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according to the recent SV capsid region classification
scheme described by Akihara et al. [2005). It was
observed that SVGI was a more common genogroup
(80%) than the SVGII (20%) detected in this study. Eight
strains of SVGI were classified further into three
genotypes, that is, four strains were GI/1, three were
Gl/4, and one was GI/5. Moreover, two strains of SVGII
were also classified into GII/1 and GII/2 genotypes
(Fig. 3).

Sequence Analysis of Human Astroviruses

Seven HAstV strains detected in the present study,
two of each isolate were HAstV-1, HAstV-2, HAstV-5,
and one isolate was HAstV-3. The detection rate of the
HAstV in children with acute gastroenteritis was rather
low,

DISCUSSION

The present study describes the prevalence of NV and
SV infection in children hospitalized with acute gastro-
enteritis in Chiang Mai city during May 2000—March
2002. The prevalent rates are in good agreement with
those reported by Hansman et al. [2004] which also
conducted the study in Chiang Mai during July 2000~
July 2001. However, the prevalence of NV and SV are
somewhat lower when compare to the follow-up study
conducted recently in Chiang Mai from March 2002 to
December 2004 [Khamrin et al., 2007] as well as to
the study conducted in five other regions of Thailand
by Guntapong et al. [2004]. The discrepancy of the
prevalent rates between our study and others might be
due to the difference in the duration and/or geographical
area where those studies have been conducted.

Like other studies [Schnagl et al., 2000; Buesa
et al., 2002; Oh et al., 2003; Boga et al., 2004; Hansman

J. Med. Virol. DOI 10.1002fjmv
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with diarrhea in Chiang Mai, Thailand, from May 2000 to March 2002 of tested sp
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et al., 2004], the findings showed that NVGI strains are
less common (29.2%) than NVGII (70.8%). It should
be noted that in 2002 and 2003, NVGI disappear-
ed completely from five other regions of Thailand
[Guntapong et al., 2004]. In addition, NVGI was also
undetectable in Chiang Mai area during 2002 and
2004 [Khamrin et al., 2007). For NVGII, GII/4 has been
reported as a major cause of global outbreaks and
sporadic cases of gastroenteritis [Foley et al., 2001;
White et al., 2002; Lau et al., 2004]. This study in Chiang
Mai area found that GII/4 circulated as the most
predominant genotype (37.5%), which is similar to those
reported by Hansman et al. [2004]. However, a study
conducted by Guntapong et al. [2004] in five other
regions of Thailand during 2002 and 2003 reported a
relatively high GII/4 at the incidence of 64.3%. Interest-
ingly, in the following three consecutive years from 2002
to 2004 [Khamrin et al., 2007, GIT/4 increased to 62.8%
in Chiang Mai region, which similar to the finding of
Guntapong et al. [2004]. For SV infection, SV genogroup
I (GI) has been reported worldwide as the most
predominant strain [Okada et al., 2002; Phan et al,
2004; Akihara et al., 2005; Phan et al, 2005, 2006].
SVGI/1 strains were previously reported as the most
predominant genotype, followed by GII/1 strains and
oneisolate belonging to an intragenogroup recombinant
strain in Chiang Mai during 2000 and 2001 [Hansman
et al., 2004; Katayama et al., 2004]. In our study, SVGI
was also detected at a very high incidence (80%),
with GI/1 as the most predominant strain and followed
by GI/4, GI/5, GIV1, and GII/2 strains. The study
conducted in the other regions of Thailand by Gunta-
pong et al. [2004] during 2002 and 2003 reported a
higher detection rate of SV (15.0%). SVGI/1 was the
most prevalent genotype, while the other two strains
belonged to SVGV and a novel genotype in the SVGII
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region from 2002 to 2004 by Khamrin et al. [2007]
reported a rather low detection rate of SV (1.2%) in
which two strains belonged to SVGI genogroup (SVGI/1,
SVGI/2) and other strain belonged to SVGIV genogroup.
The data from our study and others [Guntapong et al.,
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2004; Khamrin et al., 2007] reveals that the detection
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circulating in several regions of Thailand vary

from time to time. However, the predominant NVGII/4

and SVGI persist in these regions over a number
of years.
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Epidemiological data of HAstV as a causative agent of
gastroenteritis in Thailand is rather limited. In 1991,
Herrmann et al. first detected HAstV serotype 2 at 8.6%
in children hospitalized with diarrhea in Bangkok.
Later, Echeverria et al. [1994] reported the detection
of HAstV at 14% in children hospitalized with diarrhea
in Ratchburi province in the central part of Thailand. In
2004, Sirinavin et al. [2006] reported an outbreak of
HAstV with a detection rate of 30.7% in neonates at a

. Med. Virol. DOI 10.1002fmv

an . - -
is unrooted. Genotypes or genetic clusters are divided by brackets.

nursery in the maternity ward of Ramathibodi Hospital,
Bangkok. However, the detection of HAstV infection
in the previous studies based on serological assays
[Herrmann et al, 1991; Echeverria et al, 1994;
Sirinavin et al., 2006]. Our study is the first report that
describes the distribution of HAstV genotypes circulat-
ing in Chiang Mai city. The data suggest that HAstV
infection is less common in children with acute gastro-
enteritis compared to rotavirus and norovirus infection
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in this area. These percentages are similar to those
reported from other regions of the world such as
Australia [Mustafa et al, 2000], Germany [Oh and
Schreier, 2001}, and Spain [Guix et al., 2002].

In conclusion, this study describes the genetic diver-
sity of NV, SV, and HAstV genotypes cocirculating in
children hospitalized with diarrhea in Chiang Mai,
Thailand.
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Genetic linkage among human cytomegalovirus
glycoprotein N (gN) and gO genes, with evidence
for recombination from congenitally and post-natally
infected Japanese infants
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Investigation of sequence polymorphisms in the glycoprotein N (gN; gp4273), gO (gp4274) and
gH (gp4275) genes of human cytomegalovirus (HCMV) strains collected from 63 Japanese
children revealed that their gO genotype distribution differed slightly from that of Caucasian
populations and that there was a significant linkage between the gN and gO genotypes. Linkage
of these genotypes in strains obtained from Caucasian populations has been reported, so our
similar findings in Japanese infants are consistent with this, and suggest generality of this linkage.
Sequence analysis suggests that recombination between two strains of different linkage groups
occurred approximately 200 bp upsiream of the 3'-erd of the gO gene. Further studies are
required to elucidate differences in biological characteristics among the linkage groups and the
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selactive constraints that maintain the linkage.

Human cytomegalovirus (HCMV) infects most people
during childhood without clinical symptoms; it is the
major viral cause of birth defects and developmental
abnormalities. It is also associated with significant
morbidity and mortality in immunocompromised indivi-
duals. The complete genome of wild-type HCMV strains,
such as Merlin, is 236 kb in length, and is predicted to
encode 165 genes (Dolan et al., 2004). Genetic character-
ization of clinical isolates has mainly depended on
sequence polymorphisms in the genes that encode viral
envelope glycoproteins and cellular homologues
(Rasmussen, 1999; Pignatelli et al, 2004). Glycoprotein B
(gB), gM, gN, gH, gL and gO are involved in virus entry
and egress and are the target molecules recognized by
neutralizing antibodies. While extensive sequence variation
is found in the gB and gH genes (5-10 %), a greater level is
found in the gN and gO genes (40-50%); the gL and gM
genes are highly conserved among clinical strains. To date,
the association of a particular genotype with a particular

The sequence data determined in this study are available under

GenBank accession numbers EU348337-EU348364.
Two supplementary lables are available with the online version of this
paper.

clinical outcome has been controversial (Bale et al, 2000;
Barbi et al, 2001; Trincado et al, 2000).

