G1P[8]
RVA/Human-wt/RUS/NOV09-D23/2009/G3P[8]
RVA/Human-wt/USA/2007719674/2007/G1P[8]
@ RVA/Human-tc/CHN/Y 128/2004/G1P[8]
- @ RVA/Human-wt/CHN/E1911/2009/G1P[8]
RVA/Human-wt/ZAF/3133WC/2009/G12P[4]
RVA/Human+4c/KOR/CAU09-371/2009/G9P[8]
i RVA/Human-wtTHA/CMH185/2001/G3P[8]
100 - RVA/HUmMan-xx/AUS/CK00014/2004/G1P[8]
RVA/Human-xx/AUS/CK00011/2004/G1P[8]
RVA/Human-wt/USA/LB2771/2005/G1P[8]
RVA/Human-wt/USA/LB2719/2006/G1P[8]
RVA/Human-wt/BGD/Matlab36/2002/G11P[8]
RVA/Human-wt/BEL/B3458/2003/G9P[8]
RVA/Human-wt/BGD/Dhaka6/2001/G11P[25]
RVA/Human-wt/IND/ISO34/2005/G9P[x]
RVA/Human-wt/USA/2009727093/2009/G9P[8]
RVA/Human-wt/USA/20097 27098/2009/G9P[8]
RVA/Human-wt/USA/20097 27047/2009/G9P[8]
|_ RVA/Human-wt/BEL/BE00046/2008/G1P[8]
100! RVA/Human-wtBEL/BE00006/2005/G1P[8]
35 — RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]
RVA/human-wt/BGD/Dhaka25/2002/G12P[8]
94 RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVA/Human-wt/BGD/Dhaka12/2003/G12P[6]
RVA/Human-wt/IND/61060/2006/G1P[8]
RVA/Human-wt/IND/6361/2006/G1P[8]
RVA/Human-wt/DEUGER17 2/2008/G12P[6]
RVA/Human-wt/IND/RMC100/xxxx/G4F[8]
100 ) RVA/Human-tc/BGD/SK277/2005/G12P[6]
RVA/Human-tc/BGD/SK423/2005/G12P[6]

RVA/Human-wt/BEL/BE00036/2008/G1P[8]
100 Lr RVA/Human-tc/BGD/MMC38/2005/GSP[8]
94 RVA/Human-c/BGD/MMCT1/2005/G1P[8]

' ——eesssslll |1 subcluster-1

11 subcluster-2 {Includes strains Wa, D, KU and YO}

RVA/Pig-tc/USA/Gottfried/1975/G4P[6]

0.05

(1C) VP6 gene

P[8]a

J

1293

P[8]

1



Viruses 2012, 4

Figure 1. Cont.

100 RVAIHuman-xx/AUSICK00011/2004/G1P[8]
RVA/Human-xx/AUS/CK00014/2004/G1P[8]
RVA/Human-wty/BEL/B4633/2003/G12P[8]
RVA/Human-xx/AUSICK00035/2005/G1P[8]
RVA/Human-wtlIND/61060/2006/G1 P[8]
RVA/Human-wt/USAI2009727098/2009/G9P[8]
o RVA/Human-wt/USAI2009727093/2009/G3P[8]
RVA/Human-wt/USAI2009727047/2009/G9P[8]
—— RVA/Human-wt/IND/6361/2006/G1P[8]
— RVA/Human-tc/KORICAU05-202/2005/G9P[8]
oo — RVA/Human-tc/BGDIMMC38/2005/G9P[8]
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]
RVA/Human-wt/BGDIDhaka25/2002/G12P[8]
RVA/Human-wt/DEUIGER172/2008/G12P[6]
RVA/Human-wt/USAIVU06-07-1/2006/G3P[8]
RVA/Human-tc/BGDIMMCT71/2005/G1P[8]
RVA/Human-wt/USAILB2719/2006/G1P[8]

" @ RVA/human-wt/CHN/E1911/2009/G1P[8]
pat RVAIHuman-wt/BEL/IB3458/2003/G9P[8] R1
100 RVA/Human-wt/BGD/Matlab13/2003/G12P[6]

53— RVA/Human-wt/BGD/Dhaka6/2001/G11P[25]
—— RVA/Human-wt/USAILB2771/2005/G1P[8]
160y RVAIHUmMan-wt/BEL/BE00021/2007/G1P[8]
% RVA/Human-wt/USAI2007769947/2007/G1P[8]
@] r® RVAIHuman-tc/CHNIY128/2004/G1P[8]
1ol RVA/Human-xx/AUS/CK00047/2006/G1P[8]
100 @ RVA/Human-te/CHN/R588/2005/G1P[8]
57— RVA/Human-wt/USAI2008747322/2008/G3P[8]
B RVAIH IBGD/Matlab36/2002/G11P[8]
L——— RVA/Human-wt/BGD/Dhaka12/2003/G12P[6]
100 RVAIHuman-tc/GBRIST 311975/G4P2A[6]

o RVA/Human-tc/USAIPI1974/G3P1A[8]

