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Short Communication

Detection of Multiple Sapovirus Genotypes and Genogroups
in Oyster-Associated Outbreaks

Reiko Nakagawa-Okamoto'*, Tomoko Arita-Nishida™*, Shoichi Toda. Hirotomo Kato'.
Hiroyuki Iwata', Miho Akiyama®, Osamu Nishio®. Hirokazu Kimura®,
Mamoru Noda', Naokazu Takeda’, and Tomoichiro Oka*

Yamaguchi Prefectural Institute of Public Health and Environment, Yamaguchi 753-0821: 'Department of
Veterinary Hyvgicne, Yamaguchi University, Yamaguchi 753-8315; “Infectious Disease Surveillance Center and
‘Department of Virology Il. National Institute of Infectious Diseases, Tokvo 208-0011: and
‘National Institute of Health Sciences, Tokyo 158-8501, Japan
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SUMMARY: This report describes multiple viruses in stool specimens from oyster-assaciated gastroenteritis.
Eleven outbreaks of oyster-associaled gastroenteritis were examined for enteric viruses between January 2002
and March 2006 in Japan. Multiple norovirus genotypes were detected in all outbreaks; moreover, kobuvirus,
sapovirus, and astrovirus were also detected in 6. 3. and | of the |1 outbreaks, respectively. Notably, multiple
sapovirus genogroups were detected in the stool specimens from subjects in two ovster-associated gastroententis

outbreaks,

Viral agents of gastroenteritis affect millions of people of
all ages worldwide. The major viral agents of gastroenteritis
include norovirus. sapovirus, rolavirus, astrovirus, and adeno-
virus (1,2). Kobuvirus, which is now classified into the
family Picornaviridac, was also recently identified as a
possible pathogen for gastroenteritis (3.4). Noroviruses are
the dominant cause of gastroenteritis outbreaks worldwide.
and are transmitted through the ingestion of contaminated
foods. through the air, and by person-to-person contact (5-7).
The majority of human noroviruses can be divided into two
genogroups (Gl and GlIlI) (8). Recent reports revealed
sapovirus to be an important cause of gastroenteritis outhreaks
(9-13), although foodborne transmission of sapovirus has not
been clearly demonstrated. Sapovirus can be divided into five
genogroups (Gl to GV), among which Gl. GIL. GIV, and GV
are known 10 be human pathogens (14.15).

The purposes of this study were to detect norovirus,
sapovirus, kobuvirus, and astrovirus in stool specimens col-
lected from subjects in oyster-associated outbreaks of gastro-
enieritis, and then to address the genetic diversity of norovirus
and sapovirus.

Stool specimens were collected from 56 patients and 15
food handlers in 11 oyster-associated outbreaks ol gastro-
enteritis (i.e.. outbreaks in which oysters were suspected to
be the cause, since all affected individuals consumed or
handled oysters) between January 2002 and March 2006 in
Japan. This included seven restaurans, three private homes.
and a monastery (Table 1), Nucleic acids were extracted from
140 g1 of a 10% (w/v) stool suspension with a QlAamp
Viral RNAkit (QIAGEN K. K.. Tokyo, Japan) according to
the manufacturer’s protocol. and reverse transcription and

*Corresponding author: Mailing address: Yamaguchi Prefectural
Institute of Public Health and Environment, 2-5-67 Aoi, Yama-
guchi 753-0821, Japan. Tel: =81-83-922-7630, Fax: —81-83-922-
7632, E-mail: okamoto.reikofa pref. yamaguchi. g jp

** Present address: Naticnal Institute of Infecrious Discases, Tokyo
208-0011, Japan,
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reverse transcription-polymerase chain reaction (RT-PCR)
were performed as previously deseribed (16). Briefly, for
norovirus Gl PCR. GISKF and GISKR primers were used;
and for norovirus Gl PCR, G2SKF and G2SKR primers were
used (16). For sapovirus. F13, FI4, R13, and R 14 primers
were used 1o amplify the 1st PCR product, whereas for
the nested PCR, F22 and R2 primers were used (17). For
kobuvirus, C94b and 264K primers were used. and these were
designed to amplify the 3C/D junction (3). For astrovirus,
PreCAP1 and 12Gr primers were used to amplify the st PCR
product, and then Mon244 and 82b primers were used for the
nested PCR (18,19). Kobuvirus- and astrovirus-positive speci-
mens were directly sequenced, whereas norovirus and
sapovirus specimens were cloned into the pCR2.1 vector
(Invitrogen Japan K. K_, Tokyo, Japan), and ai least four clones
from each specimen were sequenced. Nucleotide sequences
were determined as described earlier (20). The norovirus and
sapovirus sequences determined in this study were registered
as EF630535-EF630617 in DDBJ.

Forty-ninc of 56 (R8%) stool specimens from the patients
and 6 ol 15 (40%) stool specimens from food handlers were
positive for at least one type of virus. Interestingly, about
one-third of the specimens (21 of 71 [30%]) were positive
for two or more types of viruses (Table 1). Noroviruses were
detected in all 11 outbreaks, including 52 of 71 (73%) stool
specimens. Norovirus Gl sequences were detected in 3 of 11
outbreaks, whereas we detected both norovirus Gl and Gll
sequences in the remaining eight outbreaks. The norovirus
Gl sequences were separated into 10 genotypes (GlI/1-5, Gl/
8. G1/10, and GI/13-15), while the norovirus GIl sequences
were separated into six genotypes (G11/3-6, GIVR. and GII/
12) (Fig. 1A). Two or more genotypes of noroviruses were
detected in 20 of 32 (38%) norovirus-positive specimens
{Table 1).

Sapoviruses were detecied in 3 of 11 outbreaks, including
5 ol 71 (7%) specimens. The sapovirus sequences belonged
to GI/1, GII/L, G112, and GII/3 (Fig. 1B). Interestingly. we
detected two sapovirus genogroups in one stool specimen:
SAV-H2a (GII/2) and SAV-H2b (GI/1). Kobuviruses were
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Table | Detals of the outhreaks showing the seiting. no, of persons with symptoms and the viruses detected

No.peraons ; L Sapovirus
u:r:‘:ﬂ MDY Setting with '\"ég“ml ' Case Symptoms \m’: s ypel (genogroun Kobuvirus  Astrovins
RyTploms PEOEs penotype)

! 012302 Home s 3 individual +  HIiGI4 SAV-HI {GIE2Y - -
012202 individual ¥ H G4y -
D12302 iy icdual +  HIWY SAV-H2a (GII2), -

SAN-HIb (Gl .

