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XIH™stol| ot LYAl=(Crassostrea gigas) & ZHIO[2A XS}
SEAP . UL . okt - BF2HtY - AR - £7|H - O[EfAl
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Defecation of Norovirus from the Oyster Crassostrea gigas by
Depuration Following Translocation of the Growing Area

Hongsik Yu*, Yong Su Park!, Sera An, Kunbawui Park!, Kil Bo Shim',
Ki Cheol Song and Tae Seek Lee'

West Sea Fisheries Research Institute, National Institute of Fisheries Science, Incheon 22383, Korea
'Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

The efficacy of depuration following growing area translocation for the defecation of norovirus was evaluated under
experimental conditions using oysters Crassostrea gigas previously subjected to bioaccumulation of this virus at a
waste treatment plant discharge site. Three trials were assayed in an open experimental system with a commercial
oyster farm located in a shellfish growing area approved by the Korean Shellfish Sanitation Program. Real-time
reverse-transcription polymerase chain reaction (RT-PCR) was used to quantify viruses in the digestive glands of
oysters. The final viral loads in oysters after 12 days remained under the detection limit (10 copies/g digestive gland)
of the real-time RT-PCR. This reduction trend showed two-phase removal kinetics, with an initial slow reduction or
slight increase in viruses during the first 2 days of depuration and subsequent stabilization with 0.12 to 2.64 log unit
norovirus copies/g digestive gland per 2 days of depuration for the remaining time.

Key words: Norovirus, Crassostrea gigas, Oyster, Translocation, Depuration

N = oIefl shitof o1t 2 W oot 9 o sl
TR Sbeh vl W opAloh U el A

ojufj g} (o]} F)= EH-F+ T T T A F o\ FAL nfEstg o S Bu|o] A 1 A}
vholg| A A Agke] =8 Hut w A = 7h=E| AL ot ojdo] o]2 11 QlrK(Lees, 2000). & FA o= TF YAk
(Butt et al., 2004). o]= | A3 o A A A gto] |-3Y5HA| o] BeiA| th A+ (fecal coliform) 5% E= JH 20| A+
= g A7) ok H e E Foke] W 9 7] 2 (Escherichia coli) 555 7|20 & |5 AJAlel| oo S5 ¢

o2 ujEEHA Ell(Da Silva et al., 2007; Iwai et al., 2009), =} ool 1 5gof et il 7F9 8 A5 dE| A4S gAskaL
= oAl A A2 Sl Al Yol 2A ek e Al 9lth(European Commission, 2004; US FDA, 2014). 121}
Woll sFste] Aldo] d3fsh= 4 A ES fdshr] i ol2fgt kol ke Eteal s AT B E o] A%
o|th(Lees, 2000). E3t 1524 0 2 975 A4 pA L A o 2o & WAstal gl o (Butt et al., 2004), 53] lcEHPO] B
3ol AT whio] 0918 Hsol ot Aol gRAel o AT B X T2 YA Aol AAH R Segetn
ARREAA] QFAL QtH(Lees, 2000). B0l 70t o] % a7+ ¥ 9 tH(Kroneman et al., 2008; Scallan et al., 2011).

Ol

E7RECl AR FEEHHEA 2GH Aol o3t 4 2 HH & o7 F =Y sEE AR A= S
O AU Wi S| ek et ol 2009 Polo et A1 skl AeAskh 9 Aie ol gl g e
al,, 2010). o] AEo]tk(Lees, 2000; Dore et al., 2010). A]4 W A3H= @
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110 KA - ok - obAet - uFEELS] - 4N - S0 -

T B0l T A g Sl Hdff 48417t =E A 7= A
S ot A= LA sfYollA FAEH HFE G
A0 & o] gAlA oA Y FAdste AL Leith o] B
HE2 A E= A 8 stollA| g 79 of b8 f=
sto] o] WE-=3t g B gl s =g oh=
Y3 A& o] &3kl QtH(Lees, 2000; Nappier et al., 2008;
Oh et al., 2012; Polo et al., 2014a).