T—-—ﬂ R1 subcluster-1{Includes strains Wa and D)

RVA/Pig-wtIND/RU172/2002/G12P[7]

RVA/Human-te/lJPNIYON977IG3P[8]

RVA/Human-tc/JPN/KUN978/G1P1A[8] /

R1 subcluster-2

0.05

(1D) VP1 gene

RVA/Human-wt/USA/20097 27093/2009/GIP[8]
RVA/Human-wt/USA/20097 27047/2009/GIP[8]
RVA/Human-wt/USA/20097 27098/2009/GIP[8]
RVA/Human-wt/IND/61060/2006/G1P[8]
RVA/Human-wt/BGD/Dhaka12/2003/G12P[6]
RVA/Human-tc/BGDIMMCT1/2005/G1P[8]
RVA/Human-wt/DEUGER17 2/12008/G12P[6]
RVA/Human-wt/IND/6361/2006/G1P[8]
se¢ RVA/HUMan-xx/AUSICK00014/2004/G1P[8]
RVA/Human-xx/AUSICK00011/2004/G1P[8]
RVA/Human-wt/BGDIDhaka16/2003/G1P[8]
RVA/Human-wt/BEL/BE00028/2007/G1P[8]
100t RVA/Human-wt/BEL/BE00006/2005/G1P[8]
s RVAIHuman-wt/BEL/BE00021/2007/G1P[8]
RVA/Human-wt/USA/2007769947/2007/G1P[8]
RVA/human-wt/USANUDS-09-30/2008/G3P[8]
1% RVA/Human-wtUSAILB2719/2006/G1P[8]
95| 100 @ RVA/Human-wt/CHNIE1 911/2009/G1 P[8]
RVA/Human4c/KOR/CAU09-376/2009/GIP[8] C1
ss| - @ RVA/Human-4c/CHNIY128/2004/G1P[8]
1o~ @ RVA/Human-tc/CHN/R588/2005/G1P[8]
= RVA/Human-xx/AUSICK00047/2006/G1P[8]
RVA/Human-wt/BELIB3458/2003/G9P[8]
100 RVA/Human4c/BGD/MMC38/2005/GIP[8]
i':rRVNHuman%ﬂBGDIMatIaM 312003/G12P[6]
RVA/Human-wt/BGD/Dhaka25/2002/G12P[8]
I RVA/Human-xx/CHN/Beijing/xx XxxIGXP[x]
RVA/Human-wty/BEL/B4633/2003/G12P[8]
RVA/human-wt/USAILB2771/2005/G1P[8]
RVA/Human-tclJPN/Hosokawal1983/G4P1A[8]
RVA/Human-tc/USAIPI1974/G3P1A[8]
C1 subcluster-1

C1 subcluster-2

3
s C1 subcluster-3 (Includes strains KU and YO)

* RVAIHUman-te/USAWal1974/G1P1A[8]
L RVAIHuman-wt/BEL/BE00047/2009/G1P(8]

RVA/Human-tc/BRA/IAL28/1992/G5P[8]
RVAIPIg-wtIND/IRU17 2/2002/G12P[7]

0.05

(1E) VP2 gene

1294



Viruses 2012, 4

Figure 1. Cont.

100 RVA/Human-wt/USA/2009727098/2009/GIP[8]
RVA/Human-wt/USA/2009727093/2009/GSP[8]
RVA/Human-wt/USA/2009724047/2009/G9P[8]
RVA/Human-wt/IND/61060/2006/G1P[8]
RVA/Human-wt/BGD/Dhaka12/2003/G12P[8]
RVA/Human-wt/DEU/GER172/2008/G12P[6]
oot RVA/Human-wtIND/6361/2006/G1P[8]
100 RVA/Human-xx/AUS/CK00011/2004/G1P[8]
_[' RVA/Human-xx/AUS/CK00014/2004/G1P[8]
RVA/Human-xx/AUS/CK00035/2005/G1P[&]
RVA/Human-wt/BEL/B4633/2003/G12P[8]
HERUNHU man-wt/DEUW/GER126/2008/G3/G12P[8]
RVA/H WHIND/613158/ IG1P[8]
‘— RVA/Human-wt/BGD/Dhaka25/2002/G12P[B]
RVA/Human-wt/BEL/B3458/2003/G9P[8]
100 — RVA/Human-wt/BEL/BE00046/2008/G1P[8]
RVA/Human-wt/BEL/BE00006/2005/G1P[8]
@ RVA/Human-wt/GCHN/E1911/2009/G1P[8]
RVAHuman-wt/USA/LB27 19/2006/G1P[8]
RVA/Human-tc/KOR/CAU09-376/2003/GOP[8]