2 012302 Restauram It 4 individual + Gy 5 =
01.24.02 individual + - +
012402 imdividual + B3a (GHI3L 3 (Gl = -
0123402 iy idual * MGy = - -
01.24.02 individual + - -
0i24.02 indis idual - -

012402 mdividual + 176Gy - + -
01.24.02 mdividual + - = =
01.24.02 individual . - -
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02402 food-handier = - - -
012402 individual + V3 GIFE2)
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12 (G4
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122500 inclividual < LALGUI4) LA (GIS) + -
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02.07.03 innlividual + N2 (G4 SAVAL G Y
N2.07.03 indiy haal + NG SAVNS(GIT)

02 ma3 foad- handler - +

7 (L1603 Restaurant 5 k} et vidhual + O (GER), O IGIVE) +
n217.03 Tood-handler - O2iGEL O (Gld) .

021503 mclividual + % (GIS)L O3b (Glle)

X 030103 Restaunmt 12 14 imubividhal + Pla(Gldg, PIb (GIE) +
03.01.03 mdwidual + TGS PGS +
[EENTRGE] incividual . PRGlLS +
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03,0103 Food-handler - - -
03,0103 foonl- handler o
o3m .0 fowed-hamidler = +
030103 food- handler
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nroLm T handier
030103 feowt-handler -
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121704 mdividual + RIGED ~ + -
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{1} 02.14.06 Restaurant 19 5 food-handler - S1iGIx)
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Fig. 1. Phylogenetic tree of the noroviruses (A) and sapoviruses (B) detected in this study. The trees were construeted with the
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(AYB45056) were used as the reference sequicnces.
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detegted in 6 of 11 outbreaks, including 19 of 71 (27%) speci-
mens (Table 1). The kobuvirus sequences belonged to geno-
type A and shared greater than 98% nucleotide identity.
Interestingly, 16 of 19 kobuvirus-positive specimens werc
also norovirus-positive. which suggests thal co-contamination
ol these viruses in the natural environmenl was common.
However, astrovirus was detected in only 1 of 11 outbreaks,
and its nucleotide sequence was closely related to that of
human serotype 4 sequences (data not shown).

In 7 of the 11 outbreaks (Outbreaks 1, 2.5, 6.7, 8. and 9).
two or more types of viruses were detected, whereas only
noroviruses were detected in the remaining four outbreaks
(Outbreaks 3. 4. 10, and 11). Morcover. multiple norovirus
genogroups and/or genotypes were detected in all outbreaks.
It is noteworthy that we detected two sapovirus genogroups
(GI/1 and G11/2) and two norovirus genotypes (G172 and GI/
4) in one outbreak (Table 1, Outbreak 1). Although multiple
norovirus genotypes were previously found, as were
kobuviruses in oyster-associated outbreaks (3.4,8.21,22), this
is the [irst report to detect multiple genotypes and genogroups
of human sapoviruses in stool specimens from subjects with
oyster-associated gastroentenitis. In addition, we detected two
sapovirus genogroups in the same outbreak for the first ime.
Recently, we detected sapoviruses in the clam Corbicula
Japonica (bivalve mollusk), which is used for human con-
sumption, and the sequences were closely related to those
from patients with gastroenteritis (20). The results described
in this study suggest that multiple sapovirus genotypes were
concentrated in oysters, as were norovirus genotypes (23-
25). which may be transmitted to humans, causing gastro-
enteritis. Unfortunately. no oyster samples were available for
screening. The detection of sapovirus in oyslers is an issue
to be addressed in the future. It would also be interesting to
determine whether or not the chinical symptoms of patients
infected with multiple species of viruses were different from
those infected with a single species of a virus.

In conclusion, sapovirus and kobuvirus were frequently
detected with multiple genotypes of norovirus in stool speci-
mens from subjects in oyster-associated outbreaks, suggest-
ing that examination of not only norovirus but alse these
enteric viruses is needed in order to confirm the causative
agenls.
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Prevalence of Hepatitis E Virus (HEV) Infection in Wild Boars
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ABSTRACT. The prevalence of hepatitis E virus (HEV) infection in wild boars and pigs in Gunma Prefecture, Japan, was serologically and
genetically examined. The positive detection rates of anti-HEV IgG and HEV RNA in the wild boars were 4.5% (4/89) and 1.1% (1/
89), whereas those in the pigs were 74.6% (126/169) and 1.8% (3/169), respectively. The positive rates of anti-HEV IgG and HEV RNA
on the 17 pig farms in the present study ranged from 20% to 100%, respectively. One male wild boar approximately 5 years of age was
positive for HEV RNA but was negative for anti-HEV 1gG. Three pigs from 2 farms were positive for HEV RNA; 2 of these pigs were
negative for HEV 1gG, and the other was positive. A phylogenetic analysis revealed that all of the HEV ORF1 genes detected in the
present study belonged to genotype 1. In Gunma Prefecture, HEV is highly prevalent and widespread, and uncooked wild boar and

pig meat may have the potential to transmit HEV to humans.
kEY wonps: hepatitis E virus, Japan, swine, wild boar.

Hepatitis E virus (HEV), which belongs to the genus
Hepevirus, is the causative agent of hepatitis E. Hepatitis E
infection has been found in many developing countries in
Asia, Africa and Latin America, where the disease is an
important public health concern [15]. HEV is primarily
transmitted by the fecal-oral route such as in waterborne
epidemics.

