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Abstract: To study the molecular epidemiology of noroviruses (NoVs) in bivalves residing in freshwater
rivers, we detected, quantified and phylogenetically analyzed the NoV genome in purified concentrates
obtained from the gills and digestive diverticula of Corbicula fluminea in a freshwater river in Gunma Pre-
fecture, Japan. We detected the NoV genome in 35 of the 58 C. fluminea samples. Based on our phyloge-
netic analysis, the NoV genome detected in the samples was classified into 4 genotypes (GV/1, G1/2, G1/3
and G1/4) in genogroup I and 5 genotypes (GII/3, GII/4, GII/5, GII/8 and GII/12) in genogroup II. The
phylogenetic tree showed wide genetic diversity among the genogroups. In addition, more than 10* copies of
the NoV genome were detected in 2 of 35 samples. These results suggest that the freshwater bivalve C. flu-
minea is a reservoir for NoVs, similar to seawater bivalves such as oysters.
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Norovirus (NoV) belongs to the family Caliciviridae
and is a causative agent of acute gastroenteritis in
humans. NoV has been the main cause of human food-
borne and water-borne non-bacterial acute gastroenteri-
tis (3, 13, 20). In Japan, approximately 45% (12,537 of
28,175 patients) of the total gastroenteritis and food-
borne cases in 2004 were attributed to NoV. River
water, sewage and seawater have been polluted with the
excreta of infected patients, and NoV gastroenteritis
outbreaks have been associated with the consumption
of bivalves, including oysters (22). Furthermore, viral
particles can accumulate in various types of freshwater
or seawater bivalves (21, 28). Cooking with inadequate
heating or the consumption of raw bivalves has resulted
in several instances of NoV food-borne and infectious
gastroenteritis in Japan, other Asian countries and
France (7, 9, 24). Additionally, person-to-person trans-
mission of NoV occurs more easily than any other
mode of transmission. This is because infected patients
shed a large amount of NoVs in their feces and/or
vomit, while a small NoV load can cause gastroenteritis

in humans (as few as 10-100 viral particles can cause
infection) (3, 19).

The NoV is classified into two genogroups:
genogroup I (GI) and genogroup II (GII). Each group is
further subdivided into 14 (GI/1-14) and 17 (GIV/1-17)
genotypes, respectively (12, 14). Recently, numerous
outbreaks due to NoV GII/4 were reported worldwide
including in European countries, Japan and the U.S.
Data from these outbreaks suggest that the NoV GII/4
detected in patients is related to the NoV GII/4 found in
seawater bivalves (7, 25, 27).

In Japan, there are three primary domestic Corbicula
species: Corbicula japonica (C. japonica), which is
widely distributed in brackish waters, Corbicula sandai,
which is found in Lake Biwa, and Corbicula leana,
which lives in freshwater. C. japonica has been primar-
ily caught for food. In recent years, however, the fishing
of C. japonica has been decreasing in Japan, and there-
fore various corbicula clams are now being imported
from foreign countries (10). Corbicula fluminea (C.
fluminea: taiwan shijimi) is variable in its shape, and
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naturally inhabits mostly freshwater in southeastern
Asia, China, Korea and southeastern Russia. C. flu-
minea has been imported into Japan as food, and is now
widely distributed in Japanese rivers (Ministry of the
Environment, Invasive Alien Species Act (http://www.
env.go.jp/findex.html); Gulf States Marine Fisheries
Commission, Corbiculla fluminea (Muller 1977)
(http://www.gsmfc.org/)). These corbicula clams might
become a source of NoV infection, as seawater bivalves
are. In addition, phylogenetic analysis data of the NoV
isolated from corbicula clams might be useful to investi-
gate the prevalence of NoV. To examine these issues
from a molecular epidemiological approach, we collect-
ed C. fluminea from river water in Gunma Prefecture in
Japan every month in 2004, detected the concentrated
NoV, and then analyzed the NoV genomes phylogeneti-
cally.

Materials and Methods

Sampling site. The sampling site was a tributary of
the Kanna River flowing through Fujioka City in
Gunma Prefecture in Japan (Fig. 1). The river stream,
including our sampling site, flows along the residential
areas of Fujioka City, whose population is approximate-
ly 71,000. The river is approximately 2 m wide, and
sewage water that is conventionally treated in septic
tanks in the houses is discharged into the river.

Samples and preparation of viral suspension. A total
of 406 corbicula clams (C. fluminea) were collected
monthly from January to December 2004, and included

35 clams every month except January, when 21 clams
were collected. Since each sample consists of 7 clams,
the number of samples was 5 every month except 3 in
January. On the day of collection, the clams were
shucked and their gills and digestive diverticula were
dissected. Subsequently, 1-1.3 g of gills and digestive
diverticula (giving a total weight corresponding to that
of 7 clams) were homogenized and 10% suspension
was prepared with phosphate-buffered saline (PBS)
solution without magnesium or calcium. The
homogenate was mixed with 0.1 ml of antifoam B
(Sigma, St. Louis, Mo., U.S.A.) and homogenized for
two 30-sec intervals, then centrifuged with a maximum
speed of 18,000 rpm using an Omni-mixer (OCI Instru-
ments, Waterbury, Conn., U.S.A.). Six milliliters of a
chloroform:butanol (1:1, vol vol™") mixture were added
to the supernatant of the homogenate (8, 24). The mix-
ture was then homogenized for an additional 30 sec,
and 170 ml of Cat-Floc T (Calgon, Elwood, Pa.,
US.A) was added to the homogenate. The
homogenate samples were centrifuged at 3,000 X g for
30 min at 4 C, and 7 ml of the supernatant was layered
on 2 ml of 30% sucrose solution, and ultracentrifuged at
201,000 X g for 2 hr at 4 C. The pellet was resuspended
in 200 pul of DNase/RNase-free water and then stored at
—80 C until use.

RNA extraction, RT-PCR and sequencing. Viral RNA
was extracted from 138 pl of viral suspension using a
QIAamp Viral RNA Mini Kit (Qiagen, Germantown,
Md., US.A.), and 2 pl of solution containing poliovirus
type II (Sabin strain, corresponding to approximately
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Gunma Prefecture

Fig. 1. Location of the sampling site in Gunma Prefecture, Japan. The dotted lines indicate the main river streams. The

closed circle indicates the sampling site.
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10" viral genes) was used as a control RNA extraction.
The RNA was suspended in 60 pl of DNase/RNase-free
water and then treated with 2 units of DNase 1
(TaKaRa, Tokyo). After reverse transcription, we used
genogroup-specific primers (24) to amplify the partial
capsid region of NoVs by reverse transcription-poly-
merase chain reaction (RT-PCR). The RT reaction was
performed in 15 ul of DNase I-treated RNA solution
and 15 pl of RT solution containing 1 mM of dNTP
mixture, 10 mM of dithiothreitol, 0.05 g/liter of random
hexamer (TaKaRa), 33 units of RNase inhibitor
(TaKaRa), 300 units of reverse transcriptase (Super-
script II, RNaseH (—); Invitrogen, San Diego, Calif,,
U.S.A)), and 4.5 ul of Superscript II buffer. The RT
mixture was incubated at 42 C for 75 min and then at 99
C for 5 min. The following primers were used for the
first PCR: 5-CGY TGG ATG CGN TTY CAT GA-3’
(COGIF, sense), 5-CCA ACC CAR CCA TTR TAC
A-3' (G1-SKR, antisense), 5-CAR GAR BCN ATG
TTY AGR TGG ATG AG-3' (COGZ2F, sense), and 5'-
CCR CCN GCA TRH CCR TTR TAC AT-3' (G2-SKR,
antisense). The following primers were used for the
nested PCR: 5-CTG CCC GAA TTY GTA AAT GA-3’
(G1-SKEF, sense), 5-“CCA ACC CAR CCA TTR TAC
A-3' (G1-SKR, antisense), 5'-CNT GGG AGG GCG
ATC GCA A-3' (G2-SKF, sense), and 5-CCR CCN
GCA TRH CCR TTR TAC AT-3' (G2-SKR, antisense)
(16). We amplified the poliovirus type II VP1 gene
using the following specific primers: 5-AGC AAG
CAC CGT ATT GAG CC-3' (sense) and 5-GTT TCA
TGT CTG CTC CGT CTG-3’ (antisense) (24). The
PCR protocol included incubation for 3 min at 94 C.
This was followed by 40 cycles under each of the fol-
lowing sets of conditions: 94 C for 60 sec, at 50 C for
60 sec, and at 72 C for 2 min. Elongation was per-
formed for 15 min at 72 C after the last cycle. This
PCR procedure was repeated for the nested PCR using
the inner primers (16). The size of the amplified DNA
fragment was confirmed by 1.5% agarose gel elec-
trophoresis. The DNA fragments was purified with a
QIAquick PCR Purification Kit (Qiagen), and the
nucleotide sequence was determined with an automated
DNA sequencer (ABI PRISM 310 Genetic Analyzer;
Applied Biosystems, Foster City, Calif., U.S.A.) using a
Dye Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems).

Real-time PCR. We quantified the NoV capsid genes
using real-time PCR, as described previously by
Kageyama et al. (11). The real-time PCR mixture con-
tained 5 pl of cDNA (RT product), 2 ul of LightCycler
Master Mix (Roche, Penzberg, Germany), 0.7 um of
each primer, and fluorogenic probes (probes for GI, 2
pmol of RING1(a)-TP and 2 pmol of RINGI1(b)-TP;

probe for GII, 4 pmol of RING2-TP). The fluorogenic
probes for real-time PCR were as follows: 3-AGA
TYG CGA TCY CCT GTC CA-3' (RING1-TP(a;), 5*-
AGA TCG CGG TCT CCT GTC CA-3’ (RINGI-
TP(b)), and 5-TGG GAG GGC GAT CGC AAT CT-3'
(RING2-TP) (11). PCR amplification was performed
with a LightCycler (Roche). The following PCR proto-
col was employed: 10 min at 95 C followed by 50
cycles under each of the following sets of conditions: 95
C for 10 sec, at 60 C for 25 sec, and at 40 C for 30 sec.
Data were corrected using the NoV GI or GII cDNA
plasmid standards described by Kageyama et al. (11).

Phylogenetic analysis. The capsid sequences of the
reference strains of the NoVs were obtained from Gen-
Bank. The strains and accession numbers of these
sequences are provided in the legend of Fig. 2. Phylo-
genetic analysis was performed as previously described
by Katayama et al. (14). In brief, all of the NoV capsid
region sequences (291 to 302 nt) were aligned using
Clustal W (http://www.ddbj.nig.ac.jp/search/clustalw-
j-html). A phylogenetic tree was constructed using the
neighbor-joining (N-J) technique (26), and Kimura’s
two-parameter method (15) using the TreeExplorer (ver.
2.12) software (http://evolgen.biol.metro-u.ac.jp/). The
reliability of the tree was estimated using 1,000 boot-
strap replications. .

Results

Detection and Quantification of NoV in C. fluminea

The NoV capsid genes detected by RT-PCR are
shown in Table 1. NoV genomes were detected in 35 of
the 58 samples (60%). Of these 35 samples, 6 (17%)
samples contained GI amplicons alone and 15 (43%)
samples contained GII amplicons alone. The other 14
(40%) samples contained both GI and GII amplicons.
The detection rate was 40% to 100% every month
except September, when all of the collected samples
were negative. Predominance of any specific NoV
genogroups detected in each tested month was not
observed. We also quantified the number of copies of
the NoV capsid gene using real-time PCR. In the 2
samples collected in July and December, 2.9 X 10 and
3.0 X 10* copies, respectively, of the GII genome were
detected, while no GI genome was detected.

Phylogenetic Analysis of NoVs Detected in C. fluminea

We constructed the phylogenetic tree on the basis of
the nucleotide sequence of the capsid genes using the N-
J method (Fig. 2). The genogroup and genotype of
norovirus genomes in corbiculas are shown in Table 1.
The phylogenetic tree classified 20 and 29 strains into
GI and GII clusters, respectively. In the present study,
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Fig. 2. Phylogenetic tree constructed based on the partial sequences of the norovirus (NoV) capsid gene. The distance

was calculated using Kimura’s two-parameter method, and the tree was plotted using the neighbor-joining (N-J).~ . - .~

method. The numbers at each branch indicate the bootstrap value for the clusters supported by that branch. The
accession numbers of our strains are also indicated in Table 1. “Hul-6" refers to NoVs isolated from children with gas- -
troenteritis who lived near the sampling site and are designated in boldface type. GI: genogroup [; GII: genogroup II.
The following are the strain and GenBank accession numbers: Norwalk/68/US, M87661; BS5/98/GE, AF093797;

Sindlesham/95/UK, AJ277615:; SaitamaSzUG1/99/JP, AB039774; Musgrove/89/UK, AJ277614; Chibad07/87/IP, ;

AB042808; Southampton/91/UK, 107418; Winchester/94/UK, AJ277609; SaitamaT35aGL/01 /JP, AB1 12132;
Boxer/01/U, AF538679; SaitamaKU8GL/99/], AB058547; SaitamaK19aGL/01/], ABO058525; DesertShieldDSV395,

U04469; SaitamaT25GI/01/JP, AB112100; Lordsdale/93/UK, X86557; Miami/292/94/US, AF414410; Alpha- -* -
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the GI strains were subdivided into 4 clusters, and the respectively, while that between the GI and GII strains
GII strains were subdivided into 5 clusters. The maxi- represented as an- operational taxonomic unit {OTU)
mum genetic diversity (evolutionary distances calculated (26) was 0.47; the intercluster OTUs including the GI
on the basis of substitutions per site of pairwise strains) and GII strains from C. fluminea ranged from 0.005 to
within the GI and GII clusters was 0.36 and 0.38, 0.112. Among the GI strains, 5 and 12 strains shared a

Table 1. Genogroup and genotype of norovirus genomes in corbiculas

GenBank accession nos.

Month Samples Genogroup(s) Genotype(s)

Gl GlI
January Jan-1 Gl + Gl Gl/4, GIl/4 AB246115 AB246135
Jan-2 Gl + GII Gl/4, GII/3 AB246116 AB246136
February Feb-1 Gll GIl/4 — AB246137

Feb-2 Gl GIR2 AB246117 —
Feb-3 GI + Gl Gl/4, GIV4 AB246118 AB246138
Feb-4 GII GIl/5 — AB246139
Feb-5 Gl + Gl G172, GlI/4 AB246119 AB246140

March Mar-1 GI Gl/1 AB246120 —
Mar-2 GII GII/3 — AB24614]
April Apr-1 GII GlI/3 — AB246142
Apr-2 GII GII/8 — AB246143

Apr-3 GI Gl/1 AB246121 ) —

Apr-4 GI Gl/a AB246122 —_
May May-1 GI + GII Gl/1, GII/S AB246123 AB246144
May-2 GII Gll/a — AB246145
May-3 GI + GlI Gl/4, Gll/4 AB246124 AB246146
May-4 GI + GI1 Gl/4, GII/S AB246125 AB246147
June Jun-1 Gl GII/8 — AB246148
' Jun-2 GI + GII Gl/4, GII/3 AB246126 AB246149
July Jul-1 Gl GII/3 _— AB246150
Jul-2 -’ GII GII/3 — AB246151
Jul-3 Gl GI3 — AB246152
Jul-4* GII GIl/3 — AB246153
August Aug-1 GII : GIl/S — AB246154
Aug-2 GIl GII/3 — AB246155
October Oct-1 GII . GIlV12 —_ AB246156
QOct-2 Gl + Gl Gl/1, GI/12 AB246127 AB246157
Oct-3 GlI Giri2 _— AB246158

November Nov-1 GI GI1/3 ) AB246128 ' —
. . Nov-2 GI + GII Gl/1, GI/4 AB246129 AB246159
December Dec-1 GI + GlI Gl/4, GII/4 AB246130 AB246160
Dec-2 @ GI + GII Gl/4, GII/4 AB246131 AB246161
Dec-3 GI + GII Gl/A4, GII/4 AB246132 AB246162
Dec-4 Gl + GII Gl/4, GII/4 AB246133 AB246163

Dec-5 Gl Gl/4 AB246134 —

Total 35 49

Samples collected in September were negative.
® The genome in the 2 samples were quantified: Jul-4, 2.9 X 10* copies (GII) and Dec-2, 3.0 X 10 copies (GII).
Units are copy numbers of NoV genome /g of the gills and digestive diverticula.

tron/98/NE, AF195847; Mexico/89/MX, U22498; Leeds/90/UK, AJ277608; Amsterdam/98/NE, AF195848; Idaho-
Falls/378/96/US, AY054299; M7/99/US, AY130761; Kashiwad7/00/JP, AB078334; SaitamaT53GII/02/JP,
AB112260; SaitamaT29GII/01/]P, AB112221; Hawaii/71/US, U07611; SaitamazU1/97/JP, AB039775; Saita-
maKU80aGII/99/]P, AB058582; Melksham/89/UK, X81879; Erfurt/546/00/GE, AF427118; Hillingdon/90/UK, -
AJ277607; HU1, AB246164; HU2, AB246165, HU3, AB246166; HU4, AB246167; HUS; AB246168; HUS,
AB246169; Murine norovirus 1, AY228235; Bovine enteric calicivirus, AJO11099. ’ :
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close genetic relationship with GI/1 and GI/4, respec-
tively. In addition, two GI/2 and one GI/3 strains were
found. The GII strains from C. fluminea were classified
into the following 5 clusters: GII/3-5, GII/8 and GII/12.
Most (20 strains) of the GII strains belonged to either
GIL/3 or GII/4.

During the investigation period, we observed that
NoVs from children with gastroenteritis who lived near
the sampling site (within approximately 5 km) were
genetically related to the strains isolated from C. flu-
minea (Fig. 2). Thus, these results suggest that the
NoVs isolated from C. fluminea showed a wide diversity
in their capsid genes, and that human strains were
genetically related to the strains detected in C. fluminea.

Discussion

NoVs have been detected in seawater bivalves such
as oysters and clams in France (7), the United States (2,
8), the United Kingdom (4, 17), Spain, Sweden (5), and
Japan (24). These viruses have been associated with
human gastroenteritis. NoV was detected in approxi-
mately 5%-20% bivalves, including oysters and clams.
We found that approximately 60% of the corbicula
clams collected from the river in Gunma Prefecture in
2004 had the NoV genome, and more than 10* copies of
the NoV genome were detected in approximately 5%
of the clams. We previously reported that NoVs were
detected in approximately 10% of Japanese oysters, and
that 5% of the oysters showed relatively high concentra-
tions of the NoV genome (24). Thus, it is suggested
that the prevalence of NoV in the corbicula clams in
rivers in Japan is higher than that in seawater bivalves.

It is well known that NoV detected in infected
patients and bivalves can be classified into 2 major
genogroups (GI and GII), and that each genogroup can
be further subdivided into many clusters. The genetic
diversity ranges from 0.12 to 0.36 among GI strains,
from 0.12 to 0.46 among GII strains and from 0.46 to
0.49 between GI-GII strains (12, 14). The phylogenetic
tree showed that the NoV in clams can be classified into
4 GI clusters and 5 GII clusters. Genetic diversity
among the GI strains, among the GII strains, and
between the GI-GII strains was 0.36, 0.38 and 0.47,
respectively (Fig. 2).  Furthermore, the rate of
nucleotide substitutions in each intercluster of GI and
GII was in the range of 0.50 and 11.2%. This suggests a
wide genetic diversity of NoV in the corbicula clams in
rivers, similar to that in oysters and clams (1, 16, 30).

The NoV capsid genes from 6 stools of gastroenteri-
tis patients who lived near the sampling site were genet-
ically related to the strains detected in corbicula clams,
even though the NoV capsid genes were only partially

sequenced. Previous studies have shown that the NoV
genogroups detected in oysters and humans are slightly
different. For example, although both GI and GII have
been detected in oysters, only GII has been detected in
humans (6, 24). A recent study demonstrated the exis-
tence of GII/4 in oysters during several outbreaks of
NoV infection in various countries, including the
Netherlands, the United States and Japan (7, 25, 27). In
this study, we detected many NoV genotypes from the
corbicula clams in the river. They were similar to those
detected in other seawater bivalves. Especially, it is
remarkable that 4 genotypes including GII/4 were also
detected in patients who lived near the sampling site.
Thus, it is suggested that the corbicula clams collected
from the river in Gunma Prefecture were highly conta-
minated with genetically diverse NoV strains. The pos-
sibility of the existence of 2 or more NoVs of the same
genogroup in a single specimen cannot be completely
excluded. A cloning might be required for a detailed
analysis of the NoV genotype in bivalves.

Several viruses such as NoVs or hepatitis virus type
A might be present in the stools of gastroenteritis or
hepatitis patients. Seawater, sewage and river water
may have been polluted with these viruses (18, 21, 29).
Because various types of bivalves are capable of indis-
criminately accumulating viruses and may concentrate
them (2, 5, 7), it is possible that these bivalves cause
the main infection. Asian clams including C. fluminea
are marketed as fresh food imports into Japan for
human consumption. In Japan, various corbicula clams
are almost always consumed after heating and boiling.
However, the boiling required to open the bivalves is
not necessarily sufficient to inactivate viruses (23).

The present study suggests that C. fluminea in the
river might be a source of NoV infection, as are other
seawater bivalves such as oysters and clams, and that
this finding identifies an important etiological factor of
gastroenteritis.

The prevalence of NoV in various bivalves has not
yet been elucidated. To the best of our knowledge,
there are no reports regarding the detection, quantifica-
tion or phylogenetic analysis of NoVs in clams. Thus,
molecular epidemiologic studies on NoVs in bivalves,
including corbicula clams in rivers, and in humans are
necessary to provide important data for a more detailed
assessment of NoV infections and their regional preva-
lence, and the risk factors of NoV, as well as to provide
an estimate of NoV pollution in rivers.

The authors would like to thank Mr. Taiji Kurozumi (Natural
History Museum and Institute, Chiba) for his authoritative esti-
mation of clams. We also thank Mr. Akira Nagai (Gunma Pre-
fectural Government Office), Mr. Masayuki Akami (Gunma Pre-
fectural Meat Inspection Laboratory), and Mr. Hiroyuki Tsuka-
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goshi (Gunma Prefectural Institute of Public Health and Envi-
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Abstract

Norovirus (NoV), which causes foodbome gastroenteritis outbreaks, is one of the important viruses in public health. We statistically analyzed
the attack rate in foodborne outbreaks caused by NoV. The attack rate in 95 oyster-associated outbreaks was significantly higher than that in 195
food handler-associated outbreaks (P=0.007). The difference in the number of NoV genotypes implicated is considered to be an important factor
for this difference. The attack rate in 20 outbreaks associated only with GII/3 was higher than that in 143 other outbreaks (P=0.247), while the
attack rate in 27 outbreaks associated only with GII/4 was lower than that in 136 other outbreaks (P=0.004), suggesting that GII/4 NoVs cause
asymptomatic infection more frequently than do other NoV genotypes. Our results suggest that differences in implicated foods, susceptibility of
the host to NoV infection, and pathogenicity of NoVs may influence the attack rate in NoV foodborne outbreaks.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, viruses have been increasingly recognized as
important causes of outbreaks of foodborne disease (Fleet et al.,
2000; Graczyk and Schwab, 2000; Koopmans and Duizer,
2004; Parashar and Monroe, 2001). Norovirus (NoV) is
currently recognized as the most important foodborne virus,
which causes gastroenteritis outbreaks. The foods affected can
be classified into two distinct groups based on the route of
contamination: one group includes bivalve shellfishes such as
oysters, which are contaminated with NoV in their sea life
(Boxman et al., 2006; Cheng et al., 2005; Nishida et al., 2003;
Nishida et al., 2007; Saito et al., 2006; Ueki et al., 2004, 2005),
and the other group includes various kinds of foods other than
bivalve shellfishes, which are secondarily contaminated with

NoV from infected food handlers during food processing and/or

food serving. Despite the fact that oysters are the most important
issue for the prevention and control of NoV in foods, there is no

* Corresponding author. Tel.: +81 3 3700 1141.
E-mail address: mamorunoda@nihs.go.jp (M. Noda).

0168-1605/3 - see front matter © 2007 Elsevier B.V. All rights reserved.
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virological standard for oysters intended for raw consumption in
Japan and other countries (European Commission Health &
Consumer Protection Directorate-General, 2002; Nishida et al.,
2003; Nishida et al,, 2007). Although risk analysis based on
scientific data must be performed before setting the virological
standard, there is a lack of scientific data. on attack rate, which
are required to calculate the minimum virus amount needed for
infection when oysters are eaten, as well as a lack of data on the
numbers of infectious NoV particles in oysters involved in
foodborne outbreaks. Although the infectious dose.of NoV is
estimated to be about 10 particles at least (URL: http://www.
cdc.gov/ncidod/dvrd/revb/gastro/norovirus-factsheet.htm), the
number is not necessarily equal to that in outbreaks associated
with oyster consumption and might depend on each individual
or each virus strain. The attack rate may be influenced by factors
other than amount of infectious virus particles ingested, such as
host susceptibility and virus pathogenicity. In an initial
investigation to obtain data that can be used for risk analysis
for the prevention and control of NoV in food, we statistically
compared the attack rates in oyster-associated outbreaks and
food handler-associated outbreaks and the attack rates in
outbreaks caused by different NoV genotypes.
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2. Materials and methods
2.1. Subjects

A total of 290 foodborne outbreaks that occurred between
April 2001 and January 2005 in various areas of Japan were
subject to statistical analysis. In all outbreaks, NoVs were
detected by reverse-transcription, (nested) PCR and/or real-time
PCR commonly performed in Japan (Kageyama et al., 2003;
Kojima et al.,, 2002; Nishida et al., 2003; Nishida et al., 2007;
Ueki et al.,, 2004; Ueki et al., 2005) with or without some
modifications depending on laboratories, and NoVs were
concluded to be the causal agent responsible for each outbreak.
Among the 290 outbreaks, NoVs were genotyped in 163
outbreaks after partial sequencing of the capsid region (Nishida
etal., 2003; Nishida et al., 2007). In most cases, sequencing was
performed directly without cloning of the PCR products. Some
PCR products, most of which were amplified from oyster
samples, were cloned before sequencing because oysters may
include various NoV strains. Phylogenetic analysis was
performed for genotyping using the reference strains reported
by Katayama et al. (Katayama, 2004).

2.2. Statistical analysis

We statistically compared the attack rate (ratio of the number
of patients with symptoms such as nausea, vomiting, diarrhea,
abdominal pain, and/or fever to the number of the individuals
that have eaten foods suspected as being responsible for each
outbreak) and the number of the involved patients in 95 oyster-
associated outbreaks and 195 food handler-associated outbreaks
by using the Mann—Whitney U test. The oyster-associated
outbreaks included not only outbreaks in which NoV was
detected from implicated oysters but also outbreaks in which
oysters were included in the menu suspected as the food vehicle
without the detection of NoV from the oysters. Food handler-
associated outbreaks included outbreaks in which NoV was
detected from food handlers in the facilities that were suspected
as being responsible for the foodborne outbreaks. In some food
handler-associated outbreaks, the food vehicle was not
determined.

In 163 outbreaks in which NoVs were detected and
genotyped, GII/4 and GI1/3 were the genotypes most frequently
associated with foodborne outbreaks (Table 1). We therefore
compared the attack rates in outbreaks in which only GII/4 was
detected (27 cases) and other outbreaks (136 cases) and the
attack rates in outbreaks in which only GII/3 was detected
(20 cases) and other outbreaks (143 cases) by using the Mann—
Whitney U test.

3. Results

3.1. Comparison of oyster-associated outbreaks and food
handler-associated outbreaks

The median attack rates were 58.3% in the 95 oyster-
associated outbreaks and 47.2% in the 195 food handler-

Table 1
Number of foodborne outbreaks by NoV genotypes

Genotype Cases detected single

Cases detected two or more  Total

genotype genotypes

Opyster- Food handler- Oyster- Food handler-

associated  associated associated  associated

outbreaks  outbreaks outbreaks  outbreaks
GII3 4 16 ) 20 6 46
GIl/4 4 23 12 5 44
GIU5 2 3 17 5 27
Gl/4 3 4 12 3 22
GIV12 1 2 9 3 15
Gll/6 1 6 5 2 14
GI/8 0 1 7 3 1
GI/7 1 1 8 0 10
GIl/15 0 2 8 0 10
GI/1 0 1 5 3 9
Gli/14 0 0 8 1 9
GI2 1 2 4 1 8
GlI2 1 6 0 1 8
Gl 0 2 2 3 7
GII/8 0 2 3 1 6
GV/13 0 0 5 0 5
GI/11 0 0 2 2 4
GI/12 0 0 3 1 4
Gl/14 0 0 4 0 4
Gl/5 1 0 3 0 4
Gl/9 0 0 3 0 3
GlI/10 0 1 0 1 2
GI/11 0 0 2 0 2
Others I 0 4 0 5

associated outbreaks (Table 2), the difference being statistically
significant (P=0.007). This result indicates that the attack rate
in oyster-associated outbreaks is higher than that in food
handler-associated outbreaks. The median numbers of patients
were 17 in the oyster-associated outbreaks and 40 in the food
handler-associated outbreaks, indicating that the scale of food
handler-associated outbreaks tends to be larger than that of
oyster-associated outbreaks, though there was no statistical
difference between them (Table 3).

3.2. Comparison between different genome types of NoVs

We compared the attack rates in outbreaks caused by
different NoV genotypes. The median attack rates were 41% in
the 27 outbreaks in which only GIl/4 was detected and 56.9% in
the other 136 outbreaks (Table 4), the difference being
statistically significant (P=0.004). This result indicates that
the attack rate in GII/4 cases is lower than that in other NoV
genotype cases. On the other hand, the median attack rates were
64.8% in the 20 outbreaks in which only GII/3 was detected and
53.2% in the other outbreaks (P=0.247), indicating that the
attack rate in GII/3 cases is higher than that in other NoV
genotype cases (Table 5).

4. Discussion

In this study, we showed that the attack rate in oyster-
associated outbreaks was significantly higher than that in food
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Table 2
Comparison of attack rate between oyster-associated outbreaks and food
handler-associated outbreaks

Table 4
Comparison of attack rate betwcen GlU4-associated outbreaks and other
outbreaks

Group Number Attack rate (%) Group Number  Auack rate (%)
of cases Median 25th percentile 75th percentile of cases Median  25th percentile  75th percentile
Oyster-associated 95 58.3* 40 75 Gll/4-associated 27 41* 29.9 54.5
outbreaks outbreaks
Food handler-associated 195 47.2% 333 67.7 Other outbreaks 136 56.9* 40 75
outbreaks

*: The difference between the median attack rates were statistically significant
(P=0.007) by using the Mann—Whimey U test.

handler-associated outbreaks. The reason may be explained as
follows from the viewpoint of the difference in contamination
route. First, in the oyster-associated outbreaks, one or more
NoV strains to which each person is susceptible might have
selectively grown in its intestinal cells after the oyster-
consumption because oysters might accumulate various NoV
strains during their sea life. In contrast, most of the food
handler-associated outbreaks were caused by a single NoV
strain that had contaminated the foods after propagation in the
food handlers. Some consumers, therefore, are not susceptible
to an NoV strain because of the lack of the receptor(s) for it
(Huang et al., 2003; Huang et al., 2005; Larsson et al., 2006;
Marionneau et al., 2002; Tan and Jiang, 2005). Indeed, a single
NoV genotype was responsible for most of the food handler-
associated outbreaks, whereas multiple NoV genotype strains
were frequently involved in the oyster-associated outbreaks
(Table 1). Second, the amount of NoV particles in foods that
might have been contaminated from food handlers during the
food processing and/or food serving might vary, and some of
the implicated food might not have been contaminated with
NoV. The number of patients in the food handler-associated
outbreaks tended to be more than that in the oyster-associated
outbreaks. This may be explained by the difference in involved
facilities; most of the facilities associated with oyster-associated
outbreaks were small restaurants, while most of the facilities
associated with food handler-associated outbreaks were large
restaurants such as hotels serving food for parties and schools.

The attack rate in the oyster-associated outbreaks varied
between 40% (25th percentile) and 75% (75th percentile), and
the median attack rate was 58.3% (Table 2). Therefore, some
individuals did not develop any symptoms despite the fact that
they had consumed oysters suspected of being the food vehicle.
In the oyster-associated outbreaks, susceptibility of the host to
NoV infection might have been one of the reasons but was not

Table 3
Comparison of number of patients between oyster-associated outbreaks and
food handler-associated outbreaks

Group Number Number of patients
of cases Median 25th percentile 75th percentile
Oyster-associated 95 17 7 39
outbreaks
Food handler-associated 195 40 12 108
outbreaks

*: The difference between the median attack rates were statistically significant
(P=0.004) by using the Mann—Whitncy U test.

thought to be a major factor because some NoV strains to which
the host is susceptible included in oysters could selectively
propagate in individuals as stated above. There are three other
possible reasons. First, some individuals might have asympto-
matic infection. Second, some individuals might have blocked
the NoV infection by their immunity. Third, the oysters eaten by
individuals who were not affected might have been less or not
contaminated with NoVs because it has been reported that
oysters packed in the same package for sale or harvested from
the same balsa raft in the cultivating sea area have different copy
numbers of the NoV genome and that some oysters selected
from the same lot in which NoV was detected in other oysters
do not include NoV (Nishio et al., 2004; Noda et al., 2004).
Recent studies have suggested that NoVs use a histo-blood
group antigen(s) expressed on intestinal epithelial cells as their
receptor and that different NoV strains may use different types
of histo-blood group antigen (Huang et al., 2005; Tan and Jiang,
2005). These reports suggest that the attack rate may depend on
difference of genotype. GlI/4 is thought to be able to infect all
secretor individuals, suggesting that susceptibility to GII/4
appears to be greater than that to other NoV genotypes. From
this viewpoint, we compared the attack rate in outbreaks
associated with different genotypes. Unexpectedly, the attack
rate in outbreaks associated with GII/4 genotype was lower than
that in outbreaks associated with other NoV genotypes, while
the attack rate in outbreaks associated with GII/3 genotype was
higher than that in outbreaks associated with other NoV
genotypes. The low attack rate in the GII/4 cases can not be
explained only by the fact that GII/4 was more frequently
associated with the food handler-associated outbreaks than were
other NoV genotypes (Table 1) because GII/3 has the same
tendency as GII/4 and the attack rate in the GII/4 cases was
lower than that in the food handler cases (Tables 2, 4).
Therefore, it is possible that GII/4 causes asymptomatic
infection more frequently than do other NoV genotypes. This

Table 5
Comparison of attack rate between Gll/3-associated outbreaks and other
outbreaks

Group Number  Attack rate (%)
of cases Median  25th percentile  75th percentile
GlI/3-associated 20 64.8% 40.2 81.7
outbreaks
Other outbreaks 143 53.2% 37.6 73.8

*: The difference between the median attack rates were statistically significant
(P=0.247) by using the Mann—Whitney U test.
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hypothesis is supported by the fact that GII/4 was frequently
detected from asymptomatic in-hospital patients and staff in a
study by Gallimore et al. (2004). This unique characteristic of
GII/4 may be responsible for the recent increase in outbreaks
caused by GII/4 strains, especially in hospitals, elderly home
facilities, residential facilities, and nursing homes, all over the
world (Bull et al., 2006; lke et al., 2006; Lopman et al., 2004;
Okada et al., 2006; Siebenga et al., 2007; Wu et al., 2006,
Yoshizumi et al., 2005). The high attack rate in the GII/3 cases
was also unexpected because binding ability of GII/3 strains to
secretor individuals with blood type O and non-secretor
individuals was shown to be weak in a saliva binding assay
(Huang et al., 2005; Tan and Jiang, 2005). In recent years, GII/3
genotype as well as GII/4 has been frequently associated with
gastroenteritis outbreaks (Bull et al., 2006; Gallimore et al.,
2004; Wu et al, 2006). GII/3 strains may have high
pathogenicity, transmissibility, or infectivity. We may not
exclude the influence of mass immunity for difference in attack
rate between different genotypes. However, secretory IgA
antibodies specific for NoVs, which can block NoV infection,
exist in intestinal tracts for a short period after the recovery from
illness (Nishio et al., 1988). Mass immunity, therefore, does not
considerably affect our results of analysis in attack rate between
different genotypes.

In conclusion, we showed in this study that there were
differences between attack rates in oyster-associated outbreaks
and food handler-associated outbreaks and between attack rates
in GH/4- or GIl/3-associated outbreaks and other NoV

genotype-associated outbreaks. These results show that the <

attack rate in NoV foodborne outbreaks may be influenced by
differences in implicated foods, susceptibility of the host for
NoV infection, and pathogenicity of NoVs. To estimate the
minimum amount of virus particles in oysters required for
infection, it is necessary to investigate foodbomne outbreaks
epidemiologically in detail and to perform genotyping of NoV's
involved for obtaining data on attack rate as well as quantitation
of copy numbers of NoV genomes, or titration of infectious
NoV particles if possible (Straub et al., 2007), in the foods such
as oysters, involved in foodbomne outbreaks. Qur results should
be useful for risk analysis for the prevention and control of NoV
in food.
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