20

RVA/Human-wt/USA/2007769947/2007/G1P[8]
RVA/Human-wt/BEL/BE00021/2007/G1P[8]
@ RVA/Human-tc/CHN/R588/2005/G1P[8]

@ RVA/Human-tc/CHN/Y 128/2004/G1P[8]

RVA/Human-xx/AUS/CK00047/2006/G1P[8]
RVA/human-tc/USAP/1974/G3P1A[8]

RVA/Human-tc/GBR/ST3/1975/G4P2A[6]
RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVAHuman-tc/BGD/MMCT 1/2005/G1P[8]
RVA/human-te/BGD/MMC38/2005/G9P[8]

RVAHuman-wt/BGD/Dhaka16/2003/G1P[8]
J RV te/JPN/KU/A9TE/G 1P 1A[E]
RVA/H 1c/BRAMNAL28/1992/G5P[8]

| [RUNHuman-tc.fGBRfAG4r1587!G10P11[1&]

100~ RVA/Human-tc/USA/WIE1/1983/GEP1A[8]

1295

\

M1

T—_ M1 subcluster-1{includes strains Wa and YO)

hel

M1 -2
100

M1 subcluster-3

J

0.05

(1F) VP3 gene

RVAM IS,

raf

T2709 (1]
RVAHuUman-wi/USAIZ009T27047/12009/G9P[8]
B ANNDIG361 1P[B]
RVAHuman-wiNPLIKT M368/2004/G11P[25]
RVAHuman-wt/BGDIDhakal 2/2003/G1 2P[5]
RVAMHuman-wiBGD/Matlab-13/20031G1 2P[6]

8]

AHUSA

#

RVAM 8]
e 0/6 1P[E]
2{— RVAMH tBEL 1P[8]
ABEL 1P[8]
L RV DD 11G11P[25]
— BGDIDhaka 1P[8]
RVAMH " 11P([3]

RVAHUman4c/BGOMMCT1/2005/G1P[8]
sy RVAHuman4c/BGDISK277/2005/G1 2P [8]

o 12P[5]
—— RVAHuman-wi/BEL/B3458/2003/1G8P[8]

L avam

A1-51

12P[8]

17! 12P[6]
2005/512P[8]
1P[B]

KOO0 1P[8)

TAUSICKO001 1P[E])

RVAHuman-wilUSA/SE53T2005/512P[8]
RVAHuman-wiBEL/B4633/2003/G12P[E]

AUSA

TAUSICKO001

AUSAILB2T PLE]
ANSAILBZTT 168)
AINDIE13 1P[E]
RVAMH

1 IG12P[8]
RVAHUman-wiBEL/BE0OO4T/2009/G1P[E]

100 = RVAHUman-wtiBEL/IBE0002B/2007/G1P[8]
RVAM IGBRISTIN8TSIG4P2ALG]

J

=
I—m|—_ RVA/Pig4c/VENIA131/19881GIPI[T]
09 R

VAPIg-te VENIAZS3M SBRBIGT 1PA[T)
|_[ RVAIC ow-te/KORIKJ4ax 0 GEP[E]
v = RVAPIg-tc/USAIOSWISTSIGEPS[T]
e — RVAHUman-te /lUSAMWaM 9T4IG1P1A[8]
RVAM:

14[8]
xxxiG10P[11]
RVAHuman-tcANDI116EM1 985/GIP[11]

RVASH 100/ xiG4P[E]
RVAMHuman-tc/CHNIKBH 9T TIGAP[8]

RVAIH ORICALDS-3

5]
@ RVAHUman-wiiCHNIE1811/2008/G1P[8]
AUS 7 3P|
RVA/Human-wtBELIBEDDO21/2007T/G1P[8]
RVA/Human-xx/USANU0E-09-24/2008/G3P (8]
RVA/Human-xx/USANUDE-0T-21/2006/G3P[E]
RVAHUman-wiUSAZO0TT19674/2007/G1P[8]
R LS AILB2T 1P[8]
R AciCH 005IG1P[B]
@ RVAHUman-1e/CHNY 128/2004/G1P[8]
RVAMHUman-«x/AUSICHKO0047/12006/G1P[8]

W

A1-52

(1G) NSP1 gene

A1



Viruses 2012, 4

o2

Figure 1. Cont.

