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Detection and Molecular Characterization of Norovirus
in cultured Oyster in Korea and Safety Verification of

Oyster Kimchi using Norovirus Surrogate

Soon Bum Shin

Abstract

In this study, we investigated the enteric viruses
(norovirus, enterovirus, rotavirus, astrovirus and hepatitis A
virus) contamination status of oysters produced in southern
coast of Korea. We also identified the genotypes of
Norovirus (NoV) detected in oysters and confirmed the
concentration of virus accumulated in oysters. In addition,
we tried to verify the safety of NoV in oyster kimchi by

using NoV surrogate, Feline calicivirus (FCV).

From January 2009 to December 2011, NoV was analyzed
from 398 oysters from 9 stations in the south coast, and 91
samples were analyzed for enterovirus, rotavirus, astrovirus

and hepatitis A virus.



As a result, the detection rate of NoV was 27.4% (109/398)
and astrovirus was 1.1% (1/91). And enterovirus, rotavirus

and hepatitis A virus were not detected.

In order to identify genotypes, 120 clones (5 clones per
sample) from 24 NoV-positive samples were sequenced and
evaluated. Based on the sequencing results, five genotypes
(GL1, GL2, GL5, GL6, and GIL.7) were identified in NoV
Genogroup I, and seven genotypes (GIL.2, GIL3, GIL.4, GIL7,
GII.12, GII13, and GIL17) in NoV Genogroup II. GI1
(52.6%; 10 of 19) and both GIL3 and GIL4 (30.0%; 6 of 20,
respectively) were identified as the most prevalent
Genogroup I and II strains 1in oyster during the

investigation period.

NoVs were quantitatively analyzed from 21 oysters
collected from January to December 2012, using real-time
reverse transcription - polymerase chain reaction. and we
assessed the NoVs concentration after naturally—contamination
and heating to investigate the effects of heat treatment on

NoV infected oysters.

_Vi_



In NoV-positive samples, viral concentrations were 897 x
10° to 2.24 x 10° and 3.05 x 10" to 7.47 x 10' copies/g for
genogroup I and II, respectively. All samples were detected
at concentrations below 10° copies/g and samples detected
at concentrations lower than 10° copies/g were confirmed to
be 9.5% (2/21). The results of the natural infection for 30
days showed that the concentrations of NoV detected in
the oysters were 6.91 x 10° to 2.43 x 10° and 5.37 x 10° to
9.19 x 10° respectively. After heat treatment, genogroup I
decreased by 83.4%6, 83.0%, 89.4% and 1009 at 60°C, 68°C,
70°C, and 100°C, respectively, for 15 min, while genogroup
II respectively decreased by 67.3%, 76.3%, 80.1%6, and

89.8% under the same conditions.

In order to verify the safety of NoV in the
oyster-kimchi, we investigated the changes of viral
infectivity during Kimchi ripening using NoV surrogate,

feline calicivirus (FCV).

As a result, it was confirmed that the FCV of 6.30 TCIDs
decreased to 2.30 TCID50 after 4 days at 25C, decreased

- vii -



to 3.55 after 4 days at 18C, and decreased to 4.05 after 5
days at 4 C. And as a result of confirming the effect of
organic acid and raw material related to kimchi, The main
factor decreasing the infectivity of FCV in Kimchi was the
high acidity caused by organic acids, regardless of the
type, produced by ripening. Furthermore, it was confirmed
that antiviral materials originating from raw material such
as salt-fermented anchovies and garlic might contribute to

the decreased infectivity of FCV.
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(Lee and Kim, 2002; Lipp et al.,
2002; Sobsey et al.,, 1986; Theng and Erin, 2005). %A n}o]
HAE/ EH-T % (fecal-oral) FE2, AFGEH T2 ¢FAA
HAAHL HAH7] wEel #HA"E A g 1 goll=
10-10" A= mpelga A7 EAGTn dHA Aot
(Farthing, 1989).

oA mlolel s FolA s w=Zuloly s qlE|Znfolel s ZERn}

o2z, olrEmnfeles @ AW relulolEs So] 4EAo

-

2 ATy o HT A MAAHCE wm=2ulo]# 2o o
AlF=o] 7Hg T AI7F 531 v (Theng and Erin, 2005).

A Fh e 90% olde] ddem 4l mzuio] A

T ool A9 200995 20129704 A Ea gEeE AF5s
o] 48%7} w=Zulole o) 9d WHEE AR HIHEoH,
Ao Agols 2001dHE 2007d7kA] A AFE T =



Zulolg 2z 7|3 A5 b Be Ao Hud vk 9l
}(Jo et al, 2009; Hall et al., 2014). A= HZ A
W AZFE s Ay 20053 7K = wEuko] g

[\
o
()

=
7}
B WATe] va wE AAstA o, 2006 o] wmul
ol o] o|§ AFmo] A FEeHe] 2002 %H 20133744
gulojg{ o] o3k AF&E WAL HA AFE AAAS
9] 15% (437/2,858)2 HAJERE
ATHMEFEDS, 2014).

w2Hlolg A= BFH o7 Zatz dho]# 2~ (Enteric virus)
% Caliciviridae® %3t A4S g 27 nm HEo|W <7
(Envelope)E 7FAaL A &t} oF 76 kbel @+ 4% RNAES
7FA a1 Qe o] RNAE 3702l Open reading frames (ORFs)

g 2 wEe A8

of

2 FAEg. ORF 12 RNA dependent RNA polymerase
(RdRp)E *3ake] 6702 %3t ¥+ @2 @A S k5 stet
1 e ORF 23 major capsid protein (VP1)S <+33F 3
I g9loem VP1E shell (S) 2 Protruding (P1, P2) domain® &
TAE Y ORF 3 minor capsid protein (VP2)E <3 31311
ot 1 7152 A erel A e9ktk(Fig. 1, Lopman, 2015).
wgrfolej s AEEY YEe] YA ol & (Serotype)ell

e 2R E7bsel w2dle]ldl~ RNAC RdRp 2 VPI



Ao @71 E Afololl wEt & (Genotype)©] & .
Q7R =2ZufolH 2= A 7719 Genogroup (GI-GVID S
2 EFEY AgelAE F2 GL GI 2 GIVZE 2959 v
T2, M, A R DA AEETa 4 A vk
(Zheng et al, 2006). T3k ]2 s+ Genogroup< U9
Genotypel. & EF & £ 9lom 3270 Genotype (GI 971, GII
1978 5 GIV _17])e] Abstell Al et dHA Ath(Fig. 2,
Vinje, 2015).
AA7HA] w7 Eo]l FREA F2 w=gHlolgAE HESE

Wiedes AAAYAEM), EAHASHH(ELISA), RT-PCR

ro

(Reverse transcription-Polymerase Chain Reaction)& ©]&
ol lom o] FolA RT-PCRS B3l vloldA FAHAE

A& Wyo]l dnbd o2 AF8-Ha At (Gary et al, 2004;

H| 7} o] F o)X 7] wjito] =¥ FHAE :Zupolg 2 A ALY
7F 9B S oyvtgol Bad uk gth(Alfano-Sobsey et
al., 2012; Iritani et al, 2014). A2 -gyeto] A= st zAL
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A 177 v F=E FEA velYd s LHEF AL

ARES

A AAMOR v 309 W ol HAARAIL HAFT 3
o, 2008 B AE7t HAHE Bwshe FAARon Ay
AtHFlint et al, 2005). EF oldF Wae Aoslt WUA

70% o]2to] A#A nlo]l# ~(Enteric virus) 7+

n2
=2
lo,
ok
poy
o
fru

& A At (Nguyen et al., 2007).

FaA vlelF s R AdHdom EASIE &
F

W Awd o AFEE, Aite Asd, FYEF % A
29 §% 5 oAzl Ued BEOEYE #9¥cH(Mehnick,

1984). 100 % o]4bo] vlole A7}l o-Zo wjHEEO R wjZ
W ool gt mlolH A5 gAY, Aste, st W s
Fote] 402 F9dE F Udtt(lee and Kim, 2002; Lipp et
al., 2002; Sobsey et al, 1986; Theng and Erin, 2005). %37
Hlolgl A~ -7 (fecal-oral) 422 AFE™ F= 9% o

A ZEEn BEAE7] wjEe g o] oW 1 gole



10-10" gmel mpolelzs A7t EAET L 4w v
(Farthing, 1989).
A mtelel 2 Fol M Picornaviridaedl %3t &) @ufole] 2,
e Zrfol |2, FAPutel 2|2 AY gFnfol e 2, o sufo] e
Adenoviridae®] o}d=nvlol 22 Caliciviridae®] =2 nv}o]z] 2
dejxutole] s, ofiE mulole] s AF Rl Bl Reoviridae
o £at= deHtolyx ZEpuloly 2o AFTE AnkHol
P glom olF uloly i F wmufolE| X | EHlo] B
2Eelo| g A& of2E&Eulolgl A B AY FHutolgl s FTol
THo g2 AFE i 9t Theng and Erin, 2005).

=2 nlo]l# 2<(Norovirus, NoV)&= 1968 v]= <3}o]5= Norwalk
A uke] gk 2T A Hzx= I ow 1972de HAE
n@goeg g THaHAGY. A AAFSE AT FdY
0% olde] Ado= delx o, Aol Al F#st

A 7HE 8ol A dovle dd=4d=2 dEA dvH(Donlin

Sl ss-RNAZS 7R 7709l Genogroupl & HHETL ol &
%= GI, GO ¥ GIV genogroup®| At&elA 2558 do7t}
a1 dHA dom AdFAQ YFEY S-S HEFHTHLopman,

2015).



AE 7+ nlo] 2] 2~ (Hepatitis A virus, HAV):= 19734 Al#9]

oA AR ES Fall s THE 2/nm 2ol ss-

2 fAAEs EFE 7 Ao, A AAASR 19| 7HE #
HAASH EAlstE Aoz dE A Atk (Robertson et al., 1992).
St 20008 ) Z ko] TAE o] iR F2]E o (Kim
and Kim, 2001; Park et al., 2007), o] %o 2 x¥ A=
IB % IMIAZ o] F7tste= W/t A& At (Yun et al, 2008;
Song et al., 2009; Yoo et al., 2008).

d gl Znrlo] 2 2~ (human enteroviruses, HEV)+= <37} ¢l
ss-RNAZ 7FA] a1 d+= vfo]#] =&, Poliovirus, Coxsackieviruses
A (CVA), Coxsackieviruses B (CVB), Echoviruses (ECV),
enteroviruses (EVs) 5 ¢ 70 F9 ZAIE=Z EHIET

=
(Hyypia et al, 2007). Hole d7IA4E s

of uweh
Poliovirus, HEV-A, HEV-B, HEV-C ¢ HEV-D& {3}l
2AtHOberste et al., 1999; Park et al, 2012). HEV: &3 v}
o Fadsts AGy Al7lel wel EAT Fr oFH] A5
HAstH, SE7IA R AsIAE el A, dedva o4y
#] 9dtH(Pallansch and Roos, 2007; Jee et al., 2004). 3% =}



o} ~E Znlo] 8] ~(Astrovirus, AsV)E= 1975 Ao} 3kx}of A
Aoz WAHJoH Gfolid A TAst= A M &
g A<l wlo]y 2 F spipo]tH(Malasao et al, 2012). ©] ®ho]
=& 997 33 ss-RNAE 7HAH 8719 #dF
o A MAFSRE F4d3 1GDel 7Hd fadlsta glem s
== @rotkel EHete] v E, ©E, A&5E3 B &

o] Z48 yeEli g (Maldonado et al., 1998; Aminu et al., 2008).

o
T

2 Epvlo] 8] 2~ (Rotavirus, RoV)& 19731 Ao} Sato| Al A&
o2 Ao MARZAYZ]F(World Health Organization,
WHO)el 9JgtH A AAHo=R 21989 Aol Abwsh
Ao g ®Wsta YtHTate et al., 2016; Bioshop et al., 1973).
o] vfolel~+= ds RNA % 93 (Envelope)S 7AW 771¢] &
AHA-G) oz FFEH Abghel] 7H S5t =l Fd&
st A2 Ago® iAo wEt FEANA 2d, 7 E, A
, 29 s3 2E Sl udetA  dEdd
(Matthijnssens et al., 2011; Seo et al., 2000)

olelgt FuA miolHl e 54, =, ()=, Aol A

A, BE
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AFE HATF o=z AAA =52 7leAol a¥ 53] I

e ARAAL Bael 539 volHss 52T & glom
2= og® AN satE dFE guA vl s 2ol )
WA 7 2 4 A Bosch et al., 1991 and 2001; Lipp et al., 1997).

EZ ols i T =2 Awe dHE AnEEs 4ol AU,
CHESE yekoll A AH7p o] Foj X 7] wjEe] =3 dEd Au
A mpoleis AR A A7 ofe] dehell A Had Wk v
(Dubois et al., 2004; Iritani et al., 2014). 3FA 9 -2l v2}ol A
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Abglel tigt B =8 T3 AT fEEE ZdA
#A wpolr =7 AEH Atdle AAITH(Moon et al., 2011;
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2.2. Virus extraction

=]

R

ZFo|A wEutolgl~ RElE poliovirusE o] &3t A
o]z Ateo] Wiol| me} ATt (Ha et al, 2009; Lee et
al., 2010) (Fig. 2). 4 <& 10 gol 75 mL of glycine

o|N

buffer (0.25 M Glycine, 0.14 M NaCl buffer, pH 7.5) 75 mLS
A & ZEAYOIAE ARSSte @] A Esdt. 7
stel AEL2 4°Coll A 8,000 rpm= 30-E7F A4l &2 3 & A
N} HHES FEsdoh HdEo 75 mLe| threonine buffer
(0.25 M threonine - 0.14 M NaCl, pH 752 #H7}3to] e
st om 4ToA 8000 rpm= 303t YA & & A
< Fsto] ol 9] glycine buffer &5 ettt o] &Ho
66 mL<% 40% polyethylene glycol 6,000 (Sigma-Aldrich,
USA) 9 24 mLe] 3 M NaCl& #7F8t § 4CelA 3 AJzF it
!

o

ol
2

=)

SA AT 4ToA 8000 rpmo. 2 307 YA g
10 mLe Ei SF7F5FE H7bsko

Feds AAS &
A EstA et A Ao Tween-80 (final concentration, 0.

il
)
il
o

=)
X

4

Tween 80/10 mM Tris) % -s%° chloroform: isoamyl

alcohol (24:1)& #H7Fste] 2087F wykslch oo =2 4T
A 12,000 rpmE 20 7 dAEFstg o AS5dHS 27 &
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40% polyethylene glycol 6,000 2 3 M NaClS #7}sto](H F

%=, polyethylene glycol, NaCl 0.3 M) 4Coll A 3 A7t ®WFS-A]
Ak W AS FUS 2o E YA ¢
stttk HHd =l

Feds AA
500 ulL®e] diethyl pyrocarbonate (DEPC)-
treated waterE FH7}slo] A A€ sl RNA F=o AF&35F99 T,

buffer

| Homogenized
Digestive with 75 mL
- grand of glycine
5

Centrifugation at 10,000 x g for
30 min at 4°C

 Re-eluted with 75 \j / \

mL of threonine
buffer & ¥ Oyster solids

supernatants
collect

supernatants |

Add 66 mL 40% PEG
6,000 and 24 mL of 3 M

NaCl

| Incubation at4°Cfor3h |

Centrifugation at 10,000 x g for
30 min at 4°C

E" ‘Re-suspended in 10 mL of water |

Add Tween-80 and chloroform: |
isoamyl alcohol (24:1) to the
suspension

Centrifuged at 11,000 X g
for 20 min at 4°C
!
Precipitated 40% PEG 6,000 0.57
volumes &0.17 volumes 3M NaCl at 4°C
for3h

Centrifugation at 10,000 x g for
30 min at 4°C

Pellet, re-suspended in 500-pL. DEPC
water.

Fig. 2. Method of virus extraction
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2.3. RNA extraction

RNA FZoll+= Viral RNA mini kit (QIAgen, USA)ZS A}-&3}
Atk = A= 300 ulel AVL buffer (Guanidine thiocyanate
1) 1,120 uLE H7bstel &3 & A2olA 10&3F wkg-A
At Qb A 95~100% of gk 1,120 uLS FH7Fste] &3t

Fgom L3RS 630 uLE spin column tube® %7 8,000

2 AHY 3} F FL3 spin column tubed] AW1 buffer
(Guanidine hydrochloride ) 500 uL& % 7}sle] 8000 rpm
oA 1&#3F 44 E2etitt. =3 AW2 buffer (Sodium azide
ki) 500 uLE ZHzE H7Fske] 12,000 rpmoll A 387 44 #
gletslor, 422l F spin columnol ZeZ &2 A A3}
At oo & spin columne M ZF tube® %71 ¥ AVE
buffer (sodium azide % poly A $H4)S 60 uLes ¥ 1#3F
w3 A AT v et o 2 8000 rpmE 1%-7F 94 st &
S PCRS F33l7] 93 template® AF&33th ¥ RNA
= PCR 3 #7kA] -20Ce]stell B3ttt

_17_



24. RT-PCR

mEutolel A FAAE &ler] §13 RT-PCRel Abg#
primeri= Table 19 YEIWHSI 2™ Thermo-cycler Dice TP
600 (Takara, Japan)o.Z ®Wrg-S G333 th. RT-PCRel|l A&
H Aok Verso™ 1-Step RT-PCR Reddy Mix™ Kit (Thermo
Scientific, UK)=, 2xl-step PCR Reddymix (a proprietary
reaction buffer) 125 ul, 2} primer 200 nM, Verso enzyme

mix (reverse transcriptase and RNase inhibitor) 05 ul, RT

enhancer 1.25 ul. ¢ Template RNAZS 25 uL® Y2 aHS %A

3Rt PCR WES-2 A4 45CoA 50%7F I HdAF A1zl & 9
4Co A 5%%F denaturationAr At I ¥ 94C-30%, 55C-30

Z, 72CT-60%7F ¥¢5 1 cycle® 3ol 35 cycle ¥F$A 7 o,
2 F 72ColA 7H7 extention timeS T3}

3} Emerald Amp PCR master mix (Takara, Japan)Z A}-&
&te] nested PCRS AAlstdom RT-PCR 4H& 1 ul, 7
primer 10 pmoleS mixtureo] % 7}sF 3 98C-10%, 56 C-30%,
72C-60%7F WF4S 1 cycle® 3lo] 35 cycle W Al AT F
g2l &}

o\

Jk?i

Z1¢] PCR AFE2S 15% agarose gel® #7]9% 3}of
At
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Table 1. Primers used to detected NoVs

Genogroup  Region Name Sequence(5-3")" Location®
Capsid GIFIM® CTGCCCGAATTYGTAAATGATGAT 5342-5365
GI GIRIM?*?Y CCAACCCARCCATTRTACATYTG 5671-5649
(ORF2) g ATGATGATGGCGTCTAAGGACGC 53585380
Capsid GIIFIM® GGGAGGGCGATCGCAATCT 5049-5067
GlI GIIRIM>Y CCRCCIGCATRICCRTTRTACAT 5389-5367
(ORF2) g3y TTGTGAATGAAGATGGCGTCGA 5079-5100

D Degenerate positions B:T/G/C, D:A/G/T, H:A/T/C, K:T/G, M:A/C, N:A/T/G/C, R:A/G, W:A/T, Y:T/C.
? Relative positions of primers in Norwalk/68/US (accession no. M87661) and Lordsdale/93/UK (accession no. X8655).

3 Primers for the first PCR.

4 Primer for the nested PCR.
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2.5. Real-time RT-PCR

Real-time RT-PCR ®§<&  #lste] RNA  Ultrasense
One-step qRT-PCR system (Invitrogen, USA) A] k2 AL-&3}
Atk dlE =rlo] g & REpRfol & of ~E mulo]g s B AY
9 wbold s RS #dr] fl& A ¥ primer 3
probet= Table 29 YEISI S PCR Hb-gde] A 2 dbg
Z712 Table 3o YEFATH
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Table 2. Primers used to detected enteric viruses

Virus Type Sequence(5°-3”)" Reference
(+) primer ACATGGTGTGAAGAGTCTATTGAGCT
Enterovirus (-) primer CCAAAGTAGTCGGTTCCGC Dierssen et. al. 2008
Probe TCCGGCCCCTGAATGCGGCTAAT
(+) primer GGCTTTAAAAGAGAGAATTTCCG
Rotavirus (-) primer TATCAGAAAGATTAGAAT TGTGGTATATTC Feeney et al., 2011
Probe CGGTTAGCTCCTTTTA
(+) primer CCGAGTAGGATCGAGGGT
Astrovirus (-) primer GCTTCTGATTAAATCAATTTTAA Feeney et al., 2011
Probe CTTTTCTGTCTCTGTTTAGAT
Hepatitis A (+) primer TCACCGCCGTTTGCCTAG
. (-) primer GGAGAGCCCTGGAAGAAAG Feeney et al., 2011
Vi Probe TTAATTCCTGCAGGTTCAGG

" Degenerate positions B:T/G/C, D:A/G/T, H:A/T/C, K:T/G, M:A/C, N:A/T/G/C, R:A/G, W:A/T, Y:T/C.
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Table 3. Composition of reaction mixture and reaction condition for real-time PCR

Mixture Volume Reaction condition
Template RNA 5 ulL
RNA Ultrasense Enzyme mix (Invitrogen) 1.25 uL
5X Ultrasense reaction mix (Invitrogen) 5 uL
Forward Primer 1 uL (10 pmole) 85 ©160 min,«95(C |5 min;
: 95C 15 sec, 60C 60 sec, 40 cycles
Reverse Primer 1 uL (10 pmole)
TagMan Probe 0.5 uL (10 pmole)
Distilled water up to 25.0 uL
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3. 4 3 oz

5E

>
to
juiss
rl {
olgh

3.1. Gt A= FHA who] g
3.1.1. =Eulo)g| A

2009 1€oll A 2011 12€7kA ik < = A% 9
Aol & 39870 F=s AED o] =mutolyg s B4
st =0l F&H= 11doA olFd 49 7Hx= 4 23],
o] SR ¥+ 595 H 10874 = € 13 AEd S A48kt

cE2utolg 2~ EA A= RT-PCR R nested RT-PCR 4%}

2

314 bp, GII 311 bpe] Fxz THe] FNH MWES FHo= #
AatF o (Fig 3), ¥ 398719 A5 ZF 10971
Hlol g 271 HEHO] 27.4%9 HAE&S UERWATHTable 4, 5).
A= 201090 7HE =& AE8(394%, 50/127)& e
Wilew 2009del Hs) 3w o]de] FrF FAE uERIATH
(Fig. 4, Table 4). AFo|fEStdA e FAARY HEW &
ZAL7| b A S wRupe]ly s AFio] fxteE 20099

lo
et
il
=
o)
=8
fr

568l A 20100 1,994 ez ZUIsE Aoz yElhyhor
(MFDS, 2017), ¥ Q443 ZFo|Ae w=2xlolg]A HEES
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wenlolel s AFE fAse) veds 2%E Jeha,
FAFHEZ = GIE o] 18.6% (74/398), GII&E o] 17.1% (68/398)
o AEES UEUlon, 83% (33398)¢ AZeIA GIF
GITE o] Aol A==}

AHze ALA11d~ded 29) 9 2A3L~59)
o HEE0°] 369 (58/157) % 31.2 (34/109) = =kow ZFALA]

= 1 26 ZAXRY] FF 35% o =2 A=

>,
N
VS

jutn)
(149
fr

o

7Hrel A 59 s o doe] AbAlE] 21 o ™ (Shim et al,
2012) old o ddS okl SxEWo] fHom F P
AAolA FaEE Fol wmBntol 2} FdE How AR H
2008 -6 20117k =5 9] 397) | FA Lt ol gk =
Hlolgl A~ RUE® Ay 762 %9 #AE&S UEhd bF glon
(FSA, 2012), ¥ <dFrolA st A Z=AMIE S 27.4%9)
= AlFoA mEutole] 27 HEH AT

olgl g AIEL wEufolg o] 9o fEUetE X Fse
AMAL] A7 A T8 FA o

B
ok
ol
T
A
o
lo,
=2
=)
2
r o



[ez]
S

sholu], g} watAke] Bwol 3

il
o
oy
=
o
o

B2
of

i)

H

—_—

0

&
i)
il

;OL

1A= RT-PCR 9

O
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B
1\3” 3 4598 M 910 (@

Fig. 3. Detection of VP 1 gene of NoV Genogroup I and II using
RT-PCR and Nested RT-PCR in this study. A, NoV Genogroup I; B,
NoV Genogroup II, (+), Positive control; (-), Negative control; M, 100 bp

size maker
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Fig. 4. Yearly detection rate of NoVs in Korean oysters
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Table 4. Status of NoVs detection in Korean oysters from January 2009

to December 2011

Detection Rate (%)

Month
2009 2010 2011 2009-2010
Jan 222 (4/18)Y  27.8 (5/18)  72.7 (13/18)  40.7 (22/54)
Feb 11.1 (2/18) 389 (7/18)  56.3 (9/16)  34.6 (18/52)
Mar 0.0 (0/16)  87.5 (14/16)  17.6 (3/17)  34.7 (17/49)
Apr 154 (2/13)  72.7 (8/11) 143 (2/14)  31.6 (12/38)
May 12.5 (1/8) 429 (3/7) 143 (1/7) ~  22.7 (5/22)
Jun 14.3 (1/7) 57.1 (4/7) 0.0 (0/6) 25.0 (5/20)
Jul 0.0 (0/5) 25.0 (1/4) 0.0 (0/6) 6.7 (1/15)
Aug 0.0 (0/7) 50.0 (2/4) 0.0 (0/6) 11.8 (2/17)
Sep 0.0 (0/7) 0.0 (0/5) 0.0 (0/6) 0.0 (0/18)
Oct 0.0 (0/7) 16.7 (1/6) 0.0 (0/7) 5.0 (1/20)
Nov 16.7 (3/18) 7.7 (1/13) 364 (411)  19.0 (8/42)
Dec 27.8 (5/18) 222 (4/18)  60.0 (9/15)  35.3 (18/51)
Jan-Dec 12.7 39.4 31.8 27.4
(18/142) (50/127) (41/129) (109/398)

Y Number of positive samples/Number of collected samples
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Table 5. Qualitative analysis of NoVs detected in Korean oysters from January 2009 to December 2011

Spring Summer Autumn Winter Total

St. No (March-May) (Jun-August) (September-November)  (December-February) o
Positive Rate" Positive Rate Positive Rate Positive Rate Positive Rate
1 40.0(6/15) ) - 43.8(7/16) 37.1(13/35)
2 13.3(2/15) 37.5(3/8) 18.2(2/11) 35.3(6/17) 25.4(13/51)
3 40.0(6/15) 14.3(1/7) 11.1(1/9) 33.3(6/18) 28.6(14/49)
4 20.0(2/10) - - 44.4(8/18) 24.4(10/41)
5 42.9(3/7) - 18.2(2/11) 27.8(5/18) 23.3(10/43)
6 60.0(3/5) - 28.6(2/7) 38.9(7/18) 38.7(12/31)
7 27.3(3/11) 33.3(3/9) 9.1(1/11) 52.9(9/17) 33.3(16/48)
8 31.3(5/16) 16.7(1/6) - 33.3(6/18) 25.0(12/48)
9 26.7(4/15) - 9.1(1/11) 23.5(4/17) 17.3(9/52)
Total 31.2(34/109) 15.4(8/52) 11.25(9/80) 36.9(58/157) 27.4(109/398)

" Positive Rate = positive samples number / corrected samples number x 100

? -, No samples
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312. dH=Z, 2E, of2ER B AY TY HtolE X

2010 1ollA 12744 dafieh A = FAE 9x el A
T OUHe HeEs AEY oo AuA volgl s 4F(QIHE, =
Bf, of2E= 3 AY Y Hlol2)S B4 ST of~E =R}
olgfxe] Ag- 4€e] AFHE AU FAA A AmoMRt HE
HAew 1.1% (1919 HEE&S Yelidh dH =2, 28 4
AY 1t vpelg A= A AlRAA HAEEH A F%THTable 6).
ol2]g HiolH 252 W WAool JfEEo] SHAgrt ol
WAL A FARE f-Euete] SHEAATAY] =AE
of w=w FH Wzt FXZEEH ZEhlol#H A+ 10.0~15.5%,
ol~ERutolgl 2 20% WWoR AZHATL B v 9
t(Jeng et al., 2017). =3t =3 AAE F3A vlolg X AF
5 AA A#ugkel A ®ad bl o™ (Dubois et al., 2004),
S ubetel A = 2011-2012d Aol A= =M AY T4
vlol & 2~ 7} 19.6% (11/56) HE4€

n2

=

vl 9 tH(Park et al., 2015).

y
AZHA B R 70EES 0ol HolNe sAe AvF 5
Fow PANYAR B wA falo] we} ¥l low f9g

FsAel Jome GoRE A% BUHYe] Bad Holuh




Table 6. Qualitative analysis of enteric virus detected in Korean oysters from January 2011 to December 2011

Results
St. No

1 2 3 4 5 6 7 8 9 10 11 12
1 NDV 2 ND ND ND ND s i 3 - ND ND
2 ND ND ND ND ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND ND ND ND ND ND
4 ND ND ND  dstro?  ND ND ND ND ND ND ND ND
5 ND ND ND - 1 ND ND ND ND - ND ND
6 ND ND ND - % . - i . ND ND ND
7 ND ND ND ND ND ND ND ND ND ND ND ND
8 ND ND ND ND ND g ND - - - ND ND
9 ND ND ND ND ND ND ND ND ND ND ND ND

Y ND, Not detected
? -, Not analysed

? Only Astrovirus was detected in a sample
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A 2% 2N AEHE =2utolgd 29 §HH GFAY £4

eE2npolgl A~ 1968 d "= 23le]F Norwalk Aol 3k %
SeuoA Hxz dHslgom 1972 Kapikian 5o] $HA}
o] AAE HAdnAer fAFAslo] Hx2 BHSROH HE
gk Aol WAS Wl Nowalk-like virus= %1 ¥ Atk
(Donlin et al., 1972). o] % o]9} FA}3 nlo]g 27} tha= ¥k
Huow dbAe Xwo| w2l Hawaii virus (Thornhill et al,
1977), Snow mountain virus (Madore et al, 1986)%5°] ™ &
Row, FHATAQ A 7]ao] WHgte] whe} o] nlolH2E
Z33lo] 20020l =Zufole] A2 Wyt

wE2alolgias BERdzow FuA  Hiolzl~  (Enteric
virus) % Caliciviridae®| 438tH 273 thef 27 nm A ol
2]9] (Envelope) & 7FA 3L A &th oF 76 kbe ©d 7l+
RNAE 7[X a1 lom o] RNAE 3709 Open reading frames
(ORFs)Z FA ¥tk ORF 1& RNA dependent RNA
polymerase (RARp)E X3&Fslo] 670 vl 4% wwlas ¢k5 3}

st 9o ORF 2+ major capsid protein (VP1)& ¢33}
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st 9l o VP1ES shell (S) ¥ Protruding (P1, P2) domain®
2 4 ¥t ORF 32 minor capsid protein (VP2)E < 3}s)
aoey o 7ee AgeHA WelAAl esktk(Fig. 1., Lopman,
2015).

Erutol e AlEHIY Tisol FHHA Pot FAF
(Serotype)oll W& EF7F E7bsslr w=2vdto]lg] 2~ RNA9
RdRp # VP1 #FAdAe]  A7IME Holol. we} FH¥
(Genotype)°] EF¥ ot dA7ZFA ==2ulolefxe AA T/
Genogroup (GI-GVIDS.Z &/ 5™ AlgoAl= 2 GI, GII
2 GIVZE A EE U e =54, 7, & A R 7Dl
Agucsy G d A (Zheng et al, 2006). E&F o3
Genogroup< U9 Genotypel & 7 & 4 low 3271 ¢
Genotype (GI 971, GII 19711 2 GIV 17))o] Algol Al et
a4 A ArHFig. 2, Vinje, 2015).
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ORF1 ORF2 ORF3
VPg AAAAAA
NS3 NS5 NS6 NS7
k-2 |NTPau NS4 1| veg || protease || Polymerase 1'"I” e
X-ray structure of the Detall of the
Norwalk virus capsld VP1 subunit

Fig. 1. Human norovirus genome organization and virus encoded

nonstructural and structural proteins (Lopman, 2015)
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Genogroup VII

canine Genogroup Il

bovine

qils GR2

Genogroup Il
human, parcine
Genogroup |

human

Genogroup VI

caning

Genogroup V
murine

Genogroup IV

human, feline/canine

Fig 2. Classification of noroviruses into 7 genogroups (GI to GVII) based
on amino acid sequence diversity in the complete VP1 capsid protein
(Vinje, 2015).
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mRHbelHAE AFe ARE Yol bedty F2 W
-7 (Fecal-oral) 7% o}

W Eoly edd Aa B o[ HAE Fato] A
|, 53 7o 4
of R s St
et al.,, 2003).
VF AT F 2 AEY JEE 2vHE AP Uu, B
3 Ut aul7h ol Fox7] W] 23 BeE w-wulol
g2 W At Q¥ 5o clguetl A wag w9l
(Alfano-Sobsey et al., 2012; Iritani et al., 2014).

Tyl A= Astery A& 59 4 9 fEHIL A=

A2 249 =Exbolgls @2 HiE vk o™ (Lee

£
)
L S
=2
I
-
v
[
il

and Kim, 2008; Lee et al., 2011; Moon et al., 2011), ¥ -]
A 1 A7|AH BUE S B39 dael & A
o] wEufolelA~ A& %S Hx =2 B

wzvbel e 2% AESE ol

s

AAAW H(EM), &AW
9 =HH(ELISA), RT-PCR (Reverse transcription-Polymerase
Chain Reaction)& ©]&3gt ®WHo] glom o] FoA RT-PCR
= o "olgls FAAE AEste WHol dubHow AR

1 drHGary et al., 2004; Kageyama et al., 2004).
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vl A AAkE = =2 e
5ol e, =49 st siger #dd heddel =
Halek Qo] & S ddew AEHS AAE v (Fig.
3). 2011 1dellA 2012d 1287hA dafiek dafjnt A = &
217 671 AR el A F 161709 = (Crassostrea gigas)s W&
g slen, mazdold A £4 5 8 JAYHE 2dL7HA

o
K
o
ol

Ok

s
T

ol

[-‘O

=2
N,

hcl

wRbsk it £E AlErk 107HA] ol el A=dA TS
skl e, vojg s e Hd7x] -20T o] stoll Bastit
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2.2. Cloning, sequencing and phylogenetic analysis

=l A HEE w=2Zrlole]~9 FHIFE AAS 7] Y5

f
2
N
>,
ng
Mo
1%

bl
)
ol

sequencing S & gt el
o A B AT 18 As 2O
HE woly~E EEsa RNAE FE%3% $ RT-PCR %
nested PCRE T34t HF PCR AHdEL 15%9
Agarose gel’doll Al d7|g-s3te] odd =Z7]e] W =(Fig. 4,

GI 314 bp, GII 311 bp)E &2l 3 = AAE A

il

M (-) (+) M () (+)

Genogroup | (314 bp) Genogroup 1l (311 bp)

Fig 4. Electrophoretic analysis of PCR products obtained by the
amplification of Norovirus (Genogroup I and Genogroup II) in oysters. M,

100 bp size maker; (-), Negative control; (+), Positive control
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2.1.1. Gel elution

PCR AAES Expin™ Gel SV (Geneall, Korea)E A}-83}]
agaroseZF-B ®2]-GAstA T WA Hrigdsoz FolH gel
o] bandE ZHw3sle] A} microtubed] &7 ¥, HAd® W= F
A ] 3ufel]l =3 binding buffer (GB buffer)ZS 7189 o
™ 50TCelA 1027 ¥&AIA PCR A= 9 U+ gels
At o] 3 SV columnel ¥FgS 27 T 8000 rpmoi A
127 944 g3ty #Add &9 AAAT. o F SV

column®] Washing buffer (NW buffer)ES 700 ul % 7}staL 30

3 94 228t ddE Sde AASAT. SV colum 1
B Frrd o2 94 He o] Washing buffers €3] A A

33T SV columne A microtube® 71 elution buffer (EB
buffer)& 50 ul #7}stR o 1#3F 98 & A4 FEste] 3
de &4 TemplateZ A&ttt A7 gad WA

AFE A7FA] 20T oA Baske o)
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2.2.2. Transformation

A A3 DNAE TOPcloner™ TA Kit (Enzynomics, Korea)
= AFE3le] ¥ A A (Transformation)dtth. 4 A A g
DNA 4 ulLE A microtubed] =71 %, 6X TOPcloner buffer
(1.2 M NaCl, 0.06 M MgCly) 1 ul., TA vector 1 uLE #7}3}
o (25 CT)olA 583 vESAI AT, 1 FH ol competent cell
(E. coli DH5a) 100 uLE F7}éte] iceoll A 2021t RE-SA]7]aL
42°Col A 30%7F heat-shocks FArh. Heat-shocko] €11l
Al dceoll 2%3F &A T SOC #1#] 400 ulLE % 7Fste] 37T

off A 607t X wjgstTh HiFH e X-Gal 40 ul/mlL,
ampicillin 50 ul/mL¢] 7} LB plateo] =23}o] 2441 7F uf
%3t blueet white colonies7F Zebs A& #H23FST
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2.2.3. Plasmid extraction

HAH3E cloned Exprep™ plasmid SV (Geneall, Korea)Z
o] &3}o] plasmidE ¥ 3tR o, =of FAH = w=Znjo]g

o] FHgoe] g & dorvz g AE vt 5719 clones

W2 v ¥ blue/white colonies %ol 4] white colonyS
&), ampicillin 50 mL¢] % 7}¥ LB brothel ®#ZF3 % 37C, 24
A ZE W sk o wl e 1.5 mLS microtube®] 7|3 10,000

xg2 1087 914 Balste] #2 AAA F, A wx
0

A
=

AES AAGAY. ol HAE pelletol 25
S A7bskal vortexstel ¢hds AEAIAT ¢ AEAA 250
uL®] S2 buffergs #H7Fstar 48 F3tE FAJow EI3HAT
o] & 350 ulL® S3 buffergs ¥i 4~6H s FFoH
st o] &S 8000 rpm, 107 94 H2lste, 4
Aol plasmidg2S SV columnel ¥il 30%37F 94 E& 3}t
Atk columnes &g &AL AASHA S, plasmid7t F 2
column< 500 ulL®] AW buffer ¥ 700 uLe] PW bufferg 7}
zb H7ysla dA Heldte] Washingdtith. columnol] wHolsl

+ buffer A& YAEEE Foto] &3] AAS = 50 ul
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o] EB buffer (10 mM TrisCl, pH 852 #H7lsla 182
27 dA B35t columns £33t

S A7 E E4S 93 Plasmid® AF&3F T
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2.24. Sequencing ¥ @714 4

BigDye® Terminator v3.1 Cycle Sequencing Kit % 3730xl
DNA Analizer (Applied Biosystems, Foster City, CA, USA)
9 =2 Alg3ste] 2% plasmidlol insertion® @7] LS
wel 5 AAd"E 7 d7IAEe mls I EHA=EETSE EAY
(National Center for Biotechnology Information, https:/www.
nchi.nlmnih.gov/)oll S5 ==2dle]g]2e] FHz JRE Faiste
RIVM  (http://www.rivm.nl/mpf/norovirus/typingtool) (Kronneman et.
al, 01D= S8tol oS vlusda. £33 4o 245 §
3l dendrogram< Mega4 software (version 4.0)= o] &3} t]

A9l B9k,
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3. 24y 2 a1

B AFolM e 149 ==nteld vt AEd 109718 A8 =+
2471 AES Cloningstlon, AME T 5719 clone (F 1200
Sequencingste] A7 E-S FA T

A7IME BAAH, w=2ulely 2 GIdA = 579 ¥
(GL1, GI2, GL5, GL6, GL7)°] =A%HAH, Gl = 7749
A (GIL2, GIL3, GIL4, GIL7, GIL12, GIL13, GIL17)°] SH =
Ak =3, GIAM = GL1¥(52.6%, 10/19), GlIolA &= GIL3 2
GIL4AE (Z}7} 30.0%, 6/20)°] 7t fFd3sl= o=z Fely
S tH(Tables 1, 2, Fig. 5).
HT Bie] wEW GI4¥ S HE$ GIFE o] RIN3] A& 1
A oY (Zheng et al.,, 2010), ¥ FZALA o= Eo|3A GL1E
o] 7b¢ Fadste FAFoE FAH UL
olegt Aueol FAteA HF wHFet wAE AR A

do] &S By v dtHRoda et al., 2007; Nishida et al.,

2007). ol@lF oA GIFe] FHS FFFAe] Fyol
B o9e] oy wFe] SolHql A 4R sdwTtm
& 4 9l
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Uhrbrand & =olA ==2nfo]el GL3°| GIL4HET Wl =
Au = o= olyg Hiolgx FHFol JHA= FHEAT
histo-blood group antigen (HBGA)S] A3 o] 7]t}
ka9 vH(Uhrbrand et al., 2010).

1990 F4F o] F & GIL4F o] © AAAoR 71

ON
pu|
=)

rlo

N
N
n2
o|N

& FEedlen, WolFE HI AHHoR
(Lopman, 2015). gyl %= GIL4e] Wo]FEo] =43
2012 3kx}4=7F F53 v o (Jung et al, 2017) ¥
AN EHE #F WZAME 30.0%(6/20) HEE v Ut
2 AFeA HEH =2nte]#i2 GIL4E RIVM typing tool

M

2

(Kronneman et al,, 2011)2 &3le] 5eo]4Ql wWol& A glst
Rom oE& S, "I, &F TolA J|Ed Hid
GIL4¢] WolFE5 3 95% o]de] 5 dS UEt At Table 3).
THEAE, BE AEY Al|E9 AR MIA ofe] 7A€

wmuolels fAARe] EAUT AT BAeA wm)

al
il
)

olef 9] EHIAQN FHdd FalS dE(Katayama et al., 2002),
Sk (Lee and Kim, 2008) ¥ <=7 (Liu et al, 2010) 53 &<
ofAlo} I 7tell A HaE wp lom EIHAQl FHPe wm=ut
ojgf ol ¥ HFE HHAT ol wt ukal Al

Hag vk Ak (Lees, 2000).

i)
ok

H

KeX
=

do
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2ug v glow(Kim et al, 2010) o]#H 3 w=2ule]d 2~
frgel Wst wjol w=mulolg A Y #Ae] X mek e o
U SFow Holg 28 wjEE oWetr| 7t ojE e AAoln
= Foste HFeA w==2rloldAE AASAY EEGs)
A7l WS ofe] 7R ARFEAAIRE A Zuj¢fo] E7}s 5k
ol THWeEIIE o#HE AAHo]th(Koopmans and Duizer,

2004). = M|z sk w==2Zulolg 2~ e gk 7 g4

0

O

_47_



Jolomo] wmzulole]

9]

1]

S

o ©9B2E st}

™
o]

ol e]

Heiel

Hor Ay Ats

)5
a0

FANE e

A

=

_48_



Table 1. Detection of NoVs in oysters collected at six sampling sites in

Jinhae Bay, Korea

No Name Date Site PCR results Sequencing results
1 JBP1-1 19/APR/2010 1 GI GIL.1
2 JBP1-2 19/APR/2010 1 GI GL6
3 JBP1-3 19/APR/2010 1 GI GL5
4 JBP1-4 3/MAY/2010 1 GI GIL.1
5 JBP1-5 3/MAY/2010 1 GI GL5
6 JBP1-6 10/JAN/2011 1 GII GIL.3
7 JBP1-7 24/JAN/2011 1 GI GL1
8 JBP1-8 24/JAN/2011 1 GIlI GIL.3
9 JBP1-9 24/JAN/2011 1 GII GII.13
10  JBP2-1 5/APR/2010 2 GII GIL.7
11 JBP2-2 19/APR/2010 2 GI GL7
12 JBP2-3 22/JUN/2010 2 GI GL.6
13 JBP2-4  21/FEB/2011 )) GI GL1
14  JBP2-5 21/FEB/2011 2 GII GII.2
15 JBP2-6 21/FEB/2011 2 GIlI GII.12
16 JBP3-1 5/APR/2010 3 GII GIl.4
17 JBP3-2 19/APR/2010 3 GII GllL.4
18 JBP3-3 3/MAY/2010 3 GI GI.1
19 JBP3-4  22/JUN/2010 3 GII GIlL.4

20  JBP3-5 10/JAN/2011 3 GII GIlL.4

21 JBP3-6 10/JAN/2011 3 GII GII.17

22 JBP3-7 24/JAN/2011 3 GII GIIL.3

23 JBP4-1 8/FEB/2010 4 GI GL1

24  JBP4-2 8/FEB/2010 4 GI GIL.2

25 JBP4-3 10/JAN/2011 4 GI GL1

26 JBP4-4 10/JAN/2011 4 Gl GIlL.4

27 JBP4-5 10/JAN/2011 4 Gl GII.12

28 JBP4-6 24/JAN/2011 4 GI GL7

29 JBP4-7 24/JAN/2011 4 GI GL5

30 JBP4-8 21/FEB/2011 4 GII GIL.3
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Table 1. Continued

No Name Date Site PCR results Sequencing results
31 JBP5-1 8/FEB/2010 5 GI GIL.1

32 JBP5-2 8/FEB/2010 5 GI GIL.2

33 JBP5-3 24/JAN/2011 5 GI GL1

34  JBP5-4  24/JAN/2011 5 GIlI GIL3

35 JBP5-5 7/FEB/2011 5 GIlI GII.12

36 JBP6-1  22/MAR/2010 6 Gl GII.12

37 JBP6-2 15/DEC/2010 6 GII GIL3

38 JBP6-3 24/JAN/2011 6 GI GL1

39 JBP6-4  24/JAN/2011 6 GII GIlL.4

Table 2. Distribution of NoV genotypes in oysters collected at six sampling

sites in Jinhae Bay, Korea

Sampling sites(S)* NoV Genotype(S)*

1(7) GL1(1), GIL3(1), GIL4(4), GIL11(1)
2(9) GL1(3), GL8(1), GL9(2), GIL3(2), GIL14(1)
w6 GLI(1), GL7(1), GL8(1), GIL.2(1), GIL7(1),
© GIL12(1)
» GL1(2), GL2(1), GL7(1), GL9(1), GIL3(1),
® GIL4(1), GIL12(1)
5(5) GL1(2), GL.2(1), GIL3(1), GIL12(1)
6(4) GL1(1), GIL3(1), GIL4(1), GIL12(1)

GLI1(10), GI2@2), GL7(2), GIL8(1), GLI(3)
Total(39) GIL2(1), GIL3(6), GIL4(6), GIL7(1), GIL11(1),

GIL12(4), GIL14(1), GIL17(1)

D" The number of PCR clones obtained for a particular genotype.
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Table 3. Conforming of GIL.4 variants identified in this study

D

Sample name Identity(%) Reference
JBP3-2 97.0 2009/JN595867
JBP3-5 96.6 2009/JIN595867
JBP6-4 96.6 2009/JIN595867
JBP3-1 98.1 2007EU/HQO009513
JBP3-4 98.9 2006b/EF684915
JBP4-4 98.1 2009/JN400623

D" Genebank accession number (National Center for Biotechnology

Information)
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Fig. 5. Phylogenetic analysis of NoVs isolated form Korean oyster.
Phylograms based on partial sequences of the VPl genes (within ORF2,
encoding the capsid protein) of GI NoV strains (A) and GII NoV strains
(B). The tree was constructed using the neighbor-joining method with the

Kimura 2-parameter correction implemented in the Mega4 program.

Statistical support was obtained by bootstrap analysis (1000 replicates).
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% 21709 #HF(Crassostrea gigas)S W=7 stgon, w=zZnt

olzlx HAS 93 WAANHE AFAA wardrh. w3

AZutch 10704 o] 9] ZtaolA FAHS EEstsan, nfo]
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HE 2974 -20T o] stoll BaeIH.
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22. = A9 B HEA Y wE wmuloly s FR=Wst

LAEAL w=FH 7 vlold s FAAFLEE FHofstr] 9
3Fo] Naturally-contamination }H S o] &3to] d¢jxo=z 7t

A Al Z THO et al., 2012).
A TG dboA AMHS = (Crassostrea gigas) 2
A ZF& D2 (Mytilus galloprovincialis)S AH2b 2| Fo] A A A

%)
i HHA R Aedd SuANETY v 22 AR &
2 5

=
omw Ztz} 158 ZF dFxd 2dW =S HESAIF tH(Alfano
-Sobsey et al., 2012; Nuanualsuwan et al., 2002). L9 =<
zbs FEete] dE AHE MEARE AAEdon, A

F FA wmErlolels R4S HAGAL

_58_



23. AN EAF BA

o] gt SHAN T 2 ARk 2492 Recommended

—

Procedures for the Examination of Sea water and Shellfish
(APHA, 1970)l whebA AEsksdth. ¢4 12704 olde] i+
oA 200 g o] HAE xS &S EEEtd FH
PBS (Merck, Germany)E& 7Fst & w39t 2 mLe] w2
o (A& 1.0 g)& Lauryl tryptose broth (Difco, USA)7} 3
| 57 Al el JFe Ao dASME Skl 01 g3 0.01

g ANBE 247 579 Alddel FFsdn. 4F5E AdaS

o

il

35+ 05 ColA 24 £+ 2 & 48 + 3% Wi & S =

gtk = 7hs Aol

(2%) broth (Difco, USA) % AT &1-& vjx|d EC
broth (Difco, USA)ell 43]-& Loop= AF&3le] 2 E3ske] 35
+ 05T oA 24~48A17F & 445 + 02TolA 2477+ 2z

Fateivh b Aol FHold AFgue HEHoE T

b
T
_

(o3

W oRAANTe] FYom HAsGor Ase 100 gF
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94, wEupole] s B A

2.4.1. Virus extraction ¥ RNA extraction

Zo| A w=Zulo]g] A~ FE = Jothikumar et al. (2005)S <
WwHste] AREstSlth. S F2d FAAA 3 gol s 300
ug/mL Proteinase K solution (Promega, USA)S % 7}3t o
W, SRAYIAE Ab&ste] s8] dHEstegit. FAstE
AMZ L 37T, 320 rpme] ZH o2 1A7F ¥k3-A171 5 Proteinase
K¢ =&43E slste] 65CoA 1521F F7F= RESAIF

Hhg-oH 2 6,000 rpmeol| A

RNA F%o| & Vrial RNA mini kit (QIAgen, USA)S AH§
Gt AZ 300 ulell AVL buffer (Guanidine thiocyanate $H-+
1,120 uLE #7Fete]l e & A2olA 1023 vA T
HEg-oleol]l 95~100% ol gk 1,120 uLe #H7Fste] &3tshsom,
&39S 630 uLE spin column tube® &7 8000 rpmel A 1
= AR Y. 2 £ddE FdI WHew Ay I

% Y3 spin column tubedl AW1 buffer (Guanidine
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hydrochloride ¥ ) 500 uLE 7Fste]l 8000 rpmoll 4 183t
QAR sAT. 3 AW2 buffer (Sodium azide &-f) 500
uLs 77 #7bebe] 12,000 gell Al 3%3E falEe st on, o
A2 ¥ spin columnel A XS AAGAT HoR
spin columns M 2% tube® %7 % AVE buffer (sodium
azide 2 poly A )2 60 uLS Y 157 vk A H T vhx|
o2 8000 rpm= 17 YA Eske] realtime RT-PCRS
+337] 93 template® AF-&3$ T}

X A

=
O A=

24.2.

Fl
4K

=z
LN

wzvbold 2 fAAe] AYEAE 919

f
by

=2 pET30a
vectorell S - AFe] sequence (GIE 96 bp, GIIE 98 bp) =
Adste] Al #E plasmid DNA (Tarara, Korea)E ©] &3 th.
plasmid DNA+¥ GIZ = GIIE Z+7F 10°~10° copies/reaction’s
=2 343 3 realtime RT-PCRS A8t 2 ™, Thermal
cycler dice realtime software (Takara, Japan)g ©]&3}o] #

FAe Azt

M
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2.4.3. Real-time RT-PCR

Real-time RT-PCR WF&S 913} OneStep RT-PCR kit
(QIAgen, USA) ¥ RNase inhibitor (Ambion, USA) A 2F& A}
£33t Zgentol#] ~¢ RNAZ Internal control RNA (IC,
US FDA)= F7psto] vEZo] AHAs] o] Fojx =4 &Sl e
H S NETSE RNase-free waterg Abgste] A9 A=A
<= FEs

5 units/ul. Enzyme Mix 1 ulL, 5X RT buffer 5 ul, 10 mM
dNTP 1 ul, 25 mM MgCl 20.75 ul, b5units/ulL RNase
inhibitor 0.25 ul, 10 yM primer lul, 10 pM IC primer 0.5
ul, 10 uM probe 05 ul, IC RNA 1 uL¥ template RNA 5

L2 wrgag =A% &, DWE #H7bste] HEFH2= 25 ul

oy

lo
=
oo
12
o
N
oX,
ol
£,
52
e
[

W0 R 50T 50RTF AL

olo
&
&5

TolA 15&3F DNAE WAd3tath o] $ 95T 10,
1 62C 70%%F W8-S 45 cycle WH$-A1 A 2H, PCR

o1
oo
(@)
0o
&
B
s
¢

-

HF-8-© Thermal cycler dice TP800 (Takara, Japan)ZE o]-&3}
Ak B oAt ALE% primer ¥ probe= Kageyama et al
(2003) (Table )= iz &om™ probes mzHpol2{x Hl
IC9 FAM-TAMRA detector¢} ROX-BHQ2 detector #-8-3}% T}
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GIE 92 GIE zZtzd ICE  #H7}8te]  duplex real-time

]_

ol

RT-PCRS AAlstdem Al&vttt 33]9] PCR W&o A4
Atk

_63_



Table 1. Primers and probes used in this study

Genogroup Type Name Sequence(5'-3")" Location”
(+) primer COGIF CGY TGG ATG CGN TTY CAT GA 5287-5306

GI (-) primer COGIR CTT AGA CGC CAT CAT CAT TYA C 5371-5350
Probe RING1(a)-TP AGA TYG CGA TCY CCT GTC CA 5325-5344

(+) primer COG2F CAR GAR BCN ATG TTY AGR TGG ATG AG 4999-5024

GII (-) primer COG2R TCG ACG CCA TCT TCA TTC ACA 5096-5076
Probe RING2(a)-TP TGG GAG GGC GAT CGC AAT CT 5044-5063

D Degenerate positions B:T/G/C, D:A/G/T, H:A/T/C, K:T/G, M:A/C, N:A/T/G/C, R:A/G, W:A/T, Y:T/C.
?) Relative positions of primers and probes in Norwalk/68/US (accession no. M87661) and Lordsdale/93/UK (accession

no. X8655).
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3. 2% 4 1%

3.1. AAEH 7+23 £ Real-time RT-PCR

=

23] o]’d9] PCR W3 ¥ agaroseE ©]&3% A7|dFS 33
ofsl= WHARFo] MEI AFRAo| Erlssirtes @dio]
th. Realtime RT-PCR< o|#{g TS Hestr|o A gst
Ao 7]E9 RT-PCRY FZEHS probeE % &3t @
Azl A3E EUEHE 5 o, BEFEA o 7Hsdh Aol
%ol HZ Realtime RT-PCR& A -&3 =2nlo]g s 4o
99 =A% <= (International Organization for standardization,
[SO)e. &2 FAE ¥ AHISO/TS 15216-1, 2013).

5t 10~25 g9 dWFe THA o ZRE threonine, glycine,
PEG 60000]&3}o] ntele]~g EEste 71E9 i A7k
ol axd ¥ olygr wxe e TheAdo] Fol B Aol A
= T34 3 gol %9 300 pg/mL Proteinase K solution<

Akste g o AMsEor, ot IS0 % BFe] HE
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o

koA Ao AL vt wEba] o)y d sHE =Y
&

=4l Agstrel dA TIEe] dAZE T AN

2=
2

EE
o

Ax8 WS =3 Real-time PCR ®

‘

RT-PCR¥} 7§44

Hlaskdek, & 34709 #iF AME(= 13, AT Fx 1DelA
B8-S Wladk A3b= Table 29 Fig. 20 YeERH AT},

71E9] e 441 % (15/34)°) HE=&S dErd v A

O HE 706% (24/34)°] AEES YEAT. =3 A5

ol =/ UEHoeH, =2

vhole 2~ GI GII 27 7A€ el whe HE8o] =4 Vebsk
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Table 2. Comparison results of two methods of detecting norovirus

Results

No- Shellfish RT-nested PCR Realtime RT-PCR

O-1 Oyster ND G1/G2

0-2 Oyster ND G2

0-3 Oyster G2 ND

0-4 Oyster G2 G2

0-5 Oyster G2 G2

0-6 Oyster ND ND

0-7 Oyster G2 G2

0-8 Oyster G2 ND

0-9 Oyster Gl G1/G2
0-10 Oyster ND ND
O-11 Oyster Gl G1/G2
0-12 Oyster Gl G2
0-13 Oyster ND ND
0-14 Oyster Gl ND
O-15 Oyster ND G1/G2
0-16 Oyster Gl ND
0-17 Oyster ND ND
O-18 Oyster ND G2
O-19 Oyster ND Gl
0-20 Oyster ND G1/G2
0-21 Oyster ND G2
0-22 Oyster ND G1/G2
0-23 Oyster ND G2

M-1 Mussel G2 G1/G2
M-2 Mussel G2 G1/G2
M-3 Mussel G1/G2 G1/G2
M-4 Mussel ND G1/G2
M-5 Mussel ND G1/G2
M-6 Mussel G2 G1/G2
M-7 Mussel ND ND
M-8 Mussel ND G1/G2
M-9 Mussel ND ND
M-10 Mussel ND G1/G2

Detecti Oyster 10/23(43.5%) 15/23(65.2%)
Mussel 5/11(45.5%) 9/11(81.8%)
on rate Total 15/34(44.1%) 24/34(70.6%)
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Real time

a = 3
RT- + 3 3 RT- > [ 3
nested - 13 15 nested N 16 g

<Gl (Total 34)= <GII (Total 34)=

Fig 2. Comparison results of two methods of detecting norovirus
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3.2. Realtime RT-PCRE o] &3 ==Zulojgix A& 4

3G

2 AFdAME AdgdTe AdEH AyE Bestaz
realtime RT-PCRS Z &3t on, BG4 2% ¢le] k2

1A A A 20129 197H 12974%] 213]e] AA =& AF

o,

3l =2 dtolgl~E AT tidAHE dF EHoE
A7t =2 Aoz FlFol(Shim et al, 2009; Oh et al,

2012), o1A|¢] HEWo] 7|23l w=2ulo]3 A T3 oA Vs
BUHE Ay 20129 1€dA 12€71#] F 21709 AE =
879 AZoA =Eulo]lg vt HAEHO 38% (8/21)9 HEE
S gt sd8daE GIYol 24% (5/21), GIIE o] 29%
6/21)9] HEES YEud e, 14% (3/21)8 AZolM GIE

I GIEol FAld A=FHAL A|7/EE2E 1~-5¥, 1299 H

wgufole] s AHHEHEAMS 93t gEgAe G ¥ GHE

712717k 328602 uEEow, GIEe 45 daA4([R2)
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0998, 7]&71& -33482 UYEHTHFig. 3, 4). T
realtime RT-PCR Z¥ 9] Ct valueE sl MEZe w==u}
olfx TEE AYstgon, 2AH AZ HAF Ay e A
E9 33 AdAHe HFo R e

TAAY =2Zufolgl a7t AEH A& Ct values GIF ]
37.43~39.41, GII& o] 3677~39.30% YEgon o2 i
Mol didste] Alxt® w==2nle]lg s s&EE GI¥e] 897 x
10°~2.24 x 10° GI&o] 3.05 x 10°~747 x 10" copies/g o=
Ueldth b 2 52 AEH AE2 GIYo] 897 x 10°
copies/gl. 2 HEHoH 71 Fe T2 AEd AEL2 GI
ol 747 x 10" copies/go® HE=HAUTE RE MZo] 10°
copies/goldte] EEolA HE=HASW, 10° copies/gh Tt &
FEE HAEY AZTo] 95% (221)F A E AUt} (Table 2).

ol¢} fFFAMGE AF=E o] Az wETH 20099 FH 3zt
gl A AAE Fe] 76% (643/844)7F =FEulole] 2o e dH
Aog uvElyton wlolgl A FHEE 10° copies/go] Ao
365%°1™ 10° copies/ge]’do] 24.9%2 ®i13k 1

H

wzvtele 2 AFES gAnAe ¥

_—
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dE s FelA AitE HFE w=2hpolE s AFEe] wiA
AdE & Jhsdo] An, dF FTolE A=AV B =9
o3k wRulole 2 AFE Alavl dES LI o gyetol A
Bad wh Qlti(Alfano-Sobsey et al., 2012; Iritani et al.,
2014). FElvetol M= wmulole s A F5a Q1A F Ao A
d@A o ek stz Atel tigh Bavl REsio] 2 HHE
g xEhjolgja AF= T3 BuE wph gtk sk Y H2
dd g e I (Enteromorpha spp)el 3 ==
HlolgiA A= Alwrzl Hud Hv glon gyt & golA
A fFrEH e A =zHloly 27t A AtEI7E lem =
Tyl = =o] w=gEnrlolgl s AF:Ee /A gT& Tt
A o] At (Moon et al,, 2011; Park et al., 2014).

olx Hile] mEW Z¥ IA¥E w==2uioly s dF A
Al Zol A tiukg Bl FA o] HEEHAeH FQlE =

Zufol# 29 F BTk tpeksitl GL13E o] 85-237 copies/g o

st w2 B e 5IdHA fFdgo] #dd =& A3
sto =2y 3kzF Aol By wh Jth(Le Guyader et al., 2006;
ESFA, 2012). o]&3 Z3E5e 3 & 2 FoA w=2ulo]d

2ol AFrlE A d5AQ HelgEoly B A A3 =
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Table 2. Quantitative analysis of NoVs detected in Korean oysters in 2012

Genogroup 1 Genogroup 1I
Sampling DA atue e o’ covane e Qo
2/Jan/2012 3743 + 0.00 897 x 10° ND ND
9/Jan/2012 NDV ND ND ND
30/Jan/2012 ND ND ND ND
13/Feb/2012 ND ND 39.30 + 2.12 747 x 10!
20/Feb/2012 ND ND ND ND
27/Feb/2012 ND ND ND ND
12/Mar/2012 ND ND 38.62 + 0.35 8.53 x 10
09/Ap1/2012 ND ND ND ND
16/Apr/2012 ~ 38.93 + 0.00  3.14 x 10>  38.10 = 0.48 1.23 x 10?
23/Apr/2012  39.40 = 0.71 238 x 10>  36.77 = 0.21 3.05 x 10°
30/Apr/2012  39.41 £ 0.00 224 x 10° ND ND
16/May/2012 3791 = 0.00  6.41 x 10>  38.07 + 0.20 1.26 x 10
12/Jun/2012 ND ND ND ND
10/Jul/2012 ND ND ND ND
21/Aug/2012 ND ND ND ND
04/Sep/2012 ND ND ND ND
23/0ct/2012 ND ND ND ND
15/Nov/2012 ND ND ND ND
04/Dec/2012 ND ND ND ND
24/Dec/2012 ND ND ND ND
30/Dec/2012 ND ND 37.12 + 0.44 2.55 x 10?

Y ND, Not detected

? Avg Concn, Average concentration of 3 times results
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Genogroup |

Fluorescence (Primary Curve)

Genogroup Il

Fluorescence (Primary Curve)

Fig. 3. Standard curve amplification plots used realtime PCR (10°~10?

copies/reaction)
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Fig. 5. Standard curves for GI and GII plasmid standards (10°~10°

copies/reaction).
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33. AdHAE S

dEA =59 IAF nioly
}o] Naturally-contamination W& o] &

AAFH o 30 FoF Hpolg X~
it

e

) o
13,000, *#| %3l Joll A4 3300~170,000, 2,400~ 13,000 MPN/100
AZHAYG. F 2L 5o WFES 077148, Ew7)
PAEL 07~5640 BE2 ZAaon, (5 BAE )%
FRHA NG TS 04~23.69] A SRR
FE Sl fAbe AR ool

= 0.7~346.94,
o] ol Ry A=
~5A] 7kl ]
2

tH(Table 3). ol &

Bae] mEw sFeM AEEHEEst 3
=2 50-1000] HEx=o] e =4

T3k Dore and Lees (1995)+ 3

Uetgislowy 3¢ F
3lt}h(Bella et al., 2000). =3}

{

N
K
il
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-
u S
=

il
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1-3%9 971703 6709 o9

ATFAN F3t A

o] oz Zaot TIHE HEEESITE Oh 5(2012)°0

a3 v g o] &3 A A SHrelaying) A @23, =

p=h

11 0.1

bl o,
b

7}

o

°

™
BH

W

fvze)

HA Aol ko] °F 2,000 MPN/100 g *%
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AL

7]

AACG )AL 21

==
Ty

shel of 94%7%

S

=

=

o]’ A3tA g

[}
=

ol

)
—
fite)

-

Real-time

ERRE

m2ulo]d A FEE Gl 691 x 10° ~ 243 x 10° ¥ GII, 5.37

sEWsE

13t tH(Fig 3).

otp],
- 77 -

~ 919 x 10° <%

o) vole~g sEet Aow vyl A

GL 982 x 10° ~ 241 x 10° 2 GII, 994 x 10° ~ 698 x

al

100 4

x 10°

RT-PCR

1

-



10 2 Aedglen, 234 A2 44339 § 19 <
10° 2 10° =9 mlelgag F5de Aoz AHd =
o A FA vl s wRUE adke] WEkE UEh A v

Log 1 ]9l o= dehliA &ta dAH oz &4 F

7} FHME YERU At (Table 4, Fig. 5, 6).

wEupole] 29 A, g RWAWTe] Adet= ot
27 49 npolef27F A vlEH A Gt o] Kol uw
29 xzupelyd st dFe 289A T AdFHES e 9
T (hematocytes) 2} AkA 3} (acidic digestion)oll that A 3kA] o] A
oyt v AuA viol# o Hls| Ei HpolE A7) Eo] &

staisr WAol EAstaL A E e Fo] FEA ZAF o
Aol thAL = wiEe] 3 AFHo| Ty B g Hp 9l
(Mcleod et al., 2009a and 2009b; Provost et al., 2011).
AA7HA w=, EU R f-2ludtell A= 3l {7k AAE = sl
&t o, WA WA, Escherichia coli 53 22 AR FA
oskel Zxzste]l H7F R EFskal ATHUS FDA, 2015
European Commission, 2015; MOF, 2016b). 1A A F A2 3l
Ao At =] AolA FA8H7] wimol] EHe el ek
AfxE &8 JARE 2 AFZAFo| A o] wFEuto]e]
o e AHA wolg]x A= AuAAIE RS w

rlo
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A Ewegel tet B A AAEATA He] HFo
A AEHE wEveldzd 5 @A mesolol s o]

Fluorescence (Primary Curve)
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Fig. 5. Results of realtime RT-PCR in naturally contaminated shellfish
(Oyster and Mussel). (+), Positive control
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Table 3. Bioaccumulation of total coliform and fecal coliform in the oyster (Crassostrea gigas) and Mussel (Mytilus

galloprovincialis) in contaminated seawater

Results, MPN"/100 mL(g)

Date Seawater Oyster (Crassostrea gigas) Mussel (Mytilus galloprovincialis)
Total coliform Fecal coliform Total coliform Fecal coliform  Total coliform Fecal coliform

0 13,000 7,900 330 20 130 <18
1 3,300 3,300 13,000 7,900 24,000 13,000
2 4,900 4,900 13,000 3,300 17,000 7,000
3 490 140 35,000 7,900 92,000 3,300
4 2,400 2,400 3,300 2,400 7,900 3,300
5 4,900 3,300 3,300 1,300 3,300 2,400
10 490 490 7,900 1,300 170,000 9,500
15 9,200 5,400 33,000 13,000 33,000 2,200
20 7,000 2,100 49,000 4,900 33,000 4,900
25 1,100 790 3,300 1,300 - -
30 24,000 3,500 33,000 13,000 - -

Y MPN, Most probable number
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Table 4. Bioaccumulation of in the oyster (Crassostrea gigas) and Mussel (Mytilus galloprovincialis) in contaminated

seawater
Oyster Mussel
Date NoV GIV NoV GII? NoV GI NoV GII
Ct value Mean Copies/g” Ct value Mean Copies/g Ct value Mean Copies/g Ct value Mean Copies/g
1 34.33 + 0.45 6.91 x 10° 31.38 + 0.53 537 x 10° 33.88 + 0.64 9.82 x 10° 32.19 + 0.13 994 x 10°
2 32,04 + 045 3.39 x 10* 31.19 + 0.50 1.12 x 10° 29.73 £ 0.01 1.65 x 10° 28.56 + 0.11 6.98 x 10°
3 3175 £ 0.06 4.05 x 10* 30.71 + 0.05 1.53 x 10° 30.05 + 0.37 132 x 10° 28.89 + 0.02 5.54 x 10°
4 3277 +0.19 1.99 x 10* 31.65 + 0.54 8.12 x 10° 30.05 + 0.37 1.35 x 10° 29.66 + 0.53 3.33 x 10°
5 31.67 + 0.06 4.28 x 10 30.19 £ 0.10 2.20 x 10° 31.10 + 0.04 6.35 x 10* 29.40 + 0.52 3.99 x 10°
10 31.23 + 0.10 5.81 x 10* 30.50 + 0.17 1.77 x 10° 29.81 + 0.18 1.58 x 10° 28.78 + 0.36 6.08 x 10°
15 3297 + 0.07 1.72 x 10* 31.87 + 0.01 6.70 x 10° 30.26 + 0.16 1.15 x 10° 29.09 + 0.25 484 x 10°
20 30.59 + 0.32 9.21 x 10* 29.97 + 0.06 2.58 x 10° 29.20 + 0.19 241 x 10° 29.16 + 0.06 458 x 10°
25 30.24 + 0.08 1.16 x 10° 29.76 + 0.15 3.00 x 10° - - - -
30 29.20 + 0.29 243 x 10° 2821 + 0.48 9.19 x 10° : - - -

Y GI, Norovirus

Genogroup 1

? GII, Norovirus Genogroup 11

? Avg Concn : Average concentration of 3 times results
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Fig. 6. Bioaccumulation of in the oyster (Crassostrea gigas) and Mussel

(Mytilus galloprovincialis) in contaminated seawater.
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34. 7tEA ol ME =2xlo|g X FE WE

Aol e wmuolus wRwWstE waAss) sl
Ze AABO Wol a5 fslel Be Ao Sy F
AaHor wrukolel s FAANRL 1A 5 wEE

oA mEulolY A GIF
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N,
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N
b
—
(@)
w
g

7]
243 x 10° copies/gFE AP E Aoz FAEglon, o5 7
bEzel whet A= ekl

w2alelgze] ZPE &S 7 FuEE shd A sy
realtime RT-PCRZ #43% 23 Ct valuex= GIZe] 37.07~
37.71, GII&o] 3546~37.07= YEIGLOH, o5 ZFFM o

3kl At ==2upelgj e FEE GIFO] 118 x 10°~7.42
x 10°, GIEo] 794 x 10°~2.48 x 10' copies/g o & }E}GE
wmZulolg 29 I 60, 68, 70ColA 1587 A3 Ay
GIgo]l Z+7} 834, 8380, 89.4% #aHRoH, GIEL 60, 68,
70, 100°Col A 72+ 67.3, 76.3, 80.1, 89.8% #HAHE Ao
Elwtth GI 2 GIE 2% =22 2xdA Hd A4S o 22
Haads Yeids oz FAFHAANE 100THA A2 s
GIZ o 455 A¢stae 7tEAE Fol= dF FHA7F A

=¥ = Aoz YEEtH(Table 5).
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Table 5. Quantitative analysis of heat-treated NoVs in contaminated oysters

Y ND: Not detected
? Avg Concn : Average concentration of 3 times results

? Reductive rate (%) = 100 - (treated concentration/control concentration) x 100
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A 47 A Z2(Surrogate)E ©]-83 A FA Y =Rulojg A
EgA43}

I 2 FF7F wfg- Brgshr] Wl o] tH(Atmar and Estes, 2001).
olgfgt o] felAl HAZFA w=Rufole ~9f dFu]LS EV}

S AFolH AW wzuolgze] ngde AU 5

Q¥ Zo|H 1 o]Hd|+= murine calicivirus
(MCV)4  feline calicivirus (FCV)¢}  #2  tiA|vlo]e
(Surrogate) & ©]-&3sto] E&Ast xolvt AF A3 7hel=g

¢lo] AA=o]oF st Bozkurt et al., 2013; Nims and Plavsic, 2013).
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2. A5 R ¥

2.1. Feline calicivirus®] ¥

Feline calicivirus (FCV) VR-782 % FCVe T2l
crandell-reese feline kidney (CRFK) CCL-94TM A¥+
American Type Culture Collection (ATCC)ol| A F<Futo}l Al-&
stltt. FCVE  widetr] 918 CRFK Al%+= Dulbecco’s
Modified Eagle’'s Medium (DMEM, Hyclone, USA)¥} 10%
fetal bovine serum (FBS, Hyclone, USA), 1% 10 mM
non-essential amino acids (Gibco, USA)S Yo 37T, 5%
CO2 7oA wgataL, AE7F 0% ol ddFTs P43t
W Ale gt A& tH(Park et al., 2006, Chi et al.,
2006). 18]3L FCVE #j st CRFK Al3ze] F&sko] 1A W
& 5 AEFA A (DMEM, 5% FBS, 1% NEAA)E Yol

a9

H o 37CoA wiYgsda, 3-4Y wjgT T OAE
(cytopathic effects)7} dojvt H-2He MxEESo] "Hojx™ 15
mL tube (Corning, USA)ol 3|43te] A A LR F5
37C gz =2 the vortexstel AEXE 33T
5

_'c'[);
9] AL 23] 71 WEF F 2000 rpmol A E7 A4 E
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g3t AsdS 1 mL® YFo] cryogenic vial (Nalgene,

USA) ¥ oA Aol wakske] Abgsteitt,

Kang and Han (2005)¢] %S A5 WA ] ZA8A =,
W32 S8 F£A43 3 10% (W/V) NaCl &9¢] oF 104
2 AHQ O FEFE 33 MASE & 30E1E Al wol =7

£ AAsAY. 29 2% #FE vAl ols w3kl Table 1

Ago ARg®E {714k v 3R [ 7] 4H(]actic acid, succinic
acid), 3)¥A F7]12k(acetic acid, propionic acid) = F7]4Fel
HCI(F1h & AH&3Fd 2™ (Sigma, USA), #A|7F 3] A€

pHS! 35 =M FCVe RESAIZ 5 Zd7HE wlaek it
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23. A% 9 zA 0A, BARS FCVe £§

% owjFg Ao FCVE wHSAA A3iE =53 F
AAE A3 2A% & AAE =& oH, o] & 1IN NaOH

(Merck, Germany)E X 7}sto] pH 72 3td XA FCVE

FCVe Zag A& dsoq Al 2 -zA" HAAE
blenderZ A3} A3, FAFE = Table 19 AAlE X A
ZA 235 "] Lo 2= phosphate buffer (pH 7.2, Bioneer,
Korea)oll 2t H-A 82 H7tete] #Astelqi o, o of 2+
HAAHE=EL2 glass roller bottle (NUNC, Japan)el headspace”}t
50% A= HEF FeAT. 2 vzt AA 92 7 74
5 wHAAESZRE FCVe ##E EolstA 7] fskd
DMEMel| wj%3k FCVE F2]2H50,000 dalton MWCO, ¢ 28
mm)°l] 5 mLA YFo]l 3% oS 7 glass roller bottlee] 10
WA @il roller culture apparatus (Bellco Biotechnology,
USA)dl 3 23| dstiA =32 A4gstdAs FCVeY z

g Was Ao AFLe 335 whEste] AA]sA T
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Table 1. Composition of raw materials for kimchi preparation

Ingredients Amount (g)
Cabbage 88.0
Garlic 1.6
Ginger 0.9
Green onion 3.0
Red pepper powder 4.5
Salt-fermented anchovy 2.0
Oyster 5.0
Total 105.0
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Fig. 1. Schematic diagram of Roller culture system
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2.4. Feline calicivirus #97F =4

4x g 4 FAR A

o] %477kl wE FCVel el
W3l Jang et al. (2004)¢] WHE A% WAske] TCIDs

(50% tissue culture infection dose)o. = Z=A3IAtt. =, 96

_—

A

well 22 wjkie] 7+ wellol 10°~10° cell/mL %%=% CRFK

AE 100 uLS HFeo] 2-39 B 37CE 24P 5% CO?

ZA8 A v e S Zb welloll @5 wiFAIH T o 7)ol A

2 2 RAQAR FEA9 w33 FCVE 10'~10° cell/mLe &

T s 10 R GAEAE & Zp 5 els 50 ul¥
3

)
~4%k wFE T Al

ke
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3. 2% 4 1%

3.1 AA =4 FHFAM FCV #EY 3

2
N
N
lo,
&
i‘&
mm
>~
_,4
ﬁd
:L
>
|2

oo
(i,
>,
e,
oY
E
PN
~
o)
T
rlr
&~
1
o1

2 FHAHo wauAd Jd= Aoz FAFATt(Mheen and
Kwon 1984). o] A% AAE oA At wpe} o] 723}
3 & FCV (#F497F 930 TCIDs)E 7h3tdch. 18]a 4C ¥
25Ce) Zt7t Rt A FCV #Z7F WstE zAMsid om
Ay AFEA pHE A5

RS TR A= 24413 AAA = 25°C W&zt
W fAreE FE dERdl ey BAIHA Y= FCV 7 7HE
500 TCIDsy &2 ZAE&o] 25T WESF3F Hup ¥ Ao=
el tH(Table 2).

pHO| ®stE 25T W& 3teA e 0] AEHAH 0w F315of

ARA|ZF Tol| 3642 shAEg=d o] WA= AAwE = A



e A=A dAR S48 ket wErh o
AHLee et al, 1992). FCV7} pH 5.0 ©]3&}¢]

Aol HA B2A43 I RuZ 2 u 25T WhE71o
A dojubE FA4% pH shdel FCVel e w®istel] Jas

1 AZE QA CHErwin et al., 2004).

=
FTF
oy
ko
["O
D)
)

>,
Sy
Q)
<
lo,
oy
n&
rE
e
fo
(o)
fac|
&
AC)
il
BN
_,Z
ﬁd
:L

%7] pH7} 5502 &el®l =4 A %71 <A77 6.30
TCIDs%l FCVE <kellA At o= vk AT 25T wk
STAE FCVe o] Ao Aot pEY Ak i
A3te] 96AI Aol AEEAQ 230 TCIDspE HHERSETE. o]

HE 72429 43 g8o] 35474 at7ataict. 18T W&
Zrell M= 96A12F F pHE 3918, FCV #47he 3552 #4 Y
R, 4T WEgFIH A E 120417 Fol= pHe W7t A9
Adojupx] gro} MFI} AAEE Aow FAHoew, FCV %
A7F= 2 log A% #HAsA tH(Table 3).

AAEETE A AR EAsts nAEe] #Agom WP H7
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k1
o
=
R

gt

2 A = 20T = & fF7IabEo]l 1.6%¢
gt 10CoAAME 12%E 2HshA] gevds Rix 9l
(Mheen and Kwon, 1984). <, "AE wart fgds] o
20C Ho 2xzxddae friake] Aol 553 o
TY9 Fo= FCV7I Atdsts A= EHAY. FCVE S/
& 7} 4.00 o]ake] AbEof Zdsto]

of 8] AtE oo Wad AT WELE HSHE Ao

Rbell A= 30 TCIDsy ©l8t2 ZFAastdlesd tzT9l
Swd 4% A Fo FCV #9892 48413t whell A&
AR elstz ZFAsdvh(Fig. 1). BRE 713 o= <l
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Table 2. The FCV infective titer according to the time variation of the

marketing Kimchi

25°Cl 4°C
Time
pH Log(TCIDs)" pH Log(TCIDso)
0 4.55 9.30 4.55 9.30
6 4.15 7.30 4.59 6.30
12 4.00 7.03 4.40 5.80
24 3.74 5.80 4.32 5.30
48 3.64 2.30 4.20 5.00

D TCIDsy, 50% tissue culture infection dose
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Fig 2. The FCV infective titer change among the storage process of

the marketing Kimchi
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Table 3. The FCV infective titer according to the time variation of

lab-prepared Kimchi

25°C 18°C 4°C
Time
pH Log(TCIDs))” pH Log(TCIDs)) pH Log(TCIDsp)

0 hr 5.50 6.30 5.50 6.30 5.50 6.30

12 hr 5.30 4.80 5.35 5.05 5.38 5.30
24 hr 4.52 3.30 5.37 4.05 5.41 4.80

48 hr 4.04 3.05 4.22 3.80 5.40 4.80

72 hr 3.72 3.05 4.06 - 5.39 -

96 hr 3.54 2.3 3.91 3.55 5.42 -
120 hr 3.45 5 3.77 - 5.40 4.05

D TCIDso, 50% tissue culture infection dose
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3.2. 712 H Fd 7ol A3 FCVe E&A 3

i = Aol A A E = B3 {74kl = malic  acid,
fumaric acid, lactic acid, succinic acid, malonic acid, oxalic
acid, glycolic acid, citric acid ¥ tartaric acids©°] A2H o]F
of lactic acid®} succinic acid7} A H]F| A FI|MFo =
A Aok E=3 LA [ 7)Ao = formic acid, acetic acid,
propionic  acid, butyric acid, valeric acid, caproic acid®¢}
heptanoic acids©] 42.™ o]Fol acetic acid¥} propionic acid
7 EA 3 7)o ® el 9lth(Pusan national
university Kimchi research institute, 2010).

2 dFdAE ARTE T AAEE X3 #7140 FCV
o gl wA= dFS detsta HA Ax Al AREHE
F457F FCVY g owd daks vA=AE A
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2 S ukA F7)4Fe] acetic acid, propionic acid % 47FA 7]
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Table 4. The FCV infective titer according to the reaction with the organic acid (4°C)

TCIDs,"
Time Control
Latic acid Succinic acid Acetic acid Propionic acid HCI
0 hr 7.30 7.30 7.30 7.30 7.30 7.30
6 hr 4.05 5.30 5.80 4.80 5.05 7.05
12 hr 3.55 3.55 3.80 3.80 3.30 6.80

D TCIDsy, 50% tissue culture infection dose
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Table 5. The FCV infective titer according to the reaction with a spice used Kimchi (4°C)

TCIDs,"
Time Garlic Red pepper Green onion Salt-fermented Ginger Mixture Control
(1.6%) powder (4.5%) (3.0%) anchovy(2.0%) (0.9%) (8.3%)
0 hr 7.30 7.30 7.30 7.30 7.30 7.30 7.30
24 hr 4.80 5.55 7.30 6.05 7.80 6.05 6.55
72 hr 4.05 6.05 6.05 5.30 8.05 6.30 6.05

D TCIDsy, 50% tissue culture infection dose
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III. 8¢

B s A2 g Ao ARE) 946 Qo] 1 2
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BAggt 1 AF, x==2ufolglA GIAAE 5719 5313
(GL1, GL2, GL5, GL6, GL7)°] sA =N oH, Gl = 77
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