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related genetically to the SaitamaU1l-like polymerase
and the Arg320-like capsid. More interestingly, the
SaitamaUl-like polymerase of NoV GI1/3 was identical
with those of NoV GII/4. The recombination of the NoV
GlIl/4 polymerase and the Arg320-like capsid leading
to an appearance of novel recombinant virus in the
present study is postulated. Recently, NoV capsid
protein was demonstrated to contain the determinants
that are important for the immune recognition [Nilsson
et al., 2008; Kirkwood, 2004]. Therefore, the emergence
of recombinant virus with GII/3 capsid could be
explained by a lack of acquired immunity for NoV GI¥/
3 in Japanese infants and children. Interestingly, these
recombinant strains suddenly appeared in a short
period of 4 months (October 2003—January 2004) (data
not shown). This sudden appearance and disappearance
of strains might indicate that the virus appeared at the
time that pediatric population lack antibody protection
to these strains, and the virus disappeared by the time
that the population began to acquire viral immunity.
However, several studies reported that dominant
strains could persist in one region over a number of
years, which suggests that some other uncommon
strains could be more virulent [Noel et al., 1999; Phan
et.al., 2004].

Another interesting finding of this study was the
detection of “new variant with GIIb polymerase” 5424/
03/Saga/JP in Japan. This isolate was isolated from a
‘male patient with the age of 2 years old who developed a
symptom of acute gastroenteritis in Saga, Japan.
Surprisingly, based on the genetic analysis, this strain
appeared to be an intratypic double recombinant.
More interestingly, “new variant of GII/4 with unseen
AATCTG motif” was also detected for the first time in a
2-year-old male patient with acute gastroenteritis in
Maizuru, Japan in 2004. This motif was not present
in any of the GII/4 sequences analyzed worldwide
before 2002 from the food-borne viruses in European
database and from the DDBJ DNA/GenBank database.
This variant was first noted in Germany and the
. Netherlands in 2002 and become the predominant
cause of NoV outbreaks throughout Europe [Lopman
et al., 2004].

In conclusion, thisis the first report on the existence of
different “new variants” co-circulating in Japanese
infants and children with acute gastroenteritis. This is
also the first, description to the best of our knowledge, of
the emergence and the importance of a novel recombi-
nant virus causing acute gastroenteritis in Japan and
warns of the threat it poses. Further epidemiologic
studies should be conducted to determine whether this
recombinant strain continues to be dominant in Japan
in the coming year.
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SUMMARY

From November 2003 to March 2004 a total of 100 fecal specimens from infants and children with acute gastro-
enteritis in the city of Birobidzhan, Eastern Russia were tested for the presence of diarrheal viruses by RT-multi-
plex PCR. Of these, 74 fecal specimens were positive for diarrheal viruses and this represented 74%. Among the
diarrheal viruses detected, group A rotavirus was the most prevalent (67%; 67 of 100), followed by norovirus (4%;
4 of 100), group C rotavirus (1%, 1 of 100), sapovirus (1%; 1 of 100), and hepatitis A virus (1%; 1 of 100). It was
found that 86.6% (58 of 67) of group A rotavirus were serotyped as G3. Sapovirus and hepatitis A virns were gene-
tically determined to belong to GI/1 and subgenotype 1A, respectively. Interestingly, all norovirus isolates in the
study turned out to make a novel cluster when polymerase-based grouping was performed. It is noteworthy to
point out that these norovirus isolates were further genetically characterized as naturally occurring recombinants,
which were firstly found circulating in the Russian population studied. Breakpeint analysis of recombinant noro-
virus showed that the recombination site was at the open reading frame (ORF)1/ORF2 overlap. This is the first re-

port of the existence of acute gastroenteritis caused by recombinant norovirus in Eastern Russia.

(Clin. Lab. 2006;52:247-253)
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INTRODUCTION

Viral gastroenteritis is a common disease with a high
morbidity reported worldwide especially in infants and
the elderly. The mortality of children due to gastro-
enteritis is greater in developing than in the developed
countries [1]. It has been well established that virtually
every child becomes infected with a rotavirus at least
once by 3 years of age [2]. Rotaviruses are classified
into seven groups (A to G) on the basis of their distinct
antigenic and genetic properties. Human infection has
been reported with group A, B and C rotaviruses. Of
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these, group A rotavirus is the most important, being a
major cause of severe gastroenteritis in infants and
young children worldwide [3]. Apart from group A rota-
virus as the most common cause of gastroenteritis,
norovirus is also considered to be a global enteropatho-
gen. This virus is associated with sporadic cases and
outbreaks of acute gastroenteritis in such settings as kin-
dergartens, schools, nursing homes for the elderly, and
among military recruits [4, 5]. The transmission routes
of this virus are classified into foodborne, airborne, per-
son-to-person spread and perhaps by some other un-
known modes [4, 6]. However, norovirus is highly in-
fectious and spreads by ingestion of contaminated food
such as oysters and water. These characteristics make
norovirus a major public health concern [7].

Norovirus (NoV, formerly known as “Norwalk-like vi-
rus”) is the distinct genus within the family Caliciviri-
dae. Norovirus contains a positive sense single-strand
RNA genome surrounded by an icosahedral capsid. The
norovirus genome contains three ORFs (ORF1, 2 and
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3). The ORF1 encodes non-structural proteins, include-
ing the RNA-dependent RNA polymerase (RdRp),
ORF2 encodes the capsid protein (VP1), and ORF3 en-
codes a small capsid protein (VP2). Human norovirus is
still unculturable by standard culture with different cell
lines. However, expression of either VP1 alone or both
VP1 and VP2 using recombinant baculoviruses form the
virus-like particles (VLPs) that are morphologically and
antigenically similar to the native virion [8]. The proto-
type strain of norovirus is the Norwalk virus (Hu/NoV/
Norwalk virus/1968/US), which was originally dis-
covered during an outbreak of acute gastroenteritis in an
elementary school in Norwalk, Ohio, USA in 1968 [9].
Immunological and seroepidemiologic studies indicate a
worldwide distribution of norovirus [4, 10, 11]. More-
over, it was found that the serum antibody level to noro-
virus was lowest in the first year of life, rising after two
years of age [12].

The objectives of this study were to determine the pre-
valence of diarrheal viruses in fecal specimens from in-
fants and children with acute gastroenteritis in the city
of Birobidzhan, Eastern Russia and to characterize the
detected viruses according to type. Additionally, the ge-
netic analysis of norovirus is also described.

MATERIALS AND METHODS

Fecal specimens

A total of 100 fecal specimens were collected from in-
fants and children with acute gastroenteritis in the city
of Birobidzhan, Eastern Russia, during the period of
November 2003 to March 2004. The fecal specimens
were diluted with distilled water to 10% suspensions
and clarified by centrifugation at 10,000 x g for 10 min.
The supernatants were collected and stored at —30 °C
until use for the detection of diarrheal viruses.

Extraction of viral genome

The viral genomes were extracted from 140 pl of 10%
fecal suspensions using a QIAamp spin-column tech-
nique according to the manufacturer’s instructions
(QIAGEN®, Hilden, Germany).

Reverse transcription (RT)

For reverse transcription (RT), 4 ul of extracted viral
genome was added to a reagent mixture consisting of 1
ul of 5x First strand buffer (Invitrogen, Carlsbad, CA,
USA), 0.4 pl of 10 mM dNTPs (Roche, Mannheim,
Germany), 0.4 pl of 10 mM DTT (Invitrogen), 0.4 pl
(200 U/pl) of superscript reverse transcriptase III (In-
vitrogen, Carlsbad, CA, USA), 0.2 pul (1ug/ul) of ran-
dom primer (hexa-deoxyribonucleotide mixture) (Taka-
ra, Shiga, Japan), 0.3 ul (33 U/ul) of RNase Inhibitor
(Toyobo, Osaka, Japan), and 1.3 ul MilliQ water. The
total of the reaction mixture was 8 pl. The RT step was
carried out at 50 °C for 1 h, followed by 99 °C for 5 min
and then held at 4 °C [13].