RVA/Human-wt/BGD/Dhakaé/2001/G11P[25]
RVA/Human-wt/BGD/Matlab36/2002/G11P[8]
RVA/Human-wtlIND/6361/2006/G1P[8]
RVA/Human-wtBGDI/Dhaka16/2003/G1P[8]
RVA/Human-tc/KORICAUDS-371/2009/G3P[8]
RVA/Human-wt/DEUWIGER172/2008/G12P[6]
RVA/Human-tc/BGD/IMMC38/2005/G9P[8]
RVA/Human-wt/BGD/Dhaka25/2002/G12P[&]
RVA/HUmMan-wt/BGD/N28/2002/G12P[6]
RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVA/Human-tc/BGDIMMCT1/2005/G1P[8]
RVA/Human-tc/BGDISK277/2005/G12P[6]
5| RVAIHuman-tc/BGDVSK423/2005/G12P[6]
RVA/Human-xx/AUSICKO0035/2005/G1P[8]
o RVA/HUman-xx/AUSICK00011/2004/G1 P[8]
RVA/HUman-xx/AUSICK00014/2004/G1P[8]
RVA/HUman-wt/BEL/B4633/2003/G12P[8]
ks l— RV A/Human.wt/DEWGER126/2008/G3/G12P[8] N1
@ RVA/Human-tc/CHNIY1 28/2004/G1P[8]
RVA/Human-xx/USANU0G-07-21/2006/G3P[8]
23 RVA/HUman-wt/USAILB2719/2006/G1P[8]
@ RVA/Human-tc/CHN/RS88/2005/G1 P[E]
@ RVA/Human-wt/CHN/E1911/2009/G1 P[8]
RVAIHUman-xx/AUS/ICK00047/2006/G1P[8]
RVA/Human-wt/BGD/Dhakal2/2003/G12P[6]
RVA/Human-wHIND/E1060/2006/G1P[8]
RVA/Human-wtiUSAI20097 27093/2009/G9P[8]
RVA/Human-wtUSA/20097 27098/2009/G9P[8]
RVA/Human-wt/USA/2009727047/2009/G9P[8]
RVA HINDIRMC321/1990/G9P[19]
RVA/Human-wit/lUSAILB2758/2006/G1P[8]
RVA/HUman-wt/USAILB2771/2005/G1P[8]
RVA/Human-wt/IND/mes-13/20071G9P[6]
S 1 sub A(includes strains Wa, D and KU)
N1 subcluster-2

o7

100

&

100

00

N1 subcluster-3

7

0

[

RVA/Human-tc/USANVIE1/1983/GIP1A[E]

— RVA/Human-wt/DEUIGER126/2008/G3/G12P[8]

9 RVA/Human-wt/IND/613158/2006/G1P[8]

-d T1 subcluster-1 {Includes strains Wa, D and KU)
RVA/Human-wtIND/mani-362/2007/G4P[6]

w0 RVA/Pig-tc/MEXIYMM983/G11P2[7]
L RVA/Human-tc/BRA/IAL28H 992/G5P[8]

(1H) NSP2 gene

RVA/Human-wt/USA/20097 27098/2009/GSP[8]
RVA/Human-wt/USA/2009727093/2009/G9P[8]
RVA/HUman-wt/USA/2009727047/2009/GSP[8]
RVA/Human-tc/BEGD/IMMCT1/2005/G1P[8]
RVA/Human=-wtIND/6361/2006/G1P[8]
RVA/Human-wt/iIND/61060/2006/G1P[8]
RVA/Human-wtDEU/IGER172/2008/G12P[6]
RVAHuman-wt/BEL/E3458/2003/G9P[8]
RVA/Human-wt/BGD/Dhaka6/2001/G11P[25]
RVA/Human-wt/BGD/Dhaka16/2003/G1P[8]

Ar RVAHuman-wt/BGDIMatlab36/2002/G11P[8]
) RVA/Human-tc/BGDISK277/2005/G12P[6]
RVA/Human-tc/BGD/SK423/2005/G12P[6]
RVA/Human-xx/AUSICK00035/2005/G1P[E]
RVA/Human-xx/AUS/ICK00014/2004/G1P[8]
RVA/Human-xx/AUSICK00011/2004/G1P[8]
RVAHuman-wtiZAF/3133WC/2009/G12P[4]
RVA/Human-wt/BGD/Dhaka12/2003/G12P[6]
RVA/Human-tc/BGD/IMMC38/2005/G9P[8]
RVA/Human-tc/KOR/CAU214/2006/G12P[6]
RVA/Human-wty/BEL/B4633/2003/G12P[8]
RVA/Human-wt/BRAIrj7363-03/2003/G1P[8]
RVA/Human=xx/USANU0E-09-26/2008/G3P[8]
RVA/Human-wt/USAILB2719/2006/G1P[8]