‘We have recently investigated gB, UL144 and UL149 gene
polymorphisms and found that the gB3 genotype was more
prevalent in congenitally infected individuals with neuro-
logical abnormalities (Yan et al, 2008). Recently, a genetic
linkage between the gN and gO genes was reported
(Mattick et al, 2004). To learn how common this linkage
is and whether the linkage group has any correlation with
the clinical outcome of congenital infection, we analysed
gN, gO and gH gene polymorphisms.

HCMV strains were collected from 45 urine and 24 dried
umbilical cord specimens obtained from 63 Japanese
children, consisting of 32 congenitally and 31 post-natally
infected children. Although samples of both materials were
collected from six infants, specimens from each infant were
handled as a single entity, as specimens from the same
infant yielded the same sequence. Eleven of the congenital
cases were identified previously by Ogawa et al (2007). Six
were identified by HCMV-specific IgM in maternal or cord
blood specimens, a further six were identified by our
HCMV screening programme (Inoue & Koyano, 2008) and

0008-3685 © 2008 SGM Printed in Great Britain
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the rest were identified by clinical manifestations. All
congenital infections were confirmed by the detection of
HCMV in urine within 2 weeks of birth or in dried
umbilical cord specimens. Twenty-three healthy infants
were chosen from =100 volunteers on the basis of the
presence of HCMV in urine, HCMV was also collected
from eight infants with hepatic damage, pneumonitis or
bone marrow transplantation or infants that were born
prematurely. Post-natal infection was implied by the
absence of HCMV in their cord specimens. Viral DNA

(@)

g01a (20.0%)

+
g01b (13.3%)
gO02a (8.3%)
gO2b (8.3%)

903 [18.3%)

+
+ 205 (83%)

was extracted from these specimens as described previously
(Ogawa et al,, 2007). DNA fragments encoding hypervari-
able regions of the gN, gO and gH genes were amplified by
nested PCR using Pfu polymerase (Promega) in 50 pl
reaction volumes. Ten to 100 HCMV DNA copies were
used as templates for the first-round PCR and 2 pl of these
products were used for the second-round PCR. PCR
conditions and primers are shown in Supplementary Table
S1, available in JGV Online. The PCR products were
separated on agarose gels and purified using a DNA
extraction kit (QiaEX II, Qiagen). The purified DNA
fragments were sequenced with BigDye Terminator Cycle
Sequencing kit (Applied Biosystems) using the primers
from the second-round of PCR. Sequences were assembled
with ATGC version 4.0 (Genetyx, Tokyo) and aligned with
Genetyx 7.0. Phylogenic analysis was performed with MEGA
version 3.1 (Kumar er al., 2004). Designation of gN, gO
and gH genotypes was based on previous publications
(Mattick et al, 2004; Stanton et al, 2005; Chou, 1992;
Pignatelli et al., 2003).

The total number of available amplicons and the
distribution of genotypes of congenitally and post-natally
infected cases (including GenBank accesssion numbers) are
given in Supplementary Table 52. There was no significant
correlation between gH genotype and the incidence or
clinical outcome of congenital infection. Since gO and gN
have a large number of genotypes, the number of
specimens in this study was insufficient to obtain
statistically significant results in a clinical context. The
presence of gO5 and the absence of gOlc in Japanese
children made a slight difference in gO genotype
distribution compared with the distribution in Caucasian
populations (Mattick et al., 2004). Since the gO5 genotype
has only recently been recognized (Stanton et al,, 2005), the
entire gO sequences of the five gO3 strains were determined.
Their gO5 nucleotide sequences were identical to each other
and were 99-100 % identical to those of Merlin and 3052.
The gO genotypes exhibited a relatively low identity to each
other; identity of the consensus gO5 sequence to other gO
genotype sequences ranged from 76-81 % and 74-80% at
the nucleotide and the amino acid levels, respectively.
Similar results were obtained from the phylogenic analyses
for the sequences of the full-length and the middle segment
of the gO gene (Fig. 1).

Of the 63 analysed strains, 57 yielded a complete dataset for
the gN, gO and gH genotypes (Table 1). gO and/or gH
genotypes of the remaining six strains, one from a cord

= 904 (23.3%)
L

Fig. 1. (a) Phylogenic tree generated by the neighbour-joining
method based on 60 nucleotide sequences covering the 440 bp
middle part of the gO gene. Bootstrap values are indicated at the
beginning of each major node, The frequencies of the gO
genotypes among the 60 clinical strains are shown, Stars indicate
the reference strains. (b) Phylogenic tree based on 13 full-length
gO nucleotide sequences. Bar, 0.05 nuclectide substitutions per

position.

i from a congenital case and five from urine
specimens from healthy infants, were not available due to
limiting amounts of HCMV DNA. Relationships were
identified among the gN, gO and gH genotypes. For
example, all gO1b strains link with gN3a and gH1, and all
gO5 strains link with gN4c and gH2. Seven linkage groups
cover 79% (45/57) of the strains of these three genes for
which sequences are available. If only the linkage between the
gN and gO genotypes is considered, the seven groups cover
919% (52/57) of the strains. Fisher's exact test of the
distributions of the matched genotypes between the gN
and gO genes yielded a significant association (P<0.0001).
Thus, our results clearly support the findings from a previous
report (Mattick et al, 2004). As indicated in that study,
breaking down the gO genotypes into seven or eight
genotypes was critical to identifying the linkage that could
not be previously identified in strains from US populations
(Rasmussen et al, 2002, 2003). Although the relationship
between gO/gN and gH genotypes seems to be significant,
the small number of gH variations/genotypes limits the value
of these statistical analyses. Two gH genotypes were not able
to be divided into subgenotypes. The genotypes of gB do not
correlate with gN, gO and gH genotypes (data not shown).

In general, genetic polymorphisms and mosaic genotypes
in the genome can be explained by the accumulation of
spontaneous mutations under selective pressure and/or by
homologous recombination, including both inter- and
intra-strain recombination. Such recombination events
have been reported for the variations within HCMV genes,
such as gB (Haberland et al,, 1999) and a duplicated pair of
virokines (UL146 and UL147) (Arav-Boger et al, 2005).
Recombination events have also been observed in other
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Table 1. Linkage groups among the gN, gO and gH
genotypes

Strains were isolated from congenital (C) or post-natal (P) infections.

: Fafection Genotype Linkag
gN g0 gi  BOUP
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la
la
la
la
la
la
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FUK03

FUK31
Cl45
160236
uo03
Cc49
160249
160248
ASAL9
FUK74
X01
Cl10
Cl2z
Cl4
Ci70
C185
C196
]60223
160299
Nz22
Cl135
Uo7
ASADI
ASA70
FUK28
N59
Cl149

L Y Rl L R O

ToOoOnNOMmMEYNTS RTINS YIA0OAORANO S OOYSYOOOOOYRYAOO0 g

B e P R P P PR P PP O~ I I S S o
L I B e O T T Y S 0 s e e S

\l\l\lﬂ‘-ﬂﬂlﬂ:@ﬂlﬂ\ﬂ‘ﬂ\m

Table 1. cont.
i Genotype
Strain Infection Linkage
rpe N g0 g FOW
Cl154 c 3a 1la 1 1
FUK16 C 3a la 1 t
so1 C 3a la 1 t
160284 P 33 2 1 t
60298 P 4 T 2 t

*Strains with a gH genotype that is different to the others.
1Strains that were not classified into the seven groups and could be
products of recombination.

herpesviruses, including herpes simplex type 1 (Dutch eral.,
1992), varicella-zoster virus (Norberg er al, 2006; Peters
et al., 2006) and human herpesvirus 8 (Poole et al, 1999).
Recombination depends on various immunological and
intracellular constraints because infection of the host,
ultimately of a single cell, with two parental strains is
required. Concurrent infections with multiple HCMV
strains have been observed in immunosuppressed patients,
such as transplant recipients and patients with human
immunodeficiency virus (Stanton et al, 2005;
Puchhammer-Stéckl & Gorzer, 2006; Coaquette et al,
2004). It has been demonstrated that pre-existing immun-
ity does not prevent infection with strains of different
genotypes (Ishibashi et al, 2007; Boppana et al, 2001). To
find evidence indicative of recombination events, the entire
gO gene sequences were determined for strains represent-
ing each genotype and for those that were not classified
into the seven linkage groups.

