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*1 pCR  (A)3 B (=3 Time  {HE(A) BiE & Time  fEA) Time f#EA)

® (B-A) PCR (B-A) PCR PCR
*2 4 (B)

1 05.03.01 400 —  NT#5 NT + NT NT - NT + NT
2 05.03.01 400 — NT NT — NT NT - NT - NT
3 05.03.01 400 — NT NT - NT NT - NT - NT
4 05.03.01 400 — NT NT — NT NT - NT - NT
5 05.03.01 400 — NT NT - NT NT — NT - NT
6  05.03.14 400 + NT NT + NT NT - NT + NT
7 05.03.14 400 — NT NT + NT NT - NT + NT
8 05.03.14 400  + NT NT + NT NT - NT + NT
9  05.03.23 400 + NT NT + NT NT + NT + NT
10 05.03.23 400 + NT NT + NT NT + NT + NT
11 05.04.12 400 + 4.92 NT + 3.44 NT — 1.26 — 043
12 05.04.12 400 — 1.34 NT — 1.84 NT - 0.86 - 0.72
13 05.04.12 400 — 0 NT — 0 NT - 0 - 0
14 05.05.10 400 — 0 NT + 0.3 NT - 0 - 0
15  05.05.10 400 — 0 NT - 0.97 NT - 0 - 0
16 05.05.10 400  + 0 NT - 0 NT — 0 - 0
17 05.10.18 400 — 0 NT - 0 NT - 0.2 - 0
18  05.10.18 400 — 0 NT - 0 NT — 0 - 0
19 05.10.18 400 — 0 NT — 0 NT - 0 - 0
20  05.11.15 400 — 0 6.29  6.29 - 0 6.54  6.54 +  0.96 + 174
21 05.11.15 400 — 0 7.59  7.59 - 0 11.25  11.25 + 0 - 1.35
22 05.11.15 400 — 0 4.01  4.01 — 0 9.27  9.27 - 0.73 +  1.06
23 05.12.05 400 — 0 5.64  5.64 + 0 8.62  8.62 + 077 +  1.54
24 05.12.05 400 — 0 8.43  8.43 - 0 5.85  5.85 — 0 + 1.5
25 05.12.05 400 — 0 6.72  6.72 — 0 8.26  8.26 - 0 - 0.63
26 05.12.06 400 — 0 9.68  9.68 - 0 5.56  5.56 - 0.1 + 132
27 05.12.06 400 — 0 3.61  3.61 — 0 4.37 437 — 0 - 0
28 05.12.06 400 — 0 585  5.85 — 0 11.13 1113 +  0.24 +  0.44
29 05.12.19 400 — 0 5.2 5.2 - 0 11.81  11.81 + 1.62 + 2.8
30 05.12.19 400 — 0 7.2 7.2 — 0 6.7 6.7 - 0 - 0
31 06.01.11 400 —  0.866 12.11 11.24 + 0593 14.22  13.627 - 2.27 +  5.26
32 06.01.11 400 — 1.43 1041  8.98 + 2.93 1056 7.63 + 3.3 + 9.2
33 06.01.11 400 —  0.222 11.22 11 — 0 9 9 + 0 — 026
34 06.01.17 400 +  0.686 11.38 10.69 + 0.73 11.15 10.42 + 2195 +  17.53
35 06.01.17 400 — 2.34 12.67 10.33 + 5.16  20.13  14.97 +  19.54 +  34.94
36 06.01.17 400 —  0.653 10.1  9.447 + 1.34  13.9 1256 - 10.01 + 2223
376 06.01.18 400 — 0 4.98  4.98 + 1.16 8.55  7.39 +  2.26 + 5.7
38%6  06.01.19 400 —  0.734 9.08 8.346 + 1.8 1123  9.43 +  2.65 +  13.57
39 06.01.24 400 — 0 8.29  8.29 +  0.608 10.02 9.412 +  3.27 - 0.509
40  06.01.24 400 — 0 5.88  5.88 — 0 9.69  9.69 —  0.486 + 0636
41 06.01.24 400 + 0.44 8.28 7.84 + 0492 8.18 7.688 + 1.63 + 178
42 06.01.31 400 — 0 10.89  10.89 — 0 14.24  14.24 +  0.412 - 0.29
43 06.01.31 400 + 2.64 14.43 11.79 - 1.06 5.6 4.54 + 264 +  1.06
44 06.01.31 400 — 0 10.75  10.75 - 0 11.44  11.44 - 0 —  0.553
45 06.02.14 400 + 0 4.95  4.95 +  0.148 4.61  4.462 —  0.677 - 0.9%4
46  06.02.14 400 — 0 7.1 7.1 - 0 8.73  8.73 - 0 - 0.217

+ 0.2 +  0.296

47 06.02.14 400 - 0.286 2.89 2.604 - 0.893 7.58 6.687

: LR LR DR E,

*2:COG1F/G1SKR(COG2F/G2SKRITH#igL 7= PCR EE#M% COGIF/COGIR(COG2F/COG2R)TY AKX AL PCR #IBL 7=, 2, —IZ
RatE, +IXBEPEER Y,

*3: ERHEERT,

*#4: BRE 5 p L ICEB T U BUWPO6 28—/ u1 %1 pl IRIILTY FAZAL PCR CERL R,

*5: AR,

*#6: BRPHBEFOFR LS LR — BTN LS Wish @B RER) R EIXMT A %53,
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£2 PI5—H-BakLBENEOESE