Recent studies have suggested that HEV is divided into 4
genotypes designated as G I, G I1, G II1, and G IV [17]. The
HEV infections in Asia and Africa are mainly caused by G
[, and the majority of the GII infection have been reported in
Mexico and Nigeria. On the other hand, only a single case
of infection with GIII or GIV has been described in the
United States, European counties, Argentina, Taiwan and
China [17, 21, 22]. In Japan, most imported cases with G [
have derived from epidemic areas such as Asia and Africa
[2]; however, G 111 or G IV has also been detected in acute
hepatitis patients who have never traveled to HEV epidemic
areas [6, 8, 13, 14, 20, 21, 24, 29). These patients often have
a history of consuming uncooked wild boar (Sus scrofa leu-
comystax) and sika deer (Cervus nippon) meat and liver [$,
27, 28]. Also, HEV strains belonging to G I, G Il or G IV
have been detected in Japanese patients with sporadic acute
or fulminate hepatitis E [8, 9, 19-22, 24, 31]. In addition,
Yazaki er al. [31] reported that HEV RNA has been detected
in 2% (7/363 packages) of sold pig liver on the market by
* CORRESPONDENCE T0: MORITA, Y., Gunma Prefectural Institute of

Public Health and Environmental Sciences, Maebashi, Gunma
371-0052, Japan.
e-mail: moritayukiojp@gmail.com

J. Vet. Med. Sci. T1(1): 21-25, 2009

reverse transcription-polymerase chain reaction (RT-PCR).

In Japan, it has been suggested that the transmission route
of HEV remains unclear in approximately 60% of infected
patients [1]; zoonotic food-bome transmissions account for
30%, imported infection accounts for 8% and blood transfu-
sion is responsible for 2%. In Gunma Prefecture, Japan,
approximately 3,000 wild boars are annually slaughtered for
meat [unpublished data], and the number of breeding pigs in
the prefecture was approximately 6 million in 2005,
According to the Gunma Prefectural Statistics Report (hitp:/
{www pref.gunma.jp/cts/PortalServlet?’DISPLAY ID=
DIRECT&NEXT_DISPLAY _ID=U000004&CONTENTS
_ID=43375), Gunma Prefecture is one of the major pork-
producing areas in Japan. However, to the best of our
knowledge, there have been no reports on the prevalence of
HEV infection in wild boars and pigs in the prefecture to
date. Here in, we report the seroprevalence of anti-HEV
IgG detected by enzyme-linked immunosorbent assay
(ELISA) and HEV RNA by RT-PCR among wild boars and
pigs in Gunma Prefecture, Japan.

MATERIALS AND METHODS

Samples: From September 2004 to March 2006, blood
samples from 89 wild boars were kindly provided by hunt-
ers, and these samples were placed in sterile tubes, stored at
approximately 4°C and sent to the laboratory within 12 hr.
The ages of the wild boars were estimated by the hunters.
From September to December 2004, we collected 169 pig
blood samples from 17 pig farms during viscera inspections
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at G slaughterhouse in Gunma Prefecture, with 9 to 10 sam-
ples obtained from each farm. All pigs were approximately
6 months old. The blood samples were placed in sterile
tubes, stored at approximately 4°C and sent to the laboratory
within 3 hr. All blood samples were centrifuged at 1,900 x
£ for 20 min, and the serum was stored at —20°C until anal-
yses.

Serologic analysis: Anti-HEV IgG was measured by
ELISA as previously described with some modifications
[4]. The antigen used in the ELISA was HEV-like particles
composed of a truncated open reading frame 2 (ORF2) pro-
tein of genotype | HEV expressed by a recombinant baculo-
virus in insect cells and was suspended with 0.5 M
carbonate buffer (pH 12.5) at a concentration of 1 ug/m/ [3].
The antigen solution (100 /) was added to duplicate wells
of 96-well microplates (Sumiron ELISA plate type H, Sum-
itomo Bakelite, Tokyo, Japan). Afier washing with phos-
phate buffered saline containing 0.05% of tween-20
(PBST), the wells were coated with 5% skim milk in PBST
for | hr at room temperature and then incubated with 100 @/
of serum samples at a dilution of 1:200 in 1% skim milk in
PBST for 1 hr at room temperature, The wells were washed
with PBST 3 times, and the bound IgG antibodies were
probed with peroxidase-labeled goat anti-swine IgG anti-
bodies (heavy plus light chain; Kirkegaard and Perry Labo-
ratories, Gaithersburg, MD, U.S.A.). After washing 3 times
with PBST, 100 ¢4 of substrate, for wild boar samples, TMB
HRP Microwell substrate, Bio FX Laboratories, MD, USA;
for swine samples, 200 uM of 2,2"-azino-bis(3-ethylbenz-
thiazoline-6-sulphonic acid (ABTS), Sigma, St. Louis, MO,
U.S.A.) was added, and the plates were incubated for 10 min
(for wild boar samples) or 30 min (for swine samples) at
room temperature. Following the incubation period, 100 s/
of stop solutions was added to the plates. The density at 450
nm (wild boar samples) or 415 nm (swine samples) was
measured using an automatic ELISA reader (Benchmark
Plus, BioRad, U.S.A.), A sample was considered positive
for anti-HEV IgG when the average of OD value was greater
than the cut-off value. To determine the cut-off value of the
1gG, each of the 10 samples that had the lowest OD values
and were negative in the western blot analysis were used as
negative sera. In the present study, ODs of 2.597 and 0.197,
which were calculated as three standard deviations above
the mean values for the wild boar and swine negative con-
trols, respectively, were used as the tentative cut-off values
for each sample.