First, we analysed the gO5 strains. Whilst the gN4c genotype
linked with the gO5 genotype in our population, the same
gN4c genotype linked with the gO1c genotype in Caucasian
populations. Mattick er al. (2004) discussed the possibility
that gOlc was created by a recombination event. HCMV
strains ASAO]1 and Toledo were chosen as representative
strains of gN4c—gO5 and that of gN4c-g0Olc, respectively.
The similarity between the gN-gO sequences was analysed
using the SimPlot program version 3.5 (http://asray.med.
som.jhmi.edu/SCRofware/simplot) (Fig. 2a). The identity
was =95 % from the gN gene to the 3'-part of the gO gene,
but it dropped significantly from 200 bp upstream of the 3'-
end of the gO gene. This suggests that the gO5 strains are
also the products of recombination. The recombination site
could be anywhere within the conserved areas of the gN gene
or the 200 bp 3'-end region of the gO gene If the
unidentified counterpart for the recombination has a gN
genotype other than gNdc, the transition site is expected to
be around 200 bp upstream of the 3'-end of the gO gene.
Since gO1c is one of the rarest genotypes and no gOlc strain
was identified in this study, further study is required to
understand the relationship between the gOlc and gO5
strains.

hitp://virsgmjournals.org
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Fig. 2. Potential recombination events within the gO gene. The gN
and gO genes are shown above the panels. The horzontal axis
shows the nucleotide position starting from the 5'-end of the gN
open reading frame (a—c) and amino acid position in the gN and gO
ORFs (d). (a) SimPlot analysis (window size 200, step size 20) of
the similarity (36) between ASAO1 (gN4c-gO5) and Toledo (gN4c-
gO1c). (b) SimPlat analysis (window size 250, step size 30) of
C154 (gN3a-gO1a) with AD168 (gN1/gO1a; dashed line) and Y01
(gN3a-gO1b; dotted line). The divergent sequences around the
potential recombination site are shown. (c) SimPlot analysis
(window size B0, step size 1) of the mean similarity (identity score)
among representative strains (AD169, Y01, FUK18, C184, C48,
Towne, ASA1) of the eight linkage groups (seven groups described
in this study and gN4c-gO16). (d) VarPlot analysis (window size 20,
step size 1) of the mean values of dN/ds ratio in the amino acid
sequences of the gN and gO genes of the representative strains.
dN/ds=1 is indicated with a dashed line.

Next, we analysed three strains (C154, FUK16 and 501) of
the gN3a—gOla genotype, as they were not classified into
the seven linkage groups. Since the gO sequences of these
strains were almost identical (99-100 % identity), the gO
sequence of C154 was used for further analysis. The
sequence of the gN-gO locus of C154 was compared with

that of Y01, which represents linkage group 2 (gN3a-
gO1b), and that of AD169, which represents linkage group
1 (gN1-gO1a). The sequence similarity of strain C154 with
ADI169 and YO! declines around 200 bp upstream of the
3'-end of the gO gene (Fig. 2b). This pattern suggests a
potential recombination event between linkage groups 1
and 2 within the gO gene. The potential recombination site
is assumed to be in the conserved 24 bp sequence shown in
Fig. 2(b). Compared with the surrounding regions; the
sequence around the recombination site did not necessarily
correspond to the well-conserved regions (Mattick et al,
2004; Pignatelli er al, 2003). To visualize this, sequence
similarity was compared for all eight linkage groups across
the gN—gO locus (Fig. 2c). It is unlikely that this potential
recombination event was due to the presence of two strains
in the specimen or to mispriming, since (i) infection with
multiple strains was not identificd at detectable levels
(>25% in the population) in the raw sequence data of the
gN, g0, gH, gB, UL144 and UL149 genes; (ii) three very
similar but distinct strains were obtained from individuals
from different localities and at different collection times
and their DNAs were extracted and analysed in separate
tests; and (iii) different primer sets yielded the same
genotyping results. It is possible that the recombinant
HCMV was generated and circulated naturally.

Since only two cases of recombination were available, we
could not tell whether the gO gene contains a hotspot
sequence that triggers recombination, similar to those
observed in other viruses (Magiorkinis et al, 2003; Kajino
et al, 2001; Takeuchi et al, 2008). It was, however,
confirmed that no chi site- or V(D)] recombination site-
like sequences were present in the gO and gN genes. To
obtain insights into the mechanism of the recombination
in the gO gene, the non-synonymous distance (dN) and
synonymous distance (ds) of codon-based aligned gN and
0O sequences were analysed using the VarPlot program, as
a recent study provided evidence of positive selection in the
hypervariable gN sequences (Pignatelli et al, 2003). In
addition to the gN sequence, the gO sequence showed
generally low dN and ds values, and the dN/ds ratios were
almost all less than 1 (Fig. 2d), indicating that negative
pressure tends to maintain the original sequences.
Although dN/ds ratios >1 were observed in limited
domains from some genotypes, such as the gO1b, gO2a,
g02b and gO4 sequences, the potential recombination sites
do not localize at those positively selected sites, suggesting
that positive selective pressure, such as for immune escape,
is not providing selection for recombination.

In conclusion, our study demonstrated a significant link
between the gN and gO genotypes in Japanese infants,
which supports a previous finding in Caucasian popula-
tions and suggests generality of the linkage. Whilst we
describe a novel homologous recombination event in the
g0 gene, it will be important to identify additional
recombination events in the gO gene in order to explain
the mechanisms regulating recombination. Further studies
are also required to elucidate differences in biological
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characteristics among the linkage groups and to identify
the selective constraints that maintain the linkage.
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Molecular Characterization of VP4, VP6, VP7, NSP4,
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An unusual strain of human rotavirus G3P[10]
{CMH079/05) was detected in a stool sample of a
2-year-old child admitted to the hospital with
severe diarrhea in Chiang Mai, Thailand. Analysis
of the VP7 gene sequence revealed highest
identities with unusual human rotavirus G3 strain
CMH222 at 98.7% on the nucleotide and 99.6% on
the amino acid levels. Phylogenetic analysis of
the VP7 sequence confirmed that the CMH079/05
strain formed a cluster with G3 rotavirus refe-
rence strains and showed the closest lineage with
the CMH222 strain. Analysis of partial VP4 gene of
CMHO079/05 revealed highest degree of sequence
identities with P[10] rotavirus prototype strain
69M at nucleotide and amino acid levels of 92.9%
and 94.6%, respectively. Phylogenetic analysis
of the VP4 sequence revealed that CMH079/05
and 69M clustered closely together in a mono-
phyletic branch separated from other rotavirus
genotypes. To our knowledge, this is a novel
G-P combination of G3 and P[10] genotypes. In
addition, analyses of VPG, NSP4, and NSP5/6
genes revealed these uncommon genetic char-
acteristics: (i) the VP8 gene differed from the four
other known subgroups; (ii)] the NSP4 gene
was identified as NSP4 genetic group C, an
uncommon group in humans; and (iii) the
NSP5/6 gene was most closely related with
T152, a G12P[9] rotavirus previously isolated
in Thailand. The finding of uncommon G3P[10]
rotavirus in this pediatric patient provided
additional evidence of the genetic diversity
of human group A rotaviruses in Chiang Mai,
Thailand. J. Med. Virol. 81:176-182, 2009,

© 2008 Wiley-Liss, Inc.
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INTRODUCTION

Group A rotaviruses are one of the major causes
of severe teritis in young children, and are
associated with 454,000-705,000 deaths annually
among children under 5 years of age, predominantly in
developing countries [Parashar et al., 2006). Rotavirus
belongs to the Reoviridae family, which contains 11 seg-
ments of double-stranded RNA genome. The two outer-
layer proteins VP7 and VP4 form the basis of the current
dual classification system of group A rotavirus into G
and P genotypes [Estes and Kapikian, 2007]. To date, at
least 15 G (G1-G15) and 27 P (P[1]-P[27]) genotypes of
rotaviruses have been identified globally, with various
combinations of G and P genotypes [Estes and Kapikian,
2007; Martella et al., 2007; Khamrin et al., 2007a; Steyer
et al., 2007al. The inner capsid protein VP6 bears the
subgroup (SG) specificities that allows the classification
of group A rotavirus into SG I, 8G II, 8G (I+1I), and
SG non-(I+1I) based on reactivity with SG specific
monoclonal antibodies (MAbs) [Greenberg et al,
1983a,b; Hoshino et al., 1987; Gorziglia et al., 1988;
Urasawa et al., 1990; Iturriza-Gomara et al., 2002], The
non-structural giycoprotmn NSP4, plays an important
role in rotavirus morphogenesis, pathogenesis, and
enterotoxic activity. Sequence analyses of the NSP4
genes revealed the presence of at least six distinct NSP4
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genetic groups among human and animal rotaviruses,
termed genetic groups A—F [Horie et al., 1997; Kirkwood
and Palombo, 1997; Ciarlet et al., 2000; Mori et al., 2002;
Khamrin et al., 2008). Up to now, the precise role(s) of
the NSP5/6 proteins encoded by gene 11 has only been
partially characterized. A formal classification system
of NSP5/6 genes of rotavirus has not yet been well
established.

In recent decades, extensive epidemiological studies
of rotavirus have been carried out. Those epidemiolog-
ical studies have demonstrated that rotavirus genotypes
G1, G2, G3, G4, and G9 in combination with P[8] and
P[4) genotypes are the most common combinations
associated with human rotavirus infection globally
[Gentsch et al., 2005; Santos and Hoshino, 2005].
Recently, epidemiological surveillance to monitor the
appearance of novel or unusual rotavirus antigenic
types has been intensified throughout the world,
yielding evidence for the increasing antigenic diversity
of group A rotaviruses. Several unusual or animal-like
rotavirus strains have been identified sporadically in
humans, that is, G3P[3], G3P[9], G5Pl6], G6P[14],
G10P[14), G11P[25], and G12P[8] [Uchida et al., 2006;
Khamrin et al., 2006a, 2007h; Duan et al., 2007, Ghosh
et al., 2007; Steyer et al., 2007b]. In addition, the
increasing data on the onset of animal-like rotavirus
strains in the human population has demonstrated the
importance of direct interspecies transmission of animal
strains into humans and genetic reassortment between
human and animal rotavirus strains. Therefore, infor-
mation on the distribution of rotavirus G and P
genotypes among humans and various animal species
is important for understanding rotavirus ecology, and
the mechanism by which rotaviruses evolve to cross
species barriers, exchange their genes through reassort-
ment event, and accumulation of single-point mutations
and/or via genetic rearrangements,

Rotavirus G3 strains have been detected in various
host species including humans, monkeys, rabbits, pigs,
birds, cats, dogs, horses, mice, cows, and lambs [Estes
and Kapikian, 2007]. A search of the literature shows
that the P[10] rotavirus genotype is only restrictedly
found in humans. Thus far, few P[10] rotavirus strains
have been reported. However, each of these P[10]
rotavirus strains carried different G-P genotype combi-
nations. The strains 69M and B37 were G8P[10], strain
57M was G4P[10] [Estes and Kapikian, 2007], and two
other strains found in Ghana were GOP[10] genotypes
[Armah et al., 2003].

The human P[10] rotavirus prototype strain 69M was
recovered from an infant with diarrhea in Indonesia
[Hasegawa et al., 1984]. This rotavirus prototype strain
displays a “super short” RNA pattern as demonstrated
by PAGE and RNA—RNA hybridization, and was found
to be a G8 genotype by VP7 gene sequence analysis
[Matsuno et al., 1985; Green et al., 1989). In addition,
VP4 gene sequence analysis revealed low sequence
identity with other rotavirus reference strains, and it
was later designated as the P[10] rotavirus genotype
[Qian and Green, 1991].
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In the present study, P[10] was found in combination
with G3 in a human rotavirus strain CMH079/05 which
was isolated from a child hospitalized with severe
diarrhea. The genetic makeup of this strain has been
characterized by analyses of the VP4, VP6, VP7, NSP4,
and NSP5/6 genes.

MATERIALS AND METHODS
Rotavirus Detection

During an epidemiological surveillance of group A
rotavirus infection in Chiang Mai, Thailand, in 2005,
a total of 147 specimens were collected from acute
gastroenteritis pediatric patients. Of these, 43 (29.3%)
were positive for group A rotavirus by reverse tran-
scription-polymerase chain reaction (RT-PCR) and
multiplex-PCR. The age of the patients ranged from
neonate up to 5 years old.

RNA Extraction, RT-PCR and Multiplex-PCR
for G and P Genotyping

Group A rotavirus G and P genotypes were deter-
mined by RT-PCR and then followed by multiplex-PCR
using type-specific primers. Viral dsRNA was extracted
from 10% fecal supernatant using the QlAamp viral
RNA Mini Kit (Qiagen, Hilden, Germany). The
extracted dsRNA was denatured in 50% dimethyl-
sulfoxide at 95°C for 5 min. The RT-PCR was carried
out according to the methods described by Gouvea et al.
[1990] and Gentsch et al. [1992]. For PCR amplification
of the VP7 gene, a 1,062 bp fragment was generated
using Beg® (forward) and End8 (reverse) primers. For
PCR amplification of the partial VP4 gene, a 876 bp
fragment was generated using Con3 as a forward primer
and Con2 as a reverse primer. The G genotyping was
performed using a pool of different primers specific for
G1-G4, G8, and G9. The VP4 gene characterization
was performed using a pool of different primers specific
for P[4], P[6], and P[8]-P[10). During this epidemio-
logical survey, an unusual G3P[10] rotavirus strain,
CMHO079/05, was isolated from a child hospitalized with
acute gastroenteritis. In order to determine the genetic
backgrounds of this uncommon rotavirus genotype, the
VP4, VP6, VP7, NSP4, and NSP5/6 genes were charac-
terized further by nucleotide sequence and phylogenetic
analyses.