G1 G2
%g 2nd ) PC #ehN% e 2nd
R Real™ g o PCPE e fii%
(eD Time BiE . ERE
] PCR (A)x3 ERE (B-A) Time
(B)*4 PCR
*2
1-AME&*5 1000 + 1.85 17.51 15.66 + 9.13
-1 100 - 0 1.42 1.42 - 0
1-2 100 - 0 1.36 1.36 - 0.721
1-3 100 - 0 1.97 1.97 - 0
1-4 100 - 0 3.88 3.88 - 0
. 1-5 100 - 0 3.26 3.26 - 0 HRER
1-6 100 - 0 0.949 0.949 - 0 £
1-7 100 - 0 1.45 1.45 - 0
1-8 100 - 0 2.1 2.1 - 0
1-9 100 - 0 2.76 2.76 - 0
1-10 100 ~ 0 1.83 1.83 - 0
{ERED EHE 0 2.0979 2.0979 0.0721
2-AM IBS 1000 + 6.18 20.99 14.81 + 16.66
2-1 100. - 0 2.87 2.87 - 0
2-2 100 - 0 1.36 1.36 - 0
2-3 100 - 0 1.49 1.49 - 0
2-4 100 - 0 3.31 3.31 - 0
5 2-5 100 - 0 3.13 3.13 ~ 0 by
2-6 100 - 0 6.04 6.04 0 T
2-7 100 - 0 8.86 8.86 - 1.04
2-8 100 - 0 1.87 1.87 - 0
2-9 100 - 0 4.07 4.07 - 1.32
2-10 100 - 0.357 4.58 4.223 - 0.915
ERED EXME 0.0357 3.758 3.722 0.3275
3~AM BE 1000 + 8.665 19.955 11.29 + 24.68
3-1 100 - 0 9.43 9.43 - 0
3-2 100 - 0 7.11 7.11 - 0
3-3 100 - 0.0506 7.91 7.8594 - 1.03
3-4 100 - 0 4.21 4.21 - 0
g 35 100 - 0 12.79 12.79 - 0 g et
3-6 100 - 0 5.48 5.48 - 0.206 Fn
3-7 100 - 0 11.42 11.42 - 1
3-8 100 - 0 1.32 1.32 - 0.604
3-9 100 - 0 13.68 13.68 - 0
3-10 100 - 0 1.64 1.64 - 0
ERED ELE 0.00506 7.499 7.494 0.284
4-AM BE 200 +  0.587(0.098) 9.6 9.013 + 7.48(1.25)
4-1 200 - 0 4.09 4.09 - 0
4-2 200 - 0 7.85 7.85 - 0
. 4-3 200 - 0 5.95 5.95 - 0 06.01.31
4-4 200 - 0 5.35 5.35 - 0 B
4-5 200 + 0 5.63 5.63 - 0
4-6 200 - 0.165 1.3 1.135 - 0
ERED EHE 0.0275 5.028 5.001 0

(KIEITH)

TIOEHR LA 10°2 0 —/5,],100 2 —/5], AM-IBEHE, BREED D WVIERETHE T cDNA
10! —/541® DNAFREKERAZ F—FE A 5 1 11 G1PCDNAIO0 = & —/5 4 D1 p 1 %0
LTERLE, ZTbOESHERDNA L L TERPCRERTT- I,

BEF O PCRIEEHEOEEZRAD7=DIZ, PC #RINEEF D EEBAE D> 5 REINEE O E B BRE S

-78.
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(# 2 DFEX)
5-AM BE 400 +  0.202(0.040) 6.8 6.598 + 3.69(0.738)
5-1 200 - 0 5.16 5.16 - 1.75
5-2 200 - 0 2.36 2.36 - 0.395
5-3 200 - 0 5.09 5.09 - 0
5-4 200 - 0 7.18 7.18 - 0.351
5 55 200 - 0 1.44 1.44 - 0 06.02.09
5-6 200 - 0 0.568 0.568 - 0 231
5-7 200 - 0 2.09 2.09 - 0
5-8 200 - 0 7.66 7.66 - 0
5-9 200 - 0 8.26 8.26 - 0.113
5-10 200 - 0 8.92 8.92 - 0
{ERED JE 0 4.873 4.873 0.2609
6-AM BE 400 - O(g’gﬁ? 6.39 6.38562 +  0.5550.111)
6-1 200 - 0 6.22 6.22 - 0.222
6-2 200 - 0 6.49 6.49 - 0
6-3 200 - 0 7.49 7.49 - 0
6-4 200 - 0 4.35 4.35 - 0.865
6 65 200 - 0 14.76 14.76 - 0 06%2%109
6-6 200 - 0 9.25 9.25 - 0
6-7 200 - 0 6.68 6.68 - 0
6-8 200 - 0 10.5 10.5 - 0
6-9 200 - 0 6.51 6.51 - 0
6-10 200 - 0 7.43 7.43 - 0.447
{8 BIED 8 E 0 7.968 7.968 0.1534
7-AM iB& 400 - 0.21(0.042) 16.17 15.96 + 1.35(0.27)
7-1 200 - 0 6.08 6.08 + 0
7-2 200 - 0 6.68 6.68 - 0
7-3 200 - 0 6.39 6.39 - 0
7-4 200 - 0 5.61 5.61 - 0
; 75 200 - 0 4.26 4.26 - 0 06.02.09
7-6 200 - 0 3.6 3.6 - 0 B
-7 200 - 0 9.86 9.86 - 0
7-8 200 - 0 7.49 7.49 - 0
7-9 200 - 0 0.699 0.699 - 0
7-10 200 - 0 7.41 7.41 - 1.07
BRI %D EHE 0 5.808 5.808 0.107

*1 OSBRIV B U SR R BRI L R RK O E,
*2:COG1F/G1SKR(COG2F/G2SKR) CHifig L= PCREE#% COG1F/COGIR(COG2F/COG2R) TY 7% A L PCRIEIE

L7, — i3, Btk Ernd,

*3: ERUEETT, OPNIZENED | KIE%R Y70 0 EZREICHE ST A,
*4:RE S p ICEEEa b u— L 16 28—/l & 1 pl BSILTY 7AZ AL PCR TERLIZE R,
*5: AM IB&IRTI 7 —BREE, 1-1~T-10 ZEMNEER T,

DGl ERBE)EFIWVWIEE%Z & cDNARKIZBIT S
WMPCOERMBE(=—HE L, Eiz, FRE
RIS 5ul R DNALul 2 7o 0% 8573
DNA & LCEE PCR 21T\, BohiERES
EEORMPCHOa ' —E Lk,

# 72
1 AM-BRALEAEZOHE
47 BEIZ W TEM PCR BT NV B HZ TV
(F 1), BHBEHE L2 3), Gl HBHRIT AM-
BETE 40.4%(19/47), BEWHE 21.3%(10/47), G2

-79.

BRHEIX AMIBAE 51.1%(24/47), BE 1 38.3%
(18/41)TC, Gl, G2 ¢ H AM-BESEBEORHENS
Mot

37 BIEIZOWTER PCR T Gl, G2 HDE
BETol(EF 1), ERBE O =VY—/RIEREBX
ZEONERLELOEX, Gl 2 AM-BAE: 164
&, BEL: 12 B, G2 2 AM-EE&E 26 Bk,
BEE LB BRETHY, AM-EESEN OFEE
FRLELOB SN, £, D00 ERER2T
Lz b O OEHEIL GL B AM-BEHE 1.47, BE
B 1.38, G2 23 AM-IBA ¥ 4.96, RSk 3.39 T,
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K3 FIS—VP-BEKRERGZLOHEDELD

HRBIE B 75— REE BAE
BB 44 19 10
Gl etk 28 37
2ndRealTimePCR D#5 5% BEER(%) 40.4 21.3
N=47 B 24 18
G2 gtk 23 29
FEitE (%) 51.1 38.3
0 21 25
oL >0~<1 8 7
1~<10 5
ERMED N 10~<100 0
(ZE B 0 11 14
Ga 04 12 11
1~<10 11 9
10~<100 3 3
EBE0 DEHHE Gl 1.47(N=16) 1.38(N=12)
(ERIE) G2 4.96 (N=26) 3.39(N=23)
AM-BAIEEINEA Y T 2ndReal TimePCR - Gl N=14 1.41 1.05
B e Aol B OEEE OV ME
(R {E) G2 N=21 5.91 3.57
PC HIN R (I B 16) THEHE+SD 8.97+2.92 7.69+2.56
(ERIE) N=28 BXAE 14.97 11.79
B/ME 4.37 2.60