Extraction of RNA and reverse transcription polymerase
chain reaction: Frozen serum samples were thawed at room
temperature and then centrifuged at 3,000 x g at 4°C for 30
min, and the supernatants were then used for RT-PCR and
sequence analysis. Total RNA was extracted from 140 uf of
the re-centrifuged serum using a QlAamp Viral RNA Mini
kit (Qiagen, MD, U.S.A.). The extracted RNA was then
suspended in 60 g of DNase/RNase-free water and treated
with 5 U of DNase | (Takara, Tokyo, Japan). To amplify the
326- nucleotide region from open reading frame 1 (ORF1)
by RT-PCR, we used genotype-specific primers as previ-

ously described [21]. The amplified DNA fragment was
separated by electrophoresis on a 3% agarose gel, and the
DNA fragments were purified using a QlAquick PCR Puri-
fication kit (Qiagen). The nucleotide sequence was deter-
mined using an automated DNA sequencer (ABI PRISM™
310 Genetic Analyzer; Applied Biosystems, Foster City,
CA, US.A)) using a Big Dye Terminator v1.l cyele
sequencing kit (Applied Biosystems). Nucleotide
sequences of the partial ORF1 of HEV (positions 124 to
449: 326 bp) were analyzed phylogenetically using CLUST-
ALW on the DNA database of Japan (DDBJ) homepage
(http://hypernig.nig.ac.jp/homology/clustalw-e.shtml) and
TreeExplorer (Version 2.12; http://evolgen.biol.metro-
u.ac.jpTE/). Evolutionary distances were estimated using
Kimura's two-parameter method, and phylogenic trees were
constructed using the neighbor-joining (NJ) method [16].
The reliability of the trees was estimated using 1000 boot-
strap replications.

Statistical analysis: The chi-square test with Yates’ con-
tinuity correction was used to compare the positive detec-
tion rates of anti-HEV IgG between male and female wild
boars. Differences were considered significant when the p
value was less than 0.05.

RESULTS

Prevalence of HEV infection in wild boars in Gunma Pre-
JSecture: Anti-HEV lgG was detected in 4 (4.5%) of the 89
wild boars (Table 1). No significant difference was found
between for the male (2.9%; 1/35) and female (6.7%; 3/45)
wild boars (chi-square test with Yates" continuity correc-
tion, p=0.7960). HEV was detected in only | wild boar
(WBG06-01), giving a 1.1% (1/89) positive rate.

Prevalence of HEV infection in slaughtered pigs in
Gunma Prefecture: Anti-HEV IgG was detected in 126
(74.6%) of the 169 slaughtered pigs (Table 2). The positive
rates among the individual 17 pig farms varied from 20% to
100%. HEV RNA was detected in 1.8% (3/169) of the pigs,
1 from farm M(PG05-03) and 2 from farm H (PG05-01 and
PG02-02), and the positive rates of anti-HEV IgG for these
farms were 60% and 89%, respectively.

Information on HEV RNA-positive animals: We detected
HEV RNA in one wild boar and three pigs. The wild boar
(WBG06-01; male; body weight of about 80 kg) was esti-
mated to be approximately 5 years of age by the hunters and
was negative for anti-HEV IgG. Of the 3 pigs, 2 (PG05-01
and PG05-02) were from farm H, and the other (PG05-03)
was from farm M. Farms E and L are located in the center
of Gunma Prefecture and have no history of contact with
wild boars. Of these 3 pigs, 2 (PG05-01 and PG05-03)
were negative and 1 (PG05-02) was positive for anti-HEV
IgG.

Phylogenetic analysis of the HEV isolates based on the
sequences of open reading frame [: The phylogenetic tree
based on the ORF1 gene in HEV detected in Japan and other
countries is shown in Fig. 1. The strains were divided into 4
genotypes as described in a previous report [17]. All 4
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Table |. Detection of anti HEV-1gG and HEV RNA in wild boars

A Number  1gG positive HEV RNA

e ) Sex of samples detection
gl samples (%) (%)

<12 Male 4 0( 0 0( 0)

i Female 7 0( 0 0( 0

Male ] 0( o 0o o

i Female 3 0( 0) 0o( 0

” Male 4 1 (25.0) o( 0

336 fomle 10 0( 0) 0( 0)

Male 6 or o 0( 0

348 Female 7 o( 0 0( 0

Male 1 0( o 19(100)

e Female 9 1 (11.1) o( o

~62 Male 5 0( 0 0( 0)

Female 6 1 (16.7) o( 0

Male 7 LU 0( 0

Unknown  Female 3 1(33.3) 0( 0)

No record 9 0( o o( 0

Male 35 1(29) 1(29)

Subtotal Female 45 3(67 0( 0)

No record 9 0o( 0 o( 0

Total 89 4( 45) 1{ L)

a) Sample number: WBG06-01.

Table2.  Detection of anti HEV-IgG and HEV RNA in 17 pig
farms
Number of e posliﬁve HiEV R,N'A
Farm samples T
(%) (%)

A 10 10 (100) 0 (0
B 10 10 (100) 0(0)
C 10 10 (100) 0(0)
D 10 10 (100) 0(0)
E 10 10 (100) 0(0)
F 10 9 ( 90) 0(0)
G 10 9 ( 90) 0(0)

H 9 8 ( B8.9) 2(222)
1 10 8 ( 80) 0(0)
J 10 7 ( 80) 0(0)
K 10 7 (70) 0(0
E 10 6 ( 70) 0(m
M 10 6 ( 60) 1%(10)
N 10 5 ( 50) 0(0
o] 10 5 ( 50) 0 (0
P 10 4 ( 40) 0(0)
Q 10 2 (20 0(0)

Total 169 126 ( 74.6) 3(18)

4) Sample number: PGO5-01 and PG0O5-02.
b) Sample number: PGO5-03,

strains detected in the present study were classified into
genotype I11, which includes several genotypes of Japanese
domestic animals previously reported [&, 11, 12, 20, 23, 28,
31]. The sequences of the 2 pigs (PG05-01 and PG05-02)
from farm H were identical (AB362371 and AB362372) but
were different from that for farm M by approximately 0.11,
while the distances of the wild boar sequence (AB362374)
from the sequences of boars from farms H and M were 0.1
and 0.07, respectively.