Polymerase chain reaction (PCR)

Multiplex PCR with specific primers and protocols as
previously published was performed for the detection of
three groups of diarrheal viruses [13]. Identification of
the first group of viruses was performed with the spe-
cific primers Beg9 and VP7-1-, B5-2 and B3-3, G8NSI
and G8NA2, Adl and Ad2 for group A, B, and C rota-
viruses and adenovirus with four different amplicon
sizes of 395 bp, 814 bp, 352 bp, and 482 bp, respecti-
vely in one PCR tube. For the detection of the second
group of viruses, the primers PreCAP1 and 82b; GISKF
and GISKR; COG2F and G2SKR, SLV5317 and
SLV5749 specifically generated four different sizes of
amplicons of 719 bp, 330 bp, 387 bp and 434 bp for
astrovirus, norovirus (GI, GII), and sapovirus, respecti-
vely. For the third group, the primers F1 and R1, P3 and
P4, 2s and 2as, and MMU42 and MMU43 specifically
generated four different sizes of amplicons of 440 bp,
267 bp, 146 bp, and 219 bp for enteroviruses, hepatitis
A and E viruses and influenza A virus, respectively. The
norovirus polymerase region was also amplified to iden-
tify recombinant norovirus using previously described
primers [14]. The full length of the capsid and polyme-
rase regions was amplified with the method previously
presented by Katayama ef al [15]. Exactly 1 pl of cDNA
was mixed with a reagent mixture containing 1.3 pl of
10x Tag DNA polymerase buffer (Promega, Madison,
WI, USA), 1 ul of dNTPs (2.5 mM/ul), 0.2 pl of each
specific primer (33 pM), 0.06 pl (5 U/ul) of Taqg DNA
polymerase (Promega, Madison, WI, USA). MilliQ wa-
ter was added to make up a total volume of 11 ul. PCR
was performed at 94 °C for 3 min followed by 35 cycles
of 94 °C for 30 s, 55 °C for 30 s, 72 °C for 60 s, and a
final extension at 72 °C for 7 min, and then held at 4 °C.

Group A rotavirus serotyping

Serotyping of group A rotavirus was performed using
the protocol of the method previously presented by Das
et al [16]. The nearly full length of the VP7 gene was
reversely transcribed and then further amplified with
primers 9conl and End9. Exactly 3 pl of RNA plus 0.3
ul of 50% DMSO was mixed with a reagent mixture
containing 2.5 ul of 10x Taq DNA polymerase buffer
(Promega, Madison, W1, USA), 2 pl of dNTPs (2.5
mM/ul), 0.4 ul of each specific primer (33 pM), 0.5 ul
(200 U/ul) of superscript reverse transcriptase III (In-
vitrogen, Carlsbad, CA, USA), 0.2 ul (33 U/ul) of
RNase Inhibitor (Toyobo, Osaka, Japan), 0.1 ul (5 U/ul)
of Taq DNA polymerase (Promega, Madison, WI,
USA). MilliQ water was added to make up a total vol-
ume of 25 ul. The expected size of the PCR product ge-
nerated from the nearly full-length VP7 gene was 1,025
bp in length. The second amplification was performed
using the first PCR product as the template with G-
genotype specific mixed primers (9T1-1, 9T1-2, 9T-3P,
9T-4 and 9T-B) for downstream priming and 9conl for
upstream priming in an amplification of VP7 genes of
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VIRAL GASTROENTERITIS IN EASTERN RUSSIA

Table 1: Distribution of Diarrheal viruses circulating among infants and children with acute gastroenteritis in the city of

Birobidzhan, Eastern Russia

. Fecal Target virus (%) _—
. Date of fecal ~  Number of specimens !
¢ specimen specimens positive for GroupA . . Group C Hepatitis A
collection tested . diarrheal virus ©  rotavirus | Norovirus GII Sapovirus rotavirus virus
11.2003 - -
32004 1»00 74 (74) 67 (67) 4 (4) 1(1) 1 (1) 1M

Table 2: Characteristics of norovirus infected cheildren with acute gastroenteritis in the city of Birobidzhan, Eastern Russia

3 : : Age Date of  Norovirus - Abdominal :
! Number @ Patient | Gender fecal . Diarrhea Fever Vomiting | Headache .
: : (month) . stain ! pain
: collection :
1 : 78 . Female 18 07.02,2004 . HU/78/04/RU + + + - : -
e § 83 . Male 20 09.02.2004 - HU/83/04/RU + - + - -
3.8 Male 15 110022004 HU/88/04/RU * - + et -
‘ 92 Male 28 13.02.2004 HU/92/04/RU + R + + : +

G1-G4 and G9, respectively. These primers specifically
generated five different sizes of amplicons of 158 bp,
224 bp, 466 bp, 403 bp, and 110 bp for G1, G2, G3, G4,
and G9, respectively. Exactly 1 ul of the first PCR pro-
duct was mixed with a reagent mixture containing 2.5 pl
of 10x Taq DNA polymerase buffer (Promega, Madison,
WI, USA), 1 ul of ANTPs (2.5 mM/pl), 0.4 pl of each
specific primer (33 pM), 0.1 ul (5 U/ul) of Taq DNA
polymerase (Promega, Madison, WI, USA), and 18 ul
MilliQ water. The total of the reaction mixture was
25 ul. PCR was performed at 94 °C for 3 min followed
by 35 cycles of 94 °C for 1 min, 45 °C for 2 min, 72 °C
for 3 min, and a final extension at 72 °C for 7 min, and
then held at 4 °C.

Electrophoresis

The PCR products were electrophoresed in a 1.5%
agarose gel, followed by staining with ethidium bro-
mide for 20 min and then visualized under ultraviolet
(UV) light; the results were recorded by photography.

Nucleotide sequencing and phylogenetic analysis

The nucleotide sequences of the PCR products (DNA)
positive for diarrheal virus were determined with the
Big-Dye terminator cycle sequencing kit and an ABI
Prism 310 Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA). Sequence analysis was perform-
ed using CLUSTAL X software (Version 1.6). A phylo-
genetic tree with 1,000 bootstrap replicates of the nuc-
leotide alignment datasets was generated using the
neighbor-joining method with CLUSTAL X. The gene-
tic distance was calculated using Kimura’s two-parame-
ter method (PHYLIP). SimPlot software (Version 1.3)
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was used to compare recombinant norovirus sequences.
The nucleotide sequence data of norovirus strain
HU/78/04/RU had been submitted to the DDBJ DNA/
GenBank database and had been assigned accession
number AB242258. Reference norovirus strains and ac-
cession numbers used in this study were as follows:
Manchester (X86560), Melksham (X81879), Toron-
t024/91/CA (U02030), Lordsdale (X86557), Camber-
well (AF145896), MD145 (AY032605), Hawaii
(U07611), Mora/97/SE (AY081134), and Bristol
(X86557).

RESULTS

Epidemiology of viral infections

A total of 100 fecal specimens collected from infants
and children with acute gastroenteritis in the city of
Birobidzhan, Eastern Russia during the period of No-
vember 2003 to March 2004 were examined for the pre-
sence of diarrheal viruses. Among the patients from
whom the fecal specimens. had been collected, the
youngest was 1 month old, the oldest was 47 months,
and the average age was 15 months. Of all infants and
children with acute gastroenteritis, 58% (58 of 100)
were male. Diarrheal viruses were detected in 74 out of
100 (74%) specimens tested. Of these, group A rotavirus
was the most prevalent (67%) followed by norovirus
(4%). Both group C rotavirus and sapovirus were the
next with 1%. Interestingly, one fecal specimen was
found positive for hepatitis A virus in this study (Table

1).
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Figure 1: Observation of changes of norovirus genotypes on the basis of phylogenetic trees of nucleotide sequences. The trees
were constructed from partial nucleotide sequences of capsid and polymerase regions of Russian isolates of norovirus
genogroup II. Reference strains of norovirus were selected from DDBJ/GenBank under the accession number indicated in the
text. The Russian norovirus is highlighted in italics. The scale indicates nucleotide substitutions per position. The numbers in
the branches indicate the bootstrap values. The Manchester strain was used as an out-group strain for phylogenetic analysis.

Group A rotavirus was further characterized by sero-
typing. It was found that 86.6% (58 of 67) of group A
rotavirus were serotyped as G3 and 13.4% (9 of
67)were mixed infections with different G-types
including one triple infection with G1, G2 and G3.
Other diarrheal viruses were subjected to sequencing
analysis. Sapovi-rus and hepatitis A virus were
genetically determined to belong to genogroup I
genotype 1 (GI/1) and subgeno-type 1A, respectively.
Group C rotavirus had the closest match (99%) at the
nucleotide level with the strain Javeriana isolated from
Colombia.

Clinical manifestations

All clinical symptoms from the Russian infants and
children with viral gastroenteritis during the research
period were reported. All of them had diarrhea. Of
these, 23% passed watery stools 6-10 times per day. The
symptoms were accompanied by vomiting (74.3%), fe-
ver (67.6%), cough (9.5%), abdominal pain (5.4%), and
headache (1.4%). Infants and children with vomiting
vomited 1-10 times per day. The fever rose to 39.6 °C.
No mucus or blood was found in the feces.

Detection of norovirus infection

It was found that four norovirus genogroup II (NoV
GII) isolates were identified in the fecal specimens
collected from the Russian patients No. 78, 83, 88 and
92 by RT-multiplex PCR in the present study, and this
accounted for 4% (Table 2). The age ranged from 18 to
28 months. All norovirus infected patients were detected
during February 2004 and had diarrhea as well as vomi-
ting. Only one patient had a fever of 38.4 °C. No noro-
virus genogroup I (NoV GI) was identified in the study.

