Original Article

Kor J Fish Aquat Sci 47(5),501-507, 2014

KFAS o2 & A3t oF 9] X|
Korean Journal of Fisheries and Aquatic Sciences
]_

3k4=%] 47(5), 501-507, 2014

EHA| Hoto| AAl=(Crassostrea gigas)IM HAEE
L 2Ho[2{AL| HEEM

. 227" - 0[5]%2 - LA - OJEfAL - YX|E

Norovirus Quantification in Oysters Crassostrea gigas Collected from
Tongyeoung, Korea

Soon Bum Shin, Eun-Gyoung Oh', Hee-Jung Lee?, Yeon Kye Kim, Tae Seek Lee® and Ji-Hoe Kim**

Southwest Sea Fisheries Research Institute, National Fisheries Research and Development Institute, Yeosu 556-823, Korea
'West Sea Fisheries Research Institute, National Fisheries Research and Development Institute, Incheon 400-420, Korea
’National Institute of Food and Drug Safety Evaluation, Ministry of Food and Drug Safety, Cheongju 363-700, Korea
SFood Safety Division, National Fisheries Research and Development Institute, Busan 619-902, Korea
‘Research and Development Planning Division, National Fisheries Research and Development Institute, Busan 619-902, Korea

Norovirus (NoV) is a major cause of food poisoning outbreaks in Korea. Most NoV outbreaks originate from envi-
ronmental contamination, but bivalves such as oysters are also important vectors. Oyster Crassostrea gigas contami-
nation by NoV has been reported in Korea, but no quantitative analyses of NoV have been performed. We investi-
gated the NoV concentration in 21 oyster samples from a Korean commercial oyster-growing area with confirmed
fecal contamination from January to December 2012, using real-time reverse transcription—polymerase chain reac-
tion. Additionally, we assessed the NoV concentration after heating to investigate the effects of heat treatment on
NoV-infected oysters. In NoV-positive samples, the cycle threshold (Ct) values were 37.43-39.41 and 36.77-39.30,
while viral concentrations were 8.97x10*-2.24x10%?and 3.05x10°-7.47x10" copies/g for genogroups I and II, respec-
tively. After heat treatment, NoV genogroup I decreased by 83.4%, 88.0%, 89.4% and 100% at 60°C, 68°C, 70°C,
and 100°C, respectively, for 15 min, while genogroup Il respectively decreased by 67.3%, 76.3%, 80.1%, and 89.8%
under the same conditions.
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e By 0B Ao] Helo falslol shelo] G

Selubehs 20 RIS SRR A 4008 B ol Ehicka mushlck S5 Q1%0] Byloli A vho]e A
Ae] j 57t AbE o), BFERE Fo] 30H EolgeR A Fo 43% AelAVH 38 THs Aol glow, Hule] ool
A o7 AT 70% S A ek g Sl sl A B olelat AEEe AABAL AT 7}
ol A AALEI F2 90% ool M4 oR YAkE, 22 5aJo] ATk A w2ulo|ei ol o3 A5 5o /g #A
Ahel el dolole] 4FHo] FSMOR 2013). 511 510w, . sfelol A Fo] wzvtelel ol v

Sejuetell ] Zol AR GFAARE ThE-E: dlote] 91X/}
1 GonE 2% o dAERRE JaF W THsAe] ack
o o] w2l vt shdolit ekt BAlEle] gl A

A IEL g 7lsAlo] Ati(Lee et al., 2010; Oh et al., 2012;
Iritani et al., 2014).
e 2Hlol2|Ae Caliciviridaco] <53hH m]dho] gli= Hlo]2]
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22 2 7.6 kb THA7HE RNAR -4 ] o] §ltt. o] Hio] 2|
2= 37 5709 genogroup (G1-GV)oZ ERE I glom,
0|55 GI,GI % GN genogroup®| Aol Al 4552 o
oxichar A Stk e 2HEo| g A= 10-1007]9] A 4=}
BE S A 4 glem, A HEA B 9] Hiol 7
27H & 5= E3Jo] Qltl(Koopmans et al., 2002; Blackburn
et al., 2004).