G1,G2 &b AM-REAEOERENRE N -T2, AM-
BEELOAVWIREBEEOD R TH—FNEE
PCRETHBEL RS bDIODWTEEREE A5
&, GIN=149)3 AM-IBRE¥E 141, BE&E 1.05
G2(N=21)2% AM-IBR& ¥ 5.91, IBA 1 3.57 T, GI,
G2 &H AM-BEENBWVWERELRLEGEE 3),

AM-BEEHDWVILBEAETHE LN cDNARK
B PCR LEDRE T D701, 28 Bk
DWNWT Gl PC 2L, TOERELZFAGE
). PCOTMEBIZ 16 o — /KRR TH -7, PC
EREOTHE CFERZE, BRE RAMELD
AM-BE T 8.97£2.92, 14.97, 4.37, BE&E
T 7.69£2.56, 11.79, 2.60 T, AM-BA¥E THE
7o cDNA B &N PCRIBEER B D742 <, EBEOR
MEOEWEREZ R L72Gk 3),
2 AM-E&ZEENZEO R

10f8% 1 77— % L 6 Bk i), 6 @%
17—k Uiz L 86 f8ff), #7866 @)
IZDoWT AM-BEE S EBIESR LB L2 2),
2B, BXNOBELIHE CEE L CRELFE
BLEEEAKOBEREDE VNS, AM-BEEDOR
FEE 410, REEFS~TIE5FBEIN

-80-

TWL7D, TR FNBOoIWEEEEZ 10HD W
i35 TRLEEZEEEOELHEQ BEHY)
&L,

EHE PCR B L 2BHIEIIGE 4, Gl 2% AM-
BATE 71.4%(/7), EAlE 14.3%(1/7), G2 2% AM-
BAEL100%(7/7), @5 28.6%(2/DTH Y, G,
G2 &b AM-BREEOBRMEBRRE» -1, HME
BWTEEMOBRLELSZ D E, GL IE 1.5%
(1/66), G2 1% 3.0%(2/66) T, RHIZIIB D TED
27,

FF L EEH-YOFEHEEMEGE OiF, AM-
BAETIEGLA 0.001~8.665, G2 430.111~24.68
THV,GlL G EHLTNOIDEEBEEZFRLE,
— 7, BREO FHEEM L, G TIX4RER 0,
fh > 3 BEIE 0.00506~0.035766, G2 T 1 Bk
250, D6 BEN 0.0721~0.3275 Th o7, F
BWEBEZHERT DL, THRETRTTAM-BE
EREVMEZF Lz, BIED EE&E % E 5l
HBHE, BEEIEREIEZRL, D00DERER
RLEISEEOEEMBEIIVTR S ILT Chol,

cDNA D PCR HEFRELLEBT D20,
AM-EBEAED THRE, ERED 66 BEiC G1PC%



5 B TR AFTEESR 25, 35-43(2006)

F4 TIS—-BERLENZEORRDEED

EEEH 77— RE&HE {ERE
i 5 1{11%1
Gl b 2 6[65]
) B R(%) 71.4 14.3[1.5]
2ndRealTimePCR OFE R T - 5T
G2 Rt 0 5(64]
B SR (%) 100 28.6[3.0]
FRfE 1 1.85 0
k2 6.18 0.0357
Bk 3 8.665 0.00506
Gl ik 4 0.098 0.0275
Bk s 0.04 0
itk 6 0.001 0
L { RN o T ERE BikT 0.042 0
(FEHE)«2 Rk 1 9.13 0.0721
TRk 2 16.66 0.3275
itk 3 24.68 0.284
G2 itk 4 1.25 0
Wik s 0.738 0.2609
Bk 6 0.111 0.1534
BRrid 7 0.27 0.107
0 0 [63]
>0~<1 4 (3]
Gl
1~<10 3 (0]
EEAEO S 10~<100 0 (0]
(ERHE=*2 0 0 [51]
>0~<1 3 [10]
G2
1~<10 2 (5]
10~<100 2 (0]
PC M ES (RN 16) FHELSD 11.39+4.08 5.30%3.34
(EfiE R E 15.96 14.76
N=T(AM~JB&1k), N=66({&5il1%) Be/Mil 6.39 0.70

1 [ P AR OFER
#2: 73 7 —EHREHIT 1 N7 OEICHELTRLE,

w16 =v'—/KRR)L, Gl ZEEBLEGE 4, PC
FREOCEHECERREZE, R HE, &AHEIT,

- AM-1BEETIE 11.39+4.08, 15.96, 6.39, fEBIEE

TIL 5.30+3.34, 14.76, 0.70 T, AM-RAIETEX
cDNA &4 PCR MEEAEZZINK K, EEDHE
MEEWERME AR LR 9.
3 EHPCRENERLEEBEOEEY

AM-R S, BEE BEIERICBWTEE PCR
BEOFRLER PCR ETOERMBEOEESZF~
7o(K 5), ERME 0 Z[&tE, D0 2Bk LIRS,
EMEPCRIEL EREPCRIEOK RO —EEG LT
Bid 3 VIEHETEBEC s REROSRE
HOBEENL, AM-IBEE 80.7%, RATE 71.6%,

.81 -

fE R 83.3%, EFETILT79.6% Th o=, EIE
HRENEBHEOKERTHY, METEME LR
BRiEL o7,

EBEX 0, >0~<1, 1~<10, 10~<100 T K45
L, TRNFhOERERS COMEBETORBREL
L7, EEMEO TORME—BRRG@EETREL 2
ST REHOUFZEREXSOBRERICHT 2
ANE, AM-EBET:96.7%, BRI 89.7%, BHliE
97.3%, £ T95.6% Th-l, EEMEO T2
THEOBHE—BEEA2 D L, EEME>I~ T
AM-IBE ¥ 48.0%, REE 38.9%, fERIE 0%,
2{ET 33.9%, EBME>I~<KI0 TiZ AM-ESH
88.9%, IBAE 64.3%, AR 0%, &4 T 70.2%,
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£5 KEFEIZBIFS 2ndRealTimePCR $5& RealTimePCR D H8 &/ kD — B FE

2ndRealTime 77— A )

PCR f55. Y. Baik s 2K

54 -+ -+ - 4+ =+
- 0 29 1 35 4 110 3 174 8

[1=R
>0 16 42 17 18 19 0 52 60
>0~<1 13 12 117 13 0 37 19
>0 DR

o 1~<10 3 2 5 9 6 0 14 33
10~<100 o 6 12 0o 0 18

0 B, >0 HBHEL LIS DRk D— KB v N L 00
. o 96.7 89.7 97.3 95.6
TERAL 0 DEE—BR(%A2 (N=30) (N=39)  (N=113) (N=182)
e 48.0 38.9 0 33.9