DISCUSSION

Epidemiological studies have reported that HEV infec-
tion is prevalent among wild boars [5, 12, 26, 30] and pigs
[10, 25] and have suggested that consumption of the meat
and liver of these animals is a risk in terms of HEV infection
in Japan [3, 26, 30]. In the present study, the positive rates
of anti-HEV IgG and HEV RNA (genotype I} in the wild
boars were 4.5% (4/89) and 1.1% (1/89), respectively. The
positive detection rates showed no relationship with the age
of the animals. Sonoda er al. [18] reported that anti-HEV
IgG is present in 8.6% (3/35) of wild boars and that HEV
RNA genotype 111 has been detected in a 60-kg male wild
boar (2.9%, 1/35) that was negative for anti-HEV 1gG (pre-
sumed to be approximately 2 years of age). In other study in
Japan, Michitaka er al. [7] reported a positive rate of anti-
HEV IgG in wild boars of 25.5% (100/392), and 3.1% (12/
392) of the wild boars in their study were positive for the
HEV RNA genotype II1. In the present study, although the
seroprevalence of HEV infection in the wild boar was con-
siderably lower than in previous reports, some of the ani-
mals in Japan are infected with GIII and may potentially
serve as a source of infection in humans.

The prevalence of anti-HEV IgG in pigs depends on the
age of the animals, and HEV RNA has been detected in 2- to
4-month-old pigs and less commonly in older pigs [10, 14,
23, 25]. Takahashi ef al. [23, 25] reported detection rates of
anti-HEV IgG in 6-month-old pigs that ranged from 73.5%
(100/136) to 90.4% (226/250), with no HEV RNA detection
from any prefecture examined in Japan to date. Although
the positive rates of anti-HEV IgG in the present study were
similar to those in previous reports, HEV RNA (genotype
IIT) was detected in 1.8% (3/169) of the pig serum samples,
and this suggests that HEV genotype 11 is highly prevalent
and widely distributed in pigs. Thus, it is highly possible
that pigs are a source of HEV infection in humans. A
nationwide campaign prohibiting consumption of uncooked
liver and meat from wild boars and pigs should be imple-
mented to prevent HEV infection in humans.
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Between March and May 2004, a GI1.2 genotype norovirus strain caused an epidemic of acute gastroenteritis
in Osaka, Japan. Phylogenetic analysis showed that this strain was distinct from all other GIL2 strains
detected in Osaka City between April 1996 and March 2005,

Noroviruses (NoVs) arc a major cause of acute gastroenter-  observed (9, 13, 14). The human NoVs are divided into three
itis worldwide, Their transmission modes are food. person-to- genogroups (Gl. GI1, and GIV), of which GI and GI1 strains
person contact, and environmental contamination (5). In many  are the most commonly found (2, 21). Within a genogroup,
countrics, cold weather seasonality of NoV infections has been strains can be further divided into genotypes based on >80%

TABLE 1. Description of outbreaks in which NoVs were detected in Osaka City, Jopan, between March and May 2004

Attack ratc Na, of specimens Chantrndtii
Outhreak no Day(s)/mo Place Souree Age group (no. illino NoV 16‘@:
at risk) Total positive

04032 IMarch Restuurant Oysters Adults 9/12 7 5 Gl.1, GILS
04034 8/Murch Restaurant Oysters Adults 33 2 1 GL.1, GILS
04037" 6/March Restaurant Oysters Adults 22 2 1 Gl
04038 11/March Hestaurant UK Children 29/60 29 2 GlL.2
04039" 15/March Home UK Children JUK 2 1 GILz
04041 14/May Restaurant Food Adults UK 2 2 GILS
04042 14/March Restaurant Food Adults 4071 10 9 GIL2
04043 17/March Kindergartien L Children 20UK 2 2 GIL2
04047 I April Hotel Fouod Adults 162565 3 3 Gird
(4048 T/ April Restaurant Oysters Adults 614 1 1 GILS
04056 12-13/April Kindergarten e Children 114UK 60 50 GIL2
04057 23/ April Hotel UK Adults 325196 1 1 GIlL4
04059 15-30April School PP Children 268/UK B4 74 GlL2
04062 1/Muy Restaurant UK Adults 72176 2 2 Gll6
4067 10-15/May School r Children 154UK 41 26 GIL2
04071 16-23/May Kindergarten e Children 95/UK 56 49 GIL2
04073 22/May Restaurant UK Adults 4/5 2 2 GIL2
04075 25/May School P Children 41UK 2 19 GIL2
04076 25-26/May School rP Children UK 9 9 GlL2

* Gl.2-cap NoV-associated outhreaks arc indicated in holdface

" Dmly one sample tesied positive for MoV, but the pubreak was confirmed hased on epidemiclogical data
* Kageyama ¢t al. (10).

UK. unknown route

“ PP, person-to-porson contact.

"The outlweaks occurred in odher citics and had other NoV-positive patients.

* Corresponding suthor. Mailing address: Laboratory of Microbiol-
ogy. Osaka Prefecture University, 1-1 Gakuen-cho, Sakai, Osaki 599-
8531, Japan. Phone: 81-72-254-9484. Fax: 81-72-254-9918. E-mail: seto
(@ vet.osakafu-uac.jp.

" Published ahead of print on 21 May 2008,
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sequence identity in the complete capsid protein VPI (5, 23).
However, for molecular epidemiological investigations, tenta-
tive genolyping methods based on partial genomic sequencing
of the RNA-dependent RNA polymerase (RARp) and capsid
genes are commonly used (3, 10, 19, 20). Between March and
May 2004, an unusual increase in NoV.associated outbreaks
was observed in Osaka City. Japan,

In Osaka City, with a population of approximately 2.6
million. NoV surveillance is conducted by collecting a busic
set ol eprdemiological data (age range of paticnls, seiting of
outbreak, mode of trunsmission, date of onset, and attuck
rate) and testing stool specimens. An outbresk of acute
gastroenteritis is defined as two or more patients with diar-
rhea and or vomiting who are linked by place and time,
Palicnts with acute gastrocnteritis attending sentinel pedi-
atric clinics in Osaka are included as sporadic cases (8).
Stool specimens were tested for NoV by reverse transerip-
tion-PCR (RT-PCR) using primers targeting the RARp re-
gion until April 2001 (9) and by real-time RT-PCR since
that time (18). All GIL2 strains were characterized by both
partial RURp and capsid gene sequencing as follows. RT-PCR
assays were developed 10 amplify long genomic fragments using
different sets of primers: (i) primer pair LV4282-99F (S-YCAY
TATGATGCWGAYTA-3 )N235Rex (3-GCWANRAAAGCT
COWGCCAT-3') for the partial RARp and the complete capsid
genes (2,451 bp) and (i) LV4282-99F/ G2SKR ( 12) for the partial
RdRp and the capsid N-terminalishell (N/S) genes (1,108 bp).
The amplificd fragments were sequenced in both orientations
with the primers, Phylogenetic analysis and genotyping based on
the capsid N/S domain were performed as described by Katayama
¢t al (11). Assignment of genolype was based on the complete
VPI sequence according to Zheng et al. (23) and expressed as
“genotype number-cap™ (for example, “GIL2-cap™). Genotyping
based on the RARp region was performed using the criteria de-
seribed by Vinjé et al. (19), The RARp genotype was expressed as
“genotype number-pol” (for example. “GIL2-pol”).

A total of 238 NoV-positive outbreaks and 300 positive spo-
radic cases were detected between April 1996 and March 2003,
Muost (91.6%) of the NoV-positive outbreaks occurred be-
tween November and March of each year, whercas 85.0% of
the NoV-positive sporadic cases oceurred between October
and February of cach year. Between March and May 2004, 11
GI1L.2-cap NoV-associated outbreaks were observed (Table 1),
In other years, a total of eight genctically different GI1.2-cap
strains, found on a separate branch on the phylogenetic tree
(Fig. 1A). were detected. Thus, the number of the GIL.2-cap
NoV-associated outbreaks in the spring of 2004 was unusual
compared with those for other seasons and higher than in all
previous years (Poisson distribution, P < 0L0001). No NoV-
associated outbreaks were observed between June and Octo-
ber 2004,

Of the 11 GIL2-cap NoV-associated vutbreaks in the
spring of 2004, nine occurred in children (81.8% ), whose
maost common transmission mode was person-to-person con-
tact (63.6% ) (Table 1). In both children and adults, symp-
toms in GI1.2-cap NoV-associated outbreaks were similar to
those in outbreaks caused by other NoV genotypes. No
epidemiological links were found among the outbreaks that
could explain their spring emergence. In contrast. the eight
genetically different GI1.2-cap strains observed during our
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FIG. 1. Phylogenctic analysis of the capaid NS (278 nuclentides)
(A) and the partial RARp (B) regions of the GIL.2-cap struins detected in
Crakan City. The G 2-cap strains detected between March and May 2004
((Mapring strains) are represented in boldface. Reference strains of NoV
used in this study are represented in italics. The bootstrap values are
indicated on each branch. The seule indicates the number of substitutions
per site. (A) In outbreaks 03199 und (4036, there were two kinds of
sequences, whereas all other outhreaks had only one type of sequence.
(B) The tree was construeted with 720 nucleotides of the 3 end of ORF1,
Strains 03199-1 and -2 could not be amplifiecd in the RARp gene. The
asterisks indicate the GI.2-cap NoVs. which have been reported as the
Gl 2-capnid sequences associated with other RdRp sequences (1. 3, 7).
The genotypes at the RARp region, which are not assigned numbers, ire
represented as GILNA. The GenBank secession numbers for the
reference strains of NoV used in this study are as follows, E3Y7
Crete, AYBR2352; HillingdonWVUK, AJZTT60T; Hokkaido 1 33031P,
AB212306; MelkshamS4UK, X818 MOIL9TIU, AF3972506; Nor-
wall/ARLIS, MET661: Pont de Roide 6THM/FR, AYG82549; Saitama U1,
ABURITTS; Spow Mountain ToUS, AY 134748,
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Y-year NoV surveillance were found mainly in December or
January, mostly in adults, with transmission by the consump-
tion of comaminated foods. Among sporadic cases, three
Gl1.2-cap strains were detected in the spring of 2004. These
cases scemed to be epidemiologically unrelated 1o the 11
outbreaks of the same period. From the genetic analysis, all
Gll.2-cap strains detected during the spring of 2004
(Mspring strains) were classificd into the GIL2 genotype at
the RdRp region and were closely related to one another
(=99.1% nucleotide and =98.5% nucleotide identities in
RdRp and capsid N/S regions, respectively). The eight ge-
netically distinet GI1.2-cap strains from other seasons were
segregated into GIL.2 (strain 02012) and other four other
genotypes (one GILb and three GII-NA) at the RdRp re-
gion, suggesting that these four were recombinant strains
(Fig. 1B). Comparison of the amino acid sequences of the
complete capsid genes revealed no common difference be-
tween the O4spring strains and the other GII2-cap strains
(data not shown).

In this study, we focused on an unusual cluster of GIL2
NoV-associated outbreaks in spring 2004 in Osaka City.
These GIL2-cap strains were rare in Osaka City in the
previous 9 years of our surveillance. The spring 2004 out-
breaks were distinet from the other GIl.2-cap NoV-associ-
ated outbreaks in seasonality (spring versus winter), age of
patients (children versus adults), and transmission mode
(contact versus food). These occurrences could be explained
by the rarity of G112 strains in the population. Since the
strains were rare, children in Osaka City most likely did not
have antibodies to the O4spring strains. The genetic charac-
terization of these strains showed that they formed a distinct
cluster that suddenly appeared, spread in Osaka City for a
few months, and disappeared. Their disappearance may re-
flect acquisition of immunity to the 04spring strains in the
population. Previous reports described the sudden emer-
gence and disappearance of certain genotypes of NoV (6, 8,
9, 17) in a limited region. For GI1.4 strains, this phenome-
non has been observed globally (13, 15, 16, 22). It is unclear
why differences in behavior exist among NoVs belonging to
different genotypes. The emergence of a GIL2 strain with
matching RdRp and capsid genotypes as the dominant cause
of a cluster of outbreaks suggests that recombination may
affect the behavior of NoV strains. Most other GIL2 viruses
found throughout the surveillance period were recombinant
strains detected in isolated outbreaks. Gallimore et al. (4)
likewise suggest that variants differ in their impact on public
health according to the accumulation of point mutations and
recombinants. Future studies using structured surveillance
are needed to address this hypoihesis and improve our un-
derstanding of NoV epidemiology. Such insight is essential
to design evidence-based strategies for NoV control and
prevention,

Nucleotide sequence accession numbers. The nucleotide se-
quences determined in this study were deposited in DDBJ with
the following accession numbers: ABOB98S2 and AB279553 10
AB279576.
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Noroviruses (NoVs) are considered to be a major cause of acute nonbacterial gastroenteritis in humans. The
NoV genus is genetically diverse, and genotype GI14 has been most commonly identified worldwide in recent
vears. In this study we analyzed the complete capsid gene of NoV strains belonging to the less prevalent
genotype GIL2. We compared a total of 36 complete capsid sequences of GIL2 sequences obtained from the
GenBank (n = 5) and from outbreaks or sporadic cases that occurred in The Netherlands (n = 10) and in
Osaka City, Japan (n = 21), between 1976 and 2005. Alignment of all capsid sequences did not show fixation
of amino acid substitutions over time as an indication for genetic drift. In contrast, when strains previously
recognized as recombinants were excluded from the alignment, genetic drift was observed. Substitutions were
found at five informative sites (two in the P1 subdomain and three in the P2 subdomain), segregating strains
into five genetic groups (1994 to 1997, 1999 to 2000, 2001 to 2003, 2004, and 2005). Only one amino acid position
changed consistently between each group (position 345). Homology modeling of the GIL2 capsid protein
showed that the five amino acids were located on the surface of the capsid and close to each other at the
interface of two monomers. The data suggest that these changes were induced by selective pressure, driving

virus evolution. Remarkably, this was observed only for nonrecombinant genomes, suggesting differences in

heh

with rec I strains.

Noroviruses (NoVs) are an important cause of acute non-
bacterial gastroenteritis in adults and children worldwide (13).
NoVs are members of the family Calicivindae, having a posi-
tive-sense single-stranded RNA genome. Their genome 15 or-
ganized into three open reading frames (ORFs), ORFI ¢n-
codes nonstructural proteins including the RNA-dependent
RNA polymerase (RdRp). ORF2 encodes a major structural
ciapsid protein including a shell (5) domain and a protruding
(P domiin, and ORF3 encodes a minor structural protein (13,
I8, 41). The S domain forms the inner part (shell) of the viral
capsid, and the P domain forms the arch-like structures that
protrude from the virion. The P domain is further divided into
Pl and P2 subdomains that correspond to the sides and the top
ol the arch-like capsomeres, respectively (13, 31).

Based on the genctic analysis of the RdRp and capsid re-
gions. human NoVs can be divided into three genogroups (Gs).
GL GIL and GIV (2, 14, 39), which further segregate into
distinct lincages called genotypes (2, 20, 36, 37). Recently,
Kageyama et al, (20) proposed that at least 31 genotypes could
be distinguished within GI and GIIL The GIL4 genotype, which
is represented by the Lordsdale/93/UK strain, has been the
maost commanly identificd genotvpe worldwide in recent years,
Genetic characterization of strains belonging o this genotype
have shown a sequence of variants that have arisen over time,
suggesting that rapid genetic evolution of GIL4 NoVs may in

* Corresponding author. Mailing address: Department of Microbi-
oliogy. Osaka City Institute of Public Health and Environmentul Sci-
ences, §-34 Tojo-cho, Tennoji-ku, Osaki 5430020, Japun, Phone: 81 6
6771 3147, Fax: 81 6 6772 0676, E-mail: n-iritanito city.osaka lg.jp.
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part expliun their successful spread and impact on people of all
ages (5,9, 27, 29, 30, 33, 40).

Viruses belonging to other NoV genotypes are found less
consistently, causing sporadic outbreaks or temporary epidem-
ics in a limited geographic region or time period (5, 17, 23, 26).
As a result. far less is known about the population structure of
these variants (28). The genetic analysis of other genotype
NoVs excluding GIL4 will improve our understanding of ge-
netic evolution and its relevance for the epidemiology of NoVs.

During the spring of 2004, an epidemic of GI1.2 NoV (which
15 represented by the Melksham/4/UK strain [Melksham])
occurred in Osaka City, Japan. Our previous study of this
regional epidemic described the molecular epidemiology of
these GIL2 strains (17). Here. we deseribe the genetie charac-
terization of GIL2 strains from those outbreaks in comparison
with viruses detected over a 12-vear period in the GenBank,
The Netherlands, and Japan.

MATERIALS AND METHODS

GILZ strains. A total of 36 NoV straims tha had been characienacd s G112
genotype were used for this study (Table 1), The capsid sequence datn for five
GIL2 strains were obtained from the GenBank. OF these, the Melksham strain
and the Chesterfield 434799708 streain (11, 29) have been charactenised as
helonging o the G genotype on the basis of RARp as well as capsid regions
The Snow Muountain To'LS strain his been chiracionioed as i recombinant NoV,
with s distinet (ron-GHLT) RIRp region and » G112 capsid region (4. 16). The
other two strmns from the GenBank (InaU2JP and Buda TT2US) were chirac-
terized s G2 genotype on the basis of the capsid region, but their sequonces
of the RARp regon were unknown. The capsid sequence data of Buds LS
siruin backad the first 6 nucleotides (n) from the 57 ond of the capsid gone.
Twenty-one GIL2 strains were obtained from outhreaks or sporadic cuses dee-
teeted in Owaka City, Japan, botween April 1996 and March 2005, Thoese wore 21
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TABLE 1. GIL2 NoV strans used in this study

RURp sequence

Suwurcy Strmn (abbreviation . Acvesaiin N
L

GienBank S Mountain TorUS (SM) GII-NA AYIHTR
Melksham W4 UK (Melksham) GIL2 XHIRTY
Chesterficll 434497/US (CF43) GIT2 AY034300
InaA120P (Ina) Unknown ABIY322S
Budsn02US (Buds ) Unknown AYb0lS6H8