Amplification of VP8, NSP4, and NSP5/6 Genes

The full length of the VP gene was amplified by
VPB-5F and VP6-3R primer pairs [Khamrin et al,
2006a], which were slightly modified from the original
VP6 specific primers described by Shen et al. [1994].
The NSP4 full-length gene was amplified by NSP4-1a
and NSP4-2b primer pairs [Kudo et al., 2001]. The
full-length NSP5/6 gene was amplified with primers
GEN-NSP5F and GEN-NSP5R [Matthijnssens et al.,
2006).

J. Med. Virol. DOI 10.1002fmv
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Sequence and Phylogenetic Analyses

The PCR amplicons were purified with a Wizard SV
Gel and PCR Clean-Up System (Promega, Madison, WI)
and sequenced in both directions using the BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA) on an automated sequencer (ABI 3100;
Applied Biosystems). The nucleotide and deduced amino
acid sequences of VP4, VP6, VP7, NSP4, and NSP5/6
genes were compared with those of reference strains
available in the NCBI (National Center for Biotechnol-
ogy Information) GenBank database using the BLAST
(Basic Local Alignment Search Tool) server [Altschul
et al., 1990]. Phylogenetic and molecular evolutionary
analyses were conducted using MEGA, version 4
[Tamura et al., 2007].

Nucleotide Sequence Accession Numbers

The nucleotide sequences of VP4, VP6, VP7, NSP4,
and NSP5/6 genes of an unusual G3P[10] rotavirus
strain have been deposited in GenBank under the
accession numbers EU791922, EU791923, EU791924,
EU791925, and EU791926, respectively.

RESULTS
Analysis of VP7 Gene Sequence

The complete nucleotide and deduced amino acid
sequences of the VP7 gene of CMH079/05 strain were
determined and compared to those of known G1 to G15

Khamrin et al.

genotypes and also with several other G3 reference
strains of human and animal origins, The VP7 sequence
of CMH079/05 was most closely related to those of other
G3 rotavirus reference strains (81.2-98.7% on nucleo-
tide and 92.5-99.6% on amino acid levels), with the
highest identity to an unusual G3 human rotavirus
strain, CMH222, which was detected previously in
the same surveillance site (Chiang Mai city) in 2001,
at 98.7% on the nucleotide and 99.6% on the amino acid
levels. The rotaviruses representing other G types
exhibited far lesser sequence identities (63.7—82.3% at
the nucleotide and 64.6~90.5% at the amino acid levels)
w:th the CMHO079/05 strain.

¢ tree of VP7 nucleotide sequence
oonﬁrmad that the CMH079/05 strain formed a cluster
with G3 rotavirus reference strains and showed closest
lineage with CMH222, an uncommon G3 human
rotavirus strain (Fig. 1A). In addition, the phylogenetic
tree revealed two major lineages of G3 rotaviruses
(Fig. 1A). Lineage I consisted mostly of G3 rotaviruses
that derived from humans, except for a couple of porcine
and bovine rotavirus strains, which were phylogeneti-
cally classified in this lineage. In contrast, lineage II
consisted almost entirely of G3 strains of apimal origins,
except for three G3 strains, B4106, CMH079/05, and
CMH222, which derived from humans. It was interest-
ing to note that despite isolation from humans,
CMHO079/05 clustered together with non-human G3
strains. In fact, CMH079/05 located closely in a mono-
phyletic branch with CMH222, which has been reported

P11}y Bo
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as an unusual strain of human rotavirus carrying
several genes of animal rotavirus genetic background
[Khamrin et al., 2006a].

Analysis of VP4 Gene Sequence

The partial VP4 gene of CMH079/05 rotavirus strain
was sequenced and compared with those of the estab-
lished reference strains of P[1]-P[27] available in the
GenBank database. It was observed that partial VP4
sequence of CMH079/05 shared the highest sequence
identity with a prototype strain of P[10] rotavirus
(strain 69M) at the nucleotide and amino acid levels of
92.9% and 94 6%, respectively. Based on the data of
P[10] rotavirus strains previously reported thus far
(69M, 57M, B37, and two strains from Ghana), only the
VP4 sequence of strain 69M (accession number M60600)
had been deposited in the GenBank. Therefore, the
partial VP4 sequence of CMH079/05 was the second
sequence of the P[10] rotavirus available in the
GenBank database.

Comparing the VP4 sequence of CMHO079/05 with
those of other existing'P genotypes revealed that the
nucleotide and amino acid sequence identities ranged
from 50.8% to 76.4% and 44.7% to 80.8%, respectively. A
high degree of nuclectide (92.9%) and amino acid
(94.6%) sequence identities of the CMHO079/05 with
the 69M rotavirus prototype strain suggested that
CMHO079/05 belonged to genotype P[10]. A phylogenetic
tree constructed from the VP4 sequences of all rotavirus
genotypes recognized to date from both human and non-
human origins (Fig. 1B) revealed relatedness between
CMHO079/05 and 69M. The CMH079/05 and 69M
clustered closely together in a monophyletic branch
separated from other rotavirus genotypes. This finding
may imply a common evolutionary origin of the VP4
genes of the CMH079/05 and 69M prototype strains.

Analysis of VP6, NSP4, and
NSP5/6 Gene Sequences

Comparative analysis of the nucleotide and deduced
amino acid sequences of full-length VP6 with those of
four representative established subgroups (SG 1, SG 11,
SG (1+1I), and SG non-(I +1II)) revealed that the VP6
sequence of the CMH079/05 strain was most closely
related with that of human rotavirus strain CMH222,
at 84.9% on nucleotide and 97.7% on amino acid levels. A
phylogenetic tree constructed from the representative
VP6 sequences of four rotavirus SGs recognized to
date confirmed that human CMH079/05 strain clustered
with CMH222 rotavirus strains, but was related
distantly to four other SGs (Fig. 2A). The overall picture
from this analysis demonstrates the distinction between
the VP6 sequence of CMHO079/05 and those of the other
representative strains of SG I, SGII, SG (I + II), and SG
non-(I + II).

Analysis of the NSP4 sequence revealed that the
full-length NSP4 sequence of human rotavirus strain
CMHO079/05 was most closely related to those of other
NSP4 genetic group C reference strains ranging from
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Fig. 2. Phylogenetic analyses of the nucleotide

sequ
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-81.6% to 90.3% on the nucleotide level. The highest
sequence identity was found with the CMH222 strain at
90.3% and 96.5% on nucleotide and amino acid levels,
respectively, A phylogenetic tree constructed from the
nucleotide sequence of CMH079/05 and those of other
NSP4 genetic group reference strains derived from both
human and non-human origins is shown in Figure 2B, It
was, again, found that CMH079/05 clustered together
with other NSP4 genetic group C rotavirus reference
strains, and appeared to be most closely related to the
CMH222 strain. Of note, even though rotavirus strains
CMHO079/05, CMH222, CMH120/04, and CMH134/04

all belong to the same NSP4 genetic group C and were -

isolated from the same geographical area (Chiang Mai
City), they belonged to different lineages. The CMHO079/
05 and CMH222 clustered closely together in the same
branch, which was separated from a branch of the
CMH120/04 and CMH134/04 rotavirus strains (Fig. 2B).

The complete nucleotide sequence of the NSP5/6 gene
of CMH079/05 was also analyzed. Compared to the other
NSP5/6 sequences deposited in the GenBank database,
the CMHO079/05 showed the highest degree of sequence
identity with human rotavirus strain T152, which
was isolated previously in Bangkok, Thailand, in 1998
[Pongsuwanna et al., 2002]. Phylogenetic analysis of the
NSP5/6 gene also revealed that the CMH079/05 strain
clustered in an exclusive branch with the T152 rotavirus
strain (Fig. 2C).