FERED0~<1 OB~ TH (N (N=25) (N=18)  (N=13) (N=56)
R 1~ <10 DIBHE— ERORNS 2D VR (ot
TE BAE 10~<100 D EBME— B R(%)*3 (1}12%) &6__';) - &8:'3)

*1: ETEREDH S WX L oTo il o2 5814,
*2: B 0 R LIZKE D, 2ndRealTimePCR Tl feo - Sk 0B &,
*3: FNFENOEBEHZ R UEBRED S, 2ndRealTimePCR Tl E oo - A DEI&,

FEEE 10~<100 Tk AM-BAIE 100%, BE&E
66.7%, T 88.9% Thol, ZhbOERED
b, FE PCREL EMH PCREDERIX AM-ES
EREL L —KLE, £z, EEE> OBE,
EEEFPEL RACHEVTAED —BEIEL 2D
LM AM-BREE, BEETRD LN, WT
NOEBRERSICBNTYH, AMARBSEDO—&KE
BEho T,

xE ®

BiE, BEEFBHE O NV RERS Yk TR 1
oy MIME SBRELD I0REFEBRELTO
B 12e D 24gBEZ BB & T 5, JOREZAT
5,1 ERBINTD, 3FOREL 10 BHOR
ETHIA MIELFIHICKRESERY, EE
i, 3 PREOEEICHOVTORENR—KHNT
bHDEHAESND IXEEENHRET D0,
ZL< O FEELZRAELTREEZTTo1EE,
PCREIGEZMHETHOMEDBANBERZ D L2l
PORBEBROEEMENSTRE Z L RKEKROEH
LEhTWB, —F, R—ey MigEhds i+

ik, FOHEENRD NVOFERBIREOE
EECEEENDD, 3 EEEOKRE TldRHR
BIES W EBRERHEINTWS 3, 2ok, 10
BEREOIXZBELIEBREDAA LV EEX— DR
BE 2T RWHELRRBHEEORBREEALTVD,
S EIFL L, HXEBEEREORMERIC, X 0E
R THAETYa—Frk AMIZE > CiHkT5
BEXZEAL, TOHAEEZ AMAEEZITHRV
BEHIVIIEENICRE TS EA L LB LR
LT, FOEE, AM-RAEE, o 2 BE HEk
LT, EMEPCRIEIZL A NVRHEREL, EE
PCR ¥ T PCR EEAEZZ IS ERD oy
— B WEREE R L, E& PCR Ik & EHE PCR
BEORRO—REREIoT-, £, AM #Hikix
PEGIE B HE L RIRFICEM TX 52 &0 D, R
DOBEE L HE L THISIE RO BRE CEETTRE
Thol, BEDZ ENS, AM-RESEIKEAL
T XRENLO NV BECHERLRFETHD L
Ezbhlz, &bz, —HMORBIZHEEREFESH
TWebO2FEHALABRR LRKROBERIE LN
o ehh, ARRFERRARL L OBRBERERIC

.82-
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MLTHLEHATEREEILND,

4 [ElF X NV HIZE B PCRIE L@ PCR
EWEEHER DNA L LCUYT7/LZ A A5 PCR EET
nestedPCRZfF 5 ¥ FUTAZ A A PCREEIC
X BEMPCREZGA Lz, TORKE, EE¥5H
BEDONYRERHTRELHAESNS 10—/
FRBOERFETHLEME PCR BB L 25 H8
BB BN, FICERE 1~<10 TH 70%(AM-
REHEEERE TITH 90%)25E M PCR 1 Tt
Tholz, £/, EMPCRELFERPCRIED—
BEE2HDE, ERPCRELZBIT2EEENSEN
FEMEORRP BT, ERENEL 2B
ORI 72, Z0Z ik, BRECEE
N2 —ERPe B2 PCR FISHKIC
NV ¢cDNA BABZFEENRRPT B Z LI L D08
BRERE L TEBTAIZIENTED, &6IK4
BOEENLLRENEIIICIILOE] L
cDNA BRRICIT PCRILEBE & £, & PCR
ECEBEOa—HLIVDV R EESIRS Y,
EBRIZEBONEERELIVEZEL O NV BETH
TWaEELZLND, kDO Z &b, EEPCR
ETERAE>~U0 2 r—0ERHENES, EB
NV REENIFEEREDTHENEELON
5, EHICASEORTEEFORRLEEIND
HFER—-BIZNIL AR 2BRIEIZO>VTY, #E
HIE 10 = ©—LIFTh Y B L Il Sh b 5
BThol, ThbDZ hb, BE, EEHH
BOBRERSOERETIIER PCR EOEMMEN
B TR, BHERAMEDRE LSRRI LEL
EZbhd, ¥EOMEKE LT, REEREE
%, BHELRRETIERE CRTILENFNTH
HLEEzZ N, D TEAME L0 2 —LUT 0%
Bk Tt LRETIoTHRL, Moav—/
FLUT] ERELLTLE NV BETRN LA
RYLERDB, —F, T PCR KB - E&
PCR iEfettomiEL v, EH PCR ERE - &
PCREBMHORENZWMEMIZH o7z, ZOEE
LT, EMEPCRIED 1EEHD PCRIZERALT
W3 GISFR(GZSKR) /' T A v —D I X< v F 2k
DEIBINRVEASNH D BRERE)TREHOIED,
EE PCR ENBBHET LTSV ETE
T, SHFEMCHRHNTILEND B,

SEFE 21X, AMiE(L% PEGILERR I, RET

_83-

—, AEZ—F—TRBTEILICLVITo T,

ZHE, BB OWTIEIREBABERIIRA D
EBEL PEGHEZ —HIToTWhEIEMNE, K
EOBELOEDFOTIRICIELEI-ZLITLE S,
BUSIBE DWW T, THEERIIBWTSIIC, #
B, 4CTHE LR, 3TCOMLS & bEIRE
THhoToh, MEORES LU PEGHHERBRICL DY
ANARBEIZHTIEERTHThH -2 b
FRCTORKGE Lz, EFEEMTIT>HEE, 37C
TO AM H{b#%, PEG ihi % 4°CTITH Z &23%
ZAONIBEOEREIXRD THRETILERSS,

EHEO—BIEEFHHRFHAREHE &
ROTD - BREREETNREFE VAL HER
PREOTHICET R (EEHFEE RAEM
Ik »TiThhi,

#t 53
ARERADICHIZY, BERBUCITB AW
72 EE LR BRERR SRR BR
BMICEBLET

X Bk

D BEFHER—LX—T: )0 UL LV AORKR
H¥EIZ -2V T, http://www.mhlw.go.jp/topics/
syokuchu/kanren/kanshi/031105-1.html