Nucleotide sequencing and phylogenetic analysis of
norovirus genotype

The PCR products of norovirus were sequenced in order
to further characterize the genetic relationship among
the norovirus isolates detected in infants and children
with acute gastroenteritis in Eastern Russia. Their par-

tial nucleotide sequences were compared to each other

as well as to those of reference norovirus strains avail-
able in the DDBJ DNA /GenBank database by BLAST.
The nucleotide sequence of the 5° end of the norovirus
capsid gene was determined by direct sequencing with
the amplified fragments. A total of 4 norovirus nucleo-
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Figure 2: Genetic characterization of recombinant norevirus: the Simplot analysis of strains HU/78/04/RU and the
Toronto24/91/CA. The HU/78/04/RU was used as query strain and the Toronto24/91/CA was used as reference strain. Low and
high homologies with polymerase and capsid regions among them were found.

tide sequences were analyzed by phylogenetics and
grouped using the recent norovirus capsid region classi-
fication schemes of Kageyama et al., 2004 [7]. Figure 1
shows that all norovirus GII sequences cluster into only
one distinct genotype 3 (known as the Toronto24/91/CA
virus cluster). The homology on the nucleotide level
among the NoV GII isolates detected in this study was
100%. The identity of 91%-97% between these norovi-
rus isolates and other norovirus reference strains in the
same genotype was also noted..

Nucleotide sequencing and genetic analysis of
norovirus polymerase

To further analyze the genetic characteristics. of norovi-
ruses from Eastern Russia, the partial polymerase re-
gions of all NoV with GII/3 capsid were additionally
amplified and sequenced. Interestingly, all norovirus
isolates were not classified into any previously publish-
ed norovirus cluster, even with the Toronto24/91/CA
when polymerase-based grouping was performed (Fig-
ure 1). The nucleotide levels of the polymerase region
of these norovirus isolates had low homologies, ranging
from 57% to 78%, with other norovirus reference
strains. Taken together, the norovirus isolates in Eastern
Russia represented a novel cluster based on polymerase
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sequences. It was found that the HU/78/04/RU shared a
low level of sequence identity (78%) in the RNA poly-
merase region and a high level of nucleotide identity
(91%) in the capsid region with the Toronto24/91/CA.
Therefore, these 4 norovirus isolates were expected to
be recombinants with GII/3 capsid and novel polyme-
rase.

Recombination in norovirus ORF1/ORF2 everlap

As mentioned above, 4 isolates from GII/3 had high
homology (100%) at the nucleotide level of capsid and
polymerase. The findings clearly demonstrated that they
very likely represented the same strain. Furthermore,
they were also suspected to be recombinant noroviruses
based on their partial capsid and polymerase sequences.
To localize the potential recombination site and to
understand a possible recombination mechanism of
these recombinant noroviruses, the complete capsid and
polymerase regions of one representative isolate,
HU/78/04/RU, were determined. When the nucleotide
sequence of the HU/78/04/RU was compared with that
of the Toronto24/91/CA using the SimPlot software, an
apparent site of genetic recombination was found in the
ORF1/ORF2 overlap. After this junction, the capsid
genes of these.two strains were highly identical. How-
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ever, before this junction the homology was notably dif-
ferent, and the SimPlot analysis showed a sudden drop
in the nucleotide identity for the HU/78/04/RU (Figure
2).

DISCUSSION

Viral gastroenteritis is still a health burden in developed
and developing countries [1]. In this study, diarrheal
viruses were detected in 74% fecal specimens tested.
The finding suggested that acute gastroenteritis in in-
fants and children in the city of Birobidzhan, Eastern
Russia, might to about 74% be due to diarrheal viruses
and 26% caused by other etiologic agents. Among the
detected diarrheal viruses, group A rotavirus was the
most prevalent and became a leading cause of viral
gastroenteritis in infants and children in Eastern Russia,
followed by norovirus, group C rotavirus and sapovirus,
Interestingly, one fecal specimen turned out to be posi-
tive for hepatitis A virus by RT-PCR. This virus was iso-
lated from a 1-year old male child who was admitted to
hospital with the clinical manifestation of acute gastro-
enteritis. This provides evidence that the hepatitis A
virus is one of the enteropathogens responsible for viral
gastroenteritis among infants and children in Eastern
Russia. The results of the study also confirmed the
existence of many different co-circulating diarrheal
viruses and their important role in causing diarrheal
illness in Eastern Russia.

At present, amplification of the genome by multiplex
PCR assays used in the present study has been recog-
nized as a convenient and powerful alternative for mole-
cular diagnosis [17-19]. These multiplex PCR assays
have demonstrated high sensitivity and specificity,
which are comparable to those of monoplex PCR. In
case of mixed infection, multiplex PCR can detect up to
4 target viruses with different viral loads in only a
single PCR tube [17-19]. Furthermore, primer selection
for the target viruses in these multiplex PCR assays was
based on the sizes of the amplicons generated. These
primers produced different PCR products for different
target viruses. Thus, these amplicons could be visua-
lized and easily differentiated by agarose gel electro-
phoresis [17-19]. However, we also used different me-
thods such as serotyping for group A rotavirus and se-
quencing for norovirus, sapovirus, hepatitis A virus, and
group C rotavirus to confirm the PCR results.

RNA recombination is a mechanism for virus evolution
[20]. There is now a fairly rich literature documenting
recombination in norovirus. The first naturally occurr-
ing recombinant norovirus was the prototype Snow
Mountain virus in the US [21]. Later, several recom-
binant noroviruses causing sporadic cases and outbreaks
of acute gastroenteritis were reported worldwide, such
as the Thai isolate Mc37 [22], the Japanese isolate Sai-
tama U1 [15], the Australian isolate- Sydney C14/02/AU
[23], the German isolate BRA/2.2/98/DEU [24], and the
Arg302 from Argentina [25] but no recombinant noro-
virus from Russia. In this study, the capsid sequences of

the HU/78/04/RU and the Toronto24/91/CA were highly
identical, but the polymerase sequence of the HU/78/04/
RU was distinctly different from that of the Toron-
t024/91/CA. Furthermore, an-apparent site of genetic re-
combination of this norovirus was found in the ORF1/
ORF2 overlap. This pattern of genetic characterization
of the HU/78/04/RU implied a naturally occurring re-
combinant norovirus with GII/7 capsid and novel poly-
merase and would be the first recombinant norovirus
identified in Russia. The phylogenetic analysis of the
polymerase and capsid sequences of the four norovirus
isolates in the present study demonstrated only one
recombinant NoV GII sequence. Moreover, they had
high homology (100%) at the nucleotide level and the
amino acid level. It was indicative that they came from
the same source of norovirus infection. However, in or-
der to monitor the quality of extraction and RT-PCR,
Hw/NoVGII/Maizuru/5188 and MilliQ water were used
as positive and negative controls, respectively. To avoid
false positive results of the experiments, instructions to
prevent cross-contamination were strictly followed [26].
Therefore, contamination leading to the detection of
these NoV isolates was unlikely.

Recombination is one of the major driving forces of
viral evolution [27]. Recombination is known to depend
on various immunological and intracellular constraints
that allow the recombinant virus to adapt to different
environments and to rapidly emerge as the predominant
population [20]. Recombinant viruses are all alike in
that they successfully pass through five stages: i) suc-
cessful co-infection of a single host, ii) successful co-
infection of a single cell, iii) efficient replication of both
parental strains, iv) template switching, v) purifying
selection for viable recombinants to be transmitted [20].
In this study, four recombinant noroviruses were re-
covered from children with clinical manifestations of
acute gastroenteritis in Eastern Russia. This observation
clearly indicated that these Russian norovirus isolates
theoretically fulfilled all prerequisites for recombina-
tion.

Norovirus capsid is reported to contain the determinants
which are important for immune recognition [28]. The
capsid gene has been predicted to be well suited for the
genotype classification of circulating norovirus strains
[15]. In this study, the norovirus isolates in Eastern Rus-
sia were recognized to belong to two distinct norovirus
clusters (GII/3 and novel cluster) by capsid- and poly-
merase-based groupings. Moreover, the recent demon-
stration of recombination in an increasing number of
norovirus suggests that it is a more general event than
was previously realized. Thus, the phylogenetic classifi-
cation of norovirus based only on the nucleotide se-
quence of the capsid gene is rather questionable. We
suggest that classification of norovirus strains should
rely not only on the capsid sequence but also on the
polymarse sequence.

In conclusion, even though the fecal specimens were
collected during a short period of time (5 months), this
report is still the first indication to demonstrate the
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diversity of diarrheal viruses, especially recombinant
norovirus co-circulating among infants and children
with acute gastroenteritis in Eastern Russia. Our results
have described the genetic characterization of naturally
occurring recombinant noroviruses as well as increased
the evidence for the worldwide distribution of recom-
binant noroviruses.
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Novel Recombinant
Norovirus in China

To the Editor: Norovirus (NoV),.

the distinct genus within the family
Caliciviridae, is a major cause of spo-
radic cases and outbreaks of acute
gastroenteritis in humans (/). NoV
possesses a positive-sense, single-
stranded RNA genome surrounded by
an icosahedral capsid. The NoV
genome contains 3 open reading
frames (ORFs). ORF1 encodes non-
structural proteins, ORF 2 encodes
capsid protein (VP1), and ORF3
encodes a small capsid protein (VP2).
NoV is still uncultivable by standard
culture with different cell lines.
However, expression of either VP1 or
both VP! and VP2 with recombinant
baculoviruses formed viruslike parti-
cles that are morphologically and
antigenically similar to the native viri-
on (2).