Lezrbo| A AR A 9] 90% o)) ddle s e
A glom, Aol Aol FashA 71 wol A4S do7]
L o1& & o] A QltH(Fankhauser et al., 2002). 1] =+2] 7
2009975 20129 7HA] A5k 2 4552 48%7} e
gHlo| o] Ofsff W E|= A o= dA qlom, d29o 7
S0 2001dRE] 2007744 AT A5 E % wzujol2)
28 71918 SAkprE 7w Ao ® BarEa Qlek(Jo et
al., 2009; Hall et al., 2014). =Ujol A= Z|T A EAH A5
5 HPAEES AT BT 2005 /HA) e o]l A7 Wi
HPgae] ohe 918 A3k 0L, 20064 o] w2utolel
2eof o3t AlF=0] AA| F55to] 20029FE 20139 7HA] =
Zutolel 2ol OfFF AFE WAL HA| AFE WA
2] 15% (437/2,358)= YRIEAE F 7 & vl5-& AFA| skl
QITHMFDS, 2014).

o]l AZE] YIBARL A%, T, A,
So| glom 2 Wl 9l 27k AT-2 g HCh THAo|Lf Ha
e LHEH Zolv L A9H AEE 28k Abgtoll &J8f Hiol
o] e HEH, 7= A2 & slaert 2 dE o] e
- of yA ol (filter feeding) ¥+ F-ofl Aol Blol2AE &5
SHA €t ol 7 5 =2 A= FHE LR ol
UL, TheRE LEtell Al 427} o] R0 2] 7] wj o] o] 9} T E
e gufolef A Y AR 7F U 59| of ejutetol A Barg vl
QItH(Shin et al., 2010; Alfano-Sobsey et al., 2012; Iritani et al.,
2014). Sl Lbeol AL AZE HALe] detaAlr} HEsto] 2
AFZ Qg e 2utol | A Al A Al oF2] Hare uf
UAITE, S| Aol A A F-5- 5= =ol thet ke 2Hlo|H A HE
Al Ba1E HE QIth(Moon et al., 2011; Shin et al., 2013).
3HA R o] 2k K152 RT-PCR (reverse transcription-poly-
merase chain reaction) ©|-8-5}0f Hio|H A FARE HESH
A3k 1 2ulo]2 A0 YHRATHS B TSHc) e 2ujole)
Al 2 25 o] g o] 0] AHE| ) ¢fo} RT-PCRS
o]-§3t F- AR} FHARHO| ArkA Ql B o] A|qk, A)ZF ARV}
1 gRlo] BRs stk B0l o] Haols 3B AL
ol-g-3to] At THI S AAIREC & KU E Sk real-time
RT-PCRo| o] A&-5] 11 Qlth(Patel et al., 2009).

2 Aol Al s felubet 2o = AR /L Fafiotol A e
AT AR ER1E TP Q1EE Qe = AR
= o= 20124 195 129714] 1dZF e Zafo|e| 2o
it U B S A AISESL 1, real-time RT-PCRZ: ©]-8-5}¢

- 49A

- ofej4] - 7173

Hloll2 §AAE Ao BAsgt B aulo]e]
2ol h9El 2O] AHA ) 2AE ] Sstel Tt
T waiole|2e] HEWEE EAs o),

Mz H U

2 =2

o a7t sfd o #lE 7ol 2 F B4 AT = A
otz MEYS AAsHItHFig. 1). 201249 1A
12970 A= YA AFE AL = FAF 1A-AA
% 217119] #=(Crassostrea gigas)= A& o}
olg]s 4 flall WA= AU A eRtstit. TS
zlet 10707 ol ko] ZholA] FAAE i

o] 2] Bl H714) 20°C olalol BksIch,

7tEXE[0f M2 L2HI0|2HA SEHS}

7haA o] w2 e 2uol YA FEHIE HA5| 1%t =
9] vpol# A 74-2 Naturally-contamination®H -2
oA o7 THAFHTHOh et al., 2012). &, A9 &
of| A A FH gt = (Crassostrea gigasye: A2t Algoll g4
Wil AR SR EHAN Y st =2 Ao R o
QN FAM] B35 slldF2Eol Al ste] km=nafol
AHo 7 QY =S 59T