2) WER I BEEFHHENRREMSLERE
EMEMRAEE BREPTOMEHBLRRIEE
DER L EZL2EOFMICET IR Tk
14 FERE - oHBEFFRREE2003)

3) BH & oA ARBRHEORIFT
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Abstract: Norovirus (NV) is a causative agent of acute gastroenteritis in humans, and shellfishes including
oysters act as major vehicles of the virus. To investigate the genetic characteristics of N Vs, we collected
1,512 oysters for raw consumption between October 2002 and March 2005 from twe distinct areas (area A:
the Sanriku Sea area; area B: the Setouchi Sea area). We detected the capsid gene and subjected it to phy-
logenetic analysis. By further quantification of the copy number of the genome by using real-time PCR, the
NV capcid gene was detected in approximately 5% of the oysters, and they showed wide diversity. Two
percent of the oysters from area B showed relatively large number of NVs, i.e., over 100 copies of capsid
gene/oyster, whereas this was not observed in area A. Most of the detected NVs from oysters and humans
were genetically related when the capsid region was compared. These results suggested that NVs obtained
from humans and those obtained from oysters showed a potential relationship to each other and that
some populations of Japanese oysters accumulated a relatively large number of NVs.

Key words: Oyster, Norovirus, Phylogenetic analysis, Real-time PCR

Introduction

Norovirus (NV) is a member of the Caliciviridae
family (1, 11) and a major causative pathogen of acute
nonbacterial gastroenteritis worldwide (4, 6, 8, 11). NV
causes fecal-oral infection and is highly infectious (4).
According to the data from 2002 to 2004 in Japan, NV
is the most common viral agent of food poisoning, and
this virus accounted for approximately 30% to 45% of
all food poisoning cases (http://www.mhiw.go.jp/
topics/syokuchu). The prevalence of NV in other
developed countries including the U.S.A. and France is
even higher (2, 5). In 1994, Wang et al. showed that
NVs isolated from humans are classified into two major
genogroups— genogroup 1 (GI; Norwalk-type viruses)
and genogroup Il (GII; Snow mountain-type viruses)
(26). Each genogroup is further subdivided into many
genotypes; thus NVs exhibit wide genetic diversity (10,

*Address correspondence to Dr. Tomoko Nishida, Yamaguchi
Prefectural Research Institute of Public Health, 2~5-67 Aot,
Yamaguchi, Yamaguchi 753-0821, Japan. Fax: +81-83-922-
7632. E-mail: nishida.tomoko@pref.yamaguchi.lg.jp
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12). It is suggested that NVs expelled from patients
with gastroenteritis are condensed in shellfishes such as
oysters and clams (3, 22, 25). The Japanese and other
Asians consume large amounts of raw shellfish, and
Europeans and North Americans are also eating
increasing amounts of raw shellfish. Raw consumption
of shellfishes causes large outbreaks of food poisoning
and infectious gastroenteritis (14, 16, 23). Previous
epidemiological studies showed a linkage between gas-
troenteritis due to NV and the oyster-harvesting season
(http://idsc.nih.go.jp/iasr) (8). In several studies, NVs
were detected in approximately 5% to 20% of oysters
and clams (7, 15, 19). Thus, these shellfishes are one of
the sources of NV infections (4, 18). Person-to-person
infection is another common mode of NV infection (4,
18). In our previous study, we used reverse transcrip-
tion polymerase chain reaction (RT-PCR) and showed
that the NV capsid gene was detected in approximately
10% of the oysters for raw consumption (20). Further-
more, most of the oysters had relatively large amounts

Abbreviations: GI, genogroup 1; GIl, genogroup II; N-J,
neighbor-joining; NV, norovirus; PCR, polymerase chain reac-
tion; RT-PCR, reverse transcription-PCR.,
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of NV viral genomes with more than 100 copies of the
capsid gene (20). However, the molecular study on
NVs in oysters is not well known in Japan. In this
study, we performed genetic analysis of NVs obtained
from 1,512 Japanese oysters for raw consumption
which were harvested from two distinct sea areas (San-
riku Sea and Setouchi Sea areas) from October 2002 to
March 2005.

Materials and Methods

Samples and preparation of viral suspension. A
total of 1,512 Japanese oysters (Crassostrea gigas)
were cotlected from the fish distributors that manage
harvesting in the Sanriku Sea (483 oysters; Area A) and
Setouchi Sea (1,029 oysters; Area B). The distance
between these areas is approximately 1,000 km. The
Sanriku and Setouchi Seas are ocated in the northeast-
ern and western parts of the Honshu Island, respectively.
The number of samples and the months during which
the oysters were harvested in these areas are listed in
Table 1. All of the oysters harvested had been
approved for raw consumption according to the Food
Sanitation Law Enforcement Regulations (in which the
standard plate count of bacteria in 1 g of an oyster
should be <50,000 with <230 coliforms). The fresh

oysters were shucked, and their stomachs and digestive
tracts were removed by dissection and then weighed
and homogenized in 10 mmM phosphate-buffered saline,
pH 7.4 without magnesium or calcium to prepare a
10% suspension. The suspension received 0.1 ml
antifoam B (Sigma, St. Louis, Mo., U.S.A.) and then
was homogenized twice at a 30 sec interval at the maxi-
mum speed by using an Omni-mixer (OCI Instruments,
Waterbury, Conn., U.S.A.). Six milliliters of chloro-
form:butanol (1:1 vol) was added to the homogenate.
The mixture was then homogenized for an additional
30 sec and 170 wl Cat-Floc T (Calgon, Elwood, Pa.,
U.S.A.) was added to the homogenate (14). In addi-
tion, to monitor for efficiency of the RNA extraction, we
added echovirus type 9 to the homogenate samples.
After the homogenate samples were centrifuged at
3,000X g for 30 min at 4 C, their supernatants were lay-
ered onto 1 ml of 30% sucrose solution and ultracen-
trifuged at 154,000X g for 3 hr at 4 C. Subsequently,
the pellet was resuspended in 138 ul of double distilled
water (DDW) and stored at —80 C until use.

