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Norovirus Detection and Inactivation in Bivalve

Molluscan Shellfish

Hee-Jung Lee

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

While the' fecal coliform is universally accepted as the criterion for
the bacteriological water quality of shellfish harvesting waters, the
scientific consensus 1is that these indicators do not reflect the
occurrence of norovirus . the marine environment. Because of the
absence of effective:indicator systems, scientists: have attempted the
direct detection of wviruses—from shellfish and their harvesting waters.
These virus concentration and detection Steps are limited by the need
for large sample sizes to detect the low virus levels. Therefore, it is
necessary to investigate the efficient method for the concentration of
human noroviruses and standardize the detection of human norovirus in
bivalve shellfish.

When shellfish was contaminated with virus, there are limited
post—harvest options for inactivating infectious virus within shellfish

while retaining the raw characteristics and high market value of the

- viii -



product. Therefore, in this study, the concentration and detection
method was evaluated for monitoring human norovirus in shellfish and
the contamination status in shellfish and seawater in the Korean coastal
area was investigated. And also the effect of high pressure,
photocatalyst UV irradiation and electrolyzed seawater on inactivation of
norovirus using feline calicivirus as surrogate of norovirus was
evaluated. The results of this study were as followed.

One of the concentration methods, including viral elution by glycine
and threonine buffer,~ concentration by Vertrel XF, primary and
secondary PEG~ precipitation, were more - efficient than other
concentration /methods. Viral*"RNA was more efficiently" extracted by
Viral RNA Mini Kit than Trizol extraction. In addition, a'clear bands
were shown in a gel when QiaShredder Homogenization step was
added. In genogroup 1, GIF1IM/G1-F2/GIR1IM primer set were more
sensitive and specific than. other | primer sets for the. detection of
genogroup 1 n PCR amplification. In genogroup 2,
G2F1M/G2-F3/G2R1IM-and NV20F2/NV20R/- G2-F3/G2SKR primer sets
were more sensitive and specific than other primer sets in PCR
amplification.

From February to November 2007, 140 shellfish samples were
collected and were monitored for the noroviral contamination by
RT-nested PCR. Norovirus-positive samples were detected in the
samples collected during whole survey period. Overall detection rate
was 22.1% and 71% of detected norovirus was classified into genogroup

2 (II). By sequence analysis, the norovirus—positive samples, which



were grouped with genotype 4 of norovirus genogroup 2 (GII/4), were
closely related to strains recognized as a worldwide epidemic outbreak.

The contamination range of norovirus in shellfish growing area from
pollution sources was investigated in Cheonsuman and high level
norovirus was detected at the station closed to point pollution sources
and non-point pollution was also observed.

Norovirus surrogate (feline calicivirus, FCV) was inactivated by
treatment at 50,000 psi for 60 sec by 6.8 log - TCIDsy. mL ", Tissue of
oyster (digestive gland, gill and mantle) was qualitatively destroyed and
distorted by treatment over 5,000 psi for 60 sec. High pressure
treatment induced progressive changes in proximal cemposition of
oyster and /color of oyster adductor muscle. High pressure treatment
effectively reduced norovirus surrogate but induced conformational
changes in tissue and color of oyster flesh. Electrolyzed seawater and
photocatalyst . UV also effectively inactivated FCV. FCV was totally
inactivated after- 10 -minutes exposure to electrolyzed ‘seawater and 3

minutes irradiation of-photocatalyst UV.
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Table 1. Sampling stations and species of shellfish

St. City/Province Local area Shellfish species
W1  Incheon Yeongheung Nae-ri ?grsc;tgostrea gigas)
W2 Chungcheongnam-do Dangjin Hanjinpo (S%g;te;nz%leig p(;'}%nrlum)
W3 Chungcheongnam-do Taean Nam-myeon (S%g;tefsnz%leigp%%nﬁum)
W4  Chungcheongnam-do Seocheon Cheonsuman 1(\1/{141;?&11'5 coruscus)
W5 Chungcheongnam-do = Seocheon Beeinman ?grsctgostrea gigas)
W6 Jeollabuk-do Buan Gomsoman (S]\%cgcgrlznll)enerzformis)
El  Gangwon-do Yangyang (S]g?zltlz%%pecten yessoensis)
E2  Gueongsangbuk-do  Uljin Pyeonghae 1(\]/{141;?5111'5 coruscus)

E3  Gueongsangbuk-do ' Pohang Yeongil 1(\]/{;;?5[11'5 coruscus)

E4  Ulsan Ulsan Jinha ?grsc;tgostrea gigas)
S1  Pusan Pusan Haeundae ?grsc;tgostrea gigas)
S2  Jeollanam-do Suncheonman (Agcliz;;aeruca subcrenata)
53  Gwangju Deukryangman (Agcliz;lglcfilca subcrenata)
S4  Jeollanam—-do Wando (A]lfagi(;lr(l)iis discus)

S5 Jeollanam—-do Jindo ogster

(Crassostrea gigas)




OB 100 km

Fig. 1. Sampling stations in the shellfish growing areas.



Fig. 2. Sampling site of seawater at the shellfish growing areas in the
western coast of Korea.
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Fig. 3. Diagrams of high-pressure processor 215L-600 system.
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Fig. 4. Principle of seawater electrolyzation.
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WS Aelste] A5 vlwstdtH(Table 2, Fig. 6~8). 239 #FoAs

e 72+ ANFTE  triplicate® TS HA HAHL 33 wrEE Y

Method A: QiaAmp® Viral RNA Mini Kit
Method B: QiaShredder™ Homogenizer + QlaAmp Viral. RNA Mini Kit
Method C: Trizol® F2H

)

Method D: QiaShredder ™ Homogenizer + Trizol® 3

QiaShredder ™ Homogenizer (Qiagen, US)®] A<$ 7} 25 go &

THACZRY 59 1 g 889 AIEF 93 2% 5% 14,000 rpmo =
AAEY o] F &3 ddysate)S 7 RNA FZH ol AL8- 5kt

QiaAmp® Viral RNA Mini Kit' (Qiagen, US)S A48 A= 1 g
B F2ARE Uit THS To= 560 pLE % ¥, kit el buffer
AVL 2440 uLE Yo 15%7F vortexing 33t 108 *
(I5C~25T)oll A wjgst = 100% ©l&S 2440 plLE Y31 15%3F
vortexing 3}t 630 pLA S spin column®] 23 8000 rpmS 2 1% &<t
dAEYs ARE 2F AREE o 7bA] whEskth Kit W] buffer
AW1 500 pLZ columno] ¥ 1# %S¢t 8000 rpml & YA 3}
A2k 3 kit e buffer AW2 500 pL=E columnell ¥ 3% =<+ 14,000
rpm o 2 A4 E et 22k Al Hstar gt =5 k] AlASSAH
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Table 2. Tested methods to compare norovirus concentration efficiency

Key step Reference

Protocol C

Protocol F

Protocol U

Elution: glycine buffer-and threonine
Mullendore et al.,

2001

Precipitation and concentration: PEG

Clearing: vertrel XF

Filtration instead the 2nd'PEG precipitation Dubois et al., 2006
in Method C and APHA, 1995

Elution: tryptose phosphate—glycine buffer
Precipitation and concentration: PEG and Lees et al., 1994

ultracentrifugation
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Add 7 volumes of ultrapure water into 25 g of digestive gland

I
Homogenize for 60 sec with omni mixXer by two times
I
Adjust pH to 5.0 with 1 N HCI and stir gently for 5 min
I
Centrifuge at 2,000 x g for 20 min at 4C
l

Remove supernatant and add 7 volumes of 0.05 M glycine-0.14 M
NaCl (pH 7.5) into pellet and stir gently for 15 min
l
Centrifuge. -at 5,000 x g for 20-min at 4C
i
Collect supernatant and add 0.5 M threonine-0.14 M-NaCl (pH 7.5)
into pellet
!
Vortex for 1 min and centrifuge at 5,000 x g for 20 min at 4C
!
Mix supernatant and centrifugefat 5,000 x g for 20 min at 4C
\
Add PEG8000-NaCl (8%, W/V) into supernatant and stir for/2 hr at 4C
\
Centrifuge at 6,700 x g for 30 minvat 4C
I
Resuspend. pellet with 15 mL PBS (pH 7.5)
l
Add 15 mL vertrel XF and vortex for 1 min
I
Centrifuge at 2,000 x g for 30 min at 4C
l
Add PEG8000-NaCl (8%, W/V) into supernatant and stir for 2 hr at 4C
l
Centrifuge at 14,000 x g for 15 min at 4C
l
Resuspend pellet with 2.5 mL phosphate buffered saline (PBS)

Fig. 6. Protocol C for concentration of norovirus from shellfish (Mullendore
et al., 2001).
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Add 7 volumes of ultrapure water into 25 g of digestive gland

I
Homogenize for 60 sec with omni mixer by two times
I
Adjust pH to 5.0 with 1 N HCI and stir gently for 5 min
I
Centrifuge at 2,000 x g for 20 min at 4C
I

Remove supernatant and add 7 volumes of 0.05 M glycine-0.14 M
NaCl (pH 7.5) into pellet and stir gently for 15 min
I
Centrifuge at 5,000 -x-g for 20 min at 4C
:
Collect supernatant and add 0.5 M threonine-0.14"M NaCl (pH 7.5)
into pellet
!
Vortex for 1 min and centrifuge at 5,000 x g for 20 min at 4C
!
Mix supernatant and centrifuge at 5,000 x g for 20 min at 4C
\
Add PEG8000-NaCl (8%, W/V) into supernatant and stir for 2 hr at 4C
\
Centrifuge at 6,700 x g for 30 min at 4C
I
Resuspend pellet-with 15 ml. PBS (pH 7.5)
v
Add 15 mL vertrel XF and vortex for 1 min
I
Centrifuge at 2,000 x g for 30 min at 4C
l
Adjust pH of supernatant to 3.0~3.5
I
Filter with SVLP and SSWP (47 mm, Millipore, USA)
I
Resuspend 1.5 mL 3% beef extract-0.05 M glycine buffer

Fig. 7. Protocol F for concentration of norovirus from shellfish (Dubois
et al.,, 2006 and APHA, 1995).
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Dilute 25 g of digestive gland 1: 10 in 10% tryptose phosphate
broth-0.05 M glycine buffer (pH 9.0~9.5)
l
Homogenize for 60 sec with omni mixer
l
Shake homogenate (100 rpm) for 5 min at room temp.
l
Sonicate with 10-mm probe for 2 min at level 6 (100W)
l
Centrifuge at-3;,000 x g for30._min at 4C
!
Adjust pH of supernatant to.7.2~7.4
|
Add PEG 6000 (8%, W/V) and stir for 2 hr at 4°C
!
Centrifuge at 3,000 x/'g for 30 min at 4C
!
Resuspend pellet with-30 mL 0.15M NaHPO, (pH 9.0~9.5)
!
Resonicate with 10-mm probe for 30.-sec at level 6 (100W)
.
Shake (100 rpm) for 20 min at room temp.
l
Resonicate with 10-mm probe for 30 sec at level 6 (100W)
l
Centrifuge at 10,000 x g for 30 min at 4C
!
Ultracentrifuge supernatant at 100,000 x g for 3 hr at 4C)
l
Resuspend pellet with 2.5 mLL DEPC (diethyl pyrocarbonate) water

Fig. 8 Protocol U for concentration of norovirus from shellfish (Lees et al., 1994).
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Kit W9 buffer 50 pLE spin columne] ¥i 1& &< v 5 1%
8,000 rpmo.2 YA F8ste] &% (elution) A Th

Trizol® (Invitrogen, USA)S Ab&3 A 2+ 1 g B39 HE2A8E

M

39 B Trizol®S Y3 30%7F vortexing st L] 10

—_—

gt wFAEe 2L EH9  chloroforme ¥Wi 30x7h
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AAEE AT M H(supernatant)S i1 thA] F 9] chloroforme
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np= 2] A air drydt o] ¥ diethylpyrocarbonate (Takara, Japan)®
Ags He FFHFT 50 phE 7Fekal 60Tl A 10 &<t vl gsto
SN