7FEA = = 7rhete] AR A 2ol vE = e =
T g afo|g| A9 oujchul o &4kE uE 4 Qs 2E 53
23lo] 60, 68, 70 X 100°C2| 479] F7ko g AAsHH O
o, 22 1587 g2z L 99 =& vR-AZTHAlfano-
Sobsey et al., 2012; Nuanualsuwan et al., 2002). L HH ==
7k Eejste] g AR 7HEA ] E AAlEeleH, Az
T SA] e 2apol g A FA1S AAIEH] T

Hiol2{A 22| & RNA &

oAl wRutol#] A 2= Jothikumar et al. (2005) U
KR sto] ARB-SEITE & e FodAlol 3 gofl 2] 300
ug/mL Proteinase K solution (Promega, USA)S 715152
o, SHA | A& AME-BEo] $PABE| oSGt oA St
MZ2 37°C, 320 rpme] 27402 [A]7}§HS-A]7] % Protein-
ase K| S4B 9lofo] 65ColA 1582 3712 wH3 417
ok §-3-2 3,000 gofl Al 57t YAl & A5 S RNA &=
Zoll AHESHTh A Tl muto|H A7 HEE A
22 Op4 202 ARG ate] G ARAS Shusteicy.
RNA FZ0|%= Vrial RNA mini kit (QIAgen, USA)& A&
At A1Z 300 uLoll AVL buffer (Guanidine thiocyanate $+
) 1,120 uLE H7ksto] S3et § Aol A 1027 ¥H-3-A1
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Fig. 1. Location of the sampling sites in Tongyeong city, Korea.

t}. 1h3-ollof 95-100% ol ek 1,120 uLE H7}sto] E3tsle
o, T3kolS 630 uLE spin column tube= &7 6,000 gof
A 127 A eskeleh & SdE sUtt e R A
2] 3t &, 53} spin column tubeo] AW1 buffer (Guanidine
hydrochloride $) 500 uLE #7151 6,000 goll A 157
AEsct =8k AW2 buffer (Sodium azide E-7) 500 uL
£ 27+ A7kske] 20,000 goll Al 387 AAlREsialor, ¢
42l 3 spin columne]] A%l -§-H-2 A ATt o
2 gpin columne M| 2-& tubeZ 71 5 AVE buffer (sodium
azide ¥ poly A 1) 60 uLE ¥l 157 RESA T vhA|
o 2 6,000 g= 157F Y41E2]51¢] realtime RT-PCRS =
Ast7] 919t template= ARE-FAT

HEZEDM M

=50 ME
L 2upo| YA {ARFO| AekEAlS 913t 55412 pET30a
vectorol] 3 &-42+2] sequence (GIE 96 bp, GIIE 98 bp)=
Ardsto] A2 plasmid DNA (Tarara, Korea)E ©]-8-31%tt.
plasmid DNA+= GIg Y} GITE z4z; 10°-10% copies/reaction
& 3|A%E X realtime RT-PCRS AA]5}9 21, Thermal
cycler dice realtime software (Takara, Japan)& ©]-8-5}0]

TAE AHESHIT
Realtime RT-PCR

Realtime RT-PCR W8-S $J35}¢] OneStep RT-PCR kit
(QIAgen, USA) ¥ RNase inhibitor (Ambion, USA) A|2F2

ALg-3F9IT) Z2] eHfo| 214 29] RNAE Internal control RNA
(IC, US FDA)Z F7}sto] Hhg-o] A& 3] o] Fo|x=A] &l
sl o S 2O 2 RNase-free waterS AFg-51o] 413
o NS szt

5 units/uL Enzyme Mix 1 uL, 5X RT buffer 5 uL, 10 mM
dNTP 1 pL, 25 mM MgCl, 0.75 uL, 5 units/uL RNase inhibi-
tor 0.25 uL, 10 uM primer 1 uL, 10 uM IC primer 0.5 uL, 10
uM probe 0.5 uL, IC RNA 1 uL % template RNA 5 uL= 1+
WS 23 &, DWE H7bste] 2F4 0= 25 uLo| whg-
NS 2ABIATE HFHEE A 02 50°C 5087 AL HHS- 5,
95°Coj| A 1587F DNAE WAISH L) o] & 95°C 10%, 53°C
25% W 62°C 7027F HH-2 45 cycle HHE-A] 710 5, PCR HHS-
2 Thermal cycler dice TP800 (Takara, Japan)E ©]-8-3} % T},
E oJ o] A8 primer ¥ probe= Kageyama et al. (2003)
(Table 1) #112 35192 H prober =@Hpo|E 2 9 [Co
FAM-TAMRA detector®} ROX-BHQ?2 detector 2]-8-3} %3t}
GIE ¥ GITE ZZo] ICE #7151 duplex realtime RT-PCR
< AAIEFS o Mt} 335] 2] PCR W32 A ASHI T

2 I

ME

L2HIO[YA HE Y MEEA

o |
20124 19014 12970 s BYA ABE AT 2
P 1A B 21749 HBL B Blof ol
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Table 1. Primers and probes used this study
Genogroup Type Name Sequence (5-3") Location?
Gl (+) primer COG1F CGY TGG ATG CGN TTY CAT GA 5287-5306
(-) primer COG1R CTT AGA CGC CAT CAT CAT TYA C 5371-5350
Probe RING1(a)-TP AGA TYG CGA TCY CCT GIC CA 5325-5344
Gll (+) primer COG2F CAR GAR BCN ATG TTY AGR TGG ATG AG 4999-5024
(-) primer COG2R TCG ACG CCA TCT TCA TTC ACA 5096-5076
Probe RING2(a)-TP TGG GAG GGC GAT CGC AAT CT 5044-5063

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).

HUEE A}, 20124 19004 129714] 5 21709 ME 5
8719 MEo A e gutol2 ATt HEE o] 38% (8/21)2] HE
£ el $AREERE GIFo] 24% (5/21), GIIF o]
29% (6/21)9] AEE&S UEFH 921, 14% (3/21)2] HEo) A
GIRE 1} GIIF o] Aol AZE Tk A7 2= 1-59, 1290
HEH o2 HEE = 4 UERH 9 tk(Table 2).

NoV GI
Y =-3.268 x Log(X) + 41.77  R?=0.999
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Fig. 2. Standard curves for GI and GII plasmid standards (10°-10?
copies/reaction).

- g2ufo| A AR AL 9 GI ¥ GII¥ plas-
mid DNAE Z}7Z}+ 10°-10? copies/reaction= 3] s}o] EA43}
Ach FETAY] AEA Ax), Gl HAS(R?) 0.999,
71717}k -3.280 0= UEEoH, GIIF 9] 45 AR
0.998, 7]-%7|= —3.348 2 UFEFTHFig. 2). A9 real-
time RT-PCR ZA1}9] Ct valueE tsto] AlZ29] - 2hlo]g]
A FEE ARetelon, EAEH &Y HF A MET
33 APAT] Pt o &2 e SiTt

rZufoleArE HEE AE9 Ct valuex= GIg o] 37.43-
39.41, GIIgo] 36.77-39.30& UElton, o] #EILA |
i dsto] Aike emupo]HA0) FE= GIFo] 8.97 % 10%-
2.24% 10, GITI& 0| 3.05 % 10>-7.47 x 10' copies/g o2 LFENE
o} 7P =l EEE A MEL GIE 0] 8.97 x 10% copies/
go & AEE o 7Y WE s g HEH ME2 GOl

P

7.47 x 10! copies/go. = &5 A tH(Table 2).
7920 M2 L2H0|2A sE H3}

FhdAe)o] w2 1w zutolE| A SERSE W] Ssto]
B2 Azl Hol el felo] B dote] okt %
Aoz emupole|of FAAIZIE 7L skl e
o 2ol e mufo] 82 GIFT} GIIFo] 247} 0] 722% 10°
2.43 % 10° copies/g = A A0 2 golE o, o5 7}
Fhedz71o] et Aelahlc).

LzHpolg] o) Y =5 72 Y = 7HE %] 2f5}o] real-
time RT-PCR=Z £-43t 23} Ct value= GIg 0] 37.07-37.71,
GIIg o] 35.46-37.072 el oH, o] 5 B2 Alof ) 5}e]
A =g2ufo]|# A9 s = GIFo] 1.18 X 10°-7.42 X 107,
GITE o] 7.94 x 10%-2.48 X 10 copies/go. 2 L EFGtT) -2 nf
ol2)29] L 60, 68, T0°ColA] A3t 23t Glao] 212}
83.4, 88.0, 89.4% 7-AE]¢l.om. GIIFE-L 60, 68, 70, 100°Co|
A 242} 67.3,76.3, 80.1, 89.8% A= A 0 &2 UERYTE GI
W GIY 25 28 LA Hele A9 o & daais
Uet= A 0= ERIEI QAT 100°CollA] A 2jgt GIF 2] 7
FE ALstales 7HEA P Solle R G HEEH= A
© 2 YElGTHTable 3).
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Table 2. Quantitative analysis of NoVs detected in Korean oysters Crassostrea gigas in 2012
) Genogroup | Genogroup |l
Sampling Date - X
Ct value Avg Concn? (Copies/g) Ct value Avg Concn (Copies/g)
2/Jan/2012 37.43+0.00 8.97x10? ND ND
9/Jan/2012 ND' ND ND ND
30/Jan/2012 ND ND ND ND
13/Feb/2012 ND ND 39.30+2.12 7.47x10
20/Feb/2012 ND ND ND ND
27/Feb/2012 ND ND ND ND
12/Mar/2012 ND ND 38.62+0.35 8.53x10"
09/Apr/2012 ND ND ND ND
16/Apr/2012 38.93+0.00 3.14x10? 38.10+0.48 1.23x102
23/Apr/2012 39.40+0.71 2.38x10? 36.77+0.21 3.05x10?
30/Apr/2012 39.41+0.00 2.24x10? ND ND
16/May/2012 37.91+0.00 6.41x10? 38.07+0.20 1.26x102
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 2.55x102
'ND, Not detected. 2Avg Concn, Average concentration of 3 times results.
Table 3. Quantitative analysis of heat-treated NoVs in contaminated oysters Crassostrea gigas
Genogroup | Genogroup Il
Steﬁle Avg Concn? Reductive rate Avg Concn Reductive rate
conditions Ctvalue (copies/g) (%) Ctvalue (copies/g) (%)
Control 34.59+0.82 7.22x10° - 33.78+0.44 2.43%x10° -
60°C, 15 min 37.07+0.25 1.18x10° 83.4 35.460.72 7.94x10? 67.3
68°C, 15 min 37.71+1.02 8.48x102 88.0 35.90+0.57 5.77x10? 76.3
70°C, 15 min 37.70+0.00 7.42x10? 89.4 36.41+1.29 4.83%x10? 80.1
100°C, 15 min ND' - 100 37.07+0.08 2.48x10? 89.8

'ND, Not detected. >Avg Concn, Average concentration of 3 times results. *Reductive rate (%) = 100-(treated concentration/control concen-

tration)x100.

Lgufo|YA AFEL 7rgkrlo] Bio] 3k o) Al &S o]
IO E3lo] A7} Ay EE B
3

lo
o of

o5}
=i

o

=

=

H ol A AR 37 e 2o A A5 i 7i A
© 3}

7Fs/dol A, HF Foll A A=A 37 g =

bieziol el A 455 A UBS X
Y = v} Qlth(Alfano-Sobsey et al., 2012; Iritani et al., 2014).
Ql0] Heo SEuEtol A= w2ufo]|H A AlFmat AQIAETRe) Al

ek of 2jutetoll A



506 A - 907 - of3]4

Al gt dstzAte] it Bl BEsie] & AFHE QL
3 weulolels 455 £e 1 it gick, sl 22
2 Al s ol A A4t Tkl (Enteromorpha spp)°ll oI5t k=2
Hpo|H A Algm ALzt HArE v §lom], S-ajutet s oo A
A8 =ollAl =Zatolg| vt HEE AbE7E s
2 oeleloAE o] w2ujolels AFEe] u/jR o3t
2 7ls4do] Ath(Moon et al., 2011; Shin et al., 2013; Park et
al., 2014).

lezHpo| A Al o] O3t QI Hl ] o] APEEA] oF
of, @A de] o] 5= A& RT-PCRE o83 /-4
Aot RT-PCRY of] whE =2 Hlo| 2|2 HEH-2- 23] o
/+e] PCR HF3 % agaroses ©]83F 7|95 24 sfokst
= HARFo] BEa HFA o] E7hssithe ©lo] sk
Realtime RT-PCR-2 o] 2|3t TH4]& H.eksl7] of] 2| gheh A9
© & 7]E9] RT-PCRe| &F=49] probeE 2-8-5Fo] THAIZE
of A7 HUE P 4= qlaL, AHEA o] 7Heg o] §lo]
2L realtime RT-PCR-S- &]-8-3F = 2Hjo|g]A EAHo] 88
9] =14 F=(International Organization for standardization)-©.
2 =25 v} 9JtKISO, 2013).

2 AtolAs Ao HEA 2aE HeSkalA re-
altime RT-PCR& A-8-51%1om, FFA QAHE QA+ A
A 1O 20124 1958 12971 21810] AA & 4
E9ote] ezatolgAE AT tdAIES dF &
LA ET} =2 A 0 F F9l%|o(Shim et al., 2009; Oh et al.,
2012), QUA|9] EHe 7916t l2Hfo]H A T3 0o 7}
/0] 2 Ao wetE ik A AT 38% (8/21)2] Al
A legHfolg| A7t HEE o, nrHlo|g| A7t HEE A
29 5%=8.97 % 10%-7.47 X 10! copies/g -2 UEFTEH LE
AZ©] 10° copies/g ©]5t9] FI=oll A HEE 1, 10° cop-
fes/gith W2 w2 AEH AE0] 9.5% (2/21)2 ER1%]%1
o}, o|ef FAlRE AR F=of Ao w2 2009 E 3|
7k kol A ABARE] 2] 76% (643/844)7} mEulo] 2 Aol @
He Ao Yrpytor, vlo]g|A9] Fk= 10% copies/g ©|
AFo] 36.5%90]™ 10° copies/g ©|40] 24.9%= H 315k v} QlT}
(EFSA, 2012). wjeta] 2 A-tol| A o] MEY A2 £ ed
Arert =2 XS st A= 28fo|g Al FErt
EA 2 Ao ' wekel 4= Ql o), o| Rk Ak w7k =
229l Aolu g e-ejueto A Fo] AAkE = s o thet
ASA) 2APHER & A o= wekE)

2 Aol M= 7FE A 2o whE e mHbo|H A FERBHE
zhs7] flote] = ==Htol2| o] AHAZ A1 $ 7HEA
gl ol wpe} e o] 2] 20 F e oS EAGIGIT e 2
vHlo]|# A GIE Y GIIE e 2715571722 x10° W 243 x 10°
copies/g?l Zre=S 60, 68, 70, 100°Coll A ZH2} 1587k A2
stelow, 71 AWE g2 Ue eItk GIg ] 245 A
ZrollA 80% o] s Uetlglen, GIIE-2 67-90%

- 49A

- ofej4] - 7173

s

S04 A2

o
shol 5] A1, 7}

(o3
filo

% lo

A
o

eI Gl 2 Gl 25 %
B A RIS Yehe ow

finj

2] Fole U A A& A 02 UErT vl
2ET2C oY 2 A e 7 ugh o] ohal gl
Thal A Qo & A-toll A= 100°CollA] 152 A2 Ao
T Hpo] 28] FAAE HEEE A o= YET o] =9
A} ZhE A HEo] 2 Hto| 2| A9 ojujrhal o] 1}y ¥
= Ag B3t 432 FehE ti(Nuanualsuwan et al., 2002).
e Ruol At sl E Tk 4 QU SRAIE} e
kot 71 A g Fof st B2AJE} = murine calicivirus
(MCV)} feline calicivirus (FCV)Q} -2 tfjAfufo] Ao %
- &o] ltk(Bozkurt et al., 2013; Nims and Plavsic, 2013). ©]
23t A5 A MCVL FCVE 65°Cojl A 22 E=72°C 18
7 kS - 717 6.7 Logl0 o4 gtk 2
7FQlol & Aol M ] & HEE e 2Hlo|HAEE AT
T AA9YS RS A o= AehEh B3 Ao A 7t
AAelol ALEL 2 QAL B T & FE Ho]
227} HE Zolug A jelolA] Helshe s 2ol
2757k e AES hAA2o] whek 1 24 gol | o}
4 4 918 Z01ch. WAl voleis0) s 2l %
7Ha1el 177} Al Elojol & 0.2 gbEich

2 A= A mto] 227 obd e mHbo e Ao gk 234 A
ol AFATtEA HAHEE =9 7hEA ] 2o et s=s)
£ HAsigith ol2et A AThE AlFollA 9 lmHlol7] A
A ejo] et 7| 22 Q1 Autz wUE ol o3t A A
O} A lemHfo| Y 20 Qe E 7 AR o E-8-E A o & wihH
th E3F Aol A 9 ke zho YA AFRo] s Y
517] flsto] A &2AQ1 At dstzalr) X E|ojof o
Aoz Atz

=
35

%

A

4o

Al AL

B2 A Y (E Y Y AR 9
A ZAL, RP-2014-FS-014)2] 2 o] oJaf 3= gl om o]o
LAE- YT

References

Alfano-Sobsey E, Sweat D, Hall A, Breedlove F, Rodriguez
R, Greene S, Pierce A, Sobsey M, Davies M and Ledford
SL. 2012. Norovirus outbreak associated with undercooked
oysters and secondary household transmission. Epidemiol
Infect 140, 276-282. http://dx.doi.org/10.1017/S09502688
11000665.

Blackburn BG, Craun GF, Yoder JS, Hill V, Calderon RL, Chen
N, Lee SH, Levy DA, and Beach MJ. 2004. Surveillance
for waterborne-disease outbreaks associated with drinking



QA FATOIA A2 mEro] 0] HpiA 507

water-United States. MMWR Surveillance Summaries 53,
23-45.

Bozkurt H, D’Souza D and Davidson P.M. 2013. Determination
of the thermal inactivation kinetics of the human norovirus
surrogates, murine norovirus and feline calicivirus. J Food
Prot 76, 79-84. http://dx.doi.org/10.4315/0362-028X.JFP-
12-327.

EFSA Panel on Biological Hazards. 2012. Scientific opinion on
norovirus (NoV) in oysters: methods, limits and control op-
tions. EFSA J 10, 2500-2538.

Fankhauser RL, Monroe SS, Noel JS, Humphrey CD, Bresee
JS, Parashar UD, Ando T and Glass RI. 2002. Epidemio-
logic and molecular trends of "Norwalk-like viruses" associ-
ated with outbreaks of gastroenteritis in the United States. J
Infect Dis 186, 1-7. http://dx.doi.org/ 10.1086/341085.

Hall AJ, Wikswo ME, Pringle K, Gould LH and Prashar UD.
2014. Vital signs: Foodborne norovirus outbreaks - United
States, 2009-2012. CDC morbidity and mortality weekly
report 63, 491-495. Retrieved from http://www.cdc.gov/
mmwr on July 23.

Iritani N, Kaida A, Abe N, Kubo H, Sekiguchi JI, Yamamoto SP,
Goto K, Tanaka T and Noda M. 2014. Detection and genetic
characterization of human enteric viruses in oyster-associ-
ated gastroenteritis outbreaks between 2001 and 2012 in
Osaka City, Japan. Retrieved from http://onlinelibrary.wiley.
com on July 23. http://dx.doi.org /doi/10.1002/jmv.23883.

ISO. 2013. Microbiology of food and animal feed - Horizontal
method for determination of hepatitis A virus and norovirus
in food using real-time RT-PCR - Part 1: Method for quanti-
fication. Retried from http://www.iso.org on August 11.

Jo SH, Kim HJ, Choi EJ and Ha SD. 2009. Trends analysis of
food-borne outbreaks in United States of America, Japan
and Korea. Safe Food 4, 3-14.

Jothikumar N, Lowther JA, Henshilwood K, Lees DN, Hill VR
and Vinjé J. 2005. Rapid and sensitive detection of noro-
viruses by using TagMan-based one-step reverse transcrip-
tion-PCR assays and application to naturally contaminated
shellfish samples. Appl Environ Microbiol 71, 1870-1875.
http://dx.doi.org /doi/10.1128/AEM.71.4.1870-1875.2005.

Kageyama T, Kojima S, Shinohara M, Uchida K, Fukushi S,
Hoshino FB, Takeda N, and Katayama K. 2003. Broadly
reactive and highly sensitive assay for Norwalk-like vi-
ruses based on real-time quantitative reverse transcription-
PCR. J Clin Microbiol 41, 1548-1557. http://dx.doi.org /
doi/10.1128/JCM.41.4.1548-1577.2003.

Koopmans M, Bonsdor CH, Vinje J, Medici D and Monroe S.
2002. Foodborne viruses. FEMS Microbiol 26, 187-205.
http://dx.doi.org /doi/10.1111/j.1574-6976.2002.

Lee TS, Oh EG, Yoo HD, Ha KS, Yu HS, Byun HS and Kim JH.
2010. Impact of rainfall events on the bacteriological water
quality of the shellfish growing area in Korea. Kor J Fish
Aquat Sci 43, 406-414.

MEFDS. Present condition of food-borne. Retried from http://
www.mfds.go.kr on July 23.

MOF. 2013. Major statistics of oceans and fisheries. Oceans and
fisheries report, 1-395.

Moon A, Hwang IG and Choi WS. 2011. Prevalence of noro-
viruses in oyster in Korea. Food Sci Biotechnol 20. 1151-
1154. http://dx.doi.org /doi/10.1007/s10068-011-0157-8.

Nims R and Plavsic M. 2013. Inactivation of caliciviruses.
Pharmaceuticals 6, 358-392. http://dx.doi. org/doi/10.3390/
ph6030358.

Nuanualsuwan S and Cliver DO 2002. Pretreatment to avoid
positive RT-PCR results with inactivated viruses. J Vi-
rol Methods 104, 217-225. http://dx.doi. org/doi/10.1016/
S0166-0934(02)00089-7.

Oh EG, Yoo HD, Yu HS, Ha KS, Shin SB, Lee TS, Lee HJ, Kim
JH and Son KT. 2012. Removal of fecal indicator bacteria
from bivalves under natural and electrolyzed water. Kor J
Fish Aquat Sci 45, 11-16.

Park JH, Jeong HS, Lee JS, Lee SW, Choi YH, Choi SJ, Joo
IS, Kim YR, Park YK and Youn SK. 2014. First norovirus
outbreaks associated with consumption of green seaweed
(Enteromorpha spp.) in South Korea. Epidemiol Infect 27,
1-7. http://dx.doi.org/10.1017/S0950268814001332.

Patel MM, Hall AJ, Vinjé J and Parashar UD. 2009. Norovi-
ruses: a comprehensive review. J Clin Virol 44, 1-8. http://
dx.doi.org/10.1016/j.jcv.2008.10.009.

Shin SB, Oh EG, Yu HS, Lee HJ, Kim JH, Park KBW, Kwon
JY and Son KT. 2010. Inactivation of a norovirus surrogate
(Feline calicivirus) during the ripening of oyster Kimch. Kor
J Fish Aquat Sci 43, 415-420.

Shin SB, Oh EG, Yu HS, Son KT, Lee HJ, Park JY and Kim
JH. 2013. Genetic diversity of noroviruses detected in oyster
in Jinhae bay, Korea. Food Sci Biotechnol 22, 1453-1460.
http://dx.doi.org/10.1007/s10068-013-0237-z.

Shim KB, Ha KS, Yoo HD, Kim JH and Lee TS. 2009. Evalu-
ation of the bacteriological safety for the shellfish growing
area in Jaranman-Saryangdo area, Korea. Kor J Fish Aquat
Sci 42, 442-448.