A ) B 9, 0T L US4 U 4gnos
O[T glov] tgE SErt vhh RO WFE GO

Z51617] 2 WHEA] AARoF Bz 2 A AR % soleh
(Lees, 2000; European Commission, 2004; US FDA, 2014).
Fhel A4 ) ABHE Q1A o 248 o)A s Hol
£ SuokA AL o] Foj 7] wjZof] U o) AAIE -4
HotBkR S A bl Q19 55 44 5 )R
o] kA A 7127} 512E] 7| Alth(Lees, 200; Dore et al., 2010).
LA A W Sk Tl 24417 AR o] ol x|H g H]
ojg]Au AY huto| g & Gt 2 A vlol 2| A5 7
3] A7) 2 4 glol uholeix A7iet chaloz 28317 s
= MY AR7F = o= A A QUth(Lees, 2000; Rich-
ards et al., 2010; Polo et al., 2014a; Polo et al., 2014b). - ]
A A W At 5 AR 7)ol R gl ol ofs)
A wholai izl WAl of2 Al So) o|S Hulsk
Qltk(Chalmers and McMillan, 1995; Le Guyader et al., 2003,
2006; Pinto et al., 2009).

sk daaolo] SlAsta Alefol net el (relay-
ing)Z} EelA & A 0] A (translocation) ©. 2 1 7] o] T HE c}
(European Commission, 2004; US FDA, 2014; DAF, 2011).
Y& Taol AL o] 5)7he aFAYAF s o 1]
o5& Wotu] ENARA|HL S 1|24 B S3to]
AE s Aol A HitE R[S Suol AREHIL o] 57t
H goz ol5sleE S ou]stch(European Commission,
2004; US FDA, 2014; DAF, 2011). 2¥|9J& 43, n]=+ ¢ 5
% FolA BAH 02 TG 9Lor 3o ofF 2 F 4
2 22]0) 5} 4:3f0] |4 HITh EHARAME 55 5
F=7toll A e E AL e A 7oz Ao
Gt AT TS o R s gle] a9 ol 24 274
A3} 3 4914 B40) 5l 48] 318 HHDAE, 2011). %
A sh= A W skl vlske] 2 %] A4 9] o2& 59 At
o glot FARgo] Wil A7 |7F ASAE-S gt uhol 2 A
7 7hsA o] ot -5 ¥kl Qltk(Dore et al., 2010).

S SEECREES R TR TR BB
=014 EAJo 3RS W= B A e|abd o] th(Lees, 2000;
Nappier et al., 2009; Oh et al., 2012; Polo et al., 2014b). Z|-
A7l el B vpolejze] AREAeE 5 27
% Eo] uo]] 2 2847} Fojslni, o] 2 glsfo] e} jo]
2 20] Fio] whet viES = deprivkal itk (Le Guyader

© 2

f
we to

ol e} 4]

etal., 2006; Tian et al., 2006, 2007; Maalouf et al., 2011). ZL&
B8 A2 a7 Y] Hheke] At B 7| HEe A o] N
Azt 199 vhol vlolel A-af R 45 28T Yot 2
A 22 7| 2 H oL E e st o] AqtolAl= 2 R
Qg Hofe] 4 flaf| a4l EHlolg| ol 2 AE =&
ol oz o] A A I k= A g SHtranslocation) S 57t
2 % wzrlol el s A8} 7Hs S Bl shec.

ChA THE O L-2Ho2A MSEX

Adgst i iRe e fFR AHEe A =
(Crassostrea gigasyer 417313 ™, Ao H(EE &4 A=k
ok Al 9ol A 2014 490 st HF NS s
2 w7} QRE At Hatetg AL ahaE FS A 2lehe
ot A 7S Y3 Gl gupolg| A PEZAS 9|5}
o] FAA] S AR A A Eele 2E BRAIH G

It

AT s o2 ubekgith 2Rk s 7S Aol

30719] 95 FAH(EFEE, 0 40 cmxh 40 cm)of| F 30774
A Lol ©ar 24] oF 2-4 m Foll AFAIA 1Y 7 FAst
HA le2apold A A FrEskglh lm2Htol A 52 o
9 1 E T Be1E flsto] i 20701 AR = A H 5o
A4S AT