A fecal specimen was collected
from an infant hospitalized with acute
gastroenteritis in Kunming, China, in
November 2004 and was tested for
diarrheal viruses in a cooperative lab-
oratory in Japan. The viral genome
was extracted by using a Qiagen kit
(Qiagen, Hilden, Germany). Poly-
merase chain reaction with specific
primers resulted in the identification
of astrovirus, rotavirus, sapovirus,
adenovirus, and NoV genogroup I
(GI) and GII (3). NoV polymerase
was also amplified to identify recom-
binant NoV with primers Yuri22F and
Yuri22R  (4).  Products  were
sequenced directly, and sequence
analysis was performed by using
ClustalX and SimPlot.

The fecal specimen was positive
for NoV GIIL. The Figure shows that
the 146/Kunming/04/China sequence
clustered into the distinct GII geno-
type 7 (Leeds/90/UK  cluster).
146/Kunming/04/China was classi-
fied into the Saitama U4 cluster (G1/6)
when polymerase-based grouping was
performed. Altogether, 146/Kunming/
04/China was expected to be the
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recombinant NoV with GII/7 capsid
and G11/6 polymerase.

To eliminate the possibility of co-
infection with 2 different NoV geno-
types, to localize the potential recom-
bination site, and to clarify a possible
recombination mechanism, the
ORF1/ORF2 overlap and flanking
polymerase and capsid regions of
146/Kunming/04/China was ampli-
fied with primers Yuri22F and
GIISKR to produce a 1,158-bp ampli-
con (3,4). When the sequence of
146/Kunming/04/China was com-
pared with that of Saitama U4 by
using SimPlot, a recombination site
was found at the ORF1/ORF2 over-
lap. Before this junction, 146/
Kunming/04/China and Saitama U4

LETTERS

were  homologous. After the
ORF1/ORF2 overlap, however, the
homology was notably different.
SimPlot showed a sudden drop in the
nucleotide identity for 146/Kunming/
04/China. ClustalX showed that
146/Kunming/04/China shared a high
identity (93%) in the polymerase
region and a low-identity (78%) in the
capsid region with Saitama U4. In
contrast, high identity (95%) in the
capsid region was found between
146/Kunming/04/China and Leeds/
90/UK. Since Leeds/90/UK poly-
merase was not available in GenBank,
the polymerase homology between
146/Kunming/04/China and Leeds/
90/UK was unknown. Polymerase of
146/Kunining/04/China was almost
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identical with that of Saitama U4, but
the capsids of146/Kunming/04/China
and Leeds/90/UK were distinctly dif-
ferent from that of Saitama U4. This
genetic pattern of 146/Kunming/
04/China implied a novel, naturally
occurring recombinant NoV with
GII/7 capsid and GII/6 polymerase.

RNA recombination is a mecha-
nism for virus evelution (5). Literature
documenting recombination in NoV is
fairly rich, but none is from China (6).
Therefore, 146/ Kunming/04/China
was not only the first but also the first
recombinant NoV from China. This
isolate shared the closest sequences of
polymerase and capsid with Saitama
U4 and Leeds/90/UK, respectively.
Strain Saitama U4 was detected in
1997 in Japan (7), whereas strain
Leeds/90/ UK was detected in 1990 in
the United Kingdom (8). Quite possi-
bly, Saitama U4 and Leeds/90/UK
were parental strains of 146/Kunming/
04/China. However, the distant geo-
graphic relationship of these strains
obscured evidence of where and when
the recombination event occurred.
This phenomenon also suggested that
these parent strains or this progeny
strain might be more prevalent than is
often assumed.

Recombination depends on vari-
ous immunologic and intracellular
constraints. Recombinant viruses are
all alike in that they successfully pass
through 5 stages: 1) successful co-
infection of a single host, 2) success-
ful co-infection of a single cell,
3) efficient replication of both
parental strains, 4) template switch-
ing, and 5) purifying selection (9). In
this study, 146/Kunming/04/China
was recovered from a patient with
diarrhea, fever, and vomiting. This
observation indicated that this strain
theoretically fulfilled all prerequisites
for recombination.

The NoV capsid is predicted to be
well suited for genotype classification
(10). In this study, 146/Kunming/
04/China belonged to 2 distinct geno-
types, 7 and 6, by capsid- and poly-
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merase-based groupings, respectively.
Moreover, the recent demonstration
of recombination in" an increasing
number of NoVs suggests that it is a
more widespread event than was pre-
viously realized. Consequently, the
phylogenetic classification of NoV on
the basis of on capsid sequence is
questionable. We suggest that classifi-
cation of NoV strains should rely on
not only capsid sequence but also
polymerase sequence.

In conclusion, our results de-
scribed the genetic characterization of
novel, naturally occurring recombi-
nant NoV and increased evidence for
the worldwide distribution of recom-
binant NoV. This report is the first to
describe acute gastroenteritis caused
by recombinant NoV in China and
warns of the threat it poses.
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closely related to £. coli, as was pre-
viously observed in Tanzania (¢). This
finding is also the first report of CTX-
M-3 in sub-Saharan Africa.

Multidrug resistance profiles
involving non—B-lactam antimicrobial
drugs coselected these ESBL-produc-
ing isolates. We suggest that the mis-
use of antimicrobial drugs in the
Central African Republic and the
migratory flux of regional populations
could result in emergence and selec-
tion of these ESBL phenotypes in the
community. We could not establish a
relationship between the different
strains isolated in hospitalized and
ambulatory patients. Because of the
implications for treating such infec-
tions, particularly in developing coun-
tries, the spread of ESBL-producing
Enterobacteriaceae merits close sur-
veillance in the Central African
Republic.
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Novel Recombinant
Sapovirus, Japan

To the Editor: Sagpovirus is the
distinct genus within the family
Caliciviridae; these viruses cause spo-
radic cases and outbreaks of gastroen-
teritis in humans worldwide (/). The
sapovirus genome contains 2 open
reading frames (ORFs). ORFI
encodes nonstructural and capsid pro-
teins while ORF2 encodes a small pro-
tein (2). Sapovirus has a typical “Star
of David” configuration by electron
microscopic examination. The proto-
type sapovirus is the Sapporo virus
(Hu/SaV/Sapporo virus/1977/ JP),
which was originally discovered from
an outbreak in a home for infants in
Sapporo, Japan, in 1977 (3). Sapovirus
is divided into 5 genogroups, among
which only genogroups 1, I, IV, and V
are known to infect humans (4).

A fecal specimen was collected
from a 1-year-old boy with acute gas-
troenteritis in Osaka, Japan, in March
2005. The viral genome was extracted
by using a QIAamp kit (Quigen,
Hilden, Germany). By using multi-
plex reverse transcription—polymerase
chain reaction (RT-PCR), 2 groups of
diarrheal viruses were identified. The
first group included astrovirus,
norovirus, and sapovirus; the second
group included rotavirus and aden-
ovirus (J). Sapovirus polymerase
region was also amplified to identify
recombinant sapovirus by using
primers P290 and P289 (6). To elimi-
nate the possibility of co-infection of
2 different sapovirus genotypes, to
localize the potential recombination
site, and to understand a possible
recombination mechanism of recom-
binant sapovirus, flanking polymerase
and capsid regions, with their junction
of HU/5862/Osaka/JP, were amplified
with primers P290 and SLV5749 to
produce a 1,162-bp product (3,6).
Products were directly sequenced, and
capsid- and polymerase-based phylo-
genetic trees showed recombinant
sapovirus.
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The fecal specimen was positive
for sapovirus. HU/5862/Osaka/JP
clustered into the genogroup 1 geno-
type 8 (GI/8 the 8/DCC/Tokyo/IP/44
cluster) (Figure) by using the recent
sapovirus capsid region classification
(7). HU/5862/0Osaka/JP with GI/8
capsid was classified into GI/1 (the
Sapporo/82 cluster) when poly-
merase-based grouping was per-
formed. When the sequence of
HU/5862/Osaka/JP was compared
with that of- Sapporo/82 by using
SimPlot Version 1.3 (available from
http:/sray.med.som.jhmi.edu/SCRoft
ware/simplot), the recombination site
was identified at the polymerase-cap-
sid junction. Before this junction,
sequences of HU/5862/Osaka/JP and
Sapporo/82 were highly homologous.
However, homology between them
was notably different after the junc-
tion, with a sudden drop in the identi-

ClustalX, HU/5862/Osaka/JP shared a
96% identity in polymerase sequence
and an 85% identity in capsid
sequence with Sapporo/82. In con-
trast, homology was 99% in the cap-
sid region between HU/S5862/Osaka/
JP and 8/DCC/Tokyo/JP/44. Since a
polymerase sequence of §/DCC/
Tokyo/JP/44 was not available in
GenBank because of the unsuccessful
amplification, homology in the poly-
merase region between HU/5862/
Osaka/JP and 8/DCC/Tokyo/IP/44
was unknown.