Ohaka City, Jupan OCUTOOT IP (UT049) GI-NA ABITUSS3 (8]
OCOI24301 P (11243 GIENA AB2T9554 6]
OCU012020P (02012) Gll2 AB2T9555 [¢]
OCOZ2202 AP (12022) GI-NA AB279s50 (8]
OCSO2028902 0P (S020289) GllLh AB2T9570 5
OCIMUIRIMIP (438" G2 AB279557 [0
OCUIS204 0P (04042 ) Gz ABIT955K (o3
OCOHIRIOLIP (04043)" Gl2 AB27955Y o
OCSOMHITOLIP (SO30657)" Gll.2 ABITU571 5
OCU056-1 040 P (IM0506-1 )" GlIL2 AB279500 o
OC04056- 204/ 0P (I4056-2)" Gll2 AB2TUS61 o
OCTHISAM P ((059) Gll2 AB279562 [0}
OCS4003504./JP (SO40035) G2 ABIM572 5
OCI4067 04/JP (14067 Gl2 AB279563 o
OCHOTLOLIP (14071) Gll.2 AB2T9504 o
OCHOTIIP (14073) Gil.2 AB2T9505 0
OCHOTILIP (0475 GlLz ABIT9560 DY
OCIHOTALIP ((4070)" Gll2 AB279567 o0
OCSOH0100A4.JP (SO Gli2 ABITI5T3 B
OCH IV O4IP (14 16%) GIH-NA AB279568 o]
OCOSOIVUS IP (OS010) Gllb AB279569 (8]

The Netherlands Sensor99- 191 999NL (SW-191) GlL2 AB2S1081 5
OBINIZT-246/00/NL (OBIN3T) Gll2 AB2RI0R2 (4]
OBIKMS-3 I8 NL (OBINKS) Gll.2 AB2SIO83 S
OBOIA- 195 01/NL (OBO1S) G2 AB2ZRTOR4 0
EPH25006/01/NL (EPO125) Gl2 AB281083 (8]
EPO207-010YNL (EPO207) Gl2 AR2S 186 (8]
EPO239-0010XNL (EPI239) Gll12 AB2RIORT (6]
OBO3TI-45903/NL (OBO3T1) Gl.2 ABISIIRS 4]
OBO32R-13805NL (OBI528) G2 AB2S1089 O
OBOART-ATIMS NL (OBUSKT) G2 AB2RI(RN) (o]

UNOV stradns are arranged in chronology of detection Trom sop (oldest) i bottom (most reeent) G cach soanac

CNAL il signed,
€0, vuthreak: S, sporadic case:

L spring cpidemic in 204
* These strains have identi

i acid

aof the 23 GIL2 strams wlennificd l{urm:a'}-)ur study perod out of 8 total of 238
outhronks and X0 sporidic cases of NoW infection. From the genctic amlysis
aeross the junction between the RARp and the capmid regrons, 6 of these 21 GIL2
strains have heen ch § i nh which have mon=Gi1E2 RdRp
reglons and G2 capsid regions (Fig. 11 (17).

The strains from The Notherlands were collected friom a1 2scar study perisl
Between 1994 anad 2008, G2 NoVs wore deteeted in” 13 (1375%) out of 745
NoVeassciated outhrcaks and three sporadic coses in The Netherlands, Initially.
thise GHLY NoVs were characterized by the comparison of sequences in the
RdRp segwom (Fig 11 The derection mdibod and criterin for genotyping at the
RuRp regum have been proviousdy described (8 36) The complete caprid gengs
o 1 strams irom s outbreaks and (wo sporadic cases were amplhificd by
reverse transenpion-PCR {RT-PCR) and were used For this analysis.

Amplification and sequencing for the complete capsid gone of GIL2 struins,
Viral RNA was extracted from stool suspensions by using @ O Aamp vital RNA
Mini kit (Qiagen. Hilden. Germany). RT-PCR wid camictlout with the reaction
rnmuru andd cozymes as provieusly describied (4), RT was ]N.tl’mmul A A2C for
210 3 howith revene primer, N238Res (17), and ename was inactivated at 95°C
for 5 min. POR was performed using several paies of PCR primens (Table 2) with
i GeneAmp POR system U760 { Applictd Biosvstems, Foster City, CA) ynder the
Tollowing conditiors: denmuration an 57 for | min: 40 cyeles of 98°C Tor 15 5,
SOPC e 30 s and TXC e | wnd a final cvele of mcubation at 72°C for §
min. When a PCR failed to produce strong products, we performed nested POR.
The amplificd fragments were sequenced directly with a Big Dyve termmator cycle

s b complete capsid gone and ooty one strain (OCTHUISTUP) s been used for long-term genctic analysis

scyuencing kit and ABE 3700 swyuencer (Applicd Biosvstems, Foster City, CA)
The nuckeotide en were K d in hath uning the PCR
primers. DNA seguences were edited using SeqMantl (DNASur Inc.. Koostunz.
Ciermany |

y tysis. Nuchoutide or amino acid sequence alignments were per-
formed with BioEdiv (version 7082y (180 Clustal X fversion |81) (35), or
MUSCLE {version 3.51) (10). The extraction of the informative sites from
muclontide or aming acid soquence alignments sas pu‘[urmcd with I‘m'-.'q (er-
shon 291 12) The re of change for il I was pared usng
chissgquare statistics, In this amalosis, o site wies designated as an informative sile
when at least two strmns had an identical sming acid in the alignmem that
dllktul from the other segquenoes. A plwlupcmu: tree with LG heststrap

wits ted by the neighbor-joining hod. and the genctic
dmnwa were culculated according to the Kimura two-paramcter method (21).
We performed additional phylogenctic analysis by the Bavesian method using
MrBaves (version 3.1.2) (32) Locabon of specific domamns of the GIT2 NoV
capsid gene was done accardimg 1o Chen ¢ al (71, For computational predictions
ol the structure of the GIL2 NoV capsid protein, we oscd the X-my crystal
structures of the capsid protein of Narwalk 8UUS (G genotype. Protein Data
Bank dentifier [PDR-1D) 1HM. consisting of 2 complete tnmer) (31) and

VASKTARLS (GIL3 genotype. PDB 1D 20BR. consisting of only »
P dumain) (6) as templates 1o build homology modebs. The sequence alignments
for the and the three-di 1 30) models for GIL2 NoV capsid

proteins were made by using the WHAT IF program (38 and the 3D-ligsaw (3)
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