DISCUSSION

The studies of rotavirus infection carried out in
Thailand revealed that rotaviruses are the leading
etiologic pathogens that causes diarrhea in children,
and are responsible for about 27-58% of diarrheal
diseases in hospitalized cases [Maneekarn and
Ushijima, 2000; Jiraphongsa et al., 2005; Khamrin
et al., 2006b). Epidemiological surveillance of group A
rotavirus infection conducted in Chiang Mai, Thailand,
during the period of 2000—2004 [Khamrin et al., 2006b,
2007¢] revealed that GOP[B] emerged as the most
prevalent genotype (91.6%) from 2000 to 2001. It
continued to be the most predominant strain in 2002,
and then the prevalence rate abruptly decreased to
16.7% and 32.1% in 2003 and 2004, respectively. In
addition, G2P[4] reemerged in the epidemic season of
2003, whereas G1P[8] became the most predominant
genotype in 2004. During these extensive epidemiolog-
ical studies, rotavirus strains with unusual G-P
combinations were occasionally detected in children
hospitalized with acute gastroenteritis; for example, an
unusual strain of human rotavirus G3P[3] (CMH222)
bearing simian-like VP7 and caprine-like VP4 genes
was isolated from a 2-year-old child patient in 2001
[Khamrin et al., 2006a]. Recently, two other isolates
(CMH120/04 and CMH134/04) of unusual human
rotavirus G3P[9] genotype were detected during an
epidemiological survey of human rotavirus infection in
Chiang Mai, Thailand in 2004. Genetic analyses of VP4,
VP6, VP7, and NSP4 genes of these G3P[9] strains
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revealed a close genetic relationship with rotavirus
strains isolated previously from felines and humans
[Khamrin et al., 2007b].

Although epidemiological surveillance and genotype
identification of rotavirus infections in human and
pig populations in Chiang Mai, Thailand, have been
carried out extensively over the past two decades, the
P[10] genotype had never been reported previously
[Maneekarn and Ushijima, 2000; Maneekarn et al.,
2006; Khamrin et al., 2006b, 2007c; Chan-It et al., 2008].
The present study conducted in 2005 described the
detection of an unusual strain of G3P[10] (CMHO079/05)
in a 2-year-old boy admitted to hospital with acute
gastroenteritis.

So far, few isolates of human rotavirus P{10] (strains
69M, 57M, B37, and 2 strains from Ghana) have been
reported in the literature [Armah et al., 2003; Estes
and Kapikian, 2007). Analysis of the VP4 sequence of
CMHO79/05 revealed a high degree of sequence identity
with strain 69M, a prototype strain of P[10] isolated
in Indonesia [Hasegawa et al., 1984], suggesting that it
belonged to genotype P[10]. Unfortunately, only the VP4
sequence of strain 69M is available in the GenBank
database; none of the VP4 sequences of other P[10]
strains could be accessed. Therefore, a comparison of
VP4 sequences of our CMH079/05 with those of other
P[10] rotaviruses was not possible.

Nevertheless, it was interesting to note that the P[10]
rotavirus strains 69M and B37 were found in combina-
tion with G8, 57M with G4, and other two strains from
Ghana with G9 genotypes. In contrast, CMHO079/05,
which is a P[10] rotavirus reported in the present study,
was found in combination with the G3 genotype. To our
knowledge, this is the first combination of G3 with P{10]
genotype ever reported in the literature.

The CMH222 ha.sbaenshovmtocarryVPS and VP7
genes homologous to those of simian rotaviruses, while
its VP4 and NSP4 genes were homologous to those of
caprine rotaviruses [Khamrin et al., 2006a]. Interest-
ingly, several gene segments (VP6, VP7, and NSP4) of
our CMHO079/05 strain were most closely related to those
of CMH222, which was isolated previously from the
same epidemiological area in Chiang Mai, Thailand
[Khamrin et al., 2006a).

The detection of human rotaviruses carrying several
genes of animal rotaviruses indicates an interspecies
transmission of rotaviruses between humans and
animal species. Additionally, the detections of multiple
combinations of G3 with several P genotypes such as
G3P[3] [Khamrin et al., 2006a], G3P[9] [Khamrin et al,,
2007b], G3P{10] (in the present study), and G3P[19]
[Maneekarn et al., 2006] in the same geographical area
(Chiang Mai Chty) suggests that reassortment events
among rotaviruses circulating in that area are taken
place frequently. Furthermore, analysis of the NSP5/6
sequence of CMHO79/05 revealed that it was most
closely related with that of T152, a G12P[9] human
rotavirus strain isolated in 1998 from an 11-month-old
child admitted to hospital in Bangkok, Thailand
[Pongsuwanna et al., 2002].



Characterization of G3P[10] Rotavirus Strain

The findings of genetic relationships of CMH079/05
with those of uncommon human rotavirus strains
CMH222, T152, and 69M, which were isolated at
different times and geographical locations, suggests
that these P[10) rotavirus strains may have existed and
circulated in the Southeast Asian countries for a
while, although with a low prevalence. In addition, the
emergence of this human G3P[10] rotavirus strain
carrying a genetic background closely related to several
animal rotaviruses suggests that multiple interspecies
transmissions and genetic reassortment events between
human and animal rotaviruses may occur frequently
under natural circumstances.

More genetic analyses of complete genome sequences
would be hslpful to elucidate the provmunal evolution of
this emerging virus. The increase in the frequency of
detection of these uncommon rotavirus genotypes both
in humans and several animal species raises questions
concerning the sources of virus infection and the way
that viruses spread in nature. Continued surveillance
studies of rotavirus in both human and animal popula-
tions are important for understanding the overall
picture of rotavirus distribution and the original source
of these uncommon rotaviruses,
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Full-length VP6 amino acid sequences of human
and porcine rotaviruses with subgroup (SG)
{I+ 1) and SG non-{l + Il} were analyzed in com-
parison with those of SG | and SG Il. In human
rotaviruses, the strains in the same SG shared a
very high degree of amino acid identity, ranging
from 97.4% to 99.4% for SG |, 95.9% to 100% for
SG I, and 99.4% to100% for SG non-{l + ), while
viruses in different SGs shared samewhat lower
sequence identity at 90.4-93.1%. Conserved
amino acids that distinguished the strains of SG
| from SG Il were observed at 21 positions. The.
viruses with SG non-{l +1l) shared sequence
identity with SG Il as high as 97.2-99.7%,
suggesting that they belonged to genogroup Il.
Similarly, porcine rotaviruses in the same SG
shared 96.4-99.7% for SG |, 98.2-100% for SG Il,
97.4-100% for SG (I + 1), and 96.2-99.7% for SG
non-(l + ), while strains in different SGs shared
sequence identity ranging from 91.9% to 94.4%.
Interestingly, the strains with SG (1+Il) and SG
non-{l +Il) shared a high degree of sequence
identity with SG |, at 96,4-100% and 94.7-99.7%
respectively, suggesting that they are related to
porcine SG | strains. The conserved amino acids
which distinguished SG | from SG Il were
observed at 13 positions. The strains with SG |,
SG (I+11), and SG non-(l+l) showed identical
amino acid residues at these positions. Phyloge-
netic analysis strongly supported the findings of
the sequence analysis. J. Med. Virol. 81:183-
191, 2009. © 2008 Wiley-Liss, Inc.