@ RVA/Human-tc/CHNIY128/2004/G1P[8]
RVA/Human-xx/US ANVU06-07-21/2006/G 3P[8]
RVAHuman=xx/AUSICK00047/2006/G1P[8] j

T1-81

T

® RVA/Human-tc/CHN/R588/2005/G1P[8]
RVA/Human-wtiCHN/BJ0601/2006/GxP[x]

RVA/Human=-wit/IND/mcs-13/2007/G9P[6]
RVAHuman-wtIND/RMC321/1990/G9P[19]
RVA/Human-wtIND/mani-97/2006/G9P[19]
® RVA/Human-wtiCHN/E1911/2009/G1P[8] } Ti1-82
RVA/Human-tc/KOR/ICAU09-376/2009/G9P[8]
RVAIPig-tc/VENIA131/19881G3PI[T]
RVA/Pig-tc/VENIA253/1988/G11PI[7]
RVA/IPig-tc/USAJOSUMIT7S/IGSPI[7]
RVA/Pig-tc/USAISB1A/IxxxxIGAPS[T]
RVAIPig-te/xxx/GOxxxxIG4P[x]

RVA/Human-tc/USA/SE584/1998/G6P[9]

o0

Porcine subcluster

RV A/Pig-wtlIND/IRU172/2002/G12P[7]

a7 RVA/Pig-tc/CHN/NMTL/2008/G9P[23]
o RVAIPig-xx/KOR/PRG9121/2006/G9P[7T]
RVAIPig-xx/KOR/IPRG942/2006/G9P[23]
= RVAIPIg-xx/IKOR/PRG9235/2006/G9P[23] __,_./
—_—y
0.05

(11) NSP3 gene

1296



Viruses 2012, 4

Figure 1. Cont.

RVAHuUman-wt/BGD/Dhaka16/2003/G1P[8]
RVAMHuman-wtTHA/CMH032/2005/G1P[8]
RVAHuman-wt/IND/mani-365/2007/G1P[&]
RVAHuman-wt/BEL/BE0000E/2005/G1P[8]
RVAHuman-wi/IND/6361/2006/G1P[8]
RVA/Human-wt/BGD/Dhakag/2001/G11P[25]
RVA/Human4c/BGDMMCT1/2 G1P[8]
RVA/Human+c/BGD/MMC38/2005/GaP([8]
RVAHuman-wt/BGD/Matlab36/2002/G11P[8]
RVAHuman-wt/BEL/B4633/2003/G12P[8]
RVAHuman-wt/USA/LB2771/2006/G1P[8]
RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
#1- RVA/Human-wt/BGD/Dhaka12/2003/G12P[6]
RVA/Human-wt/BGD/RV161/2000/G12P[6]
RVAHuman-xx/AUS/CKO0035/2005/G1P[8]
RVAHuman-xx/AUS/CK00014/2004/G1P[8]
RVA/Human-xx/AUS/CK00011/2004/G1P[8]
RVAHuman-te/BGD/SK277/2005/G12P[6]

8| RVA/Human-tc/BGD/SK423/2005/G12P([E]

RVAHuman-wit/JPNKagawa/1290/G4P[8]
VAHuman-wt/USA/2009727093/2009/G9P[8] E 1

R
L }— RVAHuman-wt/USA/20097 27047/2009/GIP[8]

RVAHuman-wit/USA/Z009727098/2009/GIP[8]
RVAHumanO/CHNSBG34/xxxx/G1P[x]
RVAHuman-xx/CHN/SBSHE 2/xxxx/G1P[x]
RVA/Human4c/KOR/CAU218/2006/G1P[8]

RVAHuman-wt/RUSMNov09-B28/xxxx/G1P[8]
] @ RVAHuman-c/GHN'Y128/2004/G1P[8]
@ RVAHuman-wt/CHN/E1911/2009/G1P[8]

RVAHuman-wt/BGD/Dhaka25/2002/G12P[8]

——-—W— E1 subcluster-2 (Includes strains Wa and KU)
——— E1 subcluster-3
—— RVAHuman-xx/ZAF/GR1106/86/xxxx/G4P[8]