Altogether, the findings under-
scored that HU/5862/Osaka/JP repre-
sented a novel, naturally occurring,
recombinant sapovirus with GI/8 cap-
sid and GI/1 polymerase. To deter-
mine whether the child was infected
with this novel recombinant sapovirus
or whether the novel recombinant
sapovirus resulted from co-infection

ty for HU/5862/Osaka/JP. By using with 2 different viruses, Svppo
Capsid Pojymerase
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Figure. Changing genotypes of sapovirus on the basis of phylogenetic trees. Trees were
constructed from partial amino acid sequences of capsid and polymerase of
HU/5862/0sakalJP highlighted in jtalics. Phylogenetic tree with 1,000 bootstrap resam-
ples of the nucleotide alignment datasets was generated by using the neighbor-joining
method with ClustalX. The genetic distance was calculated by using Kimura 2-parameter
method (PHYLIP). The scale indicates amino acid substitutions per position. The numbers
in branches indicate bootstrap values. Porcine enteric calicivirus was used as an outgroup
strain for phylogenetic analysis. The nucleotide sequence data of sapovirus strain
HU/5862/0sakal/JP has been submitted to GenBank and has been assigned accession
no. DQ318530. Reference sapovirus strains and accession nos. used in this study were
as follows: PEC (AF182760), London/92 (U95645), Arg39 (AY289803), Parkville/94
(U73124), Manchester/93 (X86560), Sapporo/82 (U65427), Hou7-1181/90 (AF435814),

and 8/DCC/Tokyo/Japan/44 (AB236377).
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(Sapporo/82-specific primer), Svdcc
(8/DCC/Tokyo/IP/44-specific
primer), and SLV5749 were used to
amplify the capsid region (J).
However, no amplicon was found.
These negative results indicate no co-
infection in this child.

Even though many molecular epi-
demiologic studies on sapovirus
infection have been performed world-
wide, reports documenting recombi-
nation in sapovirus are still limited.
The first recombinant sapovirus iden-
tified was the Thai isolate Mc10 or the
Japanese isolate C12 (8); the Japanese
isolate Ehime1107 and the SW278
isolate from Sweden were identified
later (9). Recombination occurred
only in sapovirus genogroup I, which
is more capable of recombination than
other genogroups (8,9). In this study,
we identified HU/5862/Osaka/JP with
a novel recombination between 2 dis-
tinct genotypes within genogroup 1.
This is the first report of acute gas-
troenteritis caused by recombinant
sapovirus genogroup 1. The findings
underscore that natural recombination
occurs mnot only in sapovirus
genogroup Il but also in genogroup 1.

In recent studies of sapovirus
recombination, evidence for the loca-
tion of the recombination event is
lacking because of the distant geo-
graphic relationship of parent and
progeny strains. HU/5862/Osaka/JP
shared the closest sequences of poly-
merase and capsid with Sapporo/82
and 8/DCC/Tokyo/IP/44, respective-
ly. Sapporo/82 was first isolated in
1982, and 8/DCC/Tokyo/JP/44 was
isolated in 2000, both in Japan.
Possibly, Sapporo/82 and
8/DCC/Tokyo/JP/44 were parental
strains of HU/5862/Osaka/JP, and the
event leading to the novel recombina-
tion might have occurred in Japan.

The capsid region was used for
genotype classification of sapovirus
(7). When capsid-based grouping was
performed, HU/5862/Osaka/lP dis-
tinctly belonged to genotype 8. When
polymerase-based grouping was
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performed, HU/5862/Osaka/lP dis-
tinctly belonged to genotype 1.
Therefore, sapovirus classification
based on capsid sequence is question-
able. We suggest that sapovirus classi-
fication should rely not only on capsid
sequence but also on polymerase
sequence.
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Postmortem
Confirmation of
Human Rabies
Source

To the Editor: Rabies is a fatal
encephalitis caused by a neurotropic
RNA  virus  of the family
Rhabdoviridae, genus Lyssavirus. The
predominant rabies virus reservoir
hosts are bats and carnivores. Among
these, rabid dogs represent a substan-
tial public health problem, particular-
ly in developing countries ().

Laboratory diagnosis of rabies is
essential to guide control programs,
epidemiologic surveys, and prophy-
lactic measures (2). Among the labo-
ratory tests recommended by the
World Health Organization (WHO),
the fluorescent antibody test (FAT) is
the accepted standard for rabies diag-
nosis (/). Although rabies virus anti-
gens can be detected in decomposed

~samples, FAT is less effective when

such samples are tested. In those
cases, polymerase chain reaction
(PCR) can provide better results (3).
Since the degree of decomposition at
which FAT starts to become ineffec-
tive is unknown (4), when smears
from decomposed samples are made
for FAT, a suspension of the same
brain tissues should be made in the
appropriate diluents for the mouse

LETTERS

inoculation test (MIT), cell culture, or
reverse  transcription—polymerase
chain reaction (RT-PCR) (2). How-
ever, if all test results are negative,
rabies cannot be ruled out because of
the condition of the sample.

On February 28, in the city of
Carbonita, Minas Gerais State, in
southeastern Brazil, a 62-year-old
man was bitten by a bat on the right
ankle. Approximately 50 days later,
his leg began to feel numb, and he
experienced a continuous headache,
pain at the site of the bite, convul-
sions, frequent urge to clear his throat,
hiccups, nausea, difficulty in swal-
lowing, dry lips, slightly elevated
body temperature (37°C-37.5°C),
paralysis of superior and inferior left
limbs, shaking, and hallucinations. On
May 4, 16 days after clinical manifes-
tations began, the patient died; the
cause of death was registered as a
cerebral vascular accident. One month
later, the body was exhumed to obtain
a sample from the central nervous sys- -
tem (CNS), which was sent to
Instituto Pasteur, S@o Paulo, regis-
tered as sample 5341 M/04 and tested
by FAT, MIT, and RT-PCR.

In total, § smears were prepared
from the sample to be analyzed by
FAT according to the method of Dean
et al. (5) with fluorescein isothio-
cyanate-labeled polyclonal antinucle-
ocapsid antibodies. MIT was carried
out as described by Koprowski (6)
with 7 mice. For RT-PCR, RNA was
extracted from the CNS sample with
TRIzol, according to the manufactur-
er’s instructions (Invitrogen,
Rockville, MD, USA). RT-PCR was
carried out with modifications as
described by Orciari et al. (7), with
primers 504 (sense) and 304 (anti-
sense), aiming at the amplification of
a 249-bp fragment of rabies virus
nucleoprotein (N} gene, by using
Superseript 11 {Invitrogen) and Taq
DNA-polymerase (Invitrogen).

Fluorescent  inclusions were
observed in 6 of the 8 slides prepared
for the FAT. The RT-PCR of the RNA
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Molecular Characterization of a Rare G3P[3] Human
Rotavirus Reassortant Strain Reveals Evidence for
Multiple Human-Animal Interspecies Transmissions

Pattara Khamrin,! Niwat Maneekarn,? Supatra Peerakome,” Fumihiro Yagyu,’

Shoko Okitsu,! and Hiroshi Ushijima'*

Department of Developmental Medical Sciences, Institute of International Health,
Graduate School of Medicine, the University of Tokyo, Japan
2Department of Microbiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

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 during the epidemiological survey
of rotavirus in Chiang Mai, Thailand in 2000-
2001. The rotavirus strain was characterized by
molecular analysis of its VP4, VP8, VP7,and NSP4
gene segments. The VP4 sequence of CMH222
shared the greatest homology with those of
caprine P[3] (GRV strain) at 90.6% nucleotide
and 96.4% amino acid sequence identities. Inter-
estingly, the VP7 sequence revealed highest
identity with those of simian G3 rotavirus (RRV
strain) at 88% nuclectide and 98.1% amino
acid sequence identities. In contrast, percent
sequence identities of both the VP4 and VP7
genes were lower when compared with those of
human rotavirus G3P[3] reference strains
{Ro1845 and HCR3). Analyses of VP86 and NSP4
sequences showed a close relationship with
simian VP8 SG | and caprine NSP4 genotype C,
respectively. Phylogenetic analysis of VP4, VP6, .
VvP7, and NSP4 genes of CMH222 revealed
a common evolutionary lineage with simian
and caprine rotavirus strains. These findings
strongly suggest multiple interspecies transmis-
sion events of rotavirus strains among caprine,
simian, and human in nature and provide con-
vincing evidence that evolution of human rota-
viruses is tightly intermingled with the evolution
of animal rotaviruses. J. Med. Virol. 78:986-
994, 2006. © 2006 Wiley-Liss, Inc.