KEY WORDS: subgroup; genogroup; VP6;
human rotaviruses; porcine

rotaviruses

INTRODUCTION

Rotavirus is the most influential etiologic agent of
severe diarrhea in infants and young children, as well as

© 2008 WILEY-LISS, INC.

in young animals of many other species. Global mortal-
ity associated with rotavirus infection in children has
been estimated at 454,000-705,000 deaths annually
[Parashar et al., 2006]. Rotavirus has been classified
into groups and subgroups based on the antigenic
determinants of VP6 protein. Among them, Group A
rotavirus is recognized as the most significant group
with regard to its highest prevalence and pathogenesis
in humans and various animal species [Gouvea et al.,
1994; Estes, 2001].

T'wo monoclonal antibodies (MAbs) that specifically
react with subgroup I (SG I) (MAb 2656/60) or subgroup I1
(SG II) (MAb 631/9) rotavirus strains were developed in
the early 1980s [Greenberg et al., 1983; Taniguchi et al.,
1984] and have been widely used for characterization of
human and animal rotavirus strains, The VP6 protein
antigens allow the classification of these viruses into
four subgroups: SG I, SG II, SG (I +1II), and SG non-
{14 1D), depending on the presence or absence of SG-
specific epitopes [Hoshino et al., 1987; Gorziglia et al,,
1988; Estes and Cohen, 1989; Urasawa et al., 1990;
Iturriza-Gomara et al., 2002]. The unreliability of
seralogical methods for characterization of the VP8
protein into subgroups is a well-recognized problem.
This may be the result of an accumulation of point
mutations, reassortment, or rearrangement of the
rotavirus genome, leading to amino acid changes on a
particular epitope recognized by SG-specific MAbs.

Characterization of the VP6 deduced amino acid
sequences of four different subgroups of rotavirus
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strains revealed that the VP6 gene encodes a protein of
397 amino acids in all strains with the exception of SG
non-(I +IT), which encodes a protein of 399 amino acids
with the insertion of a CCACCA motif at position 911
[Gorziglia et al., 1988]. Five regions within the VP6
protein that might contribute to the SG epitopes have
been p . Region A (amino acids 45, 56) and region
C (amino acids 114, 120) might contribute to the SG I
epitope while regions B (amino acids 83, 86, 89, 92), D
(amino acids 312 or 314, 317 or 319) and E (amino acids
341 or 343, 350 or 352) might contribute to SG Il epitope
[Gorziglia et al., 1988]. Lopez et al. [1994] have demon-
strated that a single amino acid change at position 172
(Met to Ala) or 305 (Asn to Ala) is sufficient to change
the SG specificity of human rotavirus Wa from SGII to
SG (I+1II). These mutations allow the protein to be
recognized by the SG I MAD 255/60, while retaining its
capacity tointeract with the SGIIMAb631/9. In the case
of SG TI, the mutation of two contiguous amino acids
(Ala305 Asn306 to Asn305 Ala306) in the VP6 protein of
porcine rotavirus YM (SG I) enables the protein to be
recognized efficiently by the SG II MAb 631/9, while
losing its capacity to interact with SG I MAb 255/60.
Furthermore, it has been proposed that an Ala residue
at positions 172 and 305 contribute to determining
reactivity to SG 1 MAb (MAb 255/60), whereas a Glu
residue at position 315 contributes to reactivity to SGII
MAb (MAb 631/9) [Tangetal., 1997]. Analysis of the VP6
protein, which encompasses the amino acid positions in
the regions implicated in the recognition by SG-specific
MAbs, revealed that deduced amino acid sequences of
human rotavirus strains determined serologically as
SG 11, 8G (I + 1D, or SG non-(1+II) are indistinguish-
able from each other [Iturriza-Gomara et al., 2002]. The
epitopes recognized by the SG-specific MAbs are
thought to be a conformational structure produced by
folding of VP6 or interaction between VP6 monomers to
form a trimeric structure of the VP6 protein. It has been
hypothesized that amino acids at the positions outside
the antigenic regions of SG I or SG II may contribute to
the reactivity of 8G-gpecific MAbs.

It was, therefore, tempting to analyze the full-length
deduced amino acid sequences of VP6 gene of rotavirus
strains with SG (I+1II) and SG non-(I+1I) in compar-
ison with those of SG I and SGII strains to elucidate this
hypothesis.

MATERIALS AND METHODS
Subjects and Fecal Specimen Collection

The fecal specimens were collected from children
hospitalized with diarrhea in four different hospitals
and one private clinic in Chiang Mai province between
May 2000 and December 2002. A total of 27 out of 429
stool samples with the subgroup specificities of our
interest were selected for this study. In addition, fecal
specimens were collected from diarrheic piglets during
the period of June 2000 to July 2003 from six different
farms located in Chiang Mai province. A total of 49 out of
428 stool samples were selected for the present study.
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Screening for Group A Rotavirus by ELISA

The presence of human and porcine Group A rotavi-
ruses in fecal specimens was detected by ELISA using
polyclonal antibody against Group A rotavirus as
described previously [Hasegawa et al., 1987].

Subgrouping of Group A Rotavirus by ELISA

Human and porcine Group A rotaviruses were
examined for their subgroups using MAbs (Serotec,
Oxford, UK) specific for SG I or SG II rotaviruses.

RNA Extraction and Amplification
of VP6 Gene

Rotavirus dsRNA genome was extracted from 20%
fecal sample suspension with QIAamp Viral RNA Kit
(QIAGEN, Hilden, Germany) according to the manu-
facturer’s protocol. The VP6 gene was reverse tran-
scribed and amplified using the consensus primer pair
VP6-F/VP6-R [Shen et al., 1994; Khamrin et al., 2006].
The PCR amplification was performed using cDNA from
reverse transcription reaction as the template under the
following thermocyeling conditions: 35 cycles of 94°C for
1 min, 50°C for 1 min, 72°C for 3 min, and final extension
step at 72°C for 10 min in a master cycler.

VP86 Nucleotide Sequencing

The VP6 full-length PCR products were gel-purified
with QIAquick Gel Extraction Kit (QIAGEN). The
purified products were sequenced in both directions
using the BigDye Terminator Cycle Sequencing Reac-
tion Kit (Applied Biosystems, Foster City, CA) on an
automated sequencer (ABI 3100; Applied Biosystems).
The VP6-F or VP6-R was used as a sequencing primer.

Amino Acid Sequence and
Phylogenetic Analyses

Nucleotide sequences of full-length VP6 genes of SG I,
SG I, 8G (I + 1I), and SG non-(I + II) rotaviruses were
manually assembled and analyzed using ClustalX and
BioEdit programs. The sequences were translated into
amino acid sequences using GeneDoc version 2 soft-
ware. The complete sequences were then compared to
the reference sequences obtained from GenBank data-
base. The phylogenetic tree was constructed based on
the deduced amino sequences by neighbor-joining
method using Molecular Evolutionary Genetics Analy-
sis (MEGA 3.1) software.

Nucleotide Sequence Accession Numbers

The nucleotide sequences of human and porcine
rotavirus strains described in the present study have
been deposited in GenBank. The accession numbers are
given in parentheses. EU372724~EU372750 are human
and EU372751—-EU372799 are porcine rotaviruses.

Accession numbers of reference strains: S2
(DQ870488), 1076 (D00325), TK159 (AY661888), RV3
(U04741), 116E (U85998), E210 (U36240), Wa (K02086),
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X57943 (X57943), OSU (AF317123), 4F (L29184), 48
(L29186), A131 (AF317124), A253 (AF317122), YM
(X69487), JL94 (AY538664), Gottfried (POVPVPS), F1-
14 (VPXR14), H-2 (VPXR15), B223 (AF317128), EW
(U36474), PO-13 (BAA03836),

RESULTS

Group and Subgroups of Human and
Porcine Rotaviruses

All rotavirus strains of human and porcine origins
included in this study belonged to Group A.