RVAHuman-xx/AUSICK00047/2006/G1P[8]
RVAHuman-wtiRUS/Nov06-988/xxxx/G1/GIP[8]
@ RVAHuman-te/CHN/R588/2005/G1P[8]
RVA/Human-tc/KOR/C AU164/2006/G1P[8]
RVAHuman-wt'THA/CMH044/2005/G3P[8]
RVAHuman-wi/USA/LB2719/2006/G1P[8]

s E1 subcluster-1

0 — RVAHuman-xx/ZAF/GRB56/86/xxxx/G4P[8]

N =1 subcluster-4

0.05

(1J) NSP4 gene

RVA/Human-wt/lBRA/La12537/2006/GaP[8]
RVA/Human-wt/BRA/rj8224/2004/GSP[8]
RVA/Human-wt/BRA/rj12077/2006/GSP[8]

@ RVAHuman-wt/CHN/E1911/2009/G1P[8]
RVA/Human-wt/BEL/B3458/2003/GSP[8]

RVA/Human-wt/BEL/B4633/2003/G12P[8]
RVAHuman-xx/AUS/CKO0014/2004/G1P[8]

99— RVA/Human-xx/AUS/CK00011/2004/G1P[8]

@ RVAHuman-tc/CHN/R588/2005/G1P[8)
RVAHuman-xx/AUS/CK00047/2006/G1P[B]
@ RVAHuman-c/CHN/Y 128/2004/G1P[8]
RVAHuman-wtTHA/CMHO44/2005/G3P[B]
RVA/Human-wtUSA/LB27 19/2006/G1P[8]
RVA/Human-wi/KOR/C AUDS-371/2009/GSP[8]
RVAHuman-tc/BGDISK277/2005/G12P[6)
RVAHuman-tc/BGDISK423/2005/G12P[]
RVAHuman-w/BGD/Dhaka16/2003/G1P[8]
RVAHuman-wtBGD/Matlab36/2002/G11P[8]
RVA/Human-wt/BEL/BE00047/2009/G1P[8]
RVA/Human-wt/BEL/BE00046/2008/G1P[8]
RVA/Human-wt/BELIBE00028/2007/G1P([8] H1
RVA/Human-wt/BEL/EEQD00E/2005/G 1P[8]
RVAHuman-wtIND/RMC100/xxxx/G4P [8]
———— RVAHuman-wt/DEU/GER172/2008/G12P[5]
———— RVA/HUman-wtIND/6361/2006/G1P[8]
VAHUman-wt/USA/2009727093/2009/GSP[8]

R
| RVAHuman-wt/USA2008727047/2009/G9P[8]

RVAHuman-wt/USA/2008727098/2009/G8P[8]
RVA/Human-wtIND/61060/2006/G1P[8]
RVA/Human-wt/BGD/Matlab13/2003/G12P[6]
RVAHuman-wt/BGD/Dhaka12/2003/G12P[6]
AlHuman-wi/BRA/ba13619/2007/G9P[8]

-

H1 subcluster-1
RVA/Human-tc/PHL/L26/1987/G12P[4]

RVAHuman-tc/GBR/ST3M975/G4P2A[6]

——smmtll H1 subcluster-2
RVAHuman-tc/USANMIE1/1983/GSP 1A[B]

H1 subcluster-3
RVAHuman-tc/THA/Mc323/1988/GSP[18]
H1 subcluster-4 {Includes strains Wa and KU) /