KEY WORDS: VP4; VP6; VP7; NSP4; G3P[3]
genotype; Thailand

INTRODUCTION

Group A rotavirus is the most important etiologic
agent of gastroenteritis and severe diarrhea in infants

© 2006 WILEY-LISS, INC.

and young children, and in young animals of a wide
variety of species [Estes, 2001]. Rotavirus is the member
of the Reoviridae family. The rotavirus genome consists
of 11 segments of double-stranded RNA. The two outer
capsid proteins, VP4 and VP7, allow classificationinto P
and G genotypes, respectively. To date, at least 15 Gand
26 P genotypes have been isolated globally, with various
G and P combinations [Rao et al., 2000; Estes, 2001,
MecNeal et al., 2005; Rahman et al., 2005; Martellaet al.,
20086). The inner capsid protein VP6 bears the subgroup
(SG) specificities that allows the classification of group A
rotavirus into SG I, SG II, SG I +1I, and SG non-I+11
based on the reactivity with SG specific monoclonal
antibodies (MAbs) [Greenberg et al., 1983a,b]. The non-
structural glycoprotein, NSP4, plays an important role
in rotavirus morphogenesis, pathogenesis, and enter-
otoxic activity. Sequence analyses of the NSP4 gene
revealed the presence of at least five distinct NSP4
genotypes among human and animal rotaviruses,
termed A-E genotypes [Horie et al, 1997; Ciarlet
et al., 2000; Mori et al., 2002a,b].

There are a number of reports of atypical rotavirus
strains isolated from humans and animals that share
genetic and antigenic features of virus strains from
heterologous species. In many cases, genetic analysis by
hybridization has clearly demonstrated the genetic
relatedness of gene segments from rotavirus strains
isolated from different species. Together with the
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Characterization of a Rare G3P[3] Human Rotavirus

observation that some rotavirus strains appear to be
transmitted to a different species as a whole genome
constellation, these data suggest that interspecies
transmission may oceur frequently in nature [Nakagomi
et al., 1990; Tizuka et al., 1994; Fujiwara and Nakagomi,
1997; Nakagomi and Nakagomi, 2002]. The factors
that promote interspecies transmission of animal
rotaviruses to human or vice versa are poorly under-
stood. It could be possible that close contact between
animals and humans may augment interspecies infec-
tions, and genetic reassortment during co-infection with
rotavirus strains from different animal species may
result in the generation of progeny viruses with novel or
atypical genotypes [Palombo, 2002].

Rotavirus G3 strainsare the only G genotype for which
a broad host range has been described. Genotype G3
strains have been detected in several host species
_ including humans, monkeys, rabbits, pigs, birds, cats,
dogs, horses, mice, cows, and lambs [Gentsch et al,,
1996, 2005; Estes, 2001; Martella et al., 2001b, 2003a;
Lee et al., 2003; McNeal et al., 2005]. The P[3] rotavirus
genotype has also frequently been isolated from animal
origins, for example, goat, monkey, cat, dog, buffalo
[Mackow et al., 1988; Taniguchi et al., 1994; Martella
et al., 2001a,b, 2003b; Lee et al., 2003].

Currently, rotavirus strains bearing the P[3] geno-
type have been detected only in two human infections.
The first strain (HCR3) was isclated from a child with
diarrhea in Philadelphia, USA in 1984 [Liet al., 1993al.
Sequence information from some of the genome seg-
ments indicated that the human rotavirus strain HCR3
was more closely related to feline and canine rotavirus
strains than to human strains. The second P[3] strain
(Ro1845) was isolated in 1985 from an Israeli child with
diarrhea, and was shown by RNA-RNA hybridization to
be genetically related to canine and feline rotavirus
strains [Aboudy et al., 1988; Nakagomi et al., 1990].
Both of these strains (HCR3 and Ro1845) displayed the
G3P[3] genotype combination [Nakagomi et al., 1993; Li
et al., 1993a, 1994].

In the present study, a third human rotavirus strain
that displayed G3P[3] genotype (strain CMH222), which
was isolated from a child hospitalized with severe
diarrhea in Chiang Mai province, Thailand is described.
Sequence and phylogenetic analyses revealed that VP7
and VP6 genes of CMH222 were closely related to those
of simian while VP4 and NSP4 genes were closely
related to those of caprine rotavirus.

MATERIALS AND METHODS
Rotavirus Antigen Detection

Rotavirus strain CMH222 wasisolated in 2001 from a
2-year-old child admitted with severe diarrhea at
Maharaj Nakorn Chiang Mai Hospital, Chiang Mai
province, Thailand [Khamrin et al, 2006]. Group A
rotavirus antigen was detected by ELISA using poly-
clonal antibody against group A rotavirus as described
previously [Hasegawa et al., 1987].
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RNA Extraction, RT-PCR and Multiplex-PCR
for G and P Genotyping

The G and P genotypes of CMH222 were determined
by reverse transcription-polymerase chain reaction (RT-
PCR) and multiplex-PCR. Viral dsRNA was extracted
from 10% fecal supernatant using the QIAamp viral
RNA Mini kit (QIAGEN, Inc, Hilden, Germany). Viral
dsRNA was denatured in 50% of dimethyl-sulfoxide at
95°C for 5 min. The RT-PCR was carried out with a
OneStep RT-PCR kit (QIAGEN). For PCR amplification
of the VP7 gene, a 1,062 bp fragment was generated
using Beg9 (forward) and End9 (reverse) primers
[Gouvea et al., 1990]. For PCR amplification of the VP4
gene, a 876 bp fragment was generated using Con3 as a
forward primer and Con?2 reverse primer [Gentsch et al.,
1992]. The reverse transcription reaction was carried
out at 50°C for 30 min, followed by PCR activation at
95°C for 15 min and then further amplified for 30 c¢ycles
under the following condition: 94°C for 1 min, 565°C (for G
genotyping) or 40°C (for P genotyping) for 1 min, 72°Cfor
1 min and final extension at 72°C for 10 min. The
multiplex PCR for identification of genotypes G1--G8
and G8—G11 was conducted with three different pools
of typing primer sets as previously described [Gouvea
et al., 1990, 1994a; Das et al,, 1994; Winiarczyk et al.,
2002]. For P genotype identification, PCR was carried
out by using pools of P genotype specific primers for
P[1], P[4]-P[11], P[14] [Gentsch et al., 1992; Gouvea
et al., 1994b; Mphahlele et al., 1999; Winiarczyk et al.,
2002].

As the multiplex PCR using several sets of genotype-
specific primers could not identify the P genotype of
CMH222 strain, a new reverse primer, VP4-3R, was
designed and used in combination with Con3 (forward
primer) for amplification of 2,303 bp of VP4 gene. P
genotype was further identified by sequence analysis of
this PCR fragment. The sequences of the primers for
amplification and sequencing of VP7 and VP4 genes are
shown in Table I.

Amplification of VP6 and NSP4 Genes

The full-length of VP6 gene was amplified by primer
pairs VP6-5F and VP6-3R, which were slightly modified
from the original designated VP6 specific primers
described by Shen et al. [1994]. NSP4 full-length gene
was amplified by NSP4-1a and NSP4-2b primer pairs
[Kudo et al., 2001]. The sequences of primers used for
amplification and sequencing of VP6 and NSP4 genes
are shown in Table I.

Sequence and Phylogenetic Analyses

The PCR amplicons were purified with a QIAquick
PCR purification kit (QIAGEN, Inc., Hilden, Germany)
and sequenced in both directions using the BigDye
Terminator Cycle Sequencing kit (Perkin Elmer-
Applied Biosystems, Inec., Foster City, CA) on an
automated sequencer (ABI 3100; Perkin Elmer-Applied
Biosystems, Inc.). The Con3, VP4F400, VP4F778,
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988 Khamrin et al.
TABLE I. Oligonucleotide Primers Used for the Amplification and Sequencing of VP7, VP4, VP6, and NSP4 Genes
Primer Gene Sequence 5 -3’ Sense Position Reference
Beg9 VP7 GGCTTTAAAAGAGAGAATTTCCGTCTGG + 1-28 Gouvea et al. [1990]
End9 VP7 GGTCACATCATACAATTCTAATCTAAG - 1062-1036 Gouvea et al. [1990]
Con3 VP4 TGGCTTCGCTCATTTATAGACA + 11-32 Gentsch et al. [1992]
Con2 VP4 ATTTCGGACCATTTATAACC - 887-868 Gentsch et al. [1992]
VP4F400 VP4 GCTAACACTTCACAAACGC - 400-418 This study.
VP4F778 VP4 TCTAAAACGTCATTATGGAAAG - 778799 This study
VP4R1881 VP4 CATTTCTTTTAGCCTCAATCTTC - 18591881 This study
VP4-3R VP4 CAATTCTRTTHCGAATTATTGGRTT — 23112287 This study
VP6-5F VP6 GGCTTTTAAACGAAGTCTTC -+ 1-20 Shen et al. [1994]
VP6-3R VPG GGTCACATCCTCTCACTA - 1356-1339 Shen et al. [1994]
NSP4-1a NSP4 GGCTTTTAAAAGTTCTGTTCCG + 1-22 Kudo et al. [2001]
NSP4-2b NSP4 GGTCACATTAAGACCGTTCC - 750731 Kudo et al. [2001]

VP4R1881, and VP4-3R primers (for VP4), VP6-5F and
VP6-3R primers (for VP6), Beg9 and End9 primers (for
VP7), and NSP4-1a and NSP4-2b primers (for NSP4)
were used as sequencing primers (Table I). The nucleo-
tide and deduced amino acid sequences of VP4, VP6,
VP7, and NSP4 genes were compared with those of
reference strains available in the NCBI (National
Center for Biotechnology Information) GenBank data-
base using BLAST (Basic Local Alignment Search Tool)
program [Altschul et al., 1990].

