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Survey of Norovirus Contamination in Marketed Raw Oysters
and Genetic Typing

Park Hye-Young*.Kim Jin-A.Park So-Hyun.Jeong Eun-Jung and Ho-cheol Yun

Foodborne Diseases Inspection Team

Abstract

Pacific oyster(Crassostrea gigas) is a highly nutritious seafood rich in protein, minerals, and
omega-3 fatty acids, and is widely consumed raw during winter in Korea. Due to its filter-feeding
characteristics, oysters can bioaccumulate microorganisms and viruses from seawater, making
stringent hygiene and safety management essential. Norovirus, a non-enveloped RNA virus capable
of long-term survival in cold and saline environments, is recognized as a major etiological agent of
foodborne infections associated with the consumption of raw oysters. Despite continuous reports of
norovirus outbreaks linked to oysters in Korea, comparative data on the actual contamination status
and genotypic characteristics of raw oysters according to different distribution channels remain
limited. In this study, a total of 63 raw oyster samples were collected from three distribution
categories, comprising 22 samples from traditional markets, 21 from large-scale supermarkets, and
20 from online purchases. Real-time RT-PCR analysis for norovirus contamination revealed 12
positive samples from traditional markets, 2 from large-scale supermarkets, and 1 from online
purchases, corresponding to an overall positivity rate of 23.8%. For genotypic distribution analysis,
conventional semi-nested PCR detected distinct bands in 1 online sample and 4 traditional market
samples, which were subsequently subjected to nucleotide sequencing. Sequence analysis identified
five norovirus genotypes—GI.2, GI.3, GII.3, GII.17, and GII.21—among the positive samples, providing
fundamental data to support strengthened hazard control during oyster distribution and to inform the
development of preventive policies against norovirus foodborne outbreaks associated with oyster
consumption.

Key words : Norovirus, Raw oyster, Foodborne, Genotypes, Nucleotide sequencing



I
2  EHEHARLYE H35¢ / 2026\

—

I.M 2

={(Crassostrea gigas)>- ¢-2|uz} gt opyzt 4
ARz de] Al aH|EE thaAQl iR,
ARG AFozA A Taohu|eilE 3+
I Qb ofuet SReAAL ofd g 5 TRt
g dee TRt ol FYA THRPE =2 A

B olelet YT S P

o

o% qu)
o8
2 o) g
rg
18
A
2
M
ro,
%
Y
o
=
)
5
i
Ol
ol
o,
ARG

oo
o

Ho
L
5

A2A A% A7 410 71045 4
ofle} 7|57 Alg dmEAe] AREE
ATH,
. =2 odAl(filter-feeding) IS S5l
do] 0= % vpo|gAS AUlo 555t
Aot 80 @A skl 4o &
QJF QAYo] FAl gldor R E HY k=2
dpo|2{ ALt Zh2 Ay vlo]g| AT} Zof AL o], o]
S A= AHRA TES Lo 4 Q= A
o] IRV, B3] 2 71hxe] Wy glo] AYAlE]
73427t wot xe] oA HUAPT 2 7]
7} Algtdolaz, AikRE A agolxe] tld=
e Qs a4 o7t A& obd ehdo) "adolct
olz2fgk & 8°Ql 7k =Hol2{ A(norovirus)
+ 59| &5oloF sk HYEAolT. zHo| A=
A AR AT 200H AR 2 A AflA] 6858HTH
¥ 79S qutshs vlmdA Ay vlolg Az F
A At H(acute gastroenteritis)?] £Q Q1 HY
A=, 33] A2 49 vioj2{A UARIo 2 & Zrdo]
7hssi}Y. E3], w2ulolgiAL vlQmA Tyt
RNA sjoj2{A 2 27 Ag/do] = A2 U sl ¢
oM = 7 AES 4 Qo] AZHE MbEE, 59
A AR A Ass W A"ES 3 B
71= 702 dejA Q. o] 2 QIgt Iu} o] 2H]
57T ad &4 52 2= B o' AAIRF AR
Aol st &2 xelistal o], 33 EHA =
HollA ==Hlo]|A 2]o] FQ/do] A|&Ao= 7}
R e,

UM -2Hjol2|As THEAQI 20144 A%
7 ZEs WA=, stu-ojglolyl
A gl AJALL T e AFQF At AT Yy ARY7T A
&xog wngn QoY VxSt oo wad
fejuetolA]  f3¥shk= kEHpol2lA [RAIRRE