H1 subcluster-5

0.05

(1K) NSP5 gene

1297



Viruses 2012, 4 1298

Figure 2. Alignment of the amino acid residues defining the neutralization domains
(designated as 7-1a, 7-1b and 7-2 [24]) of VP7 between the G1 strains in Rotarix™ and
RotaTeq™ and Chinese RVA strains Y128, R588 and E1911. Green indicates the residues
that differ from those of both Rotarix™ and RotaTeq™. Blue indicates the residues
identical to those of Rotarix™, but different from those of RotaTeq™.
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Figure 3. Alignment of the amino acid residues corresponding to those defining the VP4
neutralization domains (designated as 8-1, 8-2, 8-3 and 8-4 in the VP8* subunit (A) and
5-1, 5-2, 5-3, 5-4 and 5-5 in the VP5* subunit (B) of VP4) [24]) between the P[8] strains in
Rotarix™ and RotaTeq™ and Chinese RVA strains Y128, R588 and E1911. Green
indicates the residues that differ from those of both Rotarix™ and RotaTeq™. Red
indicates the residues identical to those of RotaTeq™, but different from those of
Rotarix™. Blue indicates the residues identical to those of Rotarix™, but different from
those of RotaTeq™.
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Among the other genes, the VP1-3, VP6, NSP2 and NSP4-5 genes of strains E1911, R588 and
Y128 were closely related (nucleotide sequence identities of 97-99%) to those of several Wa-like
common human RVA strains, such as G1, G3, G9, and/or G12, detected in the 2000s from different
countries (Figures 1C-F, H and J-K). Phylogenetically, the NSP1 genes of the recent Wa-like common
human RVAs appeared to be grouped into two distinct subclusters, designated as A1-S1 and A1-S2,
within genotype Al (Figure 1G). The NSP1 genes of strains E1911, R588 and Y128 were found to be
closely related (nucleotide sequence identities of 97-99%) to those of the recent G1P[8] and G3P[8]
strains within subcluster A1-S2 (Figure 1G). The NSP3 genes of strains Y128 and R588 shared high
nucleotide sequence identities (97-99%), and phylogenetically, clustered with several recent Wa-like
common human G1,G3, G9 and G12 strains to form a subcluster (shown as T1-S1) (Figure 11). On the
other hand, the NSP3 gene of strain E1911 shared low nucleotide sequence identities of 89.2% with
those of Y128 and R588, and exhibited a maximum nucleotide sequence identity of 99.5% to that of
G9P[8] strain RVA/Human-tc/KOR/CAU09-376/2009/G9P[8] from South Korea. Phylogenetically,
the NSP3 genes of strains E1911 and CAU09-376 clustered together (shown as subcluster T1-S2), near
the subcluster of porcine-like human G9 strains from India (strains RVA/Human-wt/IND/RMC321/
1990/G9P[19], RVA/Human-wt/IND/mani-97/2006/G9P[19] and RVA/Human-wt/IND/mcs/13-07/
2007/G9P[6]) [26,27], and were genetically distinct from those of strains Y128, R588, other recent
Wa-like common human strains, and the prototype G1P[8] strain, Wa (Figure 11). Strain E1911 was
found to share nucleotide sequence identities of 93.3%, 92.4% and 91.3% with the NSP3 genes of
strains mani-97, mcs/13-07 and RMC321, respectively.

Taken together, with the exception of the NSP3 gene of E1911, the genomes of the Chinese RVA
G1P[8] strains E1911, R588 and Y128 were found to be more closely related to those of the recent
Wa-like common human strains, such as G1, G3, G9, G12, from different countries than those of the
prototype G1P[8] strain Wa, or other old Wa-like strains (Figures 1A-K). On the other hand,
phylogenetically, the NSP3 gene of strain E1911 clustered near those of the porcine-like human G9
strains from India, and taken together, these strains appeared to share a more common origin with
those of the porcine RVAs than those of the Wa-like common human strains (Figure 11). Since the
remaining genes of E1911 were closely related to those of Y128 and R588, it is likely that strain
E1911 acquired its NSP3 gene through inter-genotype reassortment events. The infant infected with
strain E1911 lived in the central city of Wuhan, and therefore, it is unlikely that he came in direct
contact with a pig. It may be possible that the infant was infected from food or water contaminated
with strain E1911, or from an adult who came in close contact with pigs. However, analysis of the
NSP3 genes of locally circulating and other Chinese porcine RVA strains might be required to pinpoint
the exact source of the NSP3 gene of E1911. To date, the NSP3 gene sequences of only a single
porcine and a few human RVA strains are available from China, as evident from the GenBank
database. Recently, the whole genomes of four Chinese human G3P[8] RVA strains have been
sequenced in our laboratory (unpublished data). None of these human RVA strains from China were
found to possess a porcine-like NSP3 gene [28,29, unpublished data]. Nevertheless, genetic analyses of
several human and porcine strains might be required to determine as to whether the porcine-like NSP3
genes are common in RVAs prevailing in Chinese children, or strain E1911 is rare in nature.

In conclusion, whole genomic analyses of the recent Chinese G1P[8] strains revealed a stable
Wa-like genetic backbone that might be circulating in majority of the recent Wa-like common human
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RVAs, such as the G1P[8], G3P[8], G4P[8] and G9P[8] strains, worldwide. It has been hypothesized
that RVAs with this genetic backbone have the ability to propagate extremely well in the human
host, as evidenced from the detection of large numbers of Wa-like human RVA strains across the
globe [11,13,15]. Comparison of the whole genomes of the Chinese G1P[8] strains from different age
groups revealed a close genetic relationship among these RVAs, suggesting that genetically identical
G1P[8] strains might be circulating among children and adults in Wuhan city, China. Although the
present study provided important insights into the origin and overall genetic makeup of the widely
circulating human G1P[8] RVA strains in China, it was limited to only three recent strains. Whole
genomic analyses of additional RVA strains from different geographical regions might be required to
gain a proper understanding of the evolutionary dynamics of the primary RVA strains in China.