RNA extraction, RT-PCR, sequencing, and real-time
PCR. Viral RNA was extracted with the QIAamp Viral
RNA Mini kit (Qiagen GmbH, Hilden, Germany) from
138 wl of the viral suspension. Two microliters of
echovirus type 9 (Hill strain; corresponding to approxi-

Table 1. Sample numbers and positive rate of capsid gene of noroviruses in oysters in this study

Area A Area B
Month/year - -
Sample No. Positive for RT-PCR (%) Sample no. Positive for RT-PCR (%)

Oct/2002 12 6
Nov/2002 27 1 (3.7 39
Dec/2002 45 1(2.2) 138 6(4.3)
Jan/2003 48 6(12.5) 93 12 (12.9)
Feb/2003 39 36 2(5.6)
Mar/2003 i8 12

Subtotal 189 8(4.2) 324 20 (6.2)
Oct/2003 i5 12
Nov/2003 18 45

Dec/2003 81 1720 147 7 (4.8)
Jan/2004 60 TULT 126 1(0.8)
Feb/2004 45 78 2(2.6)
Mar/2004 9 21 1 (4.8)
Subtotal 228 24 (10.5) 429 11 (2.6)
Oct/2004 12 12
Nov/2004 6 1(16.7) 51 1(2)
Dec/2004 12 57

Jan/2005 9 84 3(3.6)
Feb/2005 15 48 7 (14.6)
Mar/2005 12 24

Subtotal 66 1(L.5) 276 11 @)

Total 483 33(6.8) 1,029 42 4.1)

75/1,512 (5.0)
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mately 10° viral genes) was used to test the adequacy of
RNA extraction using the QlAamp Viral RNA Mini kit,
and samples was finally suspended in 30 ul of DNase-
or RNase-free water. In order to prevent carryover con-
tamination by NV ¢cDNA and to reduce the nonspecific
amplicon, the RNA solution was treated with 2 U of
RNase-free DNase I (TaKaRa, Tokyo) for 30 min at 37
C followed by inactivation of the enzyme at 75 C for 5
min. RT-PCR was performed in 15 ul of DNase [-treat-
ed RNA solution and 15 pl of the RT solution that con-
tained 1 mM dNTP mixture, 10 muM dithiothreitol, 0.75
ng random hexamers (TaKaRa), 33 U RNase inhibitor
(TaKaRa), 300 U reverse transcriptase (Superscript 1,
RNaseH(—); Invitrogen, San Diego, Calif., U.S.A.) and
4.5 wl Superscript I buffer. The RT mixture was incu-
bated at 42 C for 75 min and subsequently at 99 C for 5
min. Five microliters of cDNA was added to 45 ul of
the PCR mixture containing 5 pl of 10X Ex Tag buffer;
2.5 mMm MgCl, and 20 um of dATP, dGTP, dTTP and
dCTP. The PCR was carried out using 2.5 U of
TaKaRa Ex Tag (TaKaRa) with G, antisense primer
(GI-SKR): 5-CCA ACC CAR CCA TTR TAC A-3'
and sense primer (COGIF): 5~CGY TGG ATG CGN
TTY CAT GA-3"; Gll, antisense primer (G2-SKR): 5~
CCR CCN GCA TRH CCR TTR TAC AT-3"and sense
primer (COG2F): 5-CAR GAR BCN ATG TTY AGR
TGG ATG AG-3'(13). For the Alphatron-type strains,
the antisense primer (G2AL-SKR) 5-CCA CCA GCA
TAT GAA TTG TAC AT-3' and the sense primer
(ALPF) 5-TTT GAG TCC ATG TAC AAG TGG ATG
CG-3"were used.

The amplification was performed under the following
conditions: initial denaturation at 94 C for 3 min, 40
cycles of denaturation at 94 C for | min, annealing at 50
C for 1 min, extension at 72 C for 2 min and final
extension at 72 C for 15 min. Seminested PCR was
performed under identical conditions by using the fol-
lowing primers: Gl antisense primer: GI1-SKR and
sense primer (G1-SKF): 5-CTG CCC GAA TTY GTA
AAT GA-3', GII antisense primer: G2-SKR and sense
primer (G2-SKF): 5~CNT GGG AGG GCG ATC GCA
A-3', and Alphatron-type antisense primer: GZAL-SKR
and sense primer: ALPE. PCR was performed for 35
cycles at 94 C for 3 min followed by a 15-min incuba-
tion at 72 C. Each amplicon was analyzed on 1.5%
agarose gels. The products were visualized by 0.5 ug
per ml of ethidium bromide staining. The amplicons
were purified using the QIAquick PCR purification kit
(Qiagen) and the nucleotide sequence was determined
by an automated DNA sequencer (ABI PRISM 310
Genetic Analyzer; Applied Biosystems, Foster City,
Calif.,, U.S.A.) by using the Dye Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems).

We also quantified the NV capsid genes by real-time
PCR as described previously (9). The real-time PCR
mixture contained 5 wl of cDNA, 2 ul of the LightCy-
cler master mix (Roche, Penzberg, Germany), 0.7 mm of
each primer and fluorogenic probes (probes for GI, 2
pmol of RING1(a)-TP and 2 pmol of RING1(b)-TP;
probe for GII, 4 pmol of RING2-TP). The fluorogenic
probes used for real-time PCR were as follows: 5*AGA
TYG CGA TCY CCT GTC CA-3"(RING(a)-TP) and
5-AGA TCG CGG TCT CCT GTC CA-3' (RING1(b)-
TP) and 5-TGG GAG GGC GAT CGC AAT CT-3'
(RING2-TP) (9). The amplification was performed by
using a LightCycler (Roche). The following PCR pro-
tocol was employed: 10 min at 95 C followed by 50
cycles at 95 C for 10 sec, 60 C for 25 sec and 40 C for
30 sec. The data were corrected using internal stan-
dards as described previously (9).

Phylogenetic analysis. The capsid sequences were
compared with those of the strains detected in gastroen-
teritis patients living near oyster farms and the refer-
ence strains from GenBank. The strains and accession
numbers of these sequences have been provided in the
legend for Fig. 1. Phylogenetic analysis was performed
as described previously (12). In brief, all of the NV
capsid region sequernces (nt 244 to 313) were aligned
using Clustal W (http://www.ddbj.nig.ac.jp/search/
clustalw-j.htmti). A phylogenetic tree was constructed
by the neighbor-joining (N-J) technique, Kimura’s two-
parameter method, by using the Tree Explorer software
(ver. 2.12). The reliability of the tree was estimated
using 1,000 bootstrap replications.

Statistical analysis. Statistical analysis was per-
formed using Fisher’s exact test. A P value of <0.05
was considered significant.

Results

Detection of NV Capsid Gene and Determination of
Copy Number in Oysters

We detected the NV capsid gene from a total of
1,512 oysters that were for raw consumption and har-
vested from the Sanriku (483 oysters) and Setouchi
Seas (1,029 oysters). Detailed data regarding these
oysters have been listed in Table 1. In total, for 33 of
the 483 oysters from area A (6.8%) and 42 of the 1,029
oysters from area B (4.1%), the NV capsid genome was
detected during the entire investigation periods. During
the 2003-2004 harvesting season, a higher number of
NVs was detected in the oysters from area A than in
those from area B (P<<0.05). However, during the
2002-2003 and the 2004-2005 harvesting seasons, the
detection of NVs in oysters from area B was higher
than that from area A (P<<0.05). In both areas, most of
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Fig. 1. Phylogenetic trec constructed on the basis of the partial sequences of the Norovirus (NV) capsid gene. The distance was calcu-
lated 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 values for the clusters supported by that branch. As an outgroup, the sapovirus strain Manchester: X86560
was used. A and B indicaie the harvest areas, and positive samples in this study are designated in bold face. AH and BH refer to
human NV strains detected in gastroenteritis patients fiving near areas A and B. G1: genogroup I; GlI: genogroup lI. The GenBank
accession numbers of the reference strains are as follows: GI/1 Norwalk/68/US (M87661), G1/2 Southampton/91/UK (L0O7418), GI/3
DesertShieldDSV395/90/US (U04469), GI/4 Chibad(7/87/JP (AB042808), GI/5 Musgrove/89/UK (AJ277614), GI/6 BS5/98/GE
{AF093797), GI/7 Winchester/94/UK (AJ277609), GI/8 WUG 1/00/IP (ABO81723), GI/9 SaitamaSzUG 1/99/IP (AB039774), GI/10
Boxer/01/US (AF538679), Gl/11 SaitamaKUBGI/99/JP (AB058547), GI/12 SaitamaKU19aGl/00/JP (AB058525), GI/13 Saita-
mal35aGl/01/IP (ABL12132), GI/14 SaitamaT25GI/01/IP (AB112100), GI/15 Hw/Chiba/030100/2003/IP (AJ865494), GII/1
Hawaii/71/US (U07611), GII/2 Melksham/89/UK (X81879), GII/3 Mexico/89/MX (U22498), GIl/4 Lordsdale/93/UK (X86557),
GI/5 Hillingdon/90/UK (AJ277607), GII/6 Saitamal3/97/JP (AB039776), GI1/7 Leeds/90/UK (AJ277608), GI/S SaitamaU25/98/JP
(AB067543), GII/9 Idaho Falls/378/96/US (AY054299), GU/10 Exfurt/546/00/GE (AF427118), GII/11 SaitamaT29GI/01/JP
(AB112221), GII/12 Chitta/Aichi76-96/96/IP (AB032758), GIV/13 M7/99/US (AY 130761), GII/14 Kashiwad7/00/IP (AB078334),
GIVI5 SaitamaKU80aGIl/99/JP (AB058582), GII/16 SaitamaT53GIN02/JP (AB112260), GlI/17 Alphatron/98/NE (AF195847),
GII/18 Hu/Chiba/040502/2004/JP (AJ865586), AH-1 (AB262166), AH-2 (AB262167), AH-3 (AB262168), BH-1 (AB262169), BH-2
(AB262170), BH-3 (AB262171), BH-4 (AB262172), BH-5 (AB262173), BH-6 (AB262174), Bovine enteric calici-like virus Newbury
agent-2 (AF097917), Bo/Thisk 10/00/UK (AY 126468), and OUTGROUP Manchester Sapovirus (X86560).

-92_



GENOTYPING AND QUANTITATION OF NVs IN OYSTERS 181

Table 2. Genotypes and copy numbers of NVs in Japanese oysters

Month/year Area Amplicons” Genogroup/genotype NV genome copy number GenBank accession No.
Nov/2002 A A-1 /5 ND” AB262091
Dec/2002 A A-2 /4 ND AB262092

B B-1 /12 5.0XI10° AB262093
B B-2 I/untypable 9.1 X107 AB262094
B B-3 1T/untypable 8.3x10° AB262095
B B-4 /6 3.8X10° AB262096
B B-5 11/4 2.1X10° AB262097
B B-6 /14 5.8X10° AB262098
Jan/2003 A A-3 /3 ND AB262099
A A-4 /3 ND AB262100
A A-5 /3 ND AB262101
A A-6 /3 ND AB262102
A A7 /3 ND AB262103
A A-8 11/3 ND AB262104
B B-7 11/6 1.7X10° AB262105
B B-8 172 1.4X10° AB262106
B B-9 172 2.0X10° AB262107
B B-10 12 1.8x10° AB262108
B B-11 /4 1.8x10° AB262109
B B-12 /4 4.1x10° AB262110
B B-13 /4 ND AB262111
B B-14 14 ND AB262112
B B-15 1/4 ND AB262113
B B-16 11/8 ND AB262114
B B-17 11/5 ND AB262115
B B-18 11/8 ND AB262116
Feb/2003 B B-19 1/3 4.8x10° AB262117
B B-20 1/3 ND AB262118
Dec/2003 A A-9 12 ND AB262119
A A-10 /2 ND AB262120
A A-11 172 ND AB262121
A A-12 /5 ND AB262122
A A-13 172 ND AB262123
A A-14 172 ND AB262124
A A-15 /5 ND AB262125
A A-16 11/2 ND AB262126
A A-17 /5 ND AB262127
A A-18 1172 ND AB262128
A A-19 1172 ND AB262129
A A-20 /5 ND AB262130
A A-21 /5 ND AB262131
A A-22 /2 ND AB262132
A A-23 /5 ND AB262133
A A-24 /5 ND AB262134
A A-25 /2 ND AB262135
B B-21 /3 1.4X10° AB262136
B B-22 /3 4.0x10° AB262137
B B-23 /3 9.6X10° AB262138
B B-24 113 1.OX10° AB262139
B B-25 11/3 9.9X10° AB262140
B B-26 1/5 ND AB262141
B B-27 112 ND AB262142
Jan/2004 A A-26 /12 ND AB262143
A A-27 /5 ND AB262144
A A-28 s ND AB262145
A A-29 172 ND AB262146
A A-30 /5 ND AB262147
A A-31 /2 ND AB262148
A A-32 1172 ND AB262149
B B-28 1/1 ND AB262150
Feb/2004 B B-29 1712 ND AB262151
B B-30 11/3 ND AB262152
Mar/2004 B B-31 1712 ND AB262153
Nov/2004 A A-33 I/1 ND AB262154
B B-32 1712 ND AB262155
Jan/2005 B B-33 11 ND AB262156
B B-34 1/1 ND AB262157
B B-35 /12 ND AB262158
Feb/2005 B B-36 /4 9.9X10° AB262159
B B-37 173 4.1 x10° AB262160
B B-38 1/4 31X AB262161
B B-39 174 ND AB262162
B B-40 171 ND AB262163
B B-41 173 ND AB262164
B B-42 1/3 ND AB262165

“ Amplicon; A and B refer to the areas of harvest.
» ND; not detected (<100 copies/oyster).
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the NVs were detected during the December to Janudry
investigation periods. We also quantitated the copy
number of the NV capsid gene in all oysters by real-
time PCR (Table 2). The sensitivity (limit of detection)
for this method is more than 100 copies of the NV
genomes/oyster (20). Interestingly, the number of oys-
ters from area A, which harbored the NVs genome, was
significantly greater than that from area B. Oysters har-
vested from area B had a relatively large number of
capsid genomes with more than 100 copies/oyster,
while those harvested from area A had fess than 100
copies of the NV genome (Table 2).