= & =2Hj0[2A 22| & RNA =&

Zof|A =Zulo]Y A Ee)= Jothikumar et al. (2005)2]
& A Hsto] ARESglh 2Rt = 2074 oo
Haju AsPei(digestive gland)S =2|uhaf7| 2 w25}
3t 3 3 g% Folo] 552] 300 ug/mL Proteinase K solution
(Promega, USA) 3715kl $hs] 23t shoith. &oke A=
£ 377, 320 rpm 9] 2710 & 147k 218 ¥H-§-A]%1 $ Protein-
ase K9] 25148} A1717] $lsto] 6500l4] 1587k WAl
3,000 gofl A 523t 4l stef A g F3te] e 2utol
22 RNA 3 A 22 ARE-S8HSITh
RNA ZZof= Viral RNA mini kit (QIAgen, USA) A&
aFgich AP 300 pLoll AVL buffer 1,120 uLE #7}s}o] &
T 3t & A2oA 1027 ¥EEAIFTE ¥ES-H ol 95-100% ol
B 1,120 uLE H7isto] E3bstalon], 3t 630 ul
£ spin column tubeE &7 6,000 gol|A] 1571 YAl 3}
Aok F2 EFNS FUS O R A 3 &, FUgt spin
column tube o] AW €+5-9Y 500 uLE #7Fst] 6,000 goll Al
1827 A& skt =3 AW2 &5 500 uLE 242 7
skod 20,000 gofl Al 387 HAl=e] 619 o, YilEe] $ spin
column®] A% &-oH-2 A A5Gt TS = spin column
S 2L tube E 7] T AVE &5H(sodium azide $-3-) 60
uLE 9ar 14 7 REEA Z T mhA] e 2 6,000 g2 127 ¢

ki
|
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AlB2]5}0] real time RT-PCRS £=3)517] L3t A|E &2 A&
ahaich.
Real time RT-PCR

Real time RT-PCR HF3-2 ¢J3}o] OneStep RT-PCR kit
(QIAgen, USA) 2 RNase inhibitor (Ambion, USA) A]2FS-
ARSI 8] eulo]# A 9] RNAE internal control RNA
(US FDA A 8)2 #7ksto] k0] 45| o|2o|x) 2
Q15T

zHpolg| s A HES §I5to] Table 19] primer2t
probeE- ©]-8-5}04 25 X enzyme mix 0.5 uL, 5 X buffer 5 uL,
10X dNTPs 1 uL, RNase inhibitor (5 units/ uL) 0.25 uL, 10
uM primer (Forward % Reverse) 1 uL, 10 uM IC primer
(Forward 2 Reverse) 0.5 uL, 10 uM probe (= ZH}o] A 2
internal control RNA) 0.5 uL, IC RNA 1 uL, 3+%3FRNA 5
NLE VSIS 24 B ¥, BEEReE Wil HEHe
225 uLe] Wgole 2Asgon, A4 2 SlalnE
Thermal cycler dice TP800 (Takara, Japan)E ©|-8-3}¢] 50T
ol A 5083 AHARE =35}z, 95T oAl 1587 DNAE ®
A FL). o] 95T oA 10%, 53 Co|lA] 25%, 62°CoflA 70
22 45 cyclesE HHESIATE A U202 L2Hlo]# A
RNA (Takara, Japan)E A8-5tal, 24 2t o=2 Bd5F
& A8 319L] Real time RT-PCR #H3-2 A|Zulc) 33] 5
=ajgt.