The currently licensed RVA vaccines, Rotarix™ and RotaTeq'", have been found to be effective
against the common human RVA strains, resulting in substantial declines in rotavirus and/or diarrhea-
related hospitalization in many countries [30]. Although there were concerns on the efficacy of the
monovalent G1P[8] vaccine, Rotarix ™, against completely heterotypic strains, Rotarix™ was shown
to be effective against the common human G2P[4] RVAs in Brazil [30,31]. However, these vaccines
are yet to be introduced in China. Since the Chinese G1P[8] RVAs share close genetic similarity with
those of recent G1P[8] RVAs from other countries where routine RVA vaccination has yielded good
results, it might be possible that these vaccines will cause a sharp reduction in the number of cases of
RVA associated diarrhea in China. However, comparisons of the amino acid residues defining the VP7
and VP4 antigenic domains revealed several mismatches between the recent Chinese G1P[8] strains
and the G1 and P[8] strains contained in Rotarix™™ and RotaTeq™. Implications of these changes on
the efficacy of these vaccines, if any, need to be monitored after their introduction in China. There is
evidence that genes other than VP7 and VP4 might influence the immune response in the host
following RVA vaccination [3,32]. Continuous vaccine-induced immunological pressure may cause
changes in these genes that are detrimental to the efficacy of the current RVA vaccines [3]. Therefore,
large scale whole genome-based studies on common human RVA strains from different countries are
required to identify these vaccine-induced changes in the RVA genome. To our knowledge, this is the
first report on the whole genomic analysis of G1P[8] RVA strains from China.

3. Materials and Methods
3.1. Virus Strains

RVA strains RVA/Human-wt/CHN/E1911/2009/G1P[8], RVA/Human-tc/CHN/R588/2005/G1P[8]
and RVA/Human-tc/CHN/Y128/2004/G1P[8] were detected in diarrheal stool samples collected from
an infant, a male child and an adult in the city of Wuhan, central China, in 2009, 2005 and 2004,
respectively [8,9]. Age, sex and clinical features of the patients infected with these RVA strains are
shown in Table 1. Among these RVAs, strains Y128 and R588 could be successfully isolated by tissue
culture in MA-104 cells.
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Table 1. Age, sex and clinical features of the patients infected with strains E1911, R588 and Y128.

RVA  Age and sex of Duration of . . Duration of
. ] . Clinical signs e .
strain  patient diarrhea Hospitalization
E1011 8-month-old male 1da Passing liquid stools three times a day. None. Treated at
infant y Mild dehydration. No vomiting or fever.  outpatient department.
Passing liquid stools five times a day. None. Treated at

R588 3-year-old male child 2 days
y y Mild dehydration. No vomiting or fever.  outpatient department.

Passing liquid stools seven times a day.
Y128  66-year-old man 1 day Vomiting three times a day. Severe
dehydration. No fever.

None. Treated at
outpatient department.

3.2. RT-PCR and Nucleotide Sequencing

For RT-PCR, viral RNA was extracted from the tissue culture fluid (strains R588 and Y128) or
fecal sample (strain E1911) using the QIAamp Viral RNA Mini kit (Qiagen Sciences, MD, USA).
Primers used for the amplification of the VP1-4, VP6-7 and NSP2-5 genes of strains E1911, R588 and
Y128 have been described previously [29,33,34]. Primers P[8]a-NSP1-11f (5-ATG AAA AGT CTT
GTG GAA GCC-3', nucleotide positions 11-31) and P[8]a-NSP1-1541r (5'-CTA CTC TAG TGC
AGG GAG TC-3', nucleotide positions 1541-1522), designed from gene segment 5 of strain
RVA/Human-tc/BGD/ MMC71/2005/G1P[8], were used to amplify the NSP1 genes of the Chinese
G1P[8] strains. Nucleotide sequences were obtained using the BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, CA) on an automated DNA sequencer (ABI
PRISM 3100).

3.3. Sequence Analyses

Nucleotide sequence identities were determined as described previously [34]. Phylogenetic trees
were constructed by the Neighbor-Joining method [35] using MEGA (v5.01) software. The trees were
statistically supported by bootstrapping with 1000 replicates, and phylogenetic distances were
measured by the Kimura two-parameter model. Multiple alignments were performed using the
CLUSTAL W program [36] with default parameters.

3.4. Nucleotide Sequence Accession Numbers

The GenBank accession numbers for the nucleotide sequences of the VP1-4, VP6-7 and NSP1-5
genes of strains Y128, R588 and E1911 are JQ087423-JQ087455, respectively.
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