Phylogenetic Analysis of NVs from Oysters

We sequenced all the amplicons of the NV capsid
genes in oysters by using the direct sequencing method.
In the direct sequencing method, if the shellfishes have
accumulated several kinds of viruses, there are cases
where the peaks of the nucleotide sequences in the
chromatogram overlap and determination of the
sequence is impossible. In this study, the main fluores-
cence peak of each nucleotide sequence was observed
without overlapping in all the sequence data (data not
shown). The capsid gene amplicon was considered to
have been amplified from homogeneous NVs in the
samples. Based on these sequences, we performed a
phylogenetic analysis of the NV capsid gene by using
the N-J method (Fig. 1). The genetic distance between
the clusters of Gl and Gl in the phylogenetic tree was
observed to be 0.35 and 0.27, respectively. Of 75
amplicons, 26 were classified as Gl and the remaining
49 as GII. The GI amplicons were further classified
into 6 genotypes and those of GII into 8 genotypes (Fig.
1). In Gl, there were 8, 6, and 5 amplicons in the GI/12
(SaitamaKU19a-type), GI/4 (Chibad07-type) and GlI/1
{(Norwalk-type), respectively. In GII, there were 13
amplicons each in the GlI/3 (Mexico-type) and GII/2
(Melksham-type), and 12 amplicons in the GII/5
(Hillingdon-type). We also characterized the geograph-
ical and seasonal features of the genotypes. Throughout
the investigation period, 12 amplicons in the oysters
from area A were classified under GII/2 (Melksham-
type). In area B, 6 amplicons were classified under
Gl/4 (Chibad07-type). In this study, many NV geno-
types were detected in oysters, but only 5 genotypes,
GlI/1, GI/12, GiI/3, Gli/4 (Lordsdale-type) and GII/5
were common to both areas.

Very recently, all the GI and GII genogroups were
classified into 15 and 18 genotypes, respectively (21).
This classification method was based on the range of
genetic distance (10). However, our 2 amplicons, i.e.,
B-2 and B-3, were not included in any genotype
because the genetic distances exceeded the range for a

single cluster, suggesting that these strains may be new
NV genotypes (Fig. 1). In addition, the sequences of
some amplicons matched each other completely,
although most of these were detected in different sea-
sons and different areas. The sequences of some ampli-
cons detected in oysters and humans showed high simi-
larity. Moreover, the sequences from oysters (cf. B-6 in
Fig. 1) and animals (cf. SW/NLV/Sw43/1997/]JP and
SwINLV/Sw918/1997/JP in Fig. 1) were closely related,
indicating that the NV capsid genes in oysters exhibit
wide genetic diversity but some of them were genetical-
ly related to swine NVs (24).

Discussion

In this study, we demonstrated that the NV capsid
gene was detected in approximately 5% of the Japanese
oysters for raw consumption. Of the oysters from area
B, 50% carried relatively large amounts of the NV
genomes which were not observed in oysters from area
A. In addition, the capsid gene exhibited wide genetic
diversity in both genogroups, GI and GII. The
nucleotide sequences of the capsid gene of some strains
from both areas matched completely, suggesting that
some strains of oysters were genetically related to a
considerable extent although the oysters were harvested
far apart.

Recent studies in some countries showed that
approximately 0% to 20% of oysters contained NVs
and these viruses are associated with gastroenteritis in
humans (16, 17, 19). For example, Le Guyader et al.
showed that the polymerase gene of NVs was detected
in approximately 20% of French oysters and showed
wide genetic diversity (16). Myrmel et al. demonstrated
approximately 7% of the shellfishes from the Norwe-
gian coast contained the NV gene (19). In addition, we
demonstrated that 10% of Japanese oysters contain the
NV capsid genomes and show wide genetic diversity,
although these oysters were harvested in areas different
from those used in this study (20). On the other hand,
Lodder-Verschoor et al. demonstrated that NV genes
were not detected in Dutch oysters although the
enterovirus genes were detected in these oysters, sug-
gesting that NV does not always contaminate oysters
(17). The genetic characteristics of NVs contaminating
shellfishes are poorly understood. Therefore, we con-
ducted a molecular typing study on NVs in oysters
obtained from two distinct sea areas in Japan, in order to
make an accurate comparison of the prevalence patterns
of NVs in Japanese oysters. The present data indicates
that the NVs detected in Japanese oysters from different
sea areas showed wide genetic diversity. This is consis-
tent with the results of earlier reports (16, 17, 19).
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Recent data suggested that the infectivity of NVs is rel-
atively strong and less than 100 particles of NVs can
easily cause gastroenteritis in humans (4). Our previous
data showed that approximately 5% of the oysters for
raw consumption from two distinct areas in the
Setouchi Sea contained more than 100 copies of the NV
genomes in each oyster (20). In contrast, we found that
only 1.4% of the oysters had more than 100 copies of
NVs in this study. In addition, the oysters from area A
had less than 100 copies of NVs, During our investiga-
tion periods, 34,000--37,000 tons of oysters were har-
vested per year (http://www.maff.go.jp/www/info/
bun08.htm!). More than 70% of the oysters were har-
vested from these two areas. We detected NVs in
approximately 5% of the oysters for raw consumption;
however, this rate did not directly reflect the possibilities
of NV infection. In order to prevent food poisoning
caused by microorganisms present in raw oysters, the
Japanese government regulates the oyster industry via
the Enforcement Regulation of the Food Sanitation
Law. However, this regulation mainly focuses on bacte-
riclogy. To our knowledge, there is no universal risk
assessment of viruses, such as NVs or the hepatitis A
virus, which are contained in shellfishes. Ensuring the
virological safety of oysters would have an enormous
effect. If we can control outbreaks of oyster-related
gastroenteritis, the number of patients with gastroenteri-
tis may be reduced. Accurate risk assessment of raw
oysters with regard to NVs infections and regulation
based on viral sanitation is needed.

It is suggested that various genotypes of NVs in oys-
ters are associated with the outbreaks of gastroenteritis
in humans (25). Therefore, it is important to clarify the
genetic characteristics of NVs detected from both shell-
fishes and humans, to gain a better understanding of the
epidemiology of NV infection (10). Our data indicated
that most Gl and GII strains detected in oysters and
humans were genetically related to a considerable
extent (Fig. 1).

Interestingly, some NVs that are usually detected in
swine are also genetically related to the NVs in oysters.
Therefore, we could not exclude the possibility that
some NV strains detected in oysters were derived from
other animals such as swine. In conclusion, further
molecular studies of NVs and quantitative real-time
PCR methods are needed for a better understanding of
the NV infection, which may provide more accurate
assessment of the risk factors for shellfish-associated
diseases.
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