T2 39t PCR AdL-87 “A7=A -70Col

wEutole s S GAH EAE % RNA FEPue
1

BaFo] puffer AVLE Yol i1 15% vortexing vl 108 5o A&
(15C~25C)oll A W & H=A18 48] =] 100% €SS Y11 15%

vortexing 3} 331t} 630 pLA S spin columno] ¥ il 8000 rpmo 2 1% &<l
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AAE L A EE EF AREE W 7HA wHESsith Buffer AW1 500
pLE columnel ¥ i 1% F<¢F 8000 rpmo 2 YA E 3] A F
buffer AW2 500 pLE columne] Y31 3% &< 14000 rpmo =
ddZeste 23 AlAsta Jojme] dA == gtk Buffer AVES

& 8,000 rpmo. 2 187+ YA 725}

spin column®l il 1%

_'c'[);
=8k AT 30 uL7t H== shsivh

pL &%), 1 MNePDU (=418 03wl A%) #F s AL
RT-nested PCRo| A-&3le] 11 €82 Hl sty IAAL v o] AbA| 3

Z7A& Table 39} %k}

AR Fol w==ZRlojHEE [HFAZ AES AHAEt] B3
TEHL Eag Husioy F=7F 24" w=zhlolgl s FYANEE
e O 2 primere] WAE 2 AIAHS v wslHT. RT-nested PCRE
$& AF83F primer+= Table 40 A&k T}

FEW o vludE GIFIM/GL-F2/GIRIM primer set®t G2F1M/G2-F3/

G2RIM primer setE AFE3FA Tl Primer 7Fe] vl Al 10814 3]4 s
Alz oA GIFIM/G1-F2/GIR1IM primer set®t G2F1IM/G2-F3/G2R1IM

2
sl
oX,

primer setold HEH TEE 7|52 primere] wWE W E 2

= Pl vl unit, 0.1 unit; GHAF WHE JAFARE FHAARe}

o

2

4y

o2 ) First PCRY nested PCR WFS S A& Table 5%
Table 6°] ZtzZF yYeliloe™ first PCRS 10 unit <=3 1 unit

HZEZS triplicate®= 34t}

rlo
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Table 3. RT-PCR conditions and composition of reaction mixture

: RNA unit . ..
Ingredient 30 unit 3 unit Reaction condition
Template (RNA) 3.0 llL 0.3 llL 1. Add Distilled Water, dNTP,

. Random primer into RNA
5 x first-strand buffer 3.0 uL 3.0 uL . .
extract and incubate 5 min at

DTT 15wl 15 uL = 65 then cool down on ice
10 x ANTP (10 mM) 1.5 1L 1.5 uL

RNasin® Ribonuclease 2. Add-5 x first=strand
inhibitor(40 u/uL, 05l 05 uL - puffer, DTT, RNasin®
Promega). Ribonuclease inhibitor and
SuperScriptTM II ) 9 mh ok
Reverse Transcriptase 1.0 uL 1.0 plL incubate 2 min at 25C
(200 w/uL, Invitrogen)

Random Primer 3. Add SuperScriptTM II

10 L 1.0 uL

(100 pmole/ul, Takara) Reverse Transeriptase and

w to  up o 15 incubate .10 min‘at 25C, 50
Distilled water b b . 5 .
15-ul ul min at.42°C,then 15min at

70°C for enzyme inactivation

Total 15 uL 15-uL
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Table 4. Primers used in RT-nested PCR

Region Name sequence 5 —3' Polarity  Position® Reaction condition Reference
GI, GII
NV36* ATAAAAGTTGGCATGAACA Sense  4487-4505 94°C 3 min;-94C 1 min 30 sec, 52°C 1 min 30 sec,
NV35"  CTTGTTGGTTTGAGGCCCATA Antisense 4956-4936 72°C 1 min 30 sec;.35 cycles; 72°C 7 min Naitou and
NV82"  TCATTTTGATGCAGATTA Sense 45554572 ' ; : ] , ] _ Morita
SM82" CCACTATGATGCAGATTA Senser~ 4555-4572 gg iyilginﬁ?éﬂ A 2% 0C 1 min, 72C 1 min, (2001)
NV81"  ACAATCTCATCATCACCATA  Antisense 4884-4365
Yuri52F* CAATCAGAGTTGGCATGAA Sense 4485494 g0 3 ik 040 1 min 45C 2 min, 607 Jinin,

ORF 1 vuri52R* .TGTTGGGATCAGCCCGTA Antisense 4485-4954 5 cycles:

polgiifase MR3"  CCGTCAGAGTGGGTATGAA Sense "Ziéiéé"iliéé&%ljg iomninril;1 50C 1 min 20 sec, 72C 1 min, 30 cycles; it ot al

region) MR4"  AGTGGGTTTGAGGCCGTA Antisense 4485-4954 (1998)
Yuri22F® ATGAATGAGGATGGACCCAT Sense.  4505-4877 94°C 3 min; 94°C 1 min, 55°C 1 min 20 sec,
Yuri22R” CATCATCCCCGTAGAAAGAT .+ Antisense 4505-4877 72°C 1 min, 35 cycles; 72°C 10 min
GI
JVI2Y"  TCATCATCACCATAGAAIGAG - Sefise s 4552-4572 94°¢ 3 min: 94°C 30 sec, 37°C 1 min, 72°C 1 min,
JVI3I®  ATACCACTATGATGCAGAYTA Antisense 4878-4858 39 cycles; 72°C 7 min Gre(elrégg al.
GI"  TCNGAAATGGATGTTGG Sense 46914707 94 C 3 mini 94°C 30 sec, 37C 1 min, 72C Imin,

35 cycles; 72C 7 min
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Table 4. Continued

Region Name sequence 5 —3' Polarity ~ Position® Reaction condition Reference
GII
GLPSG2ab GARGGICTICCITCKGGIGTICC Sense 4715*4737 94°C 3 min; 94°C 30 sec 55°C 30 sec, 72°C 30 Green et al.
YGDD1** ACIATYTCRTCATCICCRTARAA  Antisense 4869-4847 S¢¢; 39 cycles; 72°C 7 min (1995)
ORF 1 SRII-1*  CGCCATCTTCATTCACAAA Antisense 5096-5078 94 3. min; 94C 30 sec, 55C 1 min, 72°C 1 min,
(RNA b 35 cycles; 727C 7' min Hefliger ot
SRII-2” TWCTCYTTYTATGGTGATGATGA < Sense  4583-4605 g
polymerase 94 3 min; 94C 30 sec, 50C 1 min, 72°C 1 min, & (1997)
region) SRII-3” TTWCCAAACCAACCWGCTG Antisense 4767-4785 35 cycles; 72°C 7 min
JVI3®  ATACCACTATGATGCAGAYTA  Antisense 46054585 94°C 3 min; 94°C 30 sec, 37°C lmin, 72°C 1 min,
b 35 cycles; 72C 7 min Vennema et
JVI2Y®  TCATCATCACCATAGAAIGAG Sense  4279-4299
94T 3 min; 94C 30 sec, 37C 1 min, 72C  1min, A& (2002)
Noroll-R” AGCCAGTGGGCGATGGAATTC Antisense 4515-449 35 cycles: 72:C-7,/min
GI
ORF2 SRI-1° CGCCATCTTCATTCACAAA Antisense 5671-5652 94°C 3 min; 94°C 30 sec, 50C 1 min, 72°C 1 min,
Capsid ) 35 cycles; 72C 7 min e
iegi% SRI-2"  AAATGATGATGGCGTCTA Sanse | 53565373 Y Hafliger et
94°C 3 min; 94°C 30 sec, 50C 1 min, 72C 1 min, & (1997
SRI-3*  AAAAYRTCACCGGGKGTAT Antisense 5596-5578 35 cycles; 72°C 7min
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Table 4. Continued

Region Name sequence 5'—3’ Polarity  Position® Reaction condition Reference
GI
COGIF*  CGYTGGATGCGNTTYCATGA Sense 52915310 94 3 wmin; 94 1 min, 50C 1 min, 72°C 2 min,
GISKR®™ CCAACCCARCCATTRTACA Antisense 5671-5653 0 cycles; 72°C 15 min Nishida et al.
Byl 4 P 0 , . . . . (2003)
GISKF®  CTGCCCGAATTYGTAAATGA Segse _ofio-5365 2 MEgy hmin, ST 1 min, 72T 2 min,
35 cycles; 72C 15 min
GIFF-1° ATHGAACGYCAAATYTTCTGGAC - Sense 50755097
ORE? GIFF-28 ATHGAAAGACAAATCTACTGGAC Sense  5075-5097 95C 2min; 94C 30 sec, 48°C 30 sec, 72C 2 min,
(Capsid GIFF-3'  ATHGARAGRCARCTNTGGTGGAC Sense  5075=5097 30 ¢vcles; 72°C 5 min Gallimore et
region) ab o al. (2005)
GISKR™ CCAACCCARCCATTRTACA Antisense 5671-5653
GIFFN®  GGAGATCGCAATCTCETGCCC N, O R o 2 miny HAL p0/fsec, BT 30 sec, 72T 2 min,
35 cycles; 72C 5 min
GI*FII\/Id CTGCCCGAATTYGTAAATGATGAT Sense 5342*5365 94°C Smm, 94°C 30 sec, 54°C 30 sec, 72 °C 45 sec,
GI-RIM™ CCAACCCARCCATTRTACATYTG ~ AntiSense 5671-564990 ¢vcles, 72°C 7 min Klin et)al-
- A . . 2005
GI-F2* ATGATGATGGCGTCTAAGGACGC  Sense. 5358 5380 24C 3 min: 94C 3 Osec, 56C 30 sec, 72C 45 sec,

35 cycles; 727C 7 min
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Table 4. Continued

Region  Name sequence 5 —3' Polarity ~ Position® Reaction condition Reference
GII
COG2F'  CCARGARBCNATGTTYAGRTGGATGAG ~ Sense  5003-5028 0453 - 04 1 min. 50C 1 min
G2SKR® CCRCCNGCATRHCCRTTRTACAT Anfisense 53805367 72 C 2 min, 35 cycles; 72C 15 min Nislzida e)t
al. (2003
b - 94C 3 min; 94C 1 min, 50C 1 min,
G2SKF®  CNTGGGAGGGCGATCGCAA Sense  SQ4T-5065 7, o e T 15 min
G2FB-1°  GGHCCMBMDTTYTACAGCAA Sense  4922-4941
G2FB-2  GGHCCMBMDTTYTACAAGAA SEnsen <o MR ° SR ming 9876 3P sec, 43T 30 sec,
ORF2 72C 2 min, 35 cycles; 72C 5 min '
(Capsid G2FB-3* GGHCCMBMDTTYTACARNAA Sense  4922-4941 Gallimore et
region) al. (2005)
G2SKR® CCRCCNGCATRHCCRTTRTACAT AntisenselB3890B6 70 » w0zt fan a0t 20 sec
G2FBN’  TGGGAGGGCGATCGCAATCT Sense |5048-5067 72 C. 2 min, 35 cycles; 72C 5 min
G2-FIM* GGGAGGGCGATCGCAATCT Sense_ 5049-5067064 V5 mitn: 94°C 30 sec. 54C 30 sec
G2-RIM™ CCRCCIGCATRICCRTTRTACAT Antisense 5389536712 C 45 sec, 35 cycles; 72°C 7 min Kigogg )al-
G2-F3  TTGTGAATGAAGATGGCGTCGA Sense  5079-5100 A C 3 min: 94T 30 sec, 56C 30 sec,

72°C

45 sec, 35 cycles; 72C 7 min
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Table 4. Continued

Region Name sequence 5'—3’ Polarity =~ Position® Reaction condition Reference
GII
NV20F2* GGAGGGCGATCGCAATC Sense- 5050-5066

95C 5 min; 95C 30%sec, 48C 30 sec, 72C 1 min,
35-cycles; 72°C 7 min

(85312 ' NV20R' GTRAACGCRTTY CCMGC Antiséhse 5428-5412
region) Bull et al.
(2006)

G2-F3" TTGTGAATGAAGATGGCGTCGA  Sense  5079-5100
95C 5 min; 95T /30 sec, 48C 30 sec, 72C 1 min,
35 cycles; 72C 7 min

G2SKR” CCRCCNGCATRHCCRTTRTACAT Antisense 5389-5367

“first PCR primer; "nested PCR primer; ‘Degenerate. positions I: deoxyinosine, R A/G, H: A/C/T, Y: C/T, B: C/G/T, M: A/C, V:
A/C/G, K: G/T, D: A/G/T, St C/G, N: A/C/G/T, Wi A/T; GE Norwalk/68/US (Accession no. M87661), GI: Lordsdale/93/UK
(Accession no. X86557).
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Table 5. Reaction mixture for the first PCR

cDNA 5 uL
10 x buffer 2 uL
10 x ANTP (10 mM) 2 ul
First PCR Primers 10 pmole
Tag polymerase (5 U/ul) 1 ul
Distilled water up-to 20 pL
Total 20 pL

Table 6. Reaction mixture for the nested PCR

First' PCR "product 1 ul
10 x buffer 2 ulL
10. x ANTP (10 mM) 2 ul
Nested PCR Primers 10 pmole
Taq polymerase (5 U/uL) 1 ul
Distilled water up to 20 pL
Total 20 pL
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Nested PCRo| A o]z A& 5 uL= 1 pl 6 x loading dyeol] 4& &
15% SeaKem LE agarose gel2 %3 #7]9%(05 x TBE buffer
AF8)3tal ethidium bromide® @Aste] WM=E 21519 2™, NanoVue
(4282. Version 1.7.3., Healthcare Bio-Science, Sweden)S ©]-&3}# PCR
AHEo] DNAYS 543t

o] mmulole]z AL EALE 9% AR T5S SolA AHE
Axs wsith, WA 25 g4 (B 10 g4)9 duplicate AlEel] 79) <]
dird 32 THRTFE HUtsta 602 v 7o 223447 (Omni
Mixen® &3t 3tdrk 1 N HCl & pH 502= 9F & 5% <
gentle stirringS 3Far YAIEY (2,000 x g, 208, 4C)skch A A A7
% pellete 7812] 0.05 M glycine-0.14-M NaCl (pH 7.5)% elutiond}al
15% &< gentle stirringe st YAEE (5,000 x g, 20+, 47C)3}o]
AR A Bo T Fo pelletS 7S] 0.5 M threonine-0.14 M NaCl (pH

75) H7FsFil vortexing 1 8Fe] s A& Skt o] ¢ ThA] YA EE
(5,000 x g, 208, 4C)st g AS o AHd Fx o EFE
j=13

TS AL AR (BO00 x g, 202, 4T)ste] BaE S AASE GAE
ZF7 et th. A Ao PEG :8000-NaCl(H 5% 8%) #7}3sto] incubation

(4C, 2XNzH3ATE ol F AAFEE6,700 x g, 4T 308)3ke] A3
#2], AAS Fo 15 mL phosphate buffered saline(PBS, pH 7.5)9

i

H

=

ot
o,
ftlo

==

AEAE st o 7)o 15 mL vertrel XFE #7}slal vortexingdr & A}
AR (2,000 x g, 4T, 30) 3o A Aol PEG 8000-NaCl (F &

8%) #7tste] FHHMAT, 2A17H 3 Fo YAF2(14,000 x g, 4T, 153)&
3l pelletS ¥ o] pelletS 7 AHXol upegl PBSHS Z4A3HA 05
mL~25 mL %= PBSel =4tk w9 4¥ o%F= MPN unit7}
A4 ® FA)etel g2~ B5E 10,000 MPDUY 7} Al &l | ]l
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Table 7. Primers used in RT-nested PCR

Virus Region  Name sequence 5'—3'¢ Polarity Position® Reaction condition Reference
Coxsackie, 5!NTR Eld CAAGCACTTCTGTTTCCCCGG Sense 1647184 94°C 4 mm, 95°C 30 sec, 50°C 30 sec, Allard et
virus B5 (CBS5) E2" ATTGTCACCATAAGCAGCCA Antisense 509=578 72C 1 min, 30 cycles; 72C 7 min al. (1992)

G1-FIM* CTGCCCGAATTYGTAAATGATGAT Sense 5342-5365 g4

C 3 min; 94C 30 sec, 54C 30 sec, _
G1-RIM™ CCAACCCARCCATTRTACATYTG  Antisense 5671-5649 (¢ €, 45 sec, 35 cycles; 72C 7 min 11{1808;
ORF2 GI-F2?® ATGATGATGGCGTCTABGGACGC Sens€s  5358-5380 %% :4315%13& %%@Cyi?eg?%@g% ?;ngGQ
Norovirus GI  (Capsid '
region) COGIFT  CGYTGGATGCGNTTYCATGA Semse | 5291-5310 4T hin; 94 1 min, 50C 1 min, -
G1-SKR™ CCAACCCARCCATTRTACA Antisense 5671-5653 (2 C 2 min, 35 cycles; 72C 15 min Nishida et
. U al. (2003)
GI-SKF® CTGCCCGAATTYGTAAATGA Sense  5342-5365 %% g’ foin; gg Ccyilens?mhfég (3151215;{
- G2-FIM* GGGAGGGCGATCGCAATCE Sense - 5049-5067 g4 /4 min: 94 30 sec. SAC 30 sec
Norovirus GII (Capsid G2-RIM® CCRCCIGCATRICCRITRTACAT | Antisense 53895867 12C 45 sec, 35 cycles; 72 7 min Klgn et>
: al. (2005
region)

G2-F3®  TTGTGAATGAAGATGGEGTCGA  ~Sensé | 5079-5100 %% 25%130? %‘%CC 5/3362?0¢2§g°(37 ?;ngGQ

“first PCR primer; "nested PCR primer; ‘Degenerate positions L deoxyinosine, R: A/G, H: A/C/T, Y: C/T, B: C/G/T, M: A/C, V:
A/C/G, K: G/T, D: A/G/T, S: C/G, N: A/C/G/T, W: A/T; ‘GI: Norwalk/68/US (Accession no. M87661), GI: Lordsdale/93/UK
(Accession no. X86557).
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Table 8. Reaction mixture for the first PCR

cDNA 12.0 uL
10 x buffer 5.0 pL
10 x ANTP (10 mM) 5.0 ulL
First PCR Primers 25 pmole
Taq polymerase (5 U/ul) 0.25 pL
Distilled water up-to 50.0uL
Total 50.0 plu

Table 9. Reaction mixture for the nested PCR

First' PCR "product 1.0 uL
10 x buffer 2.0 uL.
10. x ANTP (10 mM) 2.0 ulL
Nested PCR Primers 10 pmole
Taq polymerase (5 U/uL) 0.1 uL
Distilled water up to 20.0 pL
Total 20.0 pL
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Hlol# 2~ FHA FZS $% First PCR 2 nested PCRol| Al&3
primer®] & % Wk$ XALS Table 7, first PCR ¥+&%A-& Table 8§,
nested PCR WH&x4-2> Table 99 AAlstd. First PCRe 4%
A ubel | 2 A FFH (A AR 15 Bt w59 5
o] -5 st dth
Al & Al genogroup B duplicate (genogroup 1 (GI), genogroup 2
(GID 2z+ 2782 2442 A4 N84 1/6 £ 2 PCRe T& a3t

N

Gl  AF 2€dAM 6€71A¢ Alme  GI-FIM/GI-RIM/G1-F2
primers Ab&3te] FEpGon 79 o]Fo Ao A = duplicated
G1-FIM/G1-R1IM/ G1-F2 primer2} COGIF/G1-SKR/G1-SKF primer=
7+7y st S ARske] Z &S pGlle). A% duplicate EFE
G2-FIM/G2-RIM/’ G2-F3 primerE @ Algsle] FE3dd. =3 7}
GARLTE negative controlS A9skal 100 MPDUS w-=Eulo]e] X~ UA
AlmE AFYstel PCR %9 o/ oAFE gelsiitt. PCR %2
PTC-100 (BioRad, US) PCR <F7|& Sl et Adv= 15%

agarose gelS &3 &1t

28. =2uto] g 29 AFH £4
PCR 5% A¥ 4oz A8 Au5s A7IA9EMs a3l 7HAEA
5 3 FAl] genotypes #A3ATH PCR AHES AAS F
GI¢ A% G1-F2, GII®l 4% G2-F3& AF&3te] ABI 3730 automated
sequencer (Applied Biosystems, Forster City, CA)ol 4] BigDyeTM$H & &
F7IMEEs EAs T gERE d7A<Ee EMBL/GenBank database®
3 TE5E A7IMEH} Huste] <A genotypes IHotstiith. DNA

A7l gde A Clustal X (version 1.8; Thomson et al, 1997)%
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o] &3ty AHAs & primer FHE A ASAL

wmgutol e 2] b A AR e A%E k== PHYLIP version 357 &
AFg3Fe] Kimura 2-parameter distance®}t neighbor—joining methods®
2k 8193 2.1 (Felsenstein, 1995), TreeView version 1.6.1. (Page, 1996)=
8 YERHAT. Outgroup AbEvRolf~E ARGkl AMSE EE

w2hpol A A7) L accession numberES 7] 33t}

29. A F =2utolgxr &

Alge =2 ZHZ 90 mm HA type 045 pl membrane filter
(Millipore)oll GF/C glass filterS %H = HiXAIZL F 84 A& 8 L=
A2 HA type filtere]l vlol#ls A= &2l & 05 mM H>SOs 200
mL< o83 o FHdstE A7 AT

o] 50 mM H.SO, 0.1 mL¥Z} 100 x TE buffer 0.1 mL¢] &9+
FEE WA Fo 10 mLe 1 mM NaOH&E Hjol#] ~ & &Z&3}3ith.

o] Al&E" Centriprep Concentrator (YM-50, Millipore, USA)Z
AbE3te]l 1500 x golA 1523 AR e & 3~43] A Aste] HF 9 E
450 uL7bA H =38k th(Katayama et al, 2002; Rose et al., 2006).

F%5E A EE QiaAmp® Viral RNA Mini Kits AF&8le] 55 A 59
Avl H-2Fe] buffer AVLS Yo 53 15% vortexing & Th 10% 5<F A=

(15T ~25C)ellA Mg F FFAE 4v) F=F 100% olgts  Ea

—

5%7F vortexingstAth. 630 pLA S spin columne] %3 8000 rpmo =
123 A8t ANEE 25 AFEE u 7bA] RERSESit Buffer AWI
500 pL= columnel] ¥ 18 HoF 8000 rpml. & A Egste] A x3 &
buffer AW2 500 pLE columne] Y31 3% &< 14000 rpmo =

A Eelstel 234 AHST ol Ro] ghol Y= FHeh
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Table 10. RT-PCR conditions and composition of reaction mixture
a. GI

Ingredient Unit Reaction condition
RNA template 12,5 pL 1. Add Distilled water, dNTP,
5 x first-strand buffer 5.0 pL. Random primer into RNA extract
DTT 25 pl and incubate 5 min at 65C then
10 x dNTP (10 mM) 1.25 L cool down on ice

RNasin® Ribonuclease

. 1.2 irst-
inhibitor (40 w/iL, Promega) 5 uL 2. Add 5 x first-strand buffer,

. TM DTT, RNasin® Ribonuclease
SUPErSCript II Reverse mhibitor and incubate 2 min at
Transcriptase (200 u/ul; | Pdl A HC
Invitrogen)

JJVIR primer 2.5 pmole 3. Aqq SuperSeriptTM II Reverse
Transcriptase and incubate 50 min

Distilled water up to 25.0 plbat 42C, then 15min at 70°C for
enzyme inactivation

Total 25.0' ulL

b. GII

Ingredient Unit Reaction condition
RNA template 12.5 pL 1. Add Distilled water, dNTP,

5 x first-strand buffer 5.0 pL Random primer into RNA extract

DTT 25 pl and incubate 5 min at 65C then

10 x ANTP (10 mM) 1.25 pI cool down on ice

RNasin® Ribonuclease ]

inhibitor 1.25 1l 2. Add 5 x .flrst*s.trand buffer,
DTT, RNasin® Ribonuclease

(40 u/uL, Promega) o ) .

. TM inhibitor and incubate 2 min at
SuperScript’ " II Reverse 42C
Transcriptase 1.25 ul
(200 u/ uL,.InVitrogen) 3. Add SuperScriptTM II Reverse
COGZR primer 2.5 pmole Transcriptase and incubate 50 min
Distilled water up to 25.0 puL at 42°C, .then.15r.nm at 70C for

enzyme 1nactivation
Total 25.0 uL
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Buffer AVE spin column®] ¥ 3 1% &<k #j¥F & 17 8000 rpmo &
AiEEste] &E3t (HF 25 pL7t 5| =5 buffer AVEE AHE).
FZEA  dojxl RNA Al8E Table 1037 &
o] cDNAE AT

of

Ho=Z

2.10. Standard curve?] #A4

Standard curve® A 9% YAH ZEaAv=EES AR
A e o BEoure GI/6, GI/3E genotying® W A|Jol A o3}
2 WHes RNAS FZsta ddAE %z JIVIF/JJVIR,
JJV2F/COG2R primer set (Table 11)2 PCR <238}tk (Z4: 94T, 3%
94C, 30%, 48C; 30%, 72C, =35 cyele; 72T, 7).

ZZ% PCR 2HES AAE & T&A cloning vector (Real Biotech
Corporation)l]l S =243ttt 295 FeAVEs 2333 EAE A&
260 nm IS A TEE ASA ZT2v =9 copy number=

F3l  standard curve Aol
AFE3EA T AFE8E primere] F5F i Table 129 A Alsk ok E=3 PCR
HES-ol X2 Table 129 #AlstF . Primer % 52 %742 Jothikumar
et al. (2005)9] R E F=x39 ). standard curve A 5 A=
=
g3ttt PCR %2 ABI 7300 Real-Time PCR system (Applied

}
M
1%

Hu
Jr
il

Al negative controls Atlste] real-time PCR %% 2

Biosystems)& &3l AASF A= 15% agarose gels  F3

olsttt. sl Als+ 1 L %2 AEE genogroup 9 duplicate®

239t standard curveE A3 A ESEAv|E FE AAA
eFE WASr] Hsl 24 AlE 9 triplicateZ &A%t OR/FE
H A shet A
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Table 11. Primers for TagMan Real-time RT-PCR and RT-PCR

Genogroup Primer Sequence(5’'-3") Polarity Location Reference®
CGC ATG TTC CGI TGG
JJVIF ATG + 5282-5299
TCC TTA GAC GCC
I JJVIR ATC ATC AT - 5377-5358
FAM-TGT GGA CAG
JJVIP GAG ATC GCA ATC +  5319-5341
TC-TAMRA Jothikumar

CAA GAG TCA ATG

_ et al., 2005
JIVZE oy AGG-PEG 2Carh 20035028
TCGACG CCA TCT
Gl COG2ZR e R G = 5100-5080
RING2 FAM-TGG GAG GGC
GAT CGC AAT o 5048-5067
CT-TAMRA

°GL, Norwalk/68/US (Accession no. M87661); GII, Lordsdale/93/UK
(Accession no. X86557).

Table 12. Composition of reaction mixture for Real-time PCR

Template (cDNA) or 12.5 ul
plasmids 10.0 pL
2X TagMan universal “PCR master mix 50 Ul
(Applied Biosystems) i

Primers 12.5 pmole
TagMan probe 5.0 pmole
Distilled water up to 50.0 uL
Total 50.0 pLL
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Zgav = FEo wE threshold cycle (Ct)e] WslaFe] gt standard
curvei= EXCEL program (Microsoft Office 2003, Microsoft Co., USA)<
Fall FakArh @l AlEdA Ao Ctgk 9A EXCEL program< -5 3
A FFAAE A standard curveE FF =EZwHpoly s FRU)

245 gEAxE dgad

2.11. 231¢ A g
A o3 = Fo FCVe &24st =4 +38st7] 915 6.8
log * TCIDso. mL "¢ FCV #]%F ! ok 2 m[L 2 cryotube (Nalgene, USA)®]
7NE7F A7IA RS e ¥ 5 G2 Ay E4E)
= g4 A4 5

AEEE BAY ClBAE AAR At @4 AaHEs YL
= =

1o,
to
n2
o
b
il
=3
o
=)
NS
=]
=
filo
fol
il
rlr
Sy
il
i
=2
>,

zddE =3 FCVAAETE ZH7E 5000 psi, 10,000 psi, 20,000 psi,
30,000 psi, 40,000 psi,~50,000-psi B 60,000 psio] =z o= 25T ol A
603t Attt g AP & A FE =71 FCVe AbE & =9
Hsts Bt

2.12. A71EAAF A=

A71Ea s Al gstel  FCV  wloly 27 B3 HeEAE
AES 7] fste] oz d"dyd sl 300 mLel FCV ]l g(6.8
log - TCIDsp. mL HS  #HZE¥%7F 48 log - TCIDs.mL 7} HEE

HA7tslel A% 1 ppmzE 243 A7| &84S 7 L/ming FH50®2
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o
w2
S

B
—

fe
w
ﬁm
o
ﬁm
—
o
gh
>,
=
=

i
o
fr

o]

AR Fe] ANEE FHoto &
3 A3 & &F A4 E(Crandall-Reese feline kidney, CrFK)ol ZFdAl#A
Aa7teE SA4SAY. FA7t A= TCIDs(Tissue culture infections
dose)ft o & AFESEIth = dut dit ol wpolg 2 wjdd &

wal A7)Eele A of e 2oz At

2.13. F=m) AgH A

FEzujA o] oJstel FCV Hielg| 27t 243t H=XE HES]
9l8ke] ojHd#E a4 300 mLol FCV W% (6.8 log: TCIDs. mL 1)<
I Ahskel . FEu) At A RIAO W - sec/em) o EAAIA| T
33T 0%, 30 241 &, 3 &, 58, 10 & AnnZoz dAFo
AlgE #Hole]l ©A 3]43s & S5 ¥E(Crandall-Reese feline kidney,
CrFK)el  #axHen, #d7F FAdd &= TCIDs (Tissue culture
infections dose)Fko.& Ab=skdth 2T =e FF o] =E:A7A &S
At ol wpol AlH S Y 2 FE A el TS AEHE

#Abshel e,

I

2.14. FCV #¢€¥ &A
9l wholel s ALgHE FCVe W@ R @ddY A
ol thest gol 8Yom ANG WA B oa WY e

(Costar, Canada)°ll 10% fetal bovine serum (FBS)¢] % 7}¥ Dulbecco’s

[e]
=y

o
rol

ke

g
=1

A

>

Modified Eagle Medium (DMEM)S A% #33% & &34 X2 CrFK
cell& HEF3str 37CE  ZAHE  humidified 5% CO, #l7]oA

meFsteich MY ¥ FEd P gl FA=w 29 pAeE 27

2L
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s AAEAT 22 Mg (1) A wAE AAsk, 2) @<

S Dulbecco’s phosphate buffered saline (pH 7.3) (PBS;

o[Nt

A3
GIBCO/BRL, Cat. No. 21300-082, Canada)= AM=#3g = (3) 0.05%
trypsin-EDTA (GIBCO/BRL, Cat. No. 25300-054, Canada) 1 mLE ©<
F3o 7beke] 20 WA MGIF AASAL, (4) FeksA wpeel A Al Z7F
gejg wizkbA EekaaE 37T i o, (B) wide] e
a}

20 ok 6 mLe A2 wj X (DMEM+10% serum)E % 7}s}a

111
hU Hu

He F 30 T or WG Bepadd BEein Aed FI@ x4

o

jus)
=
o,
v
[
i
o
ne
L33
do
e}
=
@
M
25|
~
T,
4
2
el
o[)lr
L%
i

Py EH=aEs
Aesle] ol WS EJAAS By (2) BlolEl A dE A 200 uLE
Zagtage] HES 5 (3) 37CE =A% humidified 5% COs incubator®l
H kel wiolga7h FHAEHE= St 18l (4) 7 mLe
maintenance -media (DMEM+2% FBS)E 7}sto] 4718 7oA
vl gFete]  dlol# - AgoE  ddAEZTel 9%t FHHE  wrtA

<o)
()
A
=

s

2} vlolel s el Felsds WE D Mo 28 WEF F 1500 xgol

A 1583 A EYstel Alx AE AASAH. wolYrF 29E dAE

FCVel #A7tE A=A o= Hrietr] flal 50% =48 74 Ftissue
culture infectious dosed0, TCIDs)S S43Ath TCIDsp2> YA =9
AlEvl kel 50%E A7 =Y Zadh volg s g4 wjgE YERTh
o] #2412 mpolz{~ A% CPE (cytopathic effect, AlEHW) oj{i =
gholstE= Aolt), o] dAfoAE Payment and Trudel (1993)¢] =9
M sl TCIDspS SA3IA T WA (1) 96-well cell culture plateol well

o

i

KeX
=
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2 ok 10%100 pLe] CrFK cells AFata 37CZ 24 ¥ humidified 5%
COy incubatorof| A sF=4t v ettt (2) ths'd maintenance mediacll
10852 323 blolg)~ AENS ZA|8kar, (3) 96-well plate ZF well 9
23 wAE FH4AAE 5 g d(tely 2 AR Y)S IATGAERE 8
wellel 25 plL® HE: s 37C=Z =A% humidified 5% CO2
incubatoroll A 903t Wikt (4) Wie]l EuW  maintenance
medias 7z welld] 0.1 mL¥® 539t 2 plate "}tF maintenance
media®t 7 x5 TR, 3U3F wjd CPE o5& #&5HAT
3¢ ¥ 35% formaline 2z} welloll A& &3kl 12 1F A2 etal 4]k
A AEE AAT T 1% (w/v) crystal violeto. 2. 1E7F o

weto®  wEkste] Al E 7L Aol welld] FE HFTAHOE
AR ATt vpolel 2~ 97F= Reed-Muench Mo 2 A A9 tH(Payment

and Trudel, 1993).

Za9 Ay & FZHeol AwrAE WztE B St gH A
ZAYE ¥AFE =2 Aol 1087 =43 &4 JfAE stomacher

, ZdwAEe semimicro  KjeldahlW, Z3]&&

X
ol
rlo
w
@)
X
=
(@}
—t
)
o
fr
s
&L
A\
o
ol
ol
R
v
M
i
o%
i
ofl

SRR e
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HAA(<4T)ste] A= itsto] S, He]F9, FHolrbrle] b
o}l7}u] F(outer  demibranch)s o2  d|F-3te]  SAAAH  H =3
BadAn A FES 98 AH3 AEE5S Drury and Wallington (1980)9]
Wi o] wel Bouin's solution®l] 24A17F %ot a1 ASta, 24~36417F H<t
52 EBAA FAZ U 70%~100% ole2S ol&dte] WAoo
g4ttt o]%  paraplast (McCormick, USA)S o]&3slo] Ewjs}ar,
microtome (RM2235, Leica, Germany)S ©|&3te] 57 4~6 me
Fada Fadde] AL dAS AT ol 24 HAESLS Fx9
AEFg S A#3s17] 948 Mayer's hematoxylin=eosin (H-E) #] 1 A 31}

g B A SR

ox
Al

S AFs7] Y8 alcian blue-periodic acid and
Schiff’s solution (AB-PAS, pH 2.5) 8k8-2S- A A|3ke] gskav]7 (BX5H0,
Olympus, Japan)© = s} ]},

d= A = dse A WEE dF=st7] Sl HagLs o=
Hunter L, a, 2 b scale [L: lightness, 0 (dark)-100 (white); +a: redness;
-a: greenness; +b: yellowness; and -b: blueness]S Z# 3}t A1
=42 Spectrum Color. Meter JC-810 (Color Techno System Co.,
Tokyo, Japan)s AF-gstHon, =4 A ceramic plate (1=93.73, a=-0.12,
b=0.11D)E AH&3te]l HASAT. FA U2 A FA o] HluA dA4T
og Sgdvh. ¥ AT T A AEET

b v %4 A 53] ZAste] AYE F 2089 wETE

£
N
i

A\
o
=
Ol

o

4
32
)
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L oWl F T ==nlolgix HEW I H
ojuf el Foll A wmEulolef s HEVIW AHI IE ] HT w9
A7l s 2= = SolAe] wmEnpoly s I

1%

HFH W oA Jj]_q

==

[o =] = =
sl AR Ay, =Z 5 olug Rl dixndHeE wEHe AA
extraction—concentration ¥} adsorption—elution-concentration§ 2. & thH & =

Aoz Yehdthlees, 2000). ©l& E5F glycine bufferE &3l virusE
oA FolA st dHeo} A4 Z 29 polyethylene glycol (PEG)
A s T3l JAAIE BHOE F8AY ZA I -FHAH Y o7t S
PCR 4= #l8 w53 AlRAM ZdHo=z &t “(RNA)S A=
W 0 = spin columnS ]88 HWFHI Trizol®S o83 W o)
2 tH(Arnal et al., 1999).

F=d HAS FEste] E==2rlolg 2] EAFHFE EAE] HdAM =
LZufolg 2ol SolAd" primers ©]&dl|oF st w=EdHloly e b
genotype 2 FAE o] glon o] FoA genotype 1, 27F 17toll 93 3k
35 Huyo] glth(Katayama et al., 2002)s PCR¥ o] 7|isd o]3 o
CeFeE Aol el r=mukole 2~ 5 o] A lprimer7t A2 A TN FE 2L
Attt Genotype 13 2& H3tH oz WHEA 7719y TFEZHO=E
AstA oz BEH FAAETE B34 ol FF5H < primer AA7F A4
@tk webA genotype 1, 2 ZF2boll 5014 <l primer7t o2 A-xlel 23|

AAE FEo] & o|Fa 9rh. %z7]d= RNA polymerase (ORF1)<]

32

[

2

J|m

HER I7I1EES A4S 2 primer/t ®o] A FEo] gorvt AEdHH
BHEY TS 9HE T 9E capsid (ORF2)e HEd d7A4d9e

Fal primer’t A ZE I Y= AAHo|Th oulF 5o A E

of
jubad
o
fru
=
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Table 13. Detection rate of norovirus according to concentration protocol
and RNA extraction method

1st trial Protocol C* Protocol F Protocol U

Total (%)
(GII 6 & 16) Total Triplicate Total Triplicate Total Triplicate

Method AP 10 U 8/9 3/33/32/3 3/9 1/3 2/30/3 3/9 2/3 0/3 1/3 14/27(51.9)
10 39 1/31/31/3 0/9 0/3 0/30/3 0/9 0/3 0/3 0/3  3/27(11.1)
10 U 89 2/33/33/3 3/ 1/3 1/31/3 3/9 2/3 1/3 0/3 14/27(51.9)
10 309 2/31/30/3 09 0/3 0/30/3 0/9 0/3 0/30/3 3/27(11.1)
10U 2/9 1/31/30/3 09 0/3 0/30/3 2/9 1/3 1/3 0/3 5/27(185)
10 09 030303 09 03 0303 0/9 0/30/30/3 0/27(0.0)
10U 1/9 0/31/30/3 09 0/3 0/30/3._0/9 0/3 0/3 0/3 1/27(3.7)

Method B

Method C

Method D
1 U 009 030303 09 0/3 0303 0/9 0/30/30/3 0/27(0.0)
10 U 19/36(52.8 6/36(16.7 8/36(22.2
Total (%) /36( ) /36( ) /36( )
14U 6/36(16.7) 0/36¢0.0) 0/36(0.0)
2nd trial Protocol C* Protocol F Protocol U

Total (%
(GIL 6 & 16) Total Triplicate Total Triplicate @ Total Triplicate otal (%6)

Method A” 10U 89 3/3373 2/3 0903803 0/3 09 0/30/30/3 827(29.6)
10U 59 1/31/3 33 0/9 0303 0/3 09 0/30/30/3 5/27(185)
10°U 89 3/33/3 2/3 0/910/30/30/3 2/9 0/32/30/3 10/27(37.0)
1 U “59+-1/3.2/3 2/3 0/90/30/3 0/3 .0/9 .0/3-0/3 0/3 5/27(185)
10 U 0/90/3 0/320/3 0/910/3 0/3.0/3 2/9-1/3 1/3 0/3 2/27(7.4)
10U 09 0/30/3-0/3._090/30/3-0/3 0/9 0/30/30/3 0/27(0.0)
100U 2/9 0313 0/3 0/9 0/30/30/3 09 0/30/3 0/3 2/27(7.4)

Method D
10U 39 0333 03 09 030303 09 030303 327(11.1)

Method B

Method C

0U  18/36(50.0) 0/36(0.0) 4/36(11.1)

1
Total (%
otal (%) 13/36(36.1) 0/36(0.0) 0/36(0.0)

PSee 25 and 2.6.
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1.2. RNA #&¥
wgutole ol AEFWHE AHsy] 9ste] vl7kA RNA F%
Alaste] AlPstd o] HEES Table 140 A1A8F

Table 149 ZA#= 2 o QiaAmp® Viral RNA Mini Kit& A}-83}&

o
%
=
El

i

S

a2k FEWel Trizol® FEHHETG o U2 8% /M AeE & &

otk HlwA urbetE WL AYstus kitE I e FZo

1l
=

FZEo] BRI ABE Trizol® FEHET AR HASH Al ALE

overnight&- & 749 a&o]

o

Trizol® ZZWoA]  isopropanol A ]

Ao 7 o AR}t QiaShredder HomogenizerS Al&3 4% #HE 288
Ul A s Afstile & AolE HolA| f%AT PCR productE
A719E st9s W Uy dHstal T8l bandg Heolv AS &0
T Adslew PCR AHEe] DNA AFEz m=%h M =& F:EE
e A THFig. 9).

Fig. 99 A#=2 & u QiaShredderE A}g3t:= ZHo] ¢& =3t
Avs ded g94A Aoz FokEth Sair et al.(2002)9] =EolAE
QiaShredder’} &4 °® PCR WalEZAS AAgt= Hirt o&

gt A2 02 QiaAmp® Viral RNA Mini Kit 53 2& spin

==

columng AR&ste]l  EAbS FEske Zlo]  w=mulolEls HE

s

o

=

A5l webA oS AWE bandE AojoF & FaAo] AS A5l
=]
=



Table 14. Detection rate of norovirus according to concentration protocol
and RNA extraction method (isopropanol overnight treatment
during Trizol® extraction in Method C and D)

3rd Trial Protocol C* Protocol F Protocol U
Total (%)
(GII 6 & 16) Total Triplicate Total Triplicate Total Triplicate
Method Ab 10U 59 2/30/3 3/3 89 3/33/32/3 59 3/3 2/30/3 18/27(66.7)
ctho LU 209 230333 00 080303 09 030303 22174
10U 69 2/31/3 3/3 6/9 2/31/33/3 59 2/3 0/3 3/3 17/27(51.8)
Method B
ctho LU 30 031/323 00 080303 3/9 330303 621222
Method C 10U 7/9 13/3 1/3-3/30/9 0/30/30/3 1/9 0/3 1/3 0/3 8/27(29.6)
o LU 000303 03 09 080303 0/9 030303 02100
10 U ~9/9 3/33/33/3 89 3/33/32/3 3/ 2/3.1/3 0/3 20/27(74.0)
Method D
o 1000 033303 09 0530303 049 030303 02700
0.0 27/36(7810) 922,/36(6141) 14/36(38.9)
Total (%)
1,9 [ 530889 0/36(0.0) 3/36(8.3)
4th Trial Protocol C* Protocol F Protocol U
Total (%)
(GI 6) Total Triplicate Total Triplicate Total - Triplicate
Method Ab 100U 89 3/32/3 33 592/31/3 2/3 1/9 0/3 0/3 1/3 14/27(51.9)
ctho 1 U 19°1/30/3 03 009 0/30/3 0/3 009 0/3°0/3 03 1/273.7)
10 U 9/9.3/3 3/3:2/3 8/9 2/3 3/3 2/3 5/9-0/3 2/3 3/3 23/27(85.2)
hod B
Method B 10 o 1313708 0/0408 0803 09 03 03 03 2/2774)
Method C OuU: 6/9 0/33/333 39 1/31/3 1/3 6/9 0/3 3/3 3/3 15/27(55.6)
o LU 00 030303 00 050303 00 030303 02700
10U 6/9 0/33/333 09 030303 6/9 0/33/33/3 12/27(44.4)
Method D
o LU 00 030303 00 080303 00 030303 321011
10U 31/36(86.1) 16/36(44.4) 18/36(50.0)
Total (%)
11U 3/36(83) 0/36(0.0) 0/36(0.0)

PSee 2.5 and 2.6.
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M1 23 45678 91011121314

Lane 1) 2| 34050 E T Yo | 10\ WtY Y2 | 13| 14
DNA ‘conc. ae 1 64.0| 74511325(1230133.0,33.5 31,0 35.0 | 675 | 68.5166.0 | 11.7| 9.7
(ug/mL)
Relative

. . 49.6(48.1 56.0 | 99.6 |1000/100.0/25.2| 23.3 | 26.3 | 50.8 | 51.5|49.6 | 87.9 | 7.3
intensity (%)

Fig. 9. Comparison.’ of ~the RNA | extraction _efficiency. Lane: (1-3)
QiaAmp® Viral'RNA- Mini Kit; (4-6) QiaAmp® Viral RNA Mini
Kit and QiaShredder; (7-9) Trizol®%  (10-12) Trizol® and
QiaShredder; (13) negative-control with un-spiked oyster; (14)
negative control with Distilled water; (M) DNA molecular size
markers. DNA concentration in each lane was measured.
Relative intensity (%) was estimated by percentage DNA
concentration of each lane to lane 5 and 6.
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1.3. Primer 3 %4 vl

mmapolej o]l HEWHS AHerl fAste] vgeA S =
primerg9 A4 % PCR 2711& +93%

wEnpo)ly A~ GI9) A$ GI genotype 6, GII®] 7d-$ genotype 6, 16
mixE AF&3Ath Z2H2E GIFIM/G1-F2/GIRIM  primer set®} G2F1M/
G2-F3/G2R1IM primer setZ 7|50 =2 3}o] pentaplicate E5F FHE°] H+=
HA FEE etal oS 10W) 3|A3E wlolEls wRE $H A sk
7Fd A7 =7 =31 vjE o]l A band’} AL primerE ©A T Gl GII9

primer W% 9 A& A7+ A3 Table 157 22 Z3E A
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g HEe . MEE wWel HAAS RoFALowg. oe

primer2 ®7]= JEU &3] SRI-I/SRI=2/SRI-3°] 73
qF¥ AGelA w=rE gRlHJoy 4 AR gA] WME=rE &l
Gl A9E et 5 gl

GIl®] 4% GZ2FIM/G2-F3/G2RIM<E A€t REE primerge] 7]+
primer Bt} @& WA EE HAT FHAFEAA BT Ao AE d
primer NV20F2/NV20R/G2-F3/G2SKR #o]a1 Yy R|= s HEo]
A FdAY 2~3709 A RolA FAH WSS BT =7 R
primerol| A H|5o]& W=7} wWol 7ix oz HAddd TS

DR EEECET I
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Table 15. Norovirus detection rate according to primer sets
Minimal 10 fold

Gl Primer concentration” dilution”
ORF2 (capsid) G1F1M/G1-F2/G1R1M 5/5 2/5
NV36/NV35/NV82/SM82/NVS&1 4/5 1/5
ORF1 Yuri52F/ Yuri52R/MR3/MR4/ Yuri22F/ Yuri22R 5/5 0/5
(RNA polymerase) gr1-1/SR1-2/SR1-3 5/5 5/5
JV131/JV12Y/G1 5/5 1/5
COG1F/G1SKF/G1SKR 0/5 0/5
ORF2 (capsid)
G1FF/G2FFN/G1SKR 3/5 0/5
GII Primer Mmlma.l 1.0 fgld
concentration dilution
ORF2 (capsid) G2F1M/G2-F3/G2R1M 5/5 2/5
NV35/NV35/NV82/SM82/NVS&1 3/5 1/5
Yuri52F/Yuri52R/MR3/MR4/ Yuri22F/Yuri22R 1/5 2/5
ORF1
(RNA polymerase) GLPSG2/YGDD1 2/5 0/5
SRII-1/SRIT=2/SRII-3 3/5 3/5
JV131/JV12Y/Noroll-R 2/5 0/5
COG2F/G2SKF/G2SKR 0/5 0/5
ORF2 (capsid) G2FB/G2FBN/G2SKR 3/5 1/5
NV20F2/NV20R/G2-F3/G2SKR 5/5 0/5

“Minimal RT-PCR unit; "10-fold dilution of minimal RT-PCR unit.
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NV20F2/NV20R/G2-F3/G2SKR primer 2] 35 G2F1IM/G2-F3/
G2RIME.T} Rt E7E 25 SdA T HAsEdAE T35 MESE Ko
Feto g dwelr] FHsial
primerd} ZekE o}
AEAH o2 PCRE ol &8 =zuolgx GIS A

O
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(0]
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pIe
rlo

e
et
2,
N
N
o
)
o)
ro

primers  G2F1M/G2-F3/G2R1IM primer set?l #AS gelgd <=
NV36/NV35/NVR2/ SM2/NV81, Yurib2F/Yurib2R/MR3/MR4/Yuri22F/
Yuri22R, JV13I/JV12Y/Gl primerse 74 H$3 w7 EZE Holu

s
¥
R

Ao H[FolA M=zt wol 7t YA T Edol dS F U
Tl A AFgslelr & Flelth GIE HEE wol G2FIM/G2-F3/
G2RIM ¥} NV20F2/NV20R/G2-F3/G2SKR primer setE Al&3l+= # o]
MR FAREFolal VPHRIAES A € F s HeE AU
e ZAFZHE  dFdA ==2hely s g&do= AEFd
$sl = glycine, threonine®] 2%t &= F =Z#e] PEG #*l, Vertrel
XFoll 93 A 59 Aol A= Method C7F 71 A3 s5Ho=
ks ek, ol B w5E A EE QiaAmp” Viral RNA Mini Kit 5o
spin columns ©]&34] RNAE F=3= 2lo] e840t} 459 ut
PCR <% 23 W= 22l A] QiaShredder HomogenizerE A}-&3t=
Aol % aARAd + A

GI % GIIE PCRE &3 A=l oA 714 2842 primers GI9]
A%+ GIFIM/G1-F2/GIRIM primer set, GII®] 4%+ G2/FIM/G2-F3/
GZ2RIM  primer sete]ltt. GI®l 79 NV36/NV35/NV82/SM82/NV8],
Yurib2F/Yurib2R/MR3/MR4/Yuri22F/Yuri22R, JV13I/JV12Y/G1  primer

SE WPEs} 2ot HEoA WEs} Wol wANBER AL Ao Fo)7b
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2. ol W3} 7o x=uiolEs S HAHH

mEHolHAs 23 FAA wholH A fxpe BWE Fa AdA
EE § AV AESEA Adbtaigel] fFYEe] olwisFet e

A AR AFE FE A AdEd 53] mznlolgist ol
ol =7hsdh wpolelse] Ago= AE Fol EAskE mbold ATt
g AU deA gele] e7bssiH, +42 Asvier A4 o
AFE7 Ha ek 2EA Be Akl ZASke] o s g Rl
Hol#l & F AL HEHrds AR FLE BT Wi #d™
Al gl w7t G 7k = gl

ol wjAlA = w ol FE mAR o= FEA HlelE s FAT

o iala Aolsly] A @Al REA Ol uE slo] =kl gkl
FE2 AREHZ v a2y ol dATE Fd oY AdES
Hhole] =9 EAjo]f-of o)Al FAAAT = FHOE HiHI 97
uj o] (Wait et al, 1983; Le Guyader et al, 2000) & 3}% ¢l A= oS
e ofsfFol gk B¥AAd Holya 2 AFE AR EUHHS =
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H4e RT-nested PCR #4FES agarose gel oA HA7|dso=
>

—

A3, F 140709 A8 F 31 AlRolA w=gulolels FHFE G
T GIVF AEHe] 221%9 HEES YERAT GIE 97 Al el A
A=HEAeH Gle 2278 AlzolA HEHo] 99 v&2 247 29%9
71%%E A8kl th(Table 16). 9% &0 =& 797 849 1elal
1090 Zh7b 14.3%, 7.1% 183 83%%E Tha W HAEES Hilown
ZA7IZE T 40%~20%°] AEES UER O]

AT A Th
1929\ Zahorsky7} m=Zupe] g iofppl]sh H3S HxE HISHA
“winter vomiting disease”g}al 3k 91t} (Manish, et al., 2009). ©]

]_
A7z AASABAM ALl F7k8k mzHbol o] EH

s

71908t Aoz 54 winter virus®2 EElo] o Ty HE A
AA Aoz BASE Aol Y0~50%7F = 2Hlolgl 2 o 9% How
dHd wtE Sazh FS5e me dF o AEHe A¥S Holu
A Bryce et al, 2005). o} A< Ak A
S-2lupel dotol A wzupoly AE T BWo| 93k xHH e Qo]
FAstal = Ao g ArhFig. 11).

AEES HFE=z Aydd 55 Als5dA 40.0% (4/10), I Z=7H
Az A 363% (4/11), & AEANAE 24.1% (7/29), = A=A =
24.0% (12/50)2 HE=Hol Ao A=ES UHeddd (Fig.
12). 28 wpAEge] Afeds 50% (1202 7HE e HE8s
Hetd Aot 28a gE3d HEE 9A Ad wstet fod whek
FHAAAE FE T A (Table 16, Fig. 12).
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Sampling station
station from February to November in 2007. Sampling stations

Fig. 10. Norovirus detection-rate of shellfish-collected at each sampling
were shown in Table 1.
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Table. 16. Norovirus detection in shellfish collected at 15 stations

from February to November in 2007

. Month i
St. Area Shellfish T T R B T e TR o
E1* Yangyang Scallop” == = 3 = - - - GII - - 1/10 (10.0)
E2 Uljin Pyeonghae Mussel e - o F = - - - - - 1/10 (10.0)
E3 Pohang Yeongil Mussel G~ GI GII r - - GII NS - 4/ 9 (44
E4 Ulsan Jinha Oyster - - . - g . - - GI - 1/10 (10.0)
S1 Pusan Haeundae Oyster GIL - GI = = . F - - - - 2/10 (20.0)
S2 Suncheonman Ark shell GI  GI = = - = . GI NS - 3/9 (333
S3 Deukryangman Ark shell GI NS NS NS NS NS NS NS NS - 1/ 2 (50.0)
S4 Wando Abalone = GII GI = : 2 . - - - 2/10 (20.0)
S5 Jindo Oyster = - GII = GII I - - - GII 3/10 (30.0)
W1 Yeongheung Nae-ri Oyster = R = = - = 4 - - GII 1/10 (10.0)
W2  Dangjin Hanjinpo Short-necked clam = — = -  GII - i F - - - 1/10 (10.0)
W3 Taean Nam-myeon Short-necked. clam = = = 3 - % - - - - 0/10 ( 0.0
W4  Seocheon Cheonsuman Mussel = - | GI . GII - = - - - 2/10 (20.0)
W5 Seocheon Beeinman Oyster GII - GII = GII = GII GII - - - 5/10 (50.0)
W6  Buan Gomsoman Surf clam Gy = =Gl S GII - - - GIT 4/10 (40.0)

Detection rate by month (%)

6/15° 3/14 6/14 -3/14 .3/14 2/14 1/14 3/14 1/12 3/15
(40.0)(21.4) (42.8)(21.4) (21.4) (14.3) (7.1) (21.4) (8.3) (20.0)

Overall detection rate (%)

31/140 (22.1)

GI: 9/31 (29.0); GII: 22/31 (71.0)

®See Table 1. “Not detected; “Norovirus genotype I, “Norovirus genotype II; 'No sample.
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Detection rate (%)

Feb Apr May Jun Jul Aug Sep Oct Nov
Month

Fig. 11. Norovirus detection rate-in-shellfish according to collecting time
at 15 sampling stations in 2007.

_57_



Detection rate (%)

Scallop Mussel Oyster Atk shell Abalone Surf clam Short-

necked clam

Shellfish

Fig. 12. Norovirus detection-rate according-to shellfish species collected
at 15 stations from February to November in 2007.
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st FuA whelg zo]7] wiEd
Aoz RN ge EF 7Ieo®m AAACR AREHIL s
A e edxete] AHAAAE AHEIA HF AHAHY
AL&FSA tH(Table 17).

& A United States Food and Drug Administration 3] 4ks] <

do
0%
N
Ftl
T
off
ol
il
BN

7152(<230 E.coli/100g shellfish)(Lees, 2000)& <A 2 3= 4% E3, E4,
S1, W3, W4 2 W6 A2 g7t #4835 sjgdoez veyton 1
9] AHL BT 7Lt FEs FHed S5 YehAd 28y

mzepolel A HEAQ F(Table 16)¥} Hlw = Q5 o] AFAFelA=

MPM/100gl =~ W=7t =& Zo= uysy AAAIZATS
e 2 A wold s S dF58H7] of
olfrol weiM . gEksl s Hb glovh QIFke] Aol wiEdE

Hpolgj &7 th b atol | skl A @S AT e Ae=

FA7 s FolA FA7IZF AESE Aoz EdHA AH(Lees, 2000).
A e ARFL pHe 7 s4o olFshzed EA 94
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Table 17. Bacteriological water quality of shellfish collected at 15

stations from February to November in 2007

Coliform(MPN/100g) ~ Fecal coliformVPN/100g)

St. Area Shellfish Range GME Range M

E1” Yangyang Scallop® <18 ~ 490 626 <18~130 55.9
E2 Uljin Pyeonghae  Mussel 45~4900- 7869 <18 ~ 130 629
E3 Pohang Yeongil Mussel <18 ~ 33000 2604. <18 ~ 7900 706.2
E4 Ulsan Jinha Oyster 45~350000 11857 <18 ~ 35000 4630.9
S1 Pusan Haeundae - Oyster 1100~>16000 3555 45~ 2400 1422
S2  Suncheonman Ark shell 68~790 242.7 <18 ~ 78 77.8
S3  Deukryangman Ark shell 78~930 254.6 <18 ~ 78 75

S4 Wando Abalone 20~4900 372 <18 ~[330 1055
S5 Jindo Oyster <18 ~ 79000 5015 . <18 ~ 230 128

W1 ;ZZ?iheung Oyster <18 ~ 1300 1833 <18 — 200 109.1
W2 Dangjin Hanjinpo #Jort-necked  <jg —oo00, “1637 <18 ~200 1087
W3 Ezre;?myeon onortnecked ™o 3300 12806 20~1300 5744
W4 g}e](;};les?j;nan Mussel 45~4900 7515 <18 ~ 790 3054
W5 Ei(e)i}:;(;r; Oyster <18 ~490 69 <18 ~20 201
W6 Buan Gomsoman Surf clam 20~13000 6413 <18 ~ 1700 927.3

‘Geometric mean; ™See Table 1.
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Table 18. Physiochemical conditions of seawater at sampling stations of

shellfish from February to November in 2007

St. Area Shellfish Tenp(TC) Salinity pH
E1* Yangyang Scallop” 72~243 309~338 6.7~84
E2  Uljin Pyeonghae Mussel 114~232 324~347 7.8~86
E3  Pohang Yeongil Mussel 12.7~24.1 31.2~347 7.9~84
E4 Ulsan Jinha Qyster 116~265 291~392 80~85
S1  Pusan Haeundae Oyster 125~254.. 31.7~333 80~83
S2  Suncheonman Ark shell 5.0~28.2 13.4~314  7.7~8.2
S3  Deukryangman Ark shell 6.0~28.3 202~325 79~82
S4  Wando Abalone 80~263 296~334 74~82
S5 Jindo Oyster 98~286 31.9~336 79~82
w1 Yeopieheung Oyster 47~244 255~291 69~82
Nae-ri
W2 Dangjin Hanjinpo  Shortnecked clam  5.2~23.8 207+29.3 72~79
W3  Taean Nam-—myeon  Short—necked clam 6.3~24.0 271.2~32.8 74~8.1
wa Dcocheon Mussel 52~255 275~31.7 7.9~85
Cheonsuman
w5 Seocheon Oyster 71~262  266~308 7.9~81
Beeinman
W6  Buan Gomsoman Surf clam 51~26.2 275~31.3 80~83

®See Table 1.
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olgfgt A el HMFAHAHAR A3 wEutolE 2 A A=
grol & = v}k, fFHY EW¥A d&t 7] (Catagory A, Anon, 1991)¢l
e 23t ynol oA Ak =o HAHA= <Qlste] 356719
W AL 7 ® 1% QU oH(Christensen et al, 1998). o]} #& d#H
Aol 28t FHAFH v= 5 dFANTAAE wlo]y
T e B AAAS] #YA2EE FEstas w2
S etal Atk o] IFA A FIRoAE o] AFoAl ARE-gt PCRA
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S5-Jun EE—
W5-Jun

W5-Jun

W6-Jul

W5-Jul

PL Wa4-May
* §5-Jun

Co s> Gli/4

Wd-Apr
WS5-Apr
S5-Apr
W2-May
WE&-Apr
We-May

W2-May
Morovirus Hu/Tsushima//2006/JF (AB290844)
W5-Apr
W6-Feb
W6-May

W5-Aug

Hu/Gll4/Nijmegen115/2006/ML (EF126966)
Hu/Hebei/50307/2006/CHN (EFE670646)

{ HW/GII-4/C5-159/2006/South Korea (EUD03965)

W5-Feb
Hu/NLV/Oxford/B2516/2002/UK (AY587989)
Hu/NLV/Oxford/B5S22/2003/UK (AY581254)

HU/NLV/Lordsdale Virus (X86557) -

— Hu/NLV/Norwalk/68/US (M87661; genogroup I)
Manchester (X86560; sapovirus)
0.1

Fig. 13. Phylogenetic tree based on partial sequences of ORF2 gene of
norovirus detected in this study.
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3. ol 7 ALY S5 F =2Hlo|H A LFHY XA
3.1. &34 &4 2 standard curve A
37 I g AlRNA wmZupolya FEE ZAAS 7] g

standard curve AZE fd GI 2 GII plasmidE 1091 3] A5}

e

i
e
o

real-time PCR< A A3} tH(Fig. 14).

C: (threshold cycle) %3 copy number?te] standard curver GI
plasmid [35 x 10" ~ 35 x 10" (7.0 x 10" ~ 7.0 x 10" w=&nfo]g 2~
Fo] A8)] AlZ9 GI plasmid [36 x 107 ~ 36 x10" (7.2 x 10" ~
72 x 107" mzulolglx s L) A8EE AFgste] 27 triplicate®
Aatdet. 1055 ARE Adetns BE CkS JEdd o
ok Gt Atolol A kgt FFoli A AaA7E A (Fig. 14). GI 3
GI =% 100 =74 Catol SAHER AS A5 GI& 1094

Hm

SA4E Gt ¥l 3702, GIE..38212 AAL s+ A= F

wgutel Y& F& AbEel] ARSIl Th

32. x2vlolgx T AHA
M4 A2 real-time PCR-Z 3} E Table 190 el th. GI (15.7%;
16/102) Btk GII (20.6%; 21/102)¢] A= H]&o] Egton 290 713 we

ARA HE|R ¥ A FaHe BFS Holvrt 7ERH oA

29dl= GI GII 257 T4 dAEHAew 4l wel AlZststd Gl
87N Alg A GIIE 107] AlRolA AEFATE 3¢€ols 7TH XAy
Gl GIV} A&5AS ¥ o2 Mol HEHA &%or 49 E BE
AFA AEel HA gttt TE€REHE G GIVF #HESE W=7

F7hak et
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a. GI

40

35 y =-3.3982x +39.185
R2 =0.9992

30 b

Cycle Number
)
W

20

10

Log Concentration

b. GII

45

40
y =-3.4723x +40.121

R?=0.9994

35

30

25

Cycle Number

20

15 F

10

Log Concentration

Fig. 14. Standard curve for relative norovirus quantification for
genogroup GI (a) and GII (b).
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Table 19. Threshold cycle (Ct) of norovirus detected from seawater samples

a

1-s 1-d 2-s 2-d 3-s 3-d 4-s 4-d 5-s 5-d 6-s 7-s 7-d 8s 8d 9s 10-s  10-d
St.

GI GI GI GO GI |G| GI GI| GI G GI |GII| GI |GII GI GI GI GI GI GH.GI GI| Gl GI| Gl GI| GI GII GI GII GI| GII GI. GIL GI | GII

%431 3599 /G 2431 2B BB ;R - - B3I UB L = e NS BT B - M6 M- - RF AL - - - - o oo nRiny
Feb

35313600 828! 324713169 13T - IHBITL - - MA3IBA - 0 - UNS NS 364503376 - 3500 3116 362 - - e M. - -0 - -0 - ol o im;miny
Mar

T e ) B B B WL "EEEREVE LS T R R R R R R R B
Apr

ST A R A T B B R e U IR VO 1)) 2 7E SR B B B N R TS SN S S IS S U SN N
Jul

R T e e B A T N I Ve SIS T B R | e e B R R T T T A SR S

S o - I300! H561A0 MM -1 - - B BWBAMERET-NS NS - [ - Do - LemFSR - LA o o
Aug

S - - B BB IMY - - - - 39 0 NSRS grrEp PR - A b

- WM/ - - B0 R BB UTL - - - - - - NS o e - - - BB - - - - - - - - BHUB NSNS
Oct

-6 - - B9 MM BITIBB. - - - - - - NS - - - - B0 - - - BI6 - L - - - - - - - BRURNS NS

Sample at 2~3 m water depth; bSample

at 7~8 m water depth; ‘Not detected;
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Table 20. Estimated norovirus relative concentration in seawater (particle/8 L) by real-time PCR

I-s 1-d 2-s 24 3s  3d 4-s 4-d 5-s 5-d 6-s 7-s 74 8s 8d 9s  10-s  10-d
GI G| GI GO GI | GO GI GI GI GO GI GI GI GIL.GI" GO GI GII. GI'GIL. GI GI GI GI GI G| GI GI GI GII GI GI GI GII| GI & GII
Fop |0 1B IBILIOS B0 692 o S B0 AT N g 05T G S g, me e, 12036 110,16
ED o 05 s1043 368 4074 6311 4970 41619 12166 NSO 005 13 BB, IR 18653 +879 BT 163
10" 4615
Mar ) ) ) ) ) ) ) . ; ) z 4 7 1 563 1 +17.06 ) ) ) ) ) ) )
Apr T a T F B T Y e ) - NS R D R
| R 2 f W 1G] EE
Ju 4459 | 543
A CL o mm omemmian N e O Wy T/ ) I
ug 426 | 40331 2111 607 18841 41470
65 BB 6L BH 30 12908 905 RO 406
Oct - . R B T s, VYL SN A [ R EalP. "W Ass BN R R B I N NS
100 S143 £1045, 4907 42660 2349 2763 2% 440

* Not detected; ” No Sample.
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Table 21. Physio—chemical conditions and bacteriological water quality
of seawater

Month-St. Depth Teomp. o DO Salinity Fecal coliforms E. coli
(m) (C) (mg/L) (%) (MPN/100 mL) (MPN/100 mL)
Feb-1s" 25 65 81 97 32.65 ND ND
Feb-1d" 75 66 83 98 32.80 ND ND
Feb-2s 25 70 83 ..108  32.60 ND ND
Feb-2d 75 63 79 106  32.70 ND ND
Feb-3s 25 68 82 113 3275 ND ND
Feb-3d 79.% $.3 8S3F 96 32.65 ND ND
Feb-4s 20 | 74 N8 8809 32.50 ND ND
Feb-5s 25 68 81 83 32.80 ND ND
Feb-5d To4 469 " e 32.90 ND ND
Feb-6s 25 72 78 84 32.80 ND ND
Feb-7s 25 68279 8.2 32.90 ND ND
Feb-7d 75 6880 .84 33.10 ND ND
Feb-8s 25 71 80 81 32.95 ND ND
Feb-8d 75 70 81 &3 33.00 ND ND
Feb-9s 1.0 72 79 78 32.50 ND ND
Feb-10s 25 68 81 384 33.00 ND ND
Feb-10d 75 68 81 384 33.05 ND ND

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 21. Continued

Month-St. Depth Teomp. ol DO Salinity Fecal coliforms E. coli
(m) (C) (mg/L) (%) (MPN/100 mL) (MPN/100 mL)
Mar-1s" 25 87 80 83 3220 ND ND
Mar-1d® 75 86 82 118 3220 ND ND
Mar-2s 2.5 88 82 77 3220 2 2
Mar-2d 75 85 .82 88 3250 ND ND
Mar-3s 2.5 31 82 90 3280 ND ND
Mar-3d 75 81 82 103  33.00 ND ND
Mar-4s 2.5 79 83 92  33.00 ND ND
Mar-4d 75 78 182 96 3310 ND ND
Mar-5s 2.5 80 81 82 3310 ND ND
Mar-5d 75 7.8 SB WO EEE ND ND
Mar-6s 2.5 8282 73 13320 ND ND
Mar-7s 2.5 1708196 33.20 ND ND
Mar-7d 75 77 8174 3330 ND ND
Mar-8s 2.5 84 82 85 3320 ND ND
Mar-8d 75 82 82 79 3330 ND ND
Mar-9s 2.5 78 81 126 3280 ND ND
Mar-10s 25 77 82 82 33.25 ND ND
Mar-10d 75 76 83 92 33.40 ND ND

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 21. Continued

Month-St. Depth Teomp. ol DO  Salinity Fecal coliforms E. coli
(m) () (mg/L) (%)  (MPN/100 mL) (MPN/100 mL)
Apr-1s* 25 120 82 75 33.05 2 2
Apr-1d® 75 120 82 78 33.10 ND ND
Apr-2s 25 119 82 74 33.10 ND ND
Apr-2d 75 119 82 64 33.10 ND ND
Apr-3s 25 116 82 129 3320 ND ND
Apr-3d 75 116 82 88 33.10 ND ND
Apr-4s 2.0 % 117 S48 4S9 30 ND ND
Apr-5s Zom (117 g8l 7.8 33.15 ND ND
Apr-5d Teow= 1112 &8 WSS 33.30 ND ND
Apr-6s R.o* 115 &SN VS 33.20 ND ND
Apr-7s 25, 109.-83 77 33.25 ND ND
Apr-7d 75  THOWSE3 =l 33.30 ND ND
Apr-8s 25 110 8372 33.30 ND ND
Apr-8d 75 110 82 75 33.30 ND ND
Apr-9s 25 111 82 84 33.00 ND ND
Apr-10s 25 111 82 77 33.25 ND ND
Apr-10d 75 118 82 82 33.30 ND ND

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 21. Continued

Month-St. Depth Teomp. oH DO  Salinity Fecal coliforms (hf[;PI\CIZZOO
(m) () (mg/L) (%)  (MPN/100 mL) L)
Jul-1s* 2.5 238 8.2 56 31.80 ND ND
Jul-1d" 7.5 236 82 5.1 31.90 ND ND
Jul-2s 2.5 239 83 59 31.90 4 4
Jul-2d 7.5 235 .82 4.6 32.20 ND ND
Jul-3s 2.5 233 .84 7.3 32.00 ND ND
Jul-3d 7.5 232 8.3 6.2 32.40 ND ND
Jul-4s 25 237 185 6.3 32.30 ND ND
Jul-5s 2% 230 82 7.0 32.20 ND ND
Jul-5d 7.5 227 34 6.3 32.30 ND ND
Jul-6s 2.5 232+ 84 54 32.70 2 2
Jul-7s 2.5 2. Mg 6.6 32.50 ND ND
Jul-7d 7.5 222 84 7.0 32.45 4 4
Jul-8s 2.5 225 85 6.0 32.50 ND ND
Jul-8d 7.5 226 85 5.7 32.90 ND ND
Jul-9s 2.5 239 83 6.0 32.30 ND ND
Jul-10s 2.5 226 85 6.2 32.40 ND ND
Jul-10d 7.5 2271 84 6.1 32.50 2 2

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 21. Continued

Vonthsg, Depth Temp. DO Salinity Fecal coliforms (1\?#1\61%0
(m) (C) (mg/L) (%)  (MPN/100 mL) mL)
Aug-ls' 25 275 80 37 3280 4 4
Aug-1d® 75 265 79 38 3120 ND ND
Aug-2s 25 209 80~ 41 3280 2 2
Aug-2d 75 275 80 32 3280 ND ND
Aug-3s 25~ 279 83 45 | 3320 ND ND
Aug-3d [75° 215 82 <40 3320 ND ND
Aug-4s | 25 (28783 42 3310 ND ND
Aug-5s | 25 274180 46 | 3310 ND ND
Aug-5d 75 272 80, 48 | 3340 ND ND
Aug-6s 25, 288 82 39 | 3300 ND ND
Aug-Ts 25 268 80040, 3340 ND ND
Aug-7d 75 270 79 44 3360 ND ND
Aug-8s 25 272 79 42 3310 ND ND
Aug-8d 75 273 80 46 3300 ND ND
Aug-9s 25 2717 79 41 3360 ND ND
Aug-10s 25 272 81 44 3380 ND ND
Aug-10d 75 272 81 48 3370 ND ND

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 21. Continued

Vonthsg, PP Temp. DO Salinity Fecal coliforms (1\%\?%0
(m) (C) (mg/L) (%)  (MPN/100 mL) mL)
Oct-1s* 25 185 80 53 315 8 8
Oct-1d 75 187 82 58 3150 13 13
Oct-2s 25 186 80~ 64  3L60 2 2
Oct-2d 75 187 81 60 3150 ND ND
Oct-3s 25 18382 66 | 3150 ND ND
Oct-3d 75 185 7@ <71 3160 2 2
Oct-4s |25~ 187 /80 67 3160 ND ND
Oct-5s |25 184 |80 172 | 3160 ND ND
Oct-5d 75 186 79, 73 | 8155 ND ND
Oct-6s  25. 189 80 69 | 3170 ND ND
Oct-7s 25 181 79042, 317 ND ND
Oct-7d 75 179 79 78 3180 ND ND
Oct-8s 25 183 81 69 3165 ND ND
Oct-8d 75 184 81 70 3170 2 ND
Oct-9s 25 187 81 76 3170 ND ND
Oct-10s 25 187 80 75 3190 ND ND

Sample at 2~3 m water depth; bSample at 7~8 m water depth.
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Table 22. Correlation coefficient between temperature coliform group,
fecal coliform, norovirus GI & GII and DO

Coliform Fecal

Temp. _ NV GI NV GII DO
group.coliform

Temp. - 0.226° 0.227*  -0.179 ~-0224"  -0.466"
Coliform group = 0.960"  -0.023 0.000 -0.141
Fecal coliform B -0.011 0.014 -0.160
NV GI . 0.848" 0.044
NV GII - 0.073
DO -

Sjgnificant level 0.05 (both sides); "Significant level 0.01
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4, =2ZvlolH 2 EZA3 =4 79
wgulolg 2z BEAE o dejME wZulolag wjIE 5
9l 7)&o] AutE A Fake] wje- AFdHAom A o} feline

calicivirus ~ (FCV)7}  x==2Zwufol#|2 A  dlo]H 2z A7|EEA

wEutoly 0] P BEAs o #d A7 &ds] g1
A (Doultree et al., 1999). Zejy dlfF F ==2ulolyl~ B35t x4
Tl e A= e Aol YA AFoA = FCVE ©] &3t
HFet sl F =2uloly s~ B84 xdS stz 219
Ag7led A7IEHG 3 A5 ALd Agrles &t dATE

A5l

A, 23k A o m2ulolgj s EE 3

19k A 21 7] <= (high pressure processing)< 2% ol &AstE MA =9

TEE FoluM AFd Aed WEE Hxd T ole A

NeEaA A AAZes AdHoz e tgs AFA HeEdn
s

A tH(Stewart and. Cole;~2001; Grove et al, 2006). = 7]« 2

ngAY A Fodom FHEe wagn gom, vTAE
od® Fe 42 skl wws WAL Y wnde Pu
FAFL Fol7l skl @AY /%S AgHT UrkStyles et al,

1991; Cook, 2003; Koo et al, 2006). 1@]il A7 7]4ES Z&3}o]

=] WAREIE AEAE g vk BHavt o]ojx il glow(Styles
et al., 1991; Cook, 2003; Koo et al., 2006), ¢t &]& =zt WA o]
fFrieso] AdR "gzto] o] FoXth=(Cruz-
al., 2002) #lo] &elfel wet Av] FAME S, 53] AT Jbe s SOl 1L

4g Roprl s

=

omero et al., 2004; He et
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st odd dlFe AHHZ Q3 w2ulo]l# A(norovirus)9t AE
b vfol e ~(HAV) 22 F3A vho]e] X (enteric virus)d He #AAF

wAe oW 9AE  AAa glem, sbEAwe HACCPY 2L
[e3]

AAA EH edd Ve Akl M= olmjHlF & F5]

A7kl olFol Ak, AA -vbo]E 2

i
Fel
il
rot
=
v}
N
lo,
=
o
v
[>
oy

wzulol#] s dixdbelg a2 AL&®E FCVE 50,000  psiol Al
60%(25C)e &= 2 6.8 log - TCIDsp.mL '] #4AE Heo] Ao
4 EE ool vt eEsS QAR AR UEYTH(Table 23).
dAAE Tl 2~3€. AR 2mAzol AAL:. 30,000 psiol A=
60x9] A= 5 log-TCIDg mL e vk tent 59 kA
A EE ol 2o HZ7FG A Wyt MAsE Zlo® FAEUTH
= 50,000 psidlA  GAIZHE0ZR) AR HF Fd  E=AEE
rEulolel et e A wpoly A9k AN WA HAES TS
Ay F A& Aor FdHT. Kingsley et al. (2002)% o] ¢}

A7Ee Bud v dEd FCVE 40,000 psiol A 5%3F He] 2

ro

plaque forming unit (PFU)E =A Ay 7 log PFU-mL 'Y

Haads v o



Table 23. Inactivation of feline calicivirus by high pressure treatment

Pressure (psi) Average log * TCIDs - mL ™

0 6.8
5,000 6.8
10,000 0.8
20,000 b.7
30,000 1.8
40,000 14
50,000 NG*
60,000 NG

“No growth.
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Aol ok upolelx A& hE of] AFAEE FHEA 2
A3, gAY AR GE g AV o T8 AR AEshs &
4 AA G (Chen et al, 2005; Calci et al, 2005; Kingsley et al., 2002,

2005). & Zolupnjulo] & A (poliovirus)d A-$olE= stElA o osk

43 WAL ZEAa o] 87,000 psiolA 60%Z AP E #HIdEHS
FA g St (Wilkinson et al., 2001). L o] A3 ¥ A A
gokon wpoly 2o =Av|et FH W IH9TA bEAe] shE A gl

&
ek Ao e mA= Aew FAH v (Oliveria et al., 1999).

el oF mpoleixe] Ak 7|zte] diEiA = ebdd] WEHAIA
gotont FH A glol ofgt Hiolel X iAol 7pH A H2 7 E Wkt
Aol ArH(Gasper et al, 1997). oS &0} T4 dre g vz = A g
5 od o]yl DNAZE ®8Ho] | e s AdsH, [ oX A=
A | da FxRZE BMEEHALF EQLEHY AEES ddEd
(Brauch et al., 1990). 3] 3i}n}o] H A(piconavirus)s= SHE gl <139
receptor-binding protein (VP4)o] = &2 & ™ (Oliveira et al., 1999),
ZERlo| Y A aukolaE A SE hemagglutin (VP4)e] F+x2W 37}
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FHAAE TSt AL o, i Ael AEQd 3o AskehH
WAl P54 Wsle] @k A= mrgk A A o]tk (Murchie et al., 2005).

aA 2agAYt ZFo FAWMS vAe dFS 2@E A
2% A F =9 v WstE #Eskdth(Table 24). A 2
2L 71E Bad AAA FZolu FAEd & AolE

YEF A ekt (Chai et al., 1984; Chellappan, 1991; Linehan et al.,

1999; Lopez-Caballero et al., 2000). ¥y <& Hg Fo =&
Lopez-Caballero et al. (2000)¢] RXigt we} o] 1 FHE =
FAERe Y dizFod HE] A FHe] okt Frtstgon  SH5Fo

Rl
2z AAAL  FEFFL Az TFA Bl A G F I wet

W)
wmge] Foie Fbe Be AFASe o8 mue u erHCioni and

Strambini, 1994; Vidugiris et al., 1995; Silva et al, 2001). ¥4}
AsteEe Fagt Skl UEUA] 2R 9kth Cruze-Romero et al.
(2004)° oJstH <t~ A= F A8 SdEIF FEZE olste FF9

Y
AE7h FAstglon Fuud el Favh doji @ glole:

5,000 psi®t 20,000 psi & A
Hlw&te] B3 tH(Fig. 15). 5000 psi &8 Agd =42 (Fig. 15,
D)l M= AIAME oA, THVIAE A dF &

2ol
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Table 24. Effect of high pressure treatment on the proximal composition
of tissue and adductor muscle of oyster”

Wholeoyster tissue Adductor muscle

Pressure

(psi) Moisture Protein Fat Ash Moisture Protein

(%) (%) (%) (%) (25) (%)

Control 76.6+0.7 11.6+1.0 2.1+0.5 2.9+0.2 71705 20.9%0.2
5,000 77105 115+1.2 2.3+0.3 2.2+0.3 779+0.2 20.0£0.3
20,000 79.0£0.3'10.0£0.1 1.7£0.2 1.9+0.1 785+0.3 19.3£0.6
30,000 80.3x0.3 94+1.0 2.0+0.3 1.8+0.1 795+05 18504
50,000 30.6+0.1 88x11 2500 1.7+0.1 79.8t0.2 18.2£0.6

All values are meanszSD of triplicate analysis of spooled whole tissue or
adductor muscle form 6. untreated or treated oyster.
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ol7bH](Fig. 15, E)ollAe d49 F7h HAME vt #EEion
o] Fuh(Fig. 15, Folre AAAxe SAst 9 HAEH kA gr)
dojyttd,  zzEla 20,000 psiz2 A FAA(Fig. 15, QA=
aspAAEe] AL, asPAAE Abele] FHAZAA FTol  FIHF
TR AL op7bu|(Fig. 15, H)elA = ob7bnl Algdel FE42A &,
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=
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al =

st GE A met SAe WsE #FsAn A, 5000 psi
FHA Y TN ol Rtk Ale] Wtk LE A e ko (Fig. 16).

SHATE 10,000 psi A FolA = 4=
S7FskdaL, 80,000 psi oS E A EHTE SSeER FHETL
skl bz ol lojgk M Askel e
o] o] A Foll A= Hunter a #t2 ¥8 2 719k &0 askdh

HACE e Ed olgd  W3E=  myofibrillar  protein¥}
sarcoplasmic protein® WA I}, myosine WAlo] Yol Aoz A A
At Angsupanich and Ledward, 1998). 33} Mol x| F(Hunter b
W= dHe S7kek tEo] Frhsksl

gold gFA T 93 = HztolMe] L, a bFe WI AFgFS
2 % o}(Nagashima et al, 1993), ti++ % 3159 <5(Ohshima et al.,
1993), <o](Amanatidou et al., 2000)oAl¢] W3le} AXsle= A
e AT

o
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Fig. 16. Effect of high pressure treatment for 60 sec on (a) Hunter L,
(b) a and (c) b value of oyster adductor muscle. Error bars

represent standard deviation of analysis.
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0, 30%, 1%, 3%, 5%, 10& HAoxE dABZFY AsE FHsto o

A% F HFAEAN GGANA FAtE S4sad
A7) e 5 AP 3% FHE FCVE 4A77 1 log @adtr] Aastel

S5l 2 logAZE  #AaFIew 108 T FAHIFIAXA 18
log - TCIDsp- mL ' 0.2 248 thi-i F43 Aoz vehdthFig. 17).

olf et AFAz= Hr|EsE Tl o FCVe AxFda7te Wsts
AlAgE Yoshimizu (2007)¢] 2ot fFARE ZAo® yeyted, 0.3~04
mg/Lo dAFER  F&d HolgxE EEAI AF F dvn
1 33T

A71Es sl = FCVRETE ol el Alet 9 ol FAWule]g e E 77}
AR /RalE d 9lom, 53] gelw. niolfse - 0.49~0.58
mg/Lo dasEAdA I Asd 99.99% ol E&ddst ddvn
3lth(Kasai et al., 2001).

s AP AFAES F Foll Eolde wmielEi s AAsty] {5
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dokthar ¥ a1 th(Yamaki et al., 2004). webal 7 el e s &
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AEvle] OH ehvzel 2@ Ashele olgd Aid AoAo
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s ARAAE EEt A BEN AN A BRgAE

wartole 2o BB S8 & F JLAE ARG
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Fig. 17. Inactivation~of feline calicivirus by electrolyzed seawater
exposure. A, -control seawater; @, electrolyzed seawater.
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Yoshimizu(2007)¢] A2 o] ot zpeldxAbe] 9%k Hpolg] X
4e7tE F43% 43, FCVE 1.0x10° pW - sec/enre] #F9]d ZAbel A 1
log ALY 777 AadE Aoz vehgon 1.0x10° uW - sec/cri
A& Ak SJEiA e EEAdst Hdoal Halskdoh ®Eg
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Fig. 18. Inactivation of feline calicivirus by irradiation of photocatalyst UV.
A control; @, photoeatalyst UV.
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