> rlo of L o o

la o
)

R
A

o g
rE Nt o
kl

>

o Jm >
ox |
o

ol

u

rlr

T o
ojn -
2a)
U:LI o4
>,
ol

(genotype)2 A7[EZ WS HOJ
G4, GII.17 & c}ofst SAlx}alo] £A] S35} 9
o, AEi &5 AR IFAE 5 B HJrE S
&l Al QAR BOICHY, E&F AlZOJoRE O A]
2 ALEOPAAY B AoA] Algoh= A5E B4 A=l
Mz r2dlolgjAs Ufd 9 A9l HAX|Z vHE
SRIE] T Qlo], R|&AQ1 A} QAR B8 &
3t BxloishA] E4 mlolo] @ pEicH?,

E 2, AR 55 27T AR CigntE, 22t
Ql ZiE So2 ity Qlon, F21}H9 73
o] v|thH 4Ad| &Atog 221018 £t Al WAt
PAFEO] 35 U o7t S5 T, 55 A
A9] QJA8-obd e " Qdo] =g Qitt 85 7
20| o2 ¥t 25 A YAl 9% 7 FHF YA
2% 59| Rlol= - 2dlo|2] A9 7
o] A= U oA pFof ARl FgF

5k

oh A=, 22 oj=oi] 2UE ehe G =l
2]

g
)
; H1
Q
b

0|

rlo

lo o;ii
i [T
£
el
i)

[~

[¢]
(¢}

HolEo}. e = daks 22 5 YA
AR B9 @A ZA] HEHE] o] Qlof, AH|AP}
Al Ashe teder 76 d2E =9 -zufold
°F E4de ARCR vlw-RAst Al 15
Aol 19,

olof 2 A= AiAPY, HPULE X 2241 Lol

= A 7 £8 F5 28R 28 A= tish
L 24jo]2{A QAT = Real time RT-PCRZ 2015}
A, Q7MY A4S Eoll AEE 2ol Ao &
AR ERgoam U Ald AZ9] zuio]]
A {2 R e drE oY EAS 495t
AR SHoH, olF = /-8 TAIA S o8 e I
2ol A AlGs o M S35 ot 71E A}
52 AlFstalAt gt

ro > o rlr

ofh

I. s % Y

1 A7

+ Aol AR Alae Aol AH7F E2 A
=2 o s1%lom, 2025 1458 397HA] &)
AV, HHPotE R 2249 /-89S Sl Foliet A
e Aol ol&stitt. Eoh 2024F 12ERE



2025 271A] Bl AR MBS AR L AR
oepEebAle] 20259 AlEQRTe|A| o] e
24 thaw] 242 27 24 OIM oJRlE

AR F712 290 LeslgckTable 1) AT
2 cigokeoly Fofe A2 ojolamig olgslo
Wi} /\}Eﬂi Al&s] Alaial g o]d\_s}

78 4=2 L=HOI2 A 2F HEf RAF F {HAL

12 3

ool
MHI

VNI11, VNI21, Korea)2 Z%3}0] Real-time
RT-PCRE +4¥517] 943 template ARg39on),
S RNAE ARSE m7ix] ~70°Coll Batsigict.

3. k- 2H}o|3|A 8AK} A& (Real-time RT-PCR &
Conventional RT-PCR)

A1 wzulole A oF oug slelsl] 9,
PowerChek™  Foodborne Norovirus GI/GII
Real-time PCR Kit (Kogene Biotech, MFV-NG,
Korea)S AFE-5t9d Duplex Real-time RT-PCRE 4~
38513t Duplex Real-time RT-PCR &71-2 A|&A}

Table 1. Classification of Samples Collected in This Study

Sampling method Sampling site

No. of samples Total by site

Traditional Markets 2
Foodborne accident Large-scale Supermarkets 1
online purchase -

Winter-season Traditional Markets - Traditional Markets (22)
SI:;%}OI;SO&S;:E&?SH Large-scale Supermarkets 4 Large-scale Supermarkets (21)
Surveillance online purchase 6 Online purchase (20)

Traditional Markets 20

self-collected samples Large-scale Supermarkets 16

online purchase 14

Total 63
Alg 2710 wet AA]sH 00(Table 2.), Real-time
2. AA] Ax28] ¥ - =2Hjo]g]A RNA F£5 PCR system(7500 Fast, Applied Biosystems, USA)
RE Age AEOORECRIA] NEFH PR Al S olgslo] FE AR AR HESICh
FH U = 7 ARE AoIxAL APHE Kh_o}@] Real-time RT-PCR ¥+2 £8 £, Fluorophore”}
RegslArtY. BgE WA B V1918 ol8sle)  FAMO2 5% ZMo| ZQlsls %9 w2uofeia

>1

5734 3 g2 st H, 50 mLe] B+t Cornicial
tubeof] WQIth 7)o 200 mLeo] BEtE-F<ol
Proteinase K (30 U/mg, Sigma-aldrich, USA) 60
mgg 91 ol TWE §9 3 mle AIety £
AolRE AHesto] Almg Yds] Bk H, 37
°C A=~ 10A 320 rpm, 60 min 9t ¥HSAIZ
C}. Proteinase K9] 2&43t= 5], 60 + 2.0 °CY]
25204 156 min &t F7F2 YE3A|7] 4L, 4,000
GolAl 5 min 59 YAERIZ & F o] A5 15
mLZ ¢t ¥ & 4,000 GOlA 2 mintt AAl22]st &

5 4512 RNA £30] AH§31%I) RNA 552 4]
%0—‘1{\_}—7.35 “H](Genolution, Nextractor NX-48,
Korea)E o]&, i@ &% 7]E(Genolution, VN101,

+AAIZLE Gl(genogroup GI), JOEZ 5% =410] &
olg]L 740 - 2Hfo|2|A SXK}1E Gll(genogroup
CGl= AE= AT dHsITT lr_EH}O]EV\ il

A 1F 7}7*94 At (genotype)2 &R1517] 2{3H,
SXRES=7IR](ProFlex,  Applied — Biosystems,
USA)S 0|83t Conventional Reverse

transcription-PCRS- AA|5t99 00, SXIA}Fo wh
EJr primerE =2]5to] semi-nested PCR ®i¥io =2
W51 T} 1IRE2 One-step RT-PCRE AlA]5haL
PCR FeHETS AlFeforEetdE oA £ ‘ﬂ:*
L . Z2djo|z|AQ} ZEHo]ZA SRS R3]
/det RNA(GL, GII)E ARESIR O, 1A} 55 b=
2 0|85t 2RF2 Semi-nested PCRS AA|5 }S&EJr
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Conventional RT-PCRO]| AF&StH Primer SET+
Table 42} Zonj, PCR Zate AEA7|4EAA]
(QlAxcel Advenced, QIAgen, USA)&2 =olstgict

4. - 2dlol2{A JARY 2Rl 9 As= 4
Conventional RT-PCRS- &3] 250 g 5f= &=
AbEo] el 32, A&H 2ol A9 JAIARY
= =RIsP7] sl AlEelerEtiA SAIEMIA
Hopo] HAUS &6l Al 5 kevlol2iA AY|AE
M oj=l5lon, NCBI9] BLAST

1=}
T'_T

(https://blast.ncbi.nlm.nih.gov /Blast.cgi) @ U]
HE 49 SFEA-E AL RIVMOIA Als
5= Norovirus Genotyping Tool Version 2.0
(https://mpf.rivm.nl/mpf/typingtool/
norovirus/)& °ol-8sto A%}&(genotype)S 27
sttt E9h Genebank 3 O]= CDCOJlA Al&-5=
Calicivirus typing tooloj|A] 7|&of ¥ 1= VP1 7|8t
of w-zulolelr PFSY W F5HE ulLsly
. Clustal W2 Lw2vjolgjA A7|MIES
alignmentst ¥, MEGA 12 software (V.12.1.0)9]
Neighbor-joining MethodS- 0|85}t 1,000512] ¥F

Table 2. Duplex Real-Time RT-PCR conditions for detection of Norovirus

Duplex Real-Time RT-PCR Step Temp.(°C) Time Cycle
cDNA synthesis 45 30 min 1
Pre-Denaturation 95 10 min 1
Denaturation 95 15 sec
annealing/Extention 56 1 min o
Table 3. Conventional RT-PCR conditions for detection of Norovirus genotypes
R’I? r;)eC_RSteSE()ep Temp.(°C) Time Cycle %ﬁéﬁeséttii Temp.(°C) Time Cycle
cDNA synthesis 45 30 min 1 Initial denaturation 94 5 min 1
Initial denaturation 94 5 min 1 94 30 sec
94 30 sec
Cycling Stage 55 30 sec 25
Cycling Stage 55 30 sec 35
72 1.5 min 72 1.5 min
Elongation 72 7 min 1 Storage 72 7 min 1
Storage 4 - - Storage 4 - -

Table 4. Primers used for Conventional semi-nested PCR of the Norovirus genotypes detection

Genogroup Primer Step Primer Sequence (5'to 3) Size
GI-FIM One ste (F) CTG CCC GAA TTY GTA AAT GAT GAT _
GI-RIM p (R) CCA ACC CAR CCA TTR TAC ATY TG
Norovirus GI (F) AAT ACG ACT CAC TAT AGA TGA TGA TGG CGT
GI-F2-U .
GI-RIM semi-nested CTA AGG ACG C -
(R) CCA ACC CAR CCA TTR TAC ATY TG
GII-FIM One ste (F) GGG AGG GCG ATC GCA ATC T 330
N ) GIl-RIM P (R) CCR CCI GCA TRI CCR TTR TAC AT bp
lorovirus
Gt GII=F3M semi-nested EIF:{)) YG?C:GG ZZAT%%%GTA;ng& TgZGAggC RCC IGC 332
GI[-RIM-U bp

ATR ICC RTT RTA CAT




g 590 AEKOR S el 22 A
+ Kimura
2-parameter methodi bootstrap 1,000 & 2=
o We AHgstol BAIC,

o

AR 24

AN R 84 AZELO|(R version 4.5.2)&
o] gsto] £85I R-& ANEE zHol2 A A&
£9] Xfo]l= Pearson®| 7IoJAlg 7% (Pearson’s
chi-square test)2 =3l H7I6IG 00, RE EA17A
e FE7AA (two-sided test) 0.2 AR p 3
] 0.05 DRkl -5 AN R ROJgt Zlor o
st

az

m. Zut

g

1 3§ F=2E raHo)2a o A%

© AHollA AARE RT-PCR 24 Aut, F 63719
e Az & 1571(23.8%)0|A =zBtol2{ At HE
& ltHTable 5). £-& F=oll W& 352, A2HA]
oM 2T 2270 A& B 1270(54.5%)7T Y=
SRIE] 7V 22 LBEE E o0, tiPutE A
2 28 & 27H(9.5%), =24%1 S0 Al= 2071 & 174
(5.0%) 202 Uehdti(Fig. 1). olafat Aol 7]
Moz gojulsigioni(p < 0.05), ol oleop
Apulia X|H9] A Terio et al., 2010)00|14 /A%
(17.6%)at ~34471741(16.2%)7} StolmuiI(8. 19%) et
=2 AZES Wl AT} 9ARH LERITHY,

A2 waulolla o] oigt AY Bt

% AzdY L 2djojglA AEEL OF AHzda
77to] nget 913 S4S Ut oz mud
C} AR B 0w Wl ASgo] VA =2 11
1% HR(54.5%)2, olle] 2.z} ol 4] oy

7& 4=2 L=2HOHA 2F A

I
ZALY QAP BY 5

[ [=]

MHI

Online purchase
Large-scale (5.0%)
Supermarkets \

(9-5{5)

Fig 1. Norovirus Detection Rates by Distribution
channel.
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Table 5. Norovirus Detection rates and numbers by Distribution Channel

Distribution channel No. of Samples

No. of detected samples

Detection rates (%)

Traditional Markets 22 12 54.5
Large-scale Supermarkets 21 2 9.5
Online purchase 20 5.0
Total 63 15 23.8
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Table 6. Genotype results of Novirus in Raw Oysters

VP1 Capsid §AAIE BAI0 2 3= conventional
RT-PCRZ 4ofeh Ak, R{APY AA] 44, =241
ZHE AR 170olM 52 Ab=Zo] 2RIE It Table
6). ©]= Norovirus genotyping tool & Calicivirus
typing tool-Z o]-85to] BAgt A}, KA 6371 A=
% 52(7.9%)0NM RAIRFgo] Rle|qlct. =l &
HMAFL Gl genogroupoAl= GL.2, GL3 2&, GII
genogroupo|A+= GII.3, GII.17, CGII.21 3%0]3)ch
£35| GII.3& 371(BS-25-3, BS-25-13, BS-25-16),
GII.17-& 271(BS-25-16, BS-25-24)0f|A] ZA&E]o] &
Al ERrg o Shelsiolct. SRkl 2R 57
o] Al&79] tislf NoroNet Database®] &2 425 o] &
sto] MEGA 12 (V.12.1.0)2 AELE AHdsto] o=
O] ZAHAIE =I5t AL, o]= Fig. 3, ¥ Fig. 42}
2t

ol

Sample ID Distribution Real-time Ct value Conventional Curalyes
channel* RT-PCR GI GII PCR

BS-25-1 Online - - - - -
BS-25-2 Online - - - - -
BS-25-3 Online + - 385 + GIL3
BS-25-4 Online - - - - -
BS-25-5 Online - - - - -
BS-25-6 Online - - - - -
BS-25-7 Supermarkets - - - - -
BS-25-8 Supermarkets - - - - -
BS-25-9 Supermarkets - - - - -
BS-25-10 Supermarkets - - - - -
BS-25-11 Supermarkets - - - - -
BS-25-12 Traditional - - - - -
BS-25-13 Traditional + 38.8 35.7 + GL3 / GIL3, GIL.21
BS-25-14 Traditional + - 38.9 - non typeable
BS-25-15 Traditional + - 43.0 - non typeable
BS-25-16 Traditional + 385 37.4 + GL2 / GIL17
BS-25-17 Traditional + - 36.9 - non typeable
BS-25-18 Traditional - - - - -
BS-25-19 Traditional + - 36.9 - non typeable
BS-25-20 Traditional - - - - -
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Distribution Real-time Ct value Conventional
Sample ID channel* RT-PCR Gl Gl PCR Genotype
BS-25-21 Traditional + 39.5 37.0 - non typeable
BS-25-22 Traditional - - - - -
BS-25-23 Traditional + 39.3 36.9 GIL.3
BS-25-24 Traditional + 36.9 34.0 GIL.17
BS-25-25 Traditional + 40.2 34.8 - non typeable
BS-25-26 Traditional + - 39.1 - non typeable
BS-25-27 Traditional - - - - -
BS-25-28 Traditional - - - - -
BS-25-29 Traditional - - - - -
BS-25-30 Traditional - - - - -
BS-25-31 Traditional - - - - -
BS-25-32 Traditional - - - - -
BS-25-33 Traditional + - 38.9 - non typeable
BS-25-34 Supermarkets - - - - -
BS-25-35 Supermarkets - - - - -
BS-25-36 Supermarkets - - - - -
BS-25-37 Supermarkets + - 39.6 - non typeable
BS-25-38 Supermarkets - - - - -
BS-25-39 Supermarkets - - - - -
BS-25-40 Supermarkets - - - - -
BS-25-41 Supermarkets - - - - -
BS-25-42 Supermarkets - - - - -
BS-25-43 Supermarkets - - - - -
BS-25-44 Supermarkets - - - - -
BS-25-45 Supermarkets - - - - -
BS-25-46 Supermarkets + - 40.0 - non typeable
BS-25-47 Supermarkets - - - - -
BS-25-48 Supermarkets - - - - -
BS-25-49 Supermarkets - - - - -
BS-25-50 Online - - - - -
BS-25-51 Online - - - - -
BS-25-52 Online - - - - -
BS-25-53 Online - - - - -
BS-25-54 Online - - - - -
BS-25-55 Online - - - - -
BS-25-56 Online - - - - -
BS-25-57 Online - - - - -
BS-25-58 Online - - - - -
BS-25-59 Online - - - - -
BS-25-60 Online - - - - -
BS-25-61 Online - - - - -
BS-25-62 Online - - - - -
BS-25-63 Online - - - - -
Total 63 15 6 15 5

*Traditionl Markets :

- ! not detected, + : detected

Traditional, Large-scale Supermarkets :

Supermarkets, Online purchase :

Online
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Fig 4. Phylogenetic analysis of the Norovirus GII based on the VP1 region.
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Table 7. Norovirus genotypes identified from positive samples
Sample ID Distribution Channel GI Genotype GII Genotype Infection Type
BS-25-3 Online purchase - GII.3 Single
BS-25-13 Traditional market GlL.3 GIL.3, GII.21 Triple
BS-25-16 Traditional market GL.2 GIL.17 Dual
BS-25-23 Traditional market - GII.3 Single
BS-25-24 Traditional market - GII.17 Single
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