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ABSTRACT

This study evaluated norovirus detection in bivalves collected from a high-energy open-water (HEO) aquaculture
farm located approximately 15 km offshore from Gusipo on the west coast of Korea and from comparative coastal
sites. Diploid and triploid Pacific oysters (Crassostrea gigas) and pen shells (Atrina pectinata) cultured at the HEO
farm, together with wild oysters from Gochang and farmed oysters from Geoje and Goheung, were analyzed for
norovirus Gl and Gll by one-step RT-qPCR from July 2024 to November 2025. To accommodate differences in
study objectives and sample characteristics, the survey was conducted in three sequential phases consisting of
preliminary pooled screening, individual-based confirmation, and long-term pooled monitoring. No norovirus was
detected in any shellfish samples collected from the HEO farm throughout the 17-month survey period, including
the winter season when norovirus contamination is generally more prevalent. In contrast, wild diploid oysters from
Gochang tested positive for both Gl and GIlI in January 2025, and farmed diploid oysters from Geoje tested
positive for Gll in February and March 2025. Farmed triploid oysters from Goheung remained negative throughout
the monitored period. These findings indicate that shellfish produced in the offshore HEO environment had no
detectable norovirus during the study period and suggest that such environments, being physically separated from
land-based contamination sources, may represent a lower-risk setting for shellfish production with respect to
norovirus contamination.
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s}sbd 2 A gAdol i Ash, o 10-100709] vl YA}
o g% 7S Fad 4 ol e A9y S Ay gl
o] ¥ZF nAsHo=z ul$ F983t} (Burkhardt and

Calci, 2000; Kim, 2013). :=@Zufo]e] 2§47 SA el u}
g GIolA GX7HA] & 10709 -8R (Genogroup) &2
TFE, 25 GI3} GII F8ARE2 A AlA QA4 239 2
i FE AFE A 9SS AREe T8 TS
2 24e#A] vl (Zheng et al, 2006; Patel et al, 2009;
Chhabra et al, 2019).

ol gk nfol g 40 542 Tl Fa Ak FAAIQL el
Qb Ak a S o] A Aot AAdTt AA R 20243 3
el A w2utolg| A7t HEH NS FA, vl= AF o=
(FDA)®] & T A= Q18f <F 6007 2] o] o] whj
gk AAA )7k 23 vk THEDA, 2024). o] 3k vpol 2]
2 F= Aol Fokx FollA AF EE =
7 EW S S 7Y 2dE5H] f9)el ofd HAsh
(Mathijs et al, 2012; Kim et al, 2016), 3+ ¥ =% v}
ol 2= 99Uz A3} Ay Tl E Fon|ehA A &
S w5 A A7 oJFk (McLeod ef al, 2017; Battistini et
al, 2021). Egk w=2ulolg] 2% 2t FA ol A FH 2 3Al
abd ¢ glom, g 7S TE5ehe oA A vt
olg2~ o] X&HE 4=t} (Campos et al, 2015). Wt
A R 94 #ElY AL vlolg A Ky AAE Adete
A oA kA B 5l Stk (Hewitt ef al, 2009).

TU FAE A Aol A A (Crassostrea gigas) & &
=9 dxAA #AF FEF FFoW, 712N (Atrina
pectinata) + ¥ dHF2A 144 7FA7F ¢ =& 2
dolt}, o]F ouju = oprbHE T &g o3 444
(Filter—feeding) *H4& &3 a5 2 F71&& AF sk
d, o] #AHolA FH 5o AsER EA8= vholz~
QA7) 239y (Digestive gland) Woll =8 uff o)A A&
52 ¢Y3¥o] AY (Burkhardt and Calci, 2000; Le
Guyader et al, 2006; Le Guyader et al, 2012). w}g}A] o]
E T8 AAE AT At kA gEE s A
o] AAYF AAHr

e Ak ¥ A S 29 AE5HA 9%
715 Hst2 Q13| 1A wele] shAlol AHa] Utk ol uigk
eto g FEw= 344 spuele] (HEO; High Energy
Open—water environment) ¥4S &3t {7 AFo=
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2 ATE 145 ALY (HEO) Y2173 vl gt 3
Aol A AFE oujaf A5 mEulo]y s 2 JFE A
dx oz gRls7] st AU F=2 (G gigas) <
2024 7952 20259 1197b4 z+il 16.2-119.6 mm ¥
219 MAE AFsIR e, 71270 (A pectinata) & 20243
7E5E 20254 59714 2+ 87.8—140.0 mm H$l 9] A
& AR AEste] Al o] &38hqlth. mEntolel s
[e)

2 981 AT 717 B AR 54 0 B4 BAd B F 3
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o x S

%)
= A% pooling 71WF A4S A &3kqleh. W 2 (2024
10-12¢) & /HA @919 e=2njolg|s HE AR5 FRIsH]
43 GAZA non—pooling ¥Alo 2 $3&3 o, HEO
Alg9} A AA F2A a2 2 A A S X35k
Hla BAEkelch W 3 (20254 1-119) & Ue) Alg B
H384 pooling 7|4k 248 A4 &35 £ A9
oA EAY e S A4S Hluske b A @,
1719} th& oA AP A5 wZulolel~ A&
oRE N&H o7 golshs d glu) webd g A8 A
A2 9 RNA 35 dxafell& zto]7} o), B @A oA
#HF w==2ulo]lY = HELS 5U3 one—step RT—qPCR A4l
& ol&std Fasilch AR F AR AP AVIE
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Al Alss debae 2 FAEY A% oF 15 km
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Table 1. Species, ploidy status, number of samples, and collection periods of the bivalves used in this study (NS, not

sampled)
Pacific oysters Penshell S |
Period Diploid Triploid HEO zf‘ine
HEO Gochang Geoje HEO Goheng grouping
Jul NS NS NS 15 NS 21
Pooled
Aug 74 NS NS 6 NS 16 (method 1)
Sep 70 NS NS 17 NS 24
2024
Oct 10 NS 4 NS NS NS
Individual
Nov 10 10 10 10 NS 10 (method 2)
Dec 10 10 10 10 NS 10
Jan 30 30 NS 30 NS 10
Feb 30 30 30 NS NS 16
Mar 30 30 30 NS NS 10
Apr 30 30 30 NS NS 24
May 30 30 30 NS NS 20
Pooled
2025 Jun 30 30 30 NS 30 NS (method 3)
Jul NS NS NS NS NS NS
Aug NS 30 NS 30 30 NS
Sep NS NS NS 30 30 NS
Oct NS NS NS 42 NS NS
Nov NS NS NS 20 NS NS
Sum 354 230 174 210 90 140 1,198

Table 2. RNA extraction methods and diagnostic kits used for the detection of norovirus in the samples in this study

Item

Method 1
(Jul-Sep 2024)

Method 2
(Oct-Dec 2024)

Method 3
(Jan-Nov 2025)

Sample processing

Samples analyzed

Pre-treatment

RNA extraction
kit

Extraction
substrate

RT-qPCR method

Pooling (3 g)

HEO Pacific oysters, pen
shells

Proteinase K treatment
(NIFS standard method)

Clear-S Total RNA
Extraction Kit
(InVIRUSTech)

Proteinase K-treated
digestive gland
supernatant

One-step RT-qPCR
(PowerChek™ Kit)

Non-pooling (individual)

HEO + Geoje farmed
oysters + Gochang wild
oysters

None (digestive gland
used directly)

easy-spin Total RNA
Extraction Kit (iNtRON)

Digestive gland tissue
(direct)

One-step RT-qPCR
(PowerChek™ Kit)

Pooling (3 g)

HEO diploid & triploid
Pacific oysters, pen shells +
Geoje farmed oysters +
Gochang wild oysters

Proteinase K treatment
(NIFS standard method)

Viral Gene-spin Viral
DNA/RNA Extraction Kit
(iNtRON)

Proteinase K-treated
digestive gland supernatant

One-step RT-qPCR
(PowerChek™ Kit)
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Fig.1. Sampling locations of Pacific oysters (Crassostrea gigas)
and pen shells (Atrina pectinata) collected from four sites
along the west and south coasts of Korea. Circles indicate
cultured oyster populations, the triangle indicates a wild
population, and the square indicates pen shells from HEO.
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1) @A RNA =

W 1ol AHEE AEE dAE g8 F Clear—S Total
RNA Extraction Kit (InVIRUSTech, Korea) & ©]-&3}4
RNAE FE319lom, iy 29 A5 At o=y
E] easy—spin Total RNA Extraction Kit (iNtRON, Korea)

£ AH&3to] RNAE FE319ith B 300 AHEH AlEe &
G vy & A5 o2HE] Viral Gene—spin Viral
DNA/RNA Extraction Kit (iNtRON, Korea) & AF&3}¢
RNAE FZ315 T RNA &2 59]7] $3) binding @

o 4R E 53 WS,

2) RNA 8% 2 B4
%% RNAT BioTek Gen5 (Agilent/USA) & o] -8-3}o]
T £EE Sl 49 HIAE Eolv] 98t
RNase—free waterE AFR3FY HE FEE 100 ng/ulE %
11 RT—qPCRY FHo & A}-&3}3t)

3) RT—qPCRE
%29 RNAGA w=ZulolH A Gl 2 GII 488 FA9)
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Real—time PCR Kit (Kogenebiotech, Korea) & AH&-3}%]
t} (Lee ef al, 2025). 272 7| B0 8 A3 A}
g3kl on, 54 U702 RNase—free waters A3}
ATk WREAL F 20 wEs FAEGOH, AAl 2P
primer/probe mix 4 pl, Real—time RT—PCR Premix 11 pl,
783 F3 RNA B g2 5 wE sk whe 24
< WA 50CalA 3083+ 9 7AAL (Reverse transcription) &
sk, 95CollA 1087+ %7] ¥A (Initial denaturation)
S AR o]F 95Co 4 15% (Denaturation), 55Col A 1
(Annealing/Extension) %718 453] WHg3sto] {725
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o Ctgk < 40 2704 23] o)A
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W 1 20243 79 RE 9971A] SEE B Ax HEooﬂ
A AFE 2 A 9F 3uiA] = R 7120 et A9 2
S 02 FQFEHAY (Table 3).

W 2 20249 1095 H 22 3 129714 3 297
Ao A HEO] 262 2 364 - (F 307041, AN &
2 2= (F 240A), 23 AR = (5 2070A) 2 HEO
71271 2330(% 20 WAl tigk RT—qPCR #41& 333 2
TE FfAA A 77 SAo 2 B} (Table 3).

94 3: 20259 195 119704 155 /&9 (HEO)
FAGol A QS AmE BA e Ao 2ulA] 2 3uA

71Z2ME Z§s A A 5oA w2uto]g]xr AEHE A
= ER1EA] gokrh WhA, vl o2 ZAMSE A F- It FlY
Also A= AIZIE R weREbtole] s ¢ Hhgo] gl Tt
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Table 3. Results of norovirus detection in bivalves during the study period (+, positive for norovirus; —, negative for
norovirus, NS, not sampled)

Pacific oysters Penshell
Period Diploid Triploid HEO
HEO Gochang Geoje HEO Goheng
Jul NS NS NS - NS
Aug - NS NS - NS
Sep - NS NS - NS
2024
Oct - NS - NS NS NS
Nov - - - - NS
Dec - - - - NS
Jan - + - - NS
Feb - - + NS NS
Mar - - + NS NS
Apr - - - NS NS
May - - - NS NS
2025 Jun - - - NS - NS
Jul NS NS NS NS NS NS
Aug NS - NS - - NS
Sep NS NS NS - - NS
Oct NS NS NS NS NS
Nov NS NS NS NS NS
7 ARk 2ujA el B9 149 AR AR GIS} GII7} 4 el (HEO) ¥4 8ol A Aate si7o] w==nto]
747y o w vrhgo, Wﬂ Sl At A FF g HE RS AAE AR skl o5 Ak WAl &
(Ct) g2 GI 38.45 £ 2.46, GII 32.37 + 0.280]|31t}. o] & ol F5F Alse} oA BHFe=A HEO FAEF 2 A
297H 8Y7HA Aol AFE A Ee BT SA40E A 3t SAS AEstas 30 20249 795H 20251
ATk AANA e 2nf Al Fzel e 293} 39 AR 1197404 A% RT—qPCR &4 23}, HEO F4 ol A AL
A GIL Aol 1A, s Al719) ot Cegtd 2H2 S 2ujA B 3uAl =3 12 el M = 2AL 713E A
38.15 £ 0.1 % 35.35 + 0.862.2 WA EQITh 12} 4¢ A wzutole) 2 GI 2 GIIZF HESA] gttt v, vl
HE 697HA AAAA AR A ReM = B S0 & e AlE T 2 Agke] AALE 2ulA] =zl A= 2025 1
AH AT A, AFellA FAE 3uiA =2 6dHH 99 Aol GIok GIIZF HEH AL, AR Agke] &4 2u)A] =l
THA ZARRE B A ROlA wmmhtolg 27 HEH A ot A A= 20254 299 390 GIIZF HES AT T8k 8ol A
71 Ao RN AAAew & ), HEO 4% G 3uiA e AL 713 ¢ B S ® FR1E 9
%2 th. o3t 734 AT ALY AL FE (2025 14

ARl = A A 7IRE S)t mzhtelg A7) HEHA 2
_‘1

w5

HHH A5 gizx 39 “L%%ﬂ M 54 A7)0 ghete] dA] FA) T AA FA = (20259 2-3Y FA) oA vpole] A
Q1 ¢ Whgol YERhE S Bl 7t AEE A Ereﬂ—L s Bk 53] % At AR
uj Agnjr} 83 ¢4 EH¢L (Positive Control) 2 W ¥4 BHE HEO Al59] HFZE dAd $8¢ ou & 2t
H )= (Internal Control, IC) 25 AAFH o= 39]F o] th &, & A A e2hole 2~ 2.4 913 o] s AR
w4 #49 7eH FE8E dFst | o] ol 54 s ] A RolA e AAR HEo] o] F
o171 §H, HEO A ZollA & HAEHA 3tk oA & o
I = Tl A A& w4 W AE AAZE A Zsesl e

A|ALgHEE
BATE 84 719 oo nnE Auder Aed 1 o] mRutele]s 02 AwkA o A W
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T, Atz =5 5 A EHl 7)Y
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Ao 7 JAarET) (Campos et al, 2015; McLeod et al,
2017; Battistini et al, 2021). W&} HEO 3HHollA w2
vholg 27t HEHA &2 A S L9Y9o2HE &g
2 At =& g wgigol F e AFd Aow 3
lTaci=3%

AT ® ohE oofi= 2ufA] =R obule) 3ulA] H=
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g Aoz dHA o (Le Guyader et al, 2006; Le
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F-ol A= HEOOI A Z=AFsE 204 2 364 H=, 7|20 &
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