#EEM ME H L2602 A FE

HEETA AFES §38t realtime RT-PCRo]&= pET30a vector
of s A=} sequence (GIE 96 bp, GIIE 98 bp)S 4
Q51o] A2 plasmid DNA (Takara, Korea)E ©]-8-3}%ith.
Shin et al. (2014)°]] w}2} plasmid DNA GIE 7} GIIE Z2F&

0

Table 1. Primers and probes for realtime RT-PCR to quantitate norovirus

10°-10% copies/reaction == THA| 3|43t & realtime RT-
PCR-& AA|skal Thermal cycler dice realtime software (Ta-
Kara, Japan) o] §-5to] 2 34& AEHeir, o] EE2A
S IAR BEEAL 3719] e 2ufol A 55 (copies/g)E 22t
AAslT o] S Bdste] AR o 2Hlo]d A S E 2 51

st 2F RAIHA G E o ezuolg| v} &
HH 22 A sl A ¢l = ul R A 8 =8
TR NS 23(FE TYA AFTHAREE o)== g
HFSHTE A B Rt - HARE HAIE A 23 2 Hlol 2
& SA 22 200 MEE o7 FY(EFT, 040 emxh
40 cm)©fl 307HA 4 L] il 7 e 4o = AASH
O 4tk A P 2 E(FAEE 870/ oF 240714 = o
el A= AAskal 7]E eakA] FAAE (st it
AT Al & 3719 AFHTI-T3)E 20 m HA 0=
AAsto] A SRS sk ith(Fig. 1). Adgst 713 % 2
U AR A M2 22 207HA14 =41 k] ¢har
29 A F ek lemBtol A SRS Slstai o, 3
79| Moo L v A 5 Gl 2] 42 WSS Tid-
biT v2 water temp data logger (Onset Computer Co., U.S.A)
£ olgsto] 1AZH A0 2 wujE Shsich

SAXz

3

N
o

ox

= F kRHpolg A Fe fhaof oigh AAAst ags 3
7Vel7] 91gt B el SASZR IS o] &3t BARLA R
£ A8 o™, Duncan®] thsH 74 (Duncan's multi-
plerange test) 2.2 P<0.050| 4 A3} 7ke] §-2] 48 AA AT
(Steel and Torries, 1980). T3t L 2Ho] 2 A ZhA 73RS 5]
WA o2 SE skt

Genogroup Type Name Sequence (5-3)
Gl (+) primer COG1F CGY TGG ATG CGN TTY CAT GA
(-) primer COG1R CTT AGA CGC CAT CAT CATTYAC
Probe RING1(a)-TP ~ ROX-AGATYG CGATCY CCT GTC CA-BHQ2
Gll (+) primer COG2F CAR GARBCNATG TTY AGR TGG ATG AG
(-) primer COG2R TCGACG CCATCTTCATTCACA
Probe RING2(a)-TP  ROX-TGG GAG GGC GAT CGC AAT CT-BHQ2
Internal Control (+) primer ICF GAC ATC GATATG GGT GCC G
(-) primer ICR AAT ATT CGC GAG ACG ATG CAG
Probe ICP FAM-TCT CAT GCG TCT CCC TGG TGAATG TG-TAMRA
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Fig. 1. Schematic diagram of the experimental depuration facility for defecation of norovirus from oyster Crassostrea gigas following trans-

location of the growing area. T1-T3, experimental depuration trial.

2 I

AAHIL AR o] 8 AHL 5
BATA Uleh. B L 188TIGT SRk
8C

o2}
=2

Am

of3t ¥l

pil

I+ rlo

8'CoIIch GESIE, pH 9S4k A5 A3 A] v}
Q4 714) A= on 1 W9 77t 31.4-33.7 psu, 7.11-
8.1 & 6.11-9.17 mg/Lo] ]t}

RT-PCRQ] AlZ|Ao] ZolS €3 7|8t internal control
RNA9] AH8-5 %2} RT-PCROJ| 4] ¥o]Z] cycle threshold (CT)
e EEFA Ol tidste] 4bEE BlolRl A FEE HlwEt A
7}, 117719] &= RT-PCR RH3(397] Al x 33] RHE)oflA] o
ol volg] 2 Blpgo] B 90% oF o= LrERL Hio| A~
FZ7} RT-PCR §hg-o] 2435] 3= U35 & 4= AU

A =& 7okl LAH ol FHATA T T = F =
ZHPo]HA FE = Wt 3.2 X 10° copies/ge| 1o 1 He=
2.0 X 10°-4.3 x 10° copies/ge] Yt} 183l F-4E-2 25 GII
2 Bl k2atolg| vt 22H F HAