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TABLE 3. FG loop length correlations

Strain Host P type” RRY QI35 SA » Rc:si'due at Gcn}mnk

o ’ d cquivalent” dependence’ position 1)1 accession no.
SATI-4f Simian 0|1} Present + R X57319
NCDV-Lin Bovine o[1]} Present +7 R M63267
RF Bovine o0[1] Present + R U65924
BRV033 Bovine o[1] Present + R U62155
SALT i3 Simian 5Bi2] Present +7 R M23188
RRV Simian 5Bj}3] Present + R AY033150
CU-1 Canine SA|3] Present + R D13401
HCR3 Human 5A[3] Present + R L19712
K9 Canine SA[3] Present + R 214725
Cat97 Feline SA[3] Present + R D13402
DS-1 Human 1B[4] Absent ~h F DQ141310
L26 Human 1B[4)] Absent - F M58292
45 Porcine 75] Present = R L10358
UK Bovine 5] Present i R M22306
WC3 Bovine 7151 Present - R AY050271
Banl Bovine 715} Present - R Mo63267
678 Bovine 715] Present - R D32054
M37 Human 2A[6] Absent - I None¢
1076 Human 2Al06] Absent — i None”
MceN13 Human 2A]6] Absent - 1 None*
ST3 Human 2A[6] Absent - I L33895
Gott Porcine 2BJ[6] Absent - v M33516
CRW-8 Porcine 97 Present + R LU7888
osu Porcine 9{7] Present + R X13190
m Equine 917] Present + R D16341
TFR-41 Porcine 971 Present + R LO788Y
YM Porcine 971 Present + R M063231
Wi Human 1A[8] Absent - F MY6825
KU Human 1A}8] Absent —h F M21014
MO Human tA[8] Absent - 3 ABOO8278
YO Human 1A[8] Absent - F ABO08279
Ito Human 1A]8] Absent - F ABO0O8280
VAT Human 1A[8] Absent - F AJ540229
Hochi Human 1A[8] Absent - F AB(39943
K& Human 319} Present =" R DY0260
0264 Human 319} Present - R ABO0866S
Cat2 Feline 39] Present - R D13403
69M uman 4110 Present " R M60600
B233 Bovine 8f11] Absent — F D13394
1321 Human 8j11] Absent - F LO7657
-2 Equine 412 Present =" R L04638
Fl-14 Equine 4112} Present - R D13398
F123 Equine 4112 Present - R D16342
A6 Porcine [13] Present =" M AY070274
Ala Lapine 11{14] Present —h R U62149
C-11 Lapine 11{14] Present - R U62150
BAP-2 Lapine 11{14] Present - R Un2isl
R-2 Lapine H1{14] Present - R U6a2is2
PA169 Lapine 11{14] Present - R D14724
HALI166 Human 11[14] Present - R L20885
Mc3s Human 11]14] Present - R D14032
Lpid Ovine [15] Present —h R L11599
EW Murine 10[16] Present - R ung429
EC Murine 10[16] Present +/=1 R u08421
EB Murine 10]16] Present ~h R U08419
EDIM Murine 10[16] Present - R AF039219
Ty-1 Avian [17] Present —n R 141493
L338 Equine 12[18] Present +/-1 R D13399
4F Porcine [19] Absent -~ \% 110339
EHP Murine [20] Present +/-4 R ung424

P serotype[P genotype]. Some ‘strains have not been serotyped. Many of the strain classifications were obtained from reference 6,

"Indicates the presence or absence of a residue that is structurally equivalent to residue 135 of strain RRV.
* SA dependence is based on published data that define SA independence as a preserved infectious titer on cultured cells or enterocytes digested with Arthrobacter

wreafaciens neuraminidase (5, 6, 10, 31).
 Although UK entry is not SA dependent, it binds glvtusphmguhpldx with a specificity dependent upon the SA moiety in the oligosaccharide chain (1())
“Sequences from reference 17.

" Weuk inhibition by neuraminidase digestion of MATO cells (6).

¢ Cell-type-specific neuraminidase sensitivity (31).

" Strain included in the SA-dependent and SA-independent sets used to caleulate variability for Table SEin the supplemental material and Fig. SA to C.

—120—



Vor. 80, 2006

ROTAVIRUS VP8* CORES 1521

TABLE 4. Neutralization escape mutations selected by MAbs that recognize VP8* of human rotavirus strains

Escape mutation Immunization

P genotypes neutralized

Immunized

MAD {strain)” regimen (not neutralized)” species Initial screen Reference
1-2H Gi170D (KU) Natural infection P(4, 8] (P53, 6, 9, 10]) Human Binding 21
2-3E E203K (KU) Natural infection Pi6, 8] (P[4, 5.9, 10D Human Binding 21
HS6 T721 (ST3) IP¢ with ST3 P[6, +/-8]¢ (P[4]) Mouse Neutralization 35
HS11 E217K {ST3) IP with ST3 P[6] (P[4, 8]) Mouse Neutralization 35
RV-5:2 Q148R (RV-5) IP and 1V* with RV-5 P[4] (P{2, 3, 5, 6, 8, 10]) Mouse Neutralization 8

“ P penotypes of rotavirus strains: KU, P8]; ST3, P[6]: RV-5, P[4].
" Ouly listed P genolypes were tested.

< 1P, intraperitoneal hyperimmunization.

“ Some, but not all, P[8] strains are neutralized.

<1V, intravenous hyperimmunization.

We have mapped the residues recognized by 1-2H and 2-3E
in strain KU, using neutralization escape mutant analysis
(Table 4). MAD 1-2H selects a unique G-to-D mutation at VP4
residue 170 (virus strain m-KU-1-2H), and MAb 2-3E selects a
unique E-to-K mutation at VP4 residue 203 (virus strain
m-KU-2-3E). Both mutations are in the VP8* fragment of
VP4. Three other VP8*-specific antibodies that neutralize hu-
man strains of rotavirus have been described (26, 35, 36). Two
of these MAbs, HS11 and RV35:2, neutralize homotypically, but
the other MAb, HS6, neutralizes P[6] and some P{8] viruses
(Table 4). Thus, three of five neutralizing monocional antibod-
ies that recognize VP8* of human rotavirus strains are hetero-
typic in their neutralization specificities. A more limited degree
of heterotypic neutralization has been observed among the 20
mapped MAbs that bind VP8* and neutralize animal rotavirus
strains (see Table S2 in the supplemental material). Hetero-
typic neutralization by monoclonal antibodies derived from
naturally infected humans may reflect selection for heterotypic
antibodies by repeated rotavirus infection. This result corre-
lates well with the increasingly broad serum neutralizing re-
sponse against rotavirus clicited by reinfection with rotaviruses
of the same or different rotavirus serotypes (19, 43).

Although VP5* is more conserved among strains than is
VP8*, the presence of heterotypic neutralization epitopes on
VP8* of human strains suggests that immunization with re-
combinant VP8&* of human strains could induce a heterotypic
neutralizing antibody response. Such a response has been dem-
onstrated against VP8% from an animal rotavirus strain, as
primary immunization of laboratory animals with recombinant
VP8&* of the simian strain RRV does produce heterotypically
neutralizing antibodies (16).

Mapping of neutralization escape mutations on the DS-1
VP8* core structure, As previously described, the 20 neutral-
ization escape mulations mapped to VP8* of SA-dependent
animal rotavirus strains cluster in four epitopes (14). The five
neutralization escape mutations now mapped to VP8* of SA-
independent human rotavirus strains do not cluster in these
epitopes or in any casily identifiable new epitopes (Fig. SA to
C, labeled residues). Only the mutation at residue 148 of hu-
man strain RV-3 lies within one of the previously described
epitopes (designated 8-1). Because the DS-1 and RRV VP8*
cores have a common fold, gross structural differences do not
explain the distinct distributions of escape mutations.

When the RRV VP8* core crystal structure is fitted to the
spike envelope of a 12-A-resolution electron cryomicroscopy
image reconstruction of trypsin-primed, SA-dependent rotavi-

rus particles, all of the escape mutations on VP8* of SA-
dependent strains are accessible for antibody binding, forming
“caps” at the tips of the spikes’ heads (Fig. 5D). Although the
DS-1 VP8* core fits the same molecular envelope, the escape
mutations of SA-independent human strains are not in the
most accessible locations, and three (at residues 72, 203, and
217) ring the base of the head (Fig. SE and F). In fact, the
escape mutation at residue 72 contributes to the point of at-
tachment of head to body and to the surface of the gap be-
tween the paired heads, where it is not accessible for antibody
binding (Fig. 5C, E, and F). The escape mutation at residue
203 also contributes to the surface of the gap between head
and body and is on the boundary between accessible and in-
accessible surfaces.

Thus, the distribution of escape mutations suggests that the
state of the VP4 spike recognized by some VP8*-specific an-
tibodies that neutralize SA-independent human rotavirus
strains differs from the state recognized by VP8*-specific an-
tibodies that neutralize SA-dependent animal rotavirus strains.
Alternatively, the selected residues could mediate escape from
neutralization by indirect steric effects, rather than by direct
disruption of an epitope. No electron cryomicroscopy image
reconstructions of SA-independent rotavirus virions are cur-
rently available to test the hypothesis that the conformations of
trypsin-primed spikes on SA-independent and SA-dependent
strains expose different molecular surfaces of the VP8* core
for potential antibody binding.

VP4 spikes have multiple conformations during rotavirus
entry. Prior to trypsin priming, the spikes are flexible and
therefore not visible in averaged icosahedral image reconstruc-
tions (9). Trypsin priming rigidifies pairs of VP4 molecules to
produce spikes. Threefold symmetry of the portion of VP4
buried under the VP7 shell (44), the trimeric appearance of
altered VP4 spikes on virions that have been treated with atkali
(39). and the stable trimer formed by a rearranged VP5* [rag-
ment (13) suggest that each VP4 cluster on the virion surface
may contain three molecules, one of which remains flexible
after trypsin priming. In addition, electron cryomicroscopy im-
age reconstructions demonstrate subtle conformational differ-
ences in spike morphology among SA-dependent rotavirus
strains (38). The 22- to 23-A resolution limit of these recon-
structions does not permit a precise determination of the
boundaries of the accessible surfaces on the variants, Thus,
either strain differences in spike morphology or the multiple
conformational states of VP4 could-explain the distribution of
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neutralization escape mutations on VP8* of human rotavirus
strains.

In summary, although the VP8* cores of an SA-dependent
strain (RRV) and of an SA-independent strain (DS-1) are
substantially similar, there are significant structural differences
between the two phenotypic variants. The biochemical charac-
teristics of both variants, including case of expression and
purification, high solubility, and chemical stability make them
promising components for a potential second-generation re-
combinant rotavirus vaccine. In this regard, heterotypic neu-
tralization by MAbs recognizing VP8* of human strains is a
particularly promising finding. Differences between the RRV
and DS-1 VP8¥ cores in the region that corresponds to the
RRV §A binding sitc make it unlikely that DS-1 VP8* binds an
alternative carbohydrate ligand in this location. A widened
cleft between the EF B-hairpin and the six-stranded B-sheet in
the DS-1 VP8 core and the binding of a peptide chain in this
cleft suggest that VP8* may bind a protein ligand. The very
different neutralization surfaces of SA-dependent and SA-in-
dependent viruses suggest different mechanisms of neutraliza-
tion and, possibly, differences in spike morphology. Further
structural studies of SA-independent rotavirus strains could
reveal differences in the VP4 spike that are directly relevant to
the pathogenesis of rotavirus gastroenteritis in children. .
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Noroviruses (NVs) are common pathogens that consist of genetically divergent viruses that induce gastro-
enteritis in humans and animals. Between September 1999 and June 2004, 1,898 samples obtained from
patients showing sporadic or outbreak gastroenteritis in Chiba Prefecture, Japan, were tested for NVs by
reverse transcription-PCR. NVs were detected in 603 samples. Approximately 80% were positive for genogroup
GIl, 13% were positive for genogroup GI, and the remaining 7% were positive for both genogroups. Phyloge-
netic analysis showed that the GI and GII genogroups could be further divided into 13 and 16 genotypes
(including new genotypes), respectively. The GII-4 genotype, which included five small genetic clusters (sub-
types), was the most common in this study and was detected in approximately 40% of positive samples. The P2
regions of 10 strains belonging to each of the five GII-4 subtypes showed § to 18% amino acid diversity. The
amino acid substitutions accumulated in the protruding (P) region during the 5-year study period. Our data
suggest that highly variable NV strains are circulating in Chiba Prefecture, with a high rate of genetic change

observed during the S-year study period.

The genus Norovirus is a member of the family Caliciviridae.
Caliciviruses contain a positive-sense single-stranded RNA ge-
nome and include a further three gencra, Vesivirus, Lagovirus,
and Sapovirus (2, 3, 8). Noroviruses (NVs) have three major
open reading frames (ORFs) that encode nonstructural, cap-
sid. and minor structural proteins, respectively (8). They are
one of the most common causes of gastroenteritis and have
been detected in fecal samples from both humans (12, 15, 28)
and animals (20, 30, 37). Human-associated NV outbreaks
resulting from ingestion of contaminated water or food, such
as oysters (4, 5, 18, 23), and outbreaks in public places, partic-
ularly hospitals, schools, and cruise ships (9, 11, 22, 36), pose
an important public health problem.

Reverse transcription-PCR (RT-PCR) and sequencing of
the partial viral genome are the most popular and useful pro-
cedures for obtaining epidemiological and genetic information
on NVs. Human NVs can be divided into two genogroups,
genogroups Gl and GII, by genetic analysis of the RNA poly-
merase and capsid regions (1, 15), with several genotype clas-
sifications having been reported independently (1, 16, 33). Re-
cently, based on the genotype classification of Katayama et al.
(16), Kageyama et al. (15) reported on a detailed scheme for
the genotyping of N'Vs based on distribution analysis by using
the pairwise distance of the capsid N-terminal/shell domain.
They classified the GI and GII genogroups into 14 and 17
genotypes, respectively.

During the winter of 2002-2003, an increase in NV out-
breaks was reported in Europe and the United States (6, 21).
Morcover, worldwide, the GII-4 genotype (Bristol virus-like
genotype) has been shown to be the predominant strain of NV
associated with gastroenteritis (13, 21, 34-36). Changes in the
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phylogenetic and genetic characteristics of GI-4 genotype
strains have also been reported (9, 21).

To clarify the genetic characteristics of NV in Chiba Prefec-
ture, Japan, we phylogenctically analyzed nucleotide se-
quences at the 5" end of ORF2, which encodes the capsid
protein (8). in NVs detected in Chiba Prefecture from 1999 to
2004, Furthermore, the protruding (P) region of the capsid
protein from GlH-4 genotype NV strains was also analyzed.

MATERIALS AND METHODS

Collection and processing of stool samples. Between September 1999 and
June 2004, 732 stool samples were collected from patients (40 adults and 692
children) with sporadic gastroenteritis from seven hospitals in Chiba Prefecture,
Japan, A totat of 1,166 samples were also collected through 15 public health
centers from patients (1,032 udults and 134 children) representing 200 gastro-
enteritis outhreaks (1 to 12 samples per outbreak).

Approximately 109 (wtivol) suspensions of stool specimens in phosphate-
butfered saline were prepared by centrifugation at 1,500 % g for 20 min.
Three milliliters of the supernatants was concentrated by ultracentrifugation
at 200,000 X ¢ for 2.5 h by using a 50.2Ti rotor (Beckman Coulter Inc.,
Fullerton, Calif.), und the concentrate was then resuspended in 200 wl of
distilled water. The samples were used for RNA extraction or were stored at
—80°C until use.

RT-PCR and sequencing, RNA was extracted from 25 pl of concentrated
sample by using a High Pure Viral RNA kit (Roche Diagnostics, Mannheins,
Germany), according to the manufacturer’s protocol, and then reverse transcrip-
tion was performed with ReverTra Ace reverse transcriptase (TOYOBO, Osaka,
Japan), according to the manufacturer's instructions. PCR was performed with
the GIFE and GIRI primer pair for the GI strains and the G2FI and G2R|
primer pair for the Gl strains (17). For detection of genetically divergent GI1
strains, primer G4R2 (CONGCTGTGAASGCRTINCCMGC) was used in
place of primer G2R1, and for amplification of the 3’ end of the NV genome,
primer dT25VN {(T)2sVIAGION(A/G/C/TY] (19) was used as the reverse
primer,  Primer  LVPF (AGTCTCYTGTCGAGTYCTCAC) and  primer
LVCAPEND (CCAAGGACATCAGAYGCCA) were used fo analyze the P
region of the GII-4 genotype. PCR products were purified with the High Pure
PCR Products Purification kit (Roche Diagnostics) and were directly sequenced
using the BigDye Terminator cycle sequencing kit and Genetic Analyzer 310
(Applied Biosystems, Foster City, Calif).
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TABLE 1. NV strains analyzed in this study

J. CLIN. MICROBIOL.

Genogroup and strain name Type Source” Accession no. Genogroup and strain name Type Source! Accession no.

Genogroup 1 Chiba/040230/2004 GII-3 A/O AJ865580
Chiba/000600/2000 GI-1 /s AJ865482 Chiba/990897/1999 Gll-4b crs AJ865513
Chiba/030308/2003 Gl-1 A/O AJ865496 Chiba/990900/1999 GlI-4b C/S AJ863474
Chiba/030542/2003 Gl-1 A/O AJ865501 Chiba/991173/1999 Gli-4b C/S AJ865518
Chiba/040252/2004 GI-1 A/O AJ865507 Chiba/001049/2000 Gll-db A/O AJ865529
Chiba/040501/2004 GI-1 A/O AJB65509 Chiba/010105/2001 Gll-4b A/O AJ865532
Chiba/010510/2001 Gl-2 /0 AJB65487 Chiba/021071/2002 Gll-4b A/O AJ865556
Chiba/030547G 172003 GI-2 AJO AJB65503 Chiba/040092/2004 Gl1-db c/s AJ865576
Chiba/030658/2003 GI-2 C/0 AJR65505 Chiba/021050/2002 Gll-d¢ c/s AJ865554
Chiba/000520/2000 GI-3 /0 AJB65481 Chiba/030556/2003 Gl-d¢ AJO AJB65567
Chiba/020251/2002 G1-3 A/O AJ865492 Chiba/020984/2002 Gl1-4d c/o AJ865551
Chiba/030546/2003 GI-3 A/O AJB65502 Chiba/030517/2003 Gll-4d A/O AJ865564
Chiba/000016G1/1999  Gl-4 A/S AJ865476 Chiba/030910/2003 Gll-4d A/O AJ865569
Chiba/000516/2000 Gl4 A/O AJ865480 Chiba/040045/2004 Gll-4d A/O AJ865575
Chiba/010108/2001 Gl-4 AIO AJB65485 Chiba/040096/2004 Gli-4d c/s AJ865577
Chiba/020097/2002 Gl-4 A/O AJ865490 Chiba/040140/2004 Gll-4d A/O AJ865579
Chiba/020267/2002 Gl-4 AJO AJB65493 Chiba/040311/2004 Gll-4d /s AJ865584
Chiba/030403/2003 Gl-4 A/O AJR65499 Chiba/021022/2002 Gll-de 10 AJB65552
Chiba/040589/2004 Gl-4 AJO AJ865510 Chiba/031038/2003 Gll-de A/O AJ865572
Chiba/030360/2003 GI-5 A/O AJ865498 Chiba/040110/2004 Gll-de AJO AJ865578
Chiba/040493/2004 GI-5 A/O AJ865508 Chiba/040277/2004 Gll-de A/O AJB65581
Chiba/030654/2003 GI-6 AIO AJ865504 Chiba/991180/1999 GlII5 A/S AJ865519
Chiba/991013/1999 G1-7 /s AJ865475 Chiba/010751/2001 GII-5 A/O AJ865541
Chiba/000782/2000 G1-7 crs AJR65484 Chiba/020015/2002 GIIS A/O AJ865543
Chiba/020250/2002 Gl-7 A/O AJ865491 Chiba/020040/2002 Gl1-5 AJO AJ865544
Chiba/030541/2003 GI-7 A/O AJB65500 Chiba/030547G22003  GIL-5 A/O AJ865566
Chiba/000661/2000 Gl18 A/S AJ865483 Chiba/040500/2004 GII-S A/O AJg65585
Chiba/010433/2001 GI-8 AIO AJ865486 Chiba/000459/2000 Gl1-6 C/o AJB65527
Chiba/030305/2003 GI-8 AIO AJ865495 Chiba/991012/1999 GI1-6 crs AJ865515
Chiba/040001/2004 G1-8 AJO AJB65506 Chiba/010522/2001 Gll-6 ¢/ AJS65536
Chiba/020096G1/2002  GI1-9 AJO AJ865489 Chiba/030968/2003 Gl1-6 AJO AJ865570
Chiba/000335/2000 GI-11 AIO AJ8635477 Chiba/040002/2004 GI1-6 A/O AJB65573
Chiba/000337/2000 G1-12 A/O AJR65478 Chiba/040309/2004 GI1-6 A/S AJR65583
Chiba/020247/2002 GI-13 c/0 AJ865511 Chiba/040545/2004 Gll-6 c/0 AJ865587
Chiba/030335/2003 GI-13 C/O AJ865512 Chiba/010526/2001 GI1-7 css AJ865537
Chiba/020062/2002 Gl-14 AIO AJ865488 Chiba/030981/2003 GIL-7 A/O AJ865571
Chiba/030358/2003 Gl-14 A/O AJB65497 Chiba/010045/2001 GI1-8 A/O AJ865523
Chiba/030100/2003 GI-15 A/O AJ865494 Chiba/020475/2002 Gl1-8 A/O AJ865549

Genogroup I1 Ch@baé()g?B‘)g/ZO% GII-8 ﬁ/O AJ86552§

. a/030412/20( 8 36555

Chiba/000485/2000 Gll-1 A/O AJ865528 gm‘: /89(;3(1)9§fﬁ;83 gﬁ?o Aﬁg jﬁ\jgggbl ]
Chiba/010587/2001 GIi-1 Cis AJ863539 Chiba/000325/2000 GII-10 o/ AJR65524
Chiba/030510/2003 Gli-1 AIO AJB63563 Chiba/010006/2001 GII-10 A/O AJ865531
Chiba/021026/2002 Gll-2 c/o AJ863553 Chiba/020555/2002 GI-10 A/O AJ865550
Chiba/030322/2003 Gl1-2 A/O AJB65557 R0 1044272001 et Ao S Isteaa
Chiba/030429/2003 Gll-2 A/O AJ863560 Chiba/000016G2/2000  GII-12 AlS AJ865521
Chiba/040554/2004 GII-2 co AJB65588 Chiba/020096G2/2002  GH-12 A/O AJB65546
Chiba/991120/1999 GII-3 cis AJ865517 Chibaro91118/1969 CILL3 s N I%6as16
Chiba/000022/2000 GI1-3 AIO AJB65522 Chibal010465/2001 Pt P 868533
Chiba/000336/2000 GlI-3 /0 AJB65525 Chiba/000010/2000 Gll-14 A/O AJ865520
Chiba/000344/2000 GlI-3 A/O AJ865526 b0 1039072001 ClL14 O AI86sea3
Chiba/010621/2001 Gl1-3 css AJ865540 Chiba 040300/2004 CIL14 o N scesss
Chiba/010998/2001 GII-3 Cis AJ865542 Chiba/030474/2003 GII-15 A/O AJ65561
Chiba/020198/2002 GlI-3 A/O AJ865547 Chibal030522/2003 CILI O 862565
Chiba/020301/2002 GlI-3 AO AJ805548 Chiba/040003/2004 GlI-15 AIO AJB65574
Chiba/021068/2002 GII-3 AO AJ865555 Chiba/020042/2002 Gll-16 AO AJ865545
Chiba/030486/2003 GlI-3 AO AJ865562 Chiba/040502/2004 CIL1S NO AI86ss80
Chiba/030603/2003 GlI-3 c/o AJB6556% R0/ :

“ Sample sources: A, adult patient; C, child patient; O, outhreak case; S, sporadic case.

Sequence analysis. The nucleotide sequences were analyzed with GENETYX-
MAC software. The Clustal X multiple-alignment program (versionl.83) was

used for multiple alignment and analysis by the neighbor-joining method (32).
Molecular distance was calculated by using the DNADIST program in the
PHY LIP package (10), and the phylogenetic tree was drawn by using Tree View
software (27). Predictions of the secondary structures of the proteins were made
by using the PSIPRED secondary structure prediction program (24).

Nucleotide sequence accession numbers, The NV strains analvzed in this study
are shown in Table 1. The nucleotide sequences determined in this study were
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RESULTS

submitted to the EMBL nucleotide database and have been assigned accession
numbers AJ844409 1o A)844480 and AJ865474 to AJROSSES.

Phylogenetic analysis of NV stfains. Between September
1999 and June 2004, 1,898 fecal samples were obtained from
732 sporadic cases and 1,166 outbreak-related cases of gastro-
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TABLE 2. NV positivity of stool samples collected from gastroenteritis patients between 1999 and 2004

Sample type and Sept. 1999 to Sept. 2000 to

Sept. 2001 to

Sept. 2002 to Sept. 2003 1o

parameter Aug. 2000 Aug. 2001 Aug. 2002 Aug. 2003 June 2004 Total
Sporadic samples
No. tested 238 (75/163)" 329 (6/323) 72 (17/55) 41 (1/40) 52 (3/49) 732 (102/630)
No. positive 73 (8/65) 55 (4/51) 13 (2/11) 11 (4/7) 17 (3/14) 169 (21/148)
Positivity rate (%) 30.7 16.7 18.1 26.8 327 23.1

Outbreak samples
No. tested
No. positive
Positivity rate (%)

150 (137/13) }23]"
67 (65/2) [15]
44.7165.2]

126 (125/1) |
74 (73D [
58.7181.3)

|
3

6] 225 (217/8) [45]
1 60 (73)[22]
26.7 [48.9]

352 (294/58) |40}
90 {63/27) [27]
25.6 }45.0]

313 (268/45) |50]
143 (119/24) |39]
45.7169.6]

1,166 (1,041/125) [200]
434 (377/37) [116]
37.258.0]

“ Values in parentheses show the number of samples obtained from adults/umber of samples obtained from children.

? Values in brackets show the number of outbreak incidents,

enteritis (Table 2). Of the 732 samples obtained [rom sporadic
cases, 169 (23.1%) were shown to be positive for NV by RT-
PCR, and of the 1,166 samples obtained from 200 outbreaks.
434 (37.2%) samples {rom 116 outbreaks (58.0%) were posi-
tive, The rates of detection of NVs in 94 outbreaks from which
two or more samples were obtained were 11 to 100% (average,
07%). During the study period, three group A rotavirus-asso-
ciated outbreaks and one adenovirus-associated outbreak were
observed.

NV-positive samples represented 115 GI genotypes and 513
G1 genotypes. GI strains included approximately 80% of the
total positive samples. All positive samples underwent direct
nucleotide sequencing and were phylogenetically analyzed
based on approximately 240 bp from the nucleotide sequence
of the §' end of ORF2. The phylogenetic trees of the strains
analyzed, selected by differences in the detection period and
nucleotide sequences, were constructed as shown in Fig. 1.
Genotype clusters were consistent with those reported by
Kageyama et al. (15). GI- and GlI-positive samples were clas-
sified into 13 and 16 genetic clusters, respectively, and two
possible new genotypes (genotypes GI-15 and GH-18) were
identified in both genogroups (Fig. 1). The results of genotype
analysis in each study year are summarized in Tables 3 and 4.
Of the 116 NV-positive outbreaks, Gl and GII strains were
identified in 34 (29.3%) and 107 (92.2%) samples, respectively.
In addition, in 34 outbreaks, two or more genotypes and/or
genogroups were detected in samples obtained from a single
outbreak. In 33 of 55 (96.4%) outbreaks in which strains of a
single genotype were detected, the nucleotide sequences of the
strains were identical. Single nucleotide substitutions were ob-
served in strains from only two outbreaks (outbreaks A and B).
In outbreak A, three different nucleotide sequences [A, G or R
(A+G)] were observed at the same position, and therefore, it
was suggested that this outbreak was caused by at least two
different strains. In outbreak B, the sequences in eight of nine
samples were identical, but the sequence of the remaining
sample had a nucleotide substitution of A to G, which was
probably generated in this outbreak. The nucleotide changes
described above were accompanied by amino acid substitu-
tions. No significant differences were observed between the
genotypes detected from sporadic cases and those detected
from outbreaks {Fig. 1; Tables 3 and 4).

Regardiess of whether samples were from an outbreak case
or a sporadic case, the dominant genotype was GII-4; GII-4
was detected in 224 samples (47.6% of the GlI-positive sam-

ples and 35.7% of the total positive samples). The GII-3,
GlI-4, and GII-5 genotypes were detected throughout the
study period, while the other genotypes were detected inter-
mittently. Strains representing the GI-9, GI-11, GI-12, GI-15,
GI1-16, and GII-18 genotypes were detected during only one
period within the 5-year study period. The dominant genotypes
each year were not consistent between the outbreak and the
sporadic cases. ’

Two new strains, Chiba/030100/2003 and Chiba/040502/
2004, formed genetic clusters clearly separate from previously
identified genotypes (Fig. 1). The nucleotide sequences of
these strains showed low levels of identity in a BLAST search
of the sequences of all strains except for the identity between
the scquences of Chiba/030100/2003 and NLV/IF2036/2003/
Iraq (EMBL databasc accession number AY675555; 95% nu-
cleotide identity). Chiba/030100/2003 and Chiba/040502/2004
were therefore tentatively classified as putative new genotypes
GI-15 and GII-18, respectively.

New genetic clusters. Recent genotypic classification of NVs
showed 14 and 17 genotypes within the GI and GII geno-
groups, respectively (15). In this study, we identified possible
new genetic clusters in Gl and GII (Fig. 1A and B). To char-
acterize these NV strains, we amplified and sequenced the
region between the starting codon of ORF2 and the 3’ end of
the NV genome. The new GI strain, Chiba/030100/2003/1P,
had 2.383 nucleotides, while the new GI strain, Chiba/040502/
2004/JP, had 2,472 nucleotides. Two ORFs, corresponding to
ORF2 and ORF3 of NVs, were also identified. A similarity
search was performed by using the World Wide Web-based
FASTA program of the DDBJ DNA database. which revealed
that NLV/IF2036/2003/Iraq showed 93.5% nucleotide identity
to  Chiba/030100/2003/JP; however, the other NV strains
showed less than 70% nucleotide identity. Detailed informa-
tion on the NLV/IF2036/2003/Iraq strain is not available. No
strain with more than 70% nucleotide identity to the Chiba/
040502/2004/JP sequence was found in the DNA database. The
results of genetic analysis therefore seem to confirm that these
strains are new genotypes (genotypes GI-15 and GII-18, re-
spectively).

Genetic transition of the GII-4 genotype. In this study, a
total of 224 GII-4 genotype strains were analyzed. Of these, 94
were detected from sporadic cases and 130 were detected from
41 outbreaks. Phylogenetic analysis showed that the GII-4 clus-
ter could be further divided into five small clusters {tempo-
rarily called subtypes). subtypes GI1-4a to GH-4e (Fig. 1B and
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FIG. 1. Phylogenetic tree of selected norovirus strains analyzed in this study. (A} Genogroup It (B) genogroup I1. Trees were reconstructed with
partial nucleotide sequences of the 53 end of ORF2 and by using Manchester virus as the outgroup. The numbers on cach branch indicate the
bootstrap vatues of the clusters supported by that branch. Genotype classification was based on the recent scheme of Kageyama et al. (15). The
accession numbers of the reference strains are included in Tables 3 and 4. The accession numbers of additional reference strains are as follows:
Camberwell virus. AF145896: Grimsby virus, AJO04864: and Oxford B3SY strain, AY588016. GI-15 and GII-I8 (boxed) are the new genotypes
identified in this study. The tentative subtypes observed in the GII-4 genotype are also indicated.
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FIG. 2. Genetic analysis of the P region of the capsid protein in the GI1-4 strains, (A} Phylogenetic tree of the GII-4 NV strains reconstructed
by the neighbor-joining method by using the amino acid sequences of the P region of the capsid protein, The numbers on cach branch indicate
the bootstrap values of the clusters supported by that branch. The accession numbers of additional reference strains are as follows: Camberwell
virus, AF145896; Grimsby virus, AJ004864; Oxford BSS9, AY588016; and Oxford B5S19. AY588019. (B) Amino acid alignment of the P region;
the P2 region is shown in gray. The solid box (I to V) shows the putative sites responsible for the binding pocket to histo-blood group antigens
(32). The asterisk indicates the position of the single amino acid insertion in the P2 region.

2). Subtype GlI-4a included the prototype strain, Bristol virus:
G11-4b included strains detected between 1999 and 2002 with
the Grimsby virus, and one strain, 040092, dctected in 2004;
Gl-4¢ included four strains obtained from one sporadic case
in 2002 and three strains from a single outbreak in 2003;
Gl1-4d included strains detected between 2002 and 2004; and
Gll-4e included strains detected between 2003 and 2004
For verification of these clusters and characterization of
each subtype, we analyzed the nucleotide sequences of the P
regions of 10 strains belonging to each GII-4 cluster. The range
of the P region was determined as described by Chen et al. (7).
The resultant phylogenetic tree and amino acid alignment of
the P region are shown in Fig. 2. Genetic clustering into five
subtypes was supported by the high bootstrap value of cach
branch. The amino acid sequence diversity of the P region
among these subtypes was 1 10 11% (0 to 18% diversity in the
P2 region). The predicted secondary structures of the P region
of each subtype are shown in Fig. 3. The predicted helix struc-
tures within the P2 region varied among the subtypes. An
additional helix structure positioned at amino acid 64 was
observed in subtypes GII-4a and Gll-4¢, and one positioned at
amino acid 110 was observed only in subtype GlI-4b. No ad-

ditional predicted helix structures within the P2 region were
obscrved in subtypes GI1-4d and GII-4e. One of the four sites
reportedly corresponding to the putative histo-blood group
antigen binding pocket (31) had amino acid substitutions (Q to
E insite 1V; Fig. 2B) in the GII-4d and GII-4e subtypes. These
subtypes also shared a single amino acid insertion at the same
position within the P2 region. Amino acid substitutions con-
verged in the P2 region and accumulated with time. These
results show that the GII-4 genotype rapidly evolved and
shifted genetically between 2002 and 2003.

DISCUSSION

This study genetically analyzed NV strains detected in sam-
ples from sporadic cases and outbreaks of gastroenteritis. Of
1,898 samples, 603 (31.8%) were positive for NV; GII strains
represented 81.3% of these positive samples. NVs were de-
tected in samples obtained from 585 of the outbreaks, with
detection rates varying between 11 and 100% in each outbreak.
NVs were detected at low rates in some outbreaks, not all of
which were caused by NV: however, despite this, no other viral
or bacterial pathogens were delected in almost all outbreaks.
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TABLE 3. Results of genotype analysis of genogroup I NV strains detected in Chiba Prefecture between 1999 and 2004

1999-2000) 2000-2001 2001-2002 2002-2003 2003-2004 Total

Type Prototype strain Accession no.”

oB" sp OB Sp oB sp 0B N 0B sp OB Sp
Gl-1 Norwalk M87661 i 2(2) 1 13(5) 15(7) 2
GI-2 Southampton 1074318 9(3) 5 7(2) 16 (5) 5
GI-3 DesertShield U04469 9 (2)" 2 2(2) 1 2(2) 1(1) 14(7) 3
Gl-4 Chiba407 AB042808 4(4 3 9(3) 5(4) 31 21(12) 3
GI-5 Musgrove AJ277614 L (1) 1 2(2)
GI-6 BS-5 AF093797
Gl1.7 Winchester AJ277609 2 3(2) (1 4(3) 2
GI-8 WUGH ABO81723 1(hH 5(2) 2 6 (3) I 13(7) 2
GI-Y Saitama SzUGI AB039774 I(h) (1)
GI-10 Boxer AF538679
GIl-11 Suitama KUSGI ABO58547 3 3
GI-12  Saitama KU9aGlI ABO58525 (n 1(1)
GI-13  Saitama T33aGl ABI112132 (1) 4(1) 5(2)
Gl-14  Saitama T25GI AB112100 1(1) H(h 2(2)
GI-15  Chiba/030100/2003 AJ844469 1 I
Total 18 8 25 8 13 0 23 2 18 0 97 18

“ Accession numbers of the reference strains used in this study.
" OB, outhreuk samples.
¢ §P, sporadic saumples.

“ Values in parentheses show the number of outbreuk incidents in which each genotype was detected.

A number of epidemiological reports on NV infection have
shown that the GII genogroup is the predominant agent of
NV-associated gastroenteritis (11, 14, 29, 36). In this study, GII
strains were also predominant in both sporadic cases and out-
breaks. The dominant GI genotype changed each year; there-
fore, no tendency with regard 1o the predominant GI genotype
was found within the study period. However, in the GII geno-
group, three predominant genotypes, GI1-3, GII-4, and GII-5,
were identified. These genotypes were detected each year dur-
ing the study period and represented approximately 70% of the

GlI-positive samples. The GI1-4 genotype was especially dom-
inant throughout the S-year study period, except in 2001 and
2002. Of the 33 known NV genotypes, 29 were identified in this
study; GI-6, GI-10, GII-9, and GII-17 were not identified.
These data show that most genotypes exist in Japan, inducing
NV-associated outbreaks and sporadic gastroenteritis. Detec-
tion of variable strains of NV within the Japanese population
and in Japanese oysters has also been reported (14, 15, 26).
In this study, possible new genotypes in the GI and Gl
genogroups were identified. Kageyama et al. (15) described

TABLE 4. Results of genotype analysis of genogroup 1T NV strains detected in Chiba Prefecture between 1999 and 2004

1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 Total
Type Prototype strain Accession 10.”

oB® Spe OB SP OB Sp OB sp OB sp OB SP
Gll-1 Hawaii Uo7611 8 2y 5 13(3)
GlI-2 Merksham X81879 () 15 (6) 10(1) 26 (8)
GII-3 Sattama U201 AB067542 22(6) 9 2(2) 6 13(3) 4 20(8) 6 (4) 4 63 (25) 23
GlI-4 Bristol X76716 13(3) 39 27(9) 32 6(2) 3 17 (4) 8 87(23) 12 150(4h) 94
GII-5 Hillington AJ277607 1(1) 2 7(3) 2 13 (6) 6 7(2) 2(2) 30 (14) 1
GlIi-6 Saitama U3 AB039776 I 2 9(1 16 (4) 1 25(5) 4
Gli-7 Leeds AJ277608 I 3 4(2) 4(2) 4
Gll-8 Saitama U25 AB067543 (1) 31 5(2) 6(3) 15(7)
Gl-9 Idaho Fall AY 154299
Gl-10 Mc37 AY237415 7(2) 11 i(l) 3(2) 13(5) 11
GII-I1 Saitama T29GI AB112221 2(1 ) 3(2)
GII-12 Saitama Ul ABO39775 1 5(h) (1 6(2) 1
GII-13 M7 AY 130761 1 2 3
GlI-14  Kashiwa ABO78334 L) 1 2(1) I(hH 4(3) 1
GH-15  Saitama KU80a ABUSESR2 4(3) 1 1(1) 5S4 1
Gll-16  Saitama T33GIH ABI112260 202 2(2)
G1I-17  Alphatron AF195847
GII-18  Chiba/040502/2004 AJ844470 2(hH 2(h
Total 53 66 51 47 53 13 74 9 130 17 361 152

“ Accession numbers of the reference strains used in this study.
" OB. outbreak sumples.
 SP, sporadic samples.

7 Values in parentheses show the number of outbreak incidents in which each genotype was detected.
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FIG. 3. Schematic representation of the secondary structure predictions of deduced proteins from isolates belonging to each GII-4 subtype, showing the helix structure pattern in the P2
region. Each panel shows a partial P region (amino acids 217 to 416 of Bristol virus) of the capsid protein.
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strains as different genotypes if they showed pairwise distances
in the N-terminal/shell domain of the capsid protein of more
than 0.121 for the GI genogroup strains and 0.117 for the GII
genogroup strains. The pairwise nucleotide distance of the
N-terminal/shell domain of the capsid protein between these
new strains and strains of the nearest genotype was 0.176
between Chiba/030100/2003/JP and NV/SaitamaKU19aGl/
00/JP (EMBL accession number AB058525), which was used
as a reference strain of GI-12, and 0.322 between Chiba/
040502/2004/JP  and  Hu/NLV/Alphatron/98-2/1998/NET
(EMBL accession number AF195847), which was used as a
reference strain of GII-17. Accordingly, the two strains de-
scribed in this paper, Chiba/030100/2003/JP (GI) and Chiba/
040502/2004/JP (GII), were classified as new genotypes, GI-15
and GII-18, respectively.

The dominant genotype throughout the study period was
GH-4, which, according to phylogenetic and genetic analyses,
could also be further divided into five subtypes (subtypes
Gll-4a to GII-de); they were also shown to have shifted genet-
ically each year. The emergence of genetic variants of the
GII-4 genotype was previously reported based on analysis of
the RNA polymerase-coding region (21). Recently, Dingle et
al. (9) analyzed 49 GII-4 strains and classified them into three
subtypes with regard to the year of detection (1987 to 1994,
1995 to 2001, and 2002 to 2003, respectively) and based on the
nucleotide sequences of the capsid region; these genetic clus-
ters correspond to GlI-4a, GII-4b, and GlI-4d, respectively.
The two additional subtypes observed here were identified in
samples obtained in 2003 and 2004. As shown by Dingle et al.
(9), we also identified a single amino acid insertion in subtypes
Gl11-4d and Gll-4e and an accumulation of amino acid substi-
tutions in the P2 region. The predicted secondary structure of
the P region differed among the subtypes. Four sites in the P2
region comprising the putative binding pocket of the histo-
blood group antigen were reported by Tan et al. (31). In this
study, we identified an amino acid substitution (Q to E) in
subtypes GlI-4d and GlI-4e at site IV, which is involved with
binding specificity to the histo-blood group antigen. This mu-
tation and the accumulation of amino acid substitutions within
the P2 region might induce changes in binding specificity to the
histo-blood group antigen and in viral antigenicity.

Recently, the in vivo evolution of NV in an immunosup-
pressed patient was reported by Nilsson et al. (25). They re-
ported an accumulation of amino acid substitutions in the P2
region within 1 year and also discussed the predicted structural
changes that occurred in the P region. Unfortunately, human
NVs cannot be propagated in vitro, and no animal infection
model is available at present; consequently, evolutionary stud-
ies of NV genes are very difficult. OQur results obtained from
analyses of genetic changes in strains detected locally during a
sequential period are therefore considered useful,

In conclusion, this study showed that NV strains with various
genolypes are cocirculating in Chiba Prefecture, Japan, and
revealed a pattern of viral evolution in the P2 region of the
GII-4 strains. Three predominant genotypes, GII-3, GII-4, and
GII-5, were detected each year and included approximately
70% of the strains identified; the remaining genotypes were
detected only intermittently. The reasons for these results are
unknown: however, environmental factors, host immunity to
the viral genotype, and the mode of transmission of each virus

J. CLIN, MICROBIOL.

might influence the epidemic spread of NV. In addition, we
identified genetic changes among GII-4 genotype strains in the
P region of the capsid protein. These changes are induced by
repeated infections among human populations and are consid-
ered to have accumulated to escape the pressure of immunity.
These data suggest a high rate of evolution in the NV capsid
gene, highlighting the need for further studies on the genetic
epidemiology and evolution of NVs for effective control.
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A series of gastroenteritis outbreaks caused by noroviruses (NVs) among tourist groups from several
prefectures was associated with eating a lunch prepared by a restaurant in Nagasaki City, Japan, on 18 and
19 November 2003. A retrospective cohort study was performed to estimate the magnitude of the outbreak and
identify the source of infection. Epidemiological information was obtained through the local public health
centers in the areas where the illness occurred. Stool and vomit specimens and food and environmental
samples were analyzed by reverse transcription-PCR with genogroup-specific primers. Positive samples were
sequenced and analyzed phylogenetically. Of 1,492 tourists who ate a lunch prepared by the restaurant during
the 2-day period, 660 (44.2%) developed illness, with an average incubation time of 31.2 h. Whereas NVs were
not detected in any food samples, identical sequences most closely related to the Mexico genotype of genogroup
II NV were found in specimens from case patients, restaurant staff, and the kitchen table. Food handlers were
concluded to be the source of the outbreak as a result of the contamination of several meals. The series of
outbreaks described here exemplifies the role of tourism as a contemporary way to distribute a single infectious

agent to multiple and geographically remote areas.

Norovirus, a genus within the family Caliciviridae, has
emerged as an important cause of food- and waterborne gas-
troenteritis outbreaks in industrialized countries (6, 8, 20).
Noroviruses (NVs) are responsible for 78.5% of all nonbacte-
rial outbreaks of gastroenteritis reported from 1995 to 2000 in
Europe (21). They accounted for an estimated 6 to 14, 11 to 18,
and 20% of infectious intestinal diseases in England and Wales
(3, 7. 28), The Netherlands (4, 17), and Finland (27), respec-
tively. It was reported that 96% of 90 outbreaks of nonbacterial
gastroenteritis were caused by NVs (6), and it is estimated that
NVs cause 23 million illnesses each year (22) in the United
States. In Japan, NVs accounted for 28% of cases of food
poisoning from all causes and Y9% of cases from purely viral
sources (24).

NVs can be classified into five genogroups, genogroups GI
to GV; the three genogroups GI (prototype strain, Norwalk
virus), GII (prototype strain, Snow Mountain virus), and GIV
have been found in humans (1, 23, 29, 31). Reverse transcrip-
tion-PCR (RT-PCR) has become a favored method for detec-
tion and classification of N'Vs and has extensively been used as
a tool in investigations of acute gastroenteritis outbreaks (9,
13, 30. 33). Little has been reported about the genotype dis-
tribution of NVs in Japan. The GII Lordsdale genotype
(G11/4) has been predominant since 1996, and the GII Mexico
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genotype (GII/3) suddenly appeared and spread during the
1999-2000 scason in Osaka City, Japan (11). In another study,
various genotypes of NVs were found in Kyushu, Japan, from
1988 to 1993, and the GII Mexico genotype was dominant in
1989 (26). In Japan, raw oysters are the primary source of
transmission in small outbreaks, whereas school lunches and
catered meals, banquet halls, and hospitals are most often
implicated as the vehicles and settings of transmission in large
outbreaks (those involving >50 patients) (10). In terms of the
number of patients involved in NV gastroenteritis outbreaks in
Japan, the largest one (3,236 schoolchildren) occurred in nine
elementary schools in 1989 following consumption of a school
lunch prepared by a lunch preparation center in which one
food handler had gastroenteritis (15).

In this article we describe the investigation into a series of
gastroenteritis outbreaks that occurred among tourists who
had a lunch prepared by a single tourist restaurant and that
were attributed to a single strain of NV,

MATERIALS AND METHODS

OQutbreak description. Multiple outbreaks of acute gastroenteritis occurred
among the tourists from several prefectures who visited Nagasaki City. Japan,
and who had a lunch prepared by a tourist restaurant (restaurant J) in November
2003, Nagasaki City is located in the western part of the islund of Kyushu, has a
population of 420.000. und is visited by more than 5 million tourists a year. On
1Y November. the Public Health Authority in Nagasaki City initially received two
independent calls that students and teachers from schools in different prefectures
who had visited Nagasaki City on a school excursion the day before had gastro-
intestinal symptoms, such as nausea, vomiting, diarrhea, abdominal pain. and
fever. It turned out that the members of these fourist g;‘oups had junch at
restaurant J or ate box lunches prepared by that restaurant.

Thus, the Public Health Authority immediately suspended the business of
restaurant J. as it was the suspected origin of the food-poisoning outbreak.
Gastroenteritis cases continued to occur among tourists who had funch prepared
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TABLE 1. Chuaracteristics. attack rates, and incubation times for the
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groups that ate at restaurant J on 18 November

Gr Tyne of ar Time of visit Na.of No. of Attack rute Incubation time
woup Ype of group Ime ot v tourists patients (“e) (hy

A Junior high school excursion from Kagoshima Box lunches 32 25 78.1 27871

B Adults from inside Nagasaki Prefecture H1:30 26 2 7.6 335228
C Efementary school excursion from Fukuoka 11:40 103 73 70.9 33.0 = R0
D Adults from Osaka 12:30 17 5 204 M= 106
El High school excursion from Aichi 12:30 415 322 77.6 29.8 = 10.3
Total 593 427 72.0 0.0 = 100

¢ Values are means = standard deviations.

by restaurant J on 19 November. Restuurant 1 was open for tourist groups only
o subseription basis and had a kitchen stafl of 10. including 2 cooks, at the time
ol the event. Single parties of less than 30 tourists each visited restauwrant J each
day between 15 and 17 November. However, a total of L1 groups ate food from
restatrant J on I8 and 19 November: 593 tourists among 5 groups (groups A o
[:1) ate food from the restaurant on 18 November, and Y31 tourists among 7
groups (groups A, E2 and F to J) ate food from the restaurant on 19 November
(Tables 1 and 2).

Epidemiological investigation. A retrospective cohort study of the 11 groups
that ate tood from restaurant J on 18 and 19 November was conducted. Since the
case paticnts became il athome or during their trip after they feft Nagasaki City.
information was obtained through the local public heulth centers in the admin-
istrative regions where the case patients affected by pastroenteritis lived. The
questionnaires, standardized by the Ministry of Health, Labour and Welture,
were used to obtain information about the sex and age of each of the patients, the
time of onset and nature of their svmptoms, and what foods they ate.

A case was defined as the development of at least two of the following
symptoms in any tourist who had eaten food from restaurant J on 18 and 19
November: nausea. vomiting, diarrhea. abdominal pain. and fever,

The restaurant employees were interviewed in detail. We investigated the
hotels and other restaurants in Nagasaki City that the [ groups used during their
irips. We also interviewed other tourist groups that visited Nagasaki City during
the same period but that did not consume food from restaurant ). Information
on the secondary cases was gathered through the focal public health centers.

Environmental investigation, The facility was inspected by the Food Hygiene
Section of the Nagasaki City Health Department on 20 and 21 November. The
storage conditions of the meals and bulk food items were investigated, und
several food sumples were taken. A total of 29 smears of environmental sumples
were also taken from the restaurant, including the kitchen and the washroom,
Stool specimens from all kitchen stafl were submitted on 21 and 22 November.

Microbiological investigation, The vomit and stool specimens from the cuse
paticnts were cultured for bacterial enteropathogens. including Salfmonefla: Shi-
gella enteropathogenic Escherichia coli, inctuding E. coli O1S7; Campylobucier,
Y,
fringens: and Bacillus cerens. Approved standard laboratory methods were used

sinia: Vibrio, Aeromonas; Plesiomonas: Staphvlococeus anreus: Clostridivm per-

for all bacteriological investigations.

RNA extraction, RT-PCR, and sequencing. Samples and specimens were ex-
amined for NVs by RT-PCR, ax desceribed elsewhere (24, 33). Genogroup-
specific primers were used to amplify the partial capsid region of NVs by RT-

PCR (16, 24). as follows: primers COGTF and Gi-SKR and primers COG2F and
G2-SKR for amplification of the GI and GII NV, respectively. For some sam-
ples. a nested PCR was performed with primers GI-SKF and GI-SKR (G1) und
with primers G2-SKF and G2-SKR (GII). We also guantificd the NV capsid
penes for some PCR-positive samples by using o real-time PCR, as described
previously (13, 24). The detection limits were 10" and 107 copies for the food and
environmental samples and the clinical specimens, respectively (data not shown).
Phe capsid sequences were aligned. and the nueleotide sequence identities
were analyzed with GENETYX-MAC software (version [1.0). The nucleotide
sequences were compared with those of reference strains of NVs obtained from
GenBank for the phylogenetic analysis, as described previously (14).
Statistical analysis. Data are presented as means (standard deviations and
ranges) or as counts or proportions. Student’s ¢ test was used 10 compare the

means between the two proups. The chi-square test was used 10 assess the
statistical significance of the associations among variables. We calculated odds
ratios (ORs) using Wooll's procedure and multivariate ORs using multiple
logistic regression analysis (SAS, version 8.2) for each group and Mantel-Haen-
szel ORs for all subjects together, with 95% confidence intervals (Cls), to assess
whether there was any association between itlness and an individual meal. food,
or food item. A P value less than 0.05 was considered significant.

Nucleotide sequence accession number. The NV capsid sequence data have
been submitted to GeaBank and assigned accession number AYSY0117.

RESULTS

Epidemiological investigation. All 10 tourist groups in which
gastroenteritis cases occurred had caten lunch at restaurant J
or ate box lunches prepared by this restaurant. By contrast,
there were 1o reports of illness among 44 tourist groups (2,371
persons) who visited Nagasaki City during the same period but
who did not dine at restaurant J (P < 0.001). No hotels or
restaurants, other than restaurant J, where the 10 groups
stayed or visited reported the occurrence of gastroenteritis.
Consequently, restaurant J was concluded to be the causative
facility of the outbreak.

Tables | and 2 show the times and the dates when the

TABLE 2. Characteristics. attack rates. and incubition times for the groups that ate at restaurant J on 19 November

Group Type of group Time of visit i\'n..uf '\ﬂ ol Attack rate lncuhuliu}n time
’ = tourists patients (hy"

F ligh school excursion from Hokkaido Box lunches 163 97 342 = 104

G Elementary school excursion from Kumamoto 11:00 145 37 283 x 127

E2 High school excursion from Aichi F145 294 03 393 = 104

1§ Elementary school excursion from Kumamoto 12:10 169 35 245 = 15.0

I Adults from Gunma 12:10 15 0

A Junior high school excursion from Kagoshima 12:40 32 25¢ 27.8 £ 7.1

I Junior high school excursion from Kagoshina 12:50 113 1 25.8

Total 93] 233 25.9 331 = 142

" The case patients were thought to be infected on the first day because of the incubation period.

" Values are means * stundard deviations,
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FIG. 1. Epidemic curve of cases, by hours and dates of onset of symptoms. The x axis presents the times (in hours) and the days when the onset

of symptoms occurred.

tourists visited Restaurant J, the type of tour, the numbers of
tourists and cases, the attack rates, and the incubation times
for each group. Group A consumed meals [rom restaurant J on
both 18 and 19 November. Groups E1 and E2 belonged to the
same school and visited restaurant J on 18 and 19 November,
respectively. The questionnaires were received from 97.3% of
the tourists (35.3 to 100% for each group). Most groups re-
sponded very well (96.1 to 100%), whereas group D, which
consisted of adult individuals only, responded poorly (35.3%).

Of the 1.492 tourists who used restaurant J, 660 developed
ilinesses that met the case definition. Thus, the overall attack
rate was 44.2%. The mean age was 17.0 = 8.4 years (age range,
11 to 74 years): and 90.6% ol the cases occurred among stu-
dents in elementary, junior high, and high schools (age range,
11 to 18 years). There was no sex-related differcnce in the
attack rates, which were 46.8% for males and 44.7% for fe-
males (P = 0.64). The attack rates were invariably greater than
70% for the students who had lunch at restaurant J on 18
November, while they gradually decreased for those who had
lunch there on the next day. There was a significant difference
(P < 0.001) in the attack rates between the groups that ate
lunch on the first day (72.0%) and the next days (25.9%) of the
outbreak. The attack rate was low in groups B and D, and there
were no illness in group I; aithough the amounts and types of
{foods consumed did not differ, all these groups were commonly
adult tourist parties. The symptoms most commonly reported
by case patients were nausea (87.0%), vomiting (71.8%: 4.0
times a day, on average), abdominal pain (69.5%), fever
(68.6%), and diarrhea (54.4%; 3.1 times a day).

The epidemic curve shows two peaks (Fig. 1), but cach peak
represents a cluster of cases among those who ate {bod from
the restaurant on either 18 or 19 November and has a pattern
characteristic of a single-exposure, common-vehicle outbreak.
The mean incubation time was 31.2 = 11.7 h, and there was no

difference in the incubation times between the tourists who
consumed food from restaurant J on the first day (30.1 *
10.1 h) and those who consumed food {rom the restaurant on
the next day (33.1 = 142 h) (P = 0.32).

Groups A and F had box lunches prepared by restaurant J
and commercially available tea in a plastic bottle and con-
sumed the box lunches on a ferry and a train, respectively. The
same food items were assorted in the box lunches for these two
groups. All other groups had lunch at restaurant J and had cold
tea prepared by the restaurant. Although the combination of
foods was not always identical, most foods were common in the
lunches served to each group. When analysis was performed
for each group scparately, illness was statistically significantly
associated with a specific food in three groups: Sara-Udon
(thin fried rice noodles with mixed vegetables and seafood) in
group C (OR, 3.1; 95% CI, 1.1 to 8.7; P = 0.03), deep-fried
spring roll in group E1 (OR, 2.3; 95% CI, 1.1 to 4.7, P = 0.02),
and boiled broccoli in group F (OR, 2.4; 95% CI1, 1.2 to 4.6¢
P = 0.01). When analysis was performed for all subjects strat-
ified together by group and day, deep-fried spring roll (Mantel-
Haenszel OR, 2.06; 95% C1, 1.39 to 3.05: P = 0.0004), boiled
broceoli (Mantel-Haenszel OR, 2.41; 959 CL 129 0451, P =
0.009), and raw lettuce (Mantel-Haenszel OR, 2.12; 95% CI,
1.13 to 3.95; P = 0.03) were significantly associated with illness.
It may deserve to be mentioned that the four food items de-
scribed above. the Sara-Udon, deep-fried spring roll, boiled
broceoli, and raw lettuce, were handled with bare hands after
cooking or washing. However, none of the groups were served
all four of these items together. When deep-fried spring roll,
boiled broccoli, and raw lettuce were included in the same
model simultaneously, only boiled broccoli was significantly
associated with iliness (multivariate OR, 2.0; 95% CI, 1.0 to
3.9; P = 0.05) in groups A and F, to which all three of these
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food items were served. However, none of these items that was
significantly associated with iliness was common to all groups.

There were two reports on the occurrence of secondary
cases, besides the tourists: (i) NVs were detected in 2 sick
employees of the hotel where group E stayed on the trip after
visiting Nagasaki City, and (i) 21 family members of 16 case
patients in group C became sick.

Environmental investigation. On 14 November, the chief
cook who was in charge of food hygicne at the kitchen had quit
his job. This loss of staff, together with an extraordinary num-
ber of guests, made the business in the kitchen of the restau-
rant hectic during the 2-day period. One of the cooks felt
general fatigue from 16 November and took an over-the-
counter cold medicine on 19 November, although he allegedly
had no gastrointestinal symptoms. No other restaurant staff
allegedly had any illness during or immediately before the
event, None of the employees reported that they had eaten raw
shelifish, such as oysters, during the several days prior to the
outbreak, and no family members of the employces were sick.
All kitchen staff had caten at least one meal at restaurant J on
18 and/or 19 November.

Restaurant J had only one washroom, which was located
adjacent to the kitchen and which was used by both employees
and tourists. Since there was no sink for hand-washing in the
kitchen, the cooks washed their hands in the sink used to wash
vegetables and kitchenware and wiped their hands on their
aprons. The cooks and the other food handlers mostly handled
the food items with their bare hands. Containers were com-
monly used for the food items before and after cooking. The
same chopping board was used for different food items. The
lettuce for the box lunches was washed with bare hands and
soaked in water overnight, as was the boiled broccoli. The cold
tea was prepared in a big bucket with hot water and then
cooled with cubes of ice made in the ice machine in the
kitchen,

In addition to the 29 environmental samples, a total of 58
meals served between 15 and 19 November were stored for the
investigation and 9 bulk food items, such as frozen seafood,
including bivalves similar to clams (Paphia vernicosa), had been
kept during the inspection and were available for the investi-
gation.

Microbiological investigation. Stool specimens (from 77
case patients) and vomit specimens (from 54 case patients)
were obtained from a total of 124 case patients. Although .
aureus enterotoxing were detected in two vomit specimens
from students in group E. the toxins [rom the two case patients
were different: enterotoxin A and enterotoxin B, respectively,
Aeromonas hydrophila was detected in a stool specimen from a
case patient in group F. No enteropathogenic bacteria were
detected in the other case patients, stool specimens [rom the
kitchen stafl, or the environmental samples from restaurant J.

RT-PCR and sequencing. Amplification by RT-PCR with
genogroup-specific primers demonstrated the presence of
387-bp bands corresponding to GII NV (Fig. 2). GII NVs were
detected in 87 of 124 case patients (70.2%: 44 of 54 vomit
specimens [81.5%] and 48 of 77 stool specimens [62.3%]). No
food samples were positive for NV, even after the nested PCR.
Of the 29 environmental samples tested. only [ was positive for
GIT NVs by the nested PCR (product size, 344 bp) (data not
shown), and this sample was taken [rom the table where Sara-
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FIG. 2. Detection of NV capsid genes from specimens and samples
by RT-PCR with genogroup-specific primers. The PCR products were
electrophoresed on a 1.5% agarose gel. Lane M, marker (100-bp lad-
der; New England BioLabs Inc.. Beverly, Mass.); lane [, fecal specimen
from the cook with general fatigue: lane 2, fecal specimen from an-
other member of the kitchen staff (server); lanes 3 to 5, fecal specimens
from representative case patients; lane 6, negative control (free of viral
DNA); lane 7. positive control for genogroup I (strain Arg320; Gen-
Bank accession number AF190817). The Gl NVs capsid gene (387
bp) was amplificd and detected in the fecal specimens (lanes 1 to 5).

Udon was dished up. GII NVs were also detected in the stool
specimens from 5 of 10 kitchen stall, including 2 cooks and 3
servers,

Real-time PCR quantification of the NVs revealed 61.5 cop-
fes/cm” in the table sample and 3.7 X 10% 10 9.4 X 10" copies/g
in the stool specimens from the kitchen staff. The capsid se-
quence analysis revealed that the NVs in all samples from
the case patients, the kitchen stafl. and the environmental
sample had identical sequences (GenBank accession number
AY590117). The genotype is most closely related to the well-
characterized genotype Mexico/89/MX (GenBank accession
number U22498), with 94.9% identity at the nucleotide se-
quence level (Fig. 3). The sequence in GenBank most closely
related to the sequence that we obtained was Oberhausend55/
01/DE (GenBank accession number AF425768), with which
our sequence had 98.9% identity at the nucleotide level and
which was originally from an outbreak in Germany.

DISCUSSION

To our knowledge, this is the largest food-borne gastroen-
teritis outhreak in terms of the distribution from a single caus-
ative facility into diverse geographic locations across the coun-
try, and the existence of an outbreak was unambiguously
shown by linking classical and molecular epidemiological mea-
sures to a single GII NV strain of the Mexico genotype. Al-
though recent papers have shown that new G11/4 NVs emerged
in Europe (18) and on cruise ships in the Unites States (32).
the causative NV in our study was classified as a different
subtype, subtype GII/3. The outbreak described here is
thought to be unique in that several tourist groups from across
Japan were affected with gastroenteritis by exposure to NVs
from a specific restaurant during a defined period of time and
became il at home or on the continuation of their trips: con-
sequently, the specific virus has since spread into multiple
prefectures. Such spread of a single infectious agent by trav-
elers who play the role of disease transmission vehicle should
be cautionary, as the outbreak is further proof of one of the
contemporary modes of transmission of infectious discases.
Actually. Beller et al. (2) reported on a waterborne outbreak of
illness caused by NVs in tourists traveling by bus between the
United States and Canada. Furthermore, Noel et al. (25) re-
ported that NV outbreaks due to a single virus occurred in
seven countries on five continents during the 1995-1996 sea-
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FIG. 3. Phylogenetic tree constructed on the basis of the sequences
of a part of the capsid gene of GII NVs from the present outbreak and
known strains from the GenBank database. GenBank accession num-
bers for the strains arc indicated in the parenthesis. The causative viral
strain of the present outbreak is shown as Nagasaki/03/JP. The num-
bers at each branch indicate bootstrap values for the clusters supported
by that branch.

son, suggesting that the circulation of the strains might involve
patterns of transmission not previously considered.
Food-borne vehicles of NVs are typically contaminated bi-
valve shellfish, such as oysters, items conlaminated by infected
food handlers, or vegetables or {ruit contaminated by irrigation
or washing (20). In restaurant J, frozen imported bivalve shell-
fish was initially suspected as the cause of infection, but no NV
was detected in either the shellfish or other food samples. In
outbreaks originating from infected food handlers, specific
food is not always identified as the main source of the infection
(5. 12. 15). Lopman et al. (19) have recently reported that
specific vehicles were implicated in 39.1% of NV food-borne
outbreaks and that multiple food vehicles contributed 10 some
outbreaks. In the present outbreak, it is still unknown whether
a sick cook was first infected with NV and subsequently other
kitchen staff and tourists were infected or whether the kitchen
stafl was infected simultancously with tourists by unknown
transmission routes. However, we believe that several foods
were contaminated by employees working at restaurant J. This
is supported by the facts that (i) identical NVs were detected
from the kitchen stafl, the kitchen environment. and case pa-
tients: (ii) no NVs were found in meal or food samples: (iii) no
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common foods were suspected as the main source of infection;
(iv) there were no differences in the attack rates between
groups of tourists who ate box lunches preparcd by the restau-
rant and those who ate at the restaurant, even though there
was a great difference in the combinations of foods consumed:
(v) the kitchen stafl mostly handled food items with bare
hands; and (vi) the kitchen staff used poor food-handling hy-
giene,

Although we failed to obtain a sample of ice tea prepared by
the restaurant. the attack rate among the students who con-
sumed commercially available bottled tea did not differ at all
from that among those who consumed ice tea prepared by the
restaurant, suggesting thal waterborne transmission was much
less likely. Indirect contamination in the washroom was also
less likely because NV was not detected in the washroom and
the illness occurred in the tourists who did not visit the res-
taurant. Unfortunately, we failed to obtain a sample of water in
which the lettuce and broccoli were soaked overnight. The
attack rates were significantly lower in the tourists who ate
food from the restaurant on 19 November than those who ate
food from the restaurant on 18 November (P < 0.001), and the
rates dropped steeply on 19 November, suggesting that the
foods were substantially more contaminated on 18 November
(Tables 1 and 2). The fact that the attack rates for groups El
and E2 (77.6 and 21.4%. respectively), which had the same
background, showed a significant difference (P < 0.001) sup-
ports this hypothesis (Tables 1 and 2).

Although the highest incidence of NV infections is in chil-
dren under 5 years, NV infections can occur at any age (20). In
the outbreak reported here, all tourists ate a similar combina-
tion of foods at the restaurant, while the attack rates for adult
tourist groups were much lower than those for student tourist
groups. This suggests that NV gastroenteritis may tend to
cause more severe illness in children and adolescents than in
adults. This is consistent with the findings of a proportion
analysis study conducted in The Netherlands (4), which
showed that individuals in the age group of 18 to 64 years
demonstrated a lower infection rate than individuals in
younger and older age groups. Although the average incuba-
tion time in the present outbreak was thought to be typical for
primary NV gastroenteritis, it is possible that some cases with
apparently longer incubation periods were probably due to
secondary person-to-person {ransmission, since most tourist
groups continued their tours after they left Nagasaki City.

The sudden emergence and spread of a single strain raisc
important public health implications about the mode of trans-
mission that permitted the rapid radiation of a single virus (6).
1t is generally believed that the movement of people from one
place to another, whether it is through tourism or other means,
may have profound effects on the dissemination of NVs into
different populations. but there is not much evidence that
directly supports such a hypothesis. In this regard, this study
provides a unigue opportunity to gain insight into the question
of how various genotypes of NVs emerge, cocirculate, and
disappear in dillerent geographic locations. It is important and
interesting to use modern molecular biology-based techniques
{o keep track of where this NV outbreak strain will spread and
if it will cause outbreaks in Japan or elsewhere in the world.
For this purpose. enhanced vigilance that includes the pursuit
and characterization of sccondary cases that follow outbreak
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