Nucleotide Sequence Accession Number

The nucleotide sequence of VP4, VP6, VP7, and NSP4
of CMH222 strain were deposited in GenBank under the
accession number DQ288661, DQ288659, AYT707792,
and DQ288660, respectively.

RESULTS

G and P Genotyping of Human Rotavirus
Strain CMH222

Between May 2000 and December 2001, a total of
315 fecal specimens were collected from infants and
young children with acute gastroenteritis in Chiang Mai
provinee, Thailand, as part of an epidemiological study
of Group A rotaviruses. All fecal specimens were tested
for the presence of group Arotavirus by ELISA, and then
G and P genotypes were determined by using primers
specific for VP7 and VP4 genes in RT-PCR and multi-
plex-PCR assays. Group A rotavirus was detected in
34% (107 of 315) of the fecal specimens collected during
the study period. One rotavirus-positive stool specimen
in this collection (CMH222), genotyped as G3 using the
multiplex-PCR. However, the P genotype could not be
determined using the existing P-specific primer sets,
despite the generation of a first round 876 bp VP4
amplicon. Therefore, further molecular characteriza-
tion of CMH222 was performed by nucleotide sequen-
cing of the VP4, VP6, VP7, and NSP4 genes.

Analysis of Nucleotide Sequence of VP4 Gene

As the P genotype of CHM222 could not be identified
by multiplex-PCR using P-type specific primers, the
2,303 bp fragment of VP4 gene was amplified with the

+J. Med. Virol. DOI 10.1002/imv

consensus forward primer Con3 and VP4-3R reverse
primer. The nearly full-length of nucleotide and deduced
amino acid sequence of this VP4 gene was determined
and compared with those of established reference
strains, P[1]-P[26], availablein the GenBank database
(Table II). The VP4 sequence of CMH222 was closely
related to all P[8] genotype strains analyzed thus far
(78.4%—90.6% on nucleotide and 84.3%—-96.4% on
amino acid levels), and showed the highest identity to
P[3] caprine rotavirus strain GRV (G3P[3)) at 90.6% on
nucleotide and 96.4% on amino acid levels. A phyloge-
netic tree that included the VP4 sequences of all P[3]
rotaviruses recognized to date from both human and
non-human origins was constructed (Fig. 1). The result
of phylogenetic analysis confirmed that CMH222 strain
clustered with all P[3] genotypes. In addition, two major
lineages were found among P[3] rotavirus strains. The
P[3] sequence of strain CMH222 clustered in a lineage
with caprine (GRV), simian (RRV) and buffalo (10733)
rotavirus strains, and was most closely related to the
P[3] sequence of GRV. The second lineage consisted of
P[3] sequences from strains including human (Ro1845,
HCR3), canine (RV198/95, K9, CU-1, RV52/96), and
feline (FRV64, Cat97) P[3] sources.

Analysis of Nucleotide Sequence of VP7 Gene

As shown in Table II and Figure 1, the VP4 gene of
CMH222 appeared to be closely related to rotaviruses
of the animal origin. Therefore, the VP7, VP6, and NSP4
genes were characterized by nucleotide sequencing to
investigate whether the interspecies fransmission
could be demonstrated in other genes of strain
CMH222. The complete nucleotide (1,062 bp) and
deduced amino acid sequences of the VP7 gene of
the CMH222 strain were compared with VP7 sequences
of the existing G1-G15 and also with several G3
strains of human and animal origins (Table III).
Sequence comparison showed that the VP7 of CMH222
strain was most closely related to all G3 rotaviruses
(80.8%—88.0% on nucleotide and 92.9%-98.1% on
amino acid levels). Although CMH222 was identified
as a G3, a common human genotype, VP7 sequence
analysis demonstrated clearly that CMH222 was more
closely related to a simian rotavirus strain (RRV) at
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TABLE II. Comparison of the Nucleotide and Amino Acid
Sequence Identities of the Genome Segment Encoding VP4
Protein of CMH222 Strain With Those of 26 Known P
Genotypes?®

Similarity (%)

Strain Species P genotype Nucleotide Amino acid
A5 Bovine P[1] 74.7 83.3
SA11 Simian Pi2] 76.0 83.9
Rol845  Human  P[3] 81.1 89.9
HCR3 Human  P[3] 80.5 88.9
RRV Simian P(3] 82.8 92.0
FRV64 Feline P[3] 81.4 90.3
K9 Canine P[3] 80.9 89.8
CU-1 Canine P[3] 80.5 88.9
Cat97 Feline P[3] 80.4 88.9
GRV Caprine  P[3] 90.6 96.4
10733 Buffalo P[3] 82.9 90.1
RV52/96 Canine P[3] 78.4 86.4
RV198/95 Canine  P[3] 78.7 84.3
L26 Human P4] 69.3 70.4
UK Bovine P(5] 70.8 75.9
Gottfried Porcine  P[6] 69.0 72.7
0OSU Porcine  P[7] 734 80.9
KU Human  P[8] 68.5 70.1
K8 ~ Human  P[9] 67.8 69.0
69M Human  P[10] 76.7 85.6
B223 Bovine P[11] 58.5 58.1
H-2 Equine P[12] 74.9 80.9
MDR-13 Porcine  P[13] 73.5 77.7
PA169 Human  P[14] 67.7 70.3
Lpl4 Ovine P[15] 75.5 82.6
EW Murine Pl16] 68.9 77.4
993/83 Bovine P[17] 62.4 61.5
1338 Equine P[18] 74.6 78.2
Mce323 Human P[19] 71.6 74.7
EHP Murine  P[20] 70.9 81.5
Hgi8 Bovine P[21] 74.0 . 77.8
160/01 Lapine P[22} 66.6 61.8
A34 Porcine  P[23] 717 76.5
TUCH Simian P{24] 75.6 84.1
Dhaka6 Human  P[25] 66.6 67.4
134/04-15 Porcine  P[26] 73.8 80.9

*The GenBank accéssion numbers of the following strains are given in
parentheses: A5 (D13395), SA11 (M23188), Ro1845 (D14726), HCR3
(1,19712), RRV (M18736), FRV64 (D14723), K9 (D14725), CU-1
(D13401), Cat97 (D13402), GRV (AB055967), 10733 (AY281359),

RV52/96 (AF339844), RV198/95 (AF339843), L26 (M58292), UK.

(M21014), Gottfried (M33516), OSU (X13190), KU (M21014), K8
(D90260), 69M (M60600), B223 (D13394), H-2 (L04638), MDR-13
(1.07886), PA169 (D14724), Lpld (L11599), EW (U08429), 993/83
(D16352), 1.338 (D13399), Mc323 (1D38052), EHP (U08424), Hgl8
(AF237665), 160/01 (AF526376), A34 (AY174094), TUCH (AY596189),
Dhaka6 (AY773004), 134/04-15 (DQO061053).

88.0% on the nucleotide and 98.1% on the amino acid
levels. Comparison between the VPT7 sequences of
CMH222 and human genotype G3 strains (B4106,
HCRS3, AU-1, TK28) only revealed nucleotide and amino
acid identities ranging from 80.8% to 86.4% and 92.9% to
96.0%, respectively. Phylogenetic analyses confirmed
that the CMH222 strain formed a cluster with G3
rotavirus reference strains and showed the closest
lineage with the G3 simian strain RRV sharing more
than 98.0% amino acid identity (Fig. 2). Taken together,
analysis of VP4 and VP7 genes revealed that CMH222
belonged to G3P[3] genotype.
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Fig. 1. Phylogenetic analysis of the deduced amino acid sequence
derived from VP4 gene of the CMH222 human rotavirus strain and
other P[3] rotavirus genotypes recognized to date. The tree was
generated based on the neighbor-joining method using ClustalX
program.

Analysis of Nucleotide Sequence of VP86 Gene

Within group A rotavirus, four subgroups have been
identified based on reactivities with subgroup-specific
MAbs that recognize epitopes within the VP6 protein.
These include SG I, SG II, SG I+ 11, and SG non-I +1I.
Utilizing an ELISA-based subgroup assay, CMH222 did
notreact with MAbs specific for both SGIland SGII (data
not shown). Therefore, based on the subgroup ELISA
results, CMH222 was assigned as SG non-I+ II speci-
ficity. Generally, human rotaviruses carry either SGIor
SG II VP6 specificity [Tturriza Gomara et al., 2002]. It
was of interest to determine whether the VP6 gene
of CMHZ222 might be of animal origins similar to
the results observed for the VP4 and VP7 genes. The
nucleotide and deduced amino acid sequences of
CMH222 were compared with those of four representa-
tive established subgroups. The fundamental charac-
teristics of VP6 gene of CMH222 was found to be similar
to the sequence of SG T rotavirus strains reported
previously. Strain CMH222 displayed the greatest VP6
amino acid sequence identity with SG I simian strain
TUCH (96.2%) whereas lower amino acid homology,
ranging from 90.9% to 93.9%, was observed with strains
displaying SGII, SGI+II and SGnon-1 + Il specificities
(data not shown). Phylogenetic analysis of the VP6 gene
also clustered CMH222 in the same branch with the
simian TUCH but separated from other SG Irotaviruses
(Fig. 3). The results suggest that VP6 of human CMH222
strain shared a common ancestor with VP6 of simian
TUCH strain.
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TABLE II1. Comparison of the Nucleotide and Amino
Acid Sequence Identities of the Genome Segment Encoding
VP7 Protein of CMH222 Strain With Those of 15
Known G Genotypes®

Similarity (%)

Strain Species G genotype Nucleotide Amino acid
KU Human G1 715 83.4
S2 Human G2 75.0 74.2
RV52/96 Canine G3 87.7 97.5
J63 Bovine G3 87.4 96.6
JE75 Equine G3 87.1 95.3
HO-5 Equine G3 87.0 95.0
RVv198/95 Canine G3 85.6 96.0
GRV Caprine G3 87.9 96.6
RRV Simian G3 88.0 98.1
JE29 Equine G3 87.2 95.7
K9 Canine 3 85.4 95.0
B4106 Human G3 85.6 96.0
HCR3 Human G3 86.4 96.0
AU-1 Human G3 80.9 92.9
TK28 Human G3 80.8 93.5
Hochi Human G4 75.5 77.9
0osU Porcine G5 79.1 86.1
NCDV Bovine G6 76.2 84.9
CH2 Chicken G7 62.8 60.0
B37 Human G8 76.2 81.9
116E Human G9 79.6 85.5
81A Bovine G10 78.3 85.2
YM Porcine G11 794 88.6
1.26 Human G12 77.5 81.2
L338 Equine G13 778 83.4
CH3 Equine ‘G14 82.9 85.8
Hgl8 Bovine G15 74.1 79.4

*Phe GenBank accession numbers of the following strains are given in
parentheses: KU (D16343), S2 (M11164), RV52/96 (AF271080), J63
(AF386914), JE75 (AB046466), HO-5 (AB046464),
(AF271089), GRV (AB056650), RRV (AF295303), JE29 (AB046465),
K9 (U97199), B4106 (AY456382), HCR3 (L21666), AU-1 (D86271),
TK28 (D86283), Hochi (AB012078), OSU (X04613), NCDV (M63266),
CH2 (X56784), B37 (J04334), 116E (L14072), 61A (X53403), YM
(M23194), L26 (M58200), L338 (D13549), CH3 (D25229), Hgi8
(AF237666).

Analysis of Nucleotide Sequence of NSP4 Gene

Sequence analysis of NSP4 gene of CMH222 strain
revealed the greatest similarity with caprine strain
GRV genotype C at 98.8% amino acid identity. In
contrast, non-genotype C showed only 29.7%—-86.2%
amino acid identity (data not shown). Phylogenetic
analysis also confirmed that the NSP4 gene of human
CMH222 rotavirus strain clustered with the NSP4
genotype C caprine GRV and feline FRV-384 rotavirus
strains (Fig. 4).

DISCUSSION

Rotavirus interspecies transmission strains have
been described frequently in the literature, and there
are an increasing number of reports of atypical rota-
viruses that are apparently derived from transmission
between humans and animals [Isegawa et al., 199%;
Nakagomi et al., 1993; Li et al., 1993a,b]. During two-
years surveillance of rotavirus infection in children
admitted to hospital with diarrhea in Chiang Mai,
Thailand, CMH222, was detected, which appeared tobe
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Fig. 2. Phylogenetic analysis of the deduced amino acid sequence
derived from VP7 gene of the CM222 human rotavirus strain and
other G3 rotavirus genotypes. The tree was generated based on the
neighbor-joining method using ClustalX program.
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Fig. 3. Phylogenetic analysis of the deduced amino acid sequence
derived from VP6 gene of the CMH222 human rotavirus strain and

other rotavirus subgroups. The tree was generated based on the
neighbor-joining method using ClustalX program.
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Fig. 4. Phylogenetic analysis of the deduced amino acid sequence
derived from NSP4 gene of the CMH222 human rotavirus strain and
other NSP4 rotavirus genotypes. The tree was generated based on the
neighbor-joining method using ClustalX program.

related to rotavirus strains of animal origin. Strain
CMH222 was identified as genotype G3 and found in
combination with. a rare P[3] genotype. Sequence
analysis of the VP7 and VP4 genes revealed a close
relationship to simian VP7 and caprine VP4 genes,
respectively. In addition, sequence analysis of the genes
encoding VP6 and NSP4 also revealed close relation-
ships with rotavirus strains of animal origin. Rotavirus
strains with a G3 genotype and P[3] genotype are usually
found in association with animal host species, for
example, feline, canine, simian, and caprine [Mackow
et al,, 1988; Taniguchi et al., 1994; Martella et al.,
2001a,b; Lee et al.,, 2003]. In contrast, detection of
G3P[3] in humans is uncommon and only two strains of

human G3P{3], HCR3 [Li et al., 1993a] and Rol845"

[Aboudy et al., 1988] have been reported. The detection
of G3P[3] in humans was presumably due to the
interspecies transmission of the virus from animals to

humans [Nakagomi et al., 1990, 1992, 1993; Li et al,, -

1993a,b; Fujiwara and Nakagomi, 1997; Nakagomi and
Nakagomi, 20001].

Rotavirus strains sharing >89% VP4 amino acid
sequence identities are considered to belong to the same
P genotype, while those sharing VP4 amino acid
sequence identities <89% belong to different genotypes
[Gorziglia et al., 1990; Estes, 2001]. Amino acid
sequence of VP4 gene of strain CMH222 displayed the
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highest identity to a caprine GRV P[3] rotavirus VP4
sequence with amino acid homology 0f96.4%, indicating
that strain CMH222 belonged to a caprine-like P{3]

genotype. The non-P{3] rotavirus strains showed only

58.9%-84.7% amino acid identities with CMH222. In
addition, it was noticed that simian rotavirus strain
RRV shared a 92.0% amino acid homology in the
VP4 sequence with CMH222, Previously, the study of
relationships among G3P[3] rotavirus by phylogenetic
analysis of VP4 gene revealed two major lineages within
P[3] genotype. Lineage one consisted of two human P[3]
strains (HCR3 and Rol845) together with rotavirus
strains from feline and canine animal sources, while
the simian rotavirus strain RRV formed a lineage
distinct from these P{3] rotaviruses [Santos et al.,
1998]. As shown in Figure 1, CMH?222 strain was the
only human P[3] that clustered within the same lineage
of caprine GRV, buffalo, and simian strains, but distinct
fromthose offeline, canine, and human P[3] rotaviruses.
Our data analysis has consistently confirmed the
hypothesis that the VP4 gene of P[3] genotypes probably
has two major lineages.

Characterization of the VP7 gene by multiplex-PCR
identified CMH222 as genotype G3, one of the most
common genotypes found in humans [Gentsch et al.,
1996, 2005]. Although the G3 genotype is shared by
rotaviruses from a broad spectrum of mammalian
species, including human, ithasbeen possible to identify
species-specific sequences in the VP7 gene as well as to
show a species-specific segregation of the VP7 by
phylogenetic analysis [Nishikawa et al., 1989; Ciarlet

et al., 1995; Martella et al., 2001b]. Assessment of the

CMH222 VPT7 sequence revealed the highest identity to
the VP7 sequence of genotype G3 simian strain RRV and
only limited identity to human G3 strains. Further
evidence to support the simian origin of CMH222 was
the fact that both RRV and CMH222 displayed G3P{3]
genotypes.

Based on phylogenetic analysis, the VP7 gene of
genotype G3 rotavirus straiuns could be splited into two
major lineages (Fig. 2). Human G3 rotaviruses clustered
into one lineage while all non-human G3 rotaviruses
tended to cluster in a separate lineage, with the
exception of two human rotavirus strains, B4106 and
HCR3 [De Leener et al., 2004]. It was interesting to note
that despite the isolation of CMH222 from a human
source, the strain clustered in a lineage with the non-
human G3 strains and within the samebranch as simian
rotavirus strain RRV. This finding suggests that the
VP7 gene of human G3 strain CMH222 probably emerge
from a common ancestor to the VP7 gene of RRV.

It is now well known that the major inner capsid
protein VP86 contains domains which specify the sub-
group antigens[Greenbergetal., 1983a; Taniguchiet al.,
1984]. Subgroup specificity has been defined according
to the presence or absence of two distinet epitopes
reactive with one, both, or mneither of the
MAbs [Greenberget al., 1983b]. The epitopes recognized
by the subgroup-specific MAbs are thought to be
conformational and therefore present only in the
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