Of a total of 27 strains of human Group A rotavirus
selected for the present study, 3 belonged to 8G I, 21
belonged to SG II, and 3 belonged to SG non-(I +1I1) as
determined by ELISA using MAbs against SG I @nd SG
II rotavirus antigens. The rotavirus strains that were
reactive to neither SG I nor SG IT MAbs were designated
as SG non-(I + IT); only 3 such isolates were found in our
survey.

Of a total of 49 porcine Group A rotavirus strains
included in this study, 4 strains were SG I, 3 were SG 11,
24 were SG (I+1I), and 18 were SG non-(I +1I). The
rotavirus strains that were reactive to both SG I and SG
IT MAbs were designated as SG (I+1II) rotavirus. It
should be noted that most of the porcine rotavirus
strains detected in our survey exhibited SG (I + II) and
SG non-(I + II) specificities and the representatives of
these strains were included in the present study.

Analysis of VP6 Deduced Amino Acid Sequences
of Human Rotavirus Strains With 8G I, 8G II,
and SG Non-(I + II) Specificities

In order to characterize the SG specificity of human
rotavirus strains that exhibited SG non-(I +II) speci-
ficity, the full-length VP6 amino acid sequences of
rotavirus strains with SG non-(I +II) were compared
with those of SG I, 8G II, and corresponding reference
strains.

The VP6 amino acid sequence identities among
rotavirus isolates of the same SG ranged from 97.4%
to 99.4% for SG I (CMH171/01, CMH190/01), 95.9%
to 100% for SG 1I (CMH5/00, CMH77/00, CMHB/01,
CMH127/01, CMH142/01, CMH202/01, CMH4/02,
CMH55/02, CMH95/02), and 99.4% to 100% for SG
non-(I 4+ II) (CMH150/01, CMH185/01, CMH186/01).

It was interesting to note that CMH5/00, which was
initially assigned as a SG I strain based on reactivity
to SG I-specific MADb, showed a very high degree of
sequence identity (97.2-99.7%) with SG II strains. It
was, therefore, designated as a Genogroup Il strain (SG
1*) based on VP6 sequence analysis.

Comparison of VP6 amino acid sequences between the
viruses of different SGs revealed somewhat lower
sequence identities; 90.4-93.1% between SG I and SG
II, and 91.4-92.6% between SG I and SG non-(1+II).
Surprisingly, SG non-(I +II) shared a high degree of
sequence identity with SG II and 8G I* as high as 87.2—
99.7%, which lay within the range of sequence identity of
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the virus in the same SG. Therefore, based on VP8
sequence analysis, the viruses with SG non-(I + II) were
designated as Genogroup II.

Alignment of the full-length VP6 deduced amino acid
sequences of human rotavirus strains (Table I) showed
conserved amino acid substitutions at least 21 positions
to distinguishing between the strains in SG I and SG I1
at residues 39, 109 (Tle — Val), 60 (Asn or Ser — Thr),
83 (Asn — Thr), 86, 369 (Asp — Glu), 89, 92 (Val — Ile),
101, 217 (Val — Ala), 115, 120, 348 (Ser — Ala), 151
(Thr — Val), 172 (Ala— Met), 248 (Tyr — Phe or Leu),
305 (Ala— Asn), 310 (Asn—Gln), 315 (Glu—+ Gin),
339 (Ser — Asn), and 342 (Met — Leu). For the strains
that were serologically identified as SG non-(I+1I)
(CMH150/01, CMH185/01, CMH186/01), the residues
at these positions were identical with those of SG II
strains over the entire sequence of VP6 (Table I).

Therefore, based on the VP6 amino acid sequence
analysis, the rotaviruses with SG non-(I + II) specificity
were designated as Genogroup Il strains, while the
rotaviruses with SG I and SG II were designated as
Genogroup I and Genogroup II, respectively.

Phylogenetic analysis of VP6 amino acid sequences of
these rotavirus isolates confirmed the data from amino
acid sequence alignment; the strains with SG I specific-
ity clustered together within a Genogroup I cluster
while the strains with SG II and SG non-(I + II) speci-
ficities formed a separate cluster of Genogroup II
(Fig. 1). Two genetic lineages, IA and IB, were dis-
tinguished within Genogroup I and four genetic line-
ages, ITA, IIB, IIC, and ITD were ohserved within
Genogroup II. However, there was no correlation be-
tween serologically determined SG and genetic lineages
(Fig. 1).

In addition, the phylogenetic tree revealed a cluster-
ing of CMH5/00 in a monophyletic branch together with
rotavirus strains of SG II and SG non-(I+II) within
lineage I1D. This phylogenetic data confirmed the amino
acid sequence analysis (Table I) which showed that
CMHS5/00 belonged to Genogroup I1.

Analysis of VP6 Deduced Amino Acid Sequences
of Porcine Rotavirus Strains With 8G I, 8G II,
SG (I +1I), and SG Non-(I + II) Specificities

The VP6 deduced amino acid sequences of porcine
rotavirus strains with SG (I+1I) and SG non-(I +1II)
were compared with those of SG I, SG II, and corres-
ponding reference strains. The VP6 amino sequence
identities among rotavirus isolates of the same SG
ranged from 96.4% to 99.7% for SG 1 (CMP39/00,
CMP34/01), 98.2% to 100% for SG II (CMP100/01,
CMP101/01), 97.4% to 100% for SG (I + II) (CMP52/01,
CMP66/01, CMP39/02, CMP54/02, CMP107/02, CMP8/
03), and 96.2% to 99.7% for SG non-(I + IT) (CMP34/00,
CMP29/01, CMP105/01, CMP66/02, CMP12/03).

It is interesting to paint out that CMP127/01, which
was initially assigned as a SG II strain based on
reactivity to SG II-specific MAb, shared a very high
degree of sequence identity (95.2-98.7%) with SG 1

J. Med. Virol DOI 10.1002jmv
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TABLE I, Aﬁmtnf&ewmmd&qumdhmdﬁummtswmwnhml SG
11, and SG Non-(I + II)

Sumin  Ceno s VIS sequence position
poug

earefesasl-sunallsnanl sodafssvall spsilassnt ¥

B 4

e My ennan
S,

sBasassnsn aavann
5 - -

wBasiaanaa s
5

s

wenreera¥e
wasanissWy
¥,

BERasany
¥o wpasBeries van
TS

v weenlBenies

"s bl " T Ll

el adsaliuil vwas

paki Baas Tl dsmaTanmet adaibaswsh wioslonsel ssal

|

oy

1T a1

apslisessl puaielennal buowBodiafimbailsias)

s

=

AN cen wumsremsE
ml:_-l A g n s ie
TR "

L i

e i

] n

L

CAETIN

O

LS etininstd

M

MO

M

CM

OMHEMR

oMl m

M - -l

- L} 1

= ] i

[ ] |} 1

M ) 1

far u "

THI n n

w = = e
i " L seeselle
L n n

CumTin L] u

Cumes L L]

osape B

oanom A

e

it "

L it L]

O a n

O n el

R i bivd u —ad

L ol n ool

'Gmpm:dmdhndmﬂ&muddmmmlﬂh

p was assigned hndmmchvﬂahﬂﬂl-lndﬁﬂl] MAbs.
mmxhdlympdu&&lhudonmﬂhriww -lpau.ﬂ:m:udwnhwamduscl' a genogroup II
hudmmlmim:aduqumwwdyﬁw indicated in boldface,

J. Med. Virol. DOI 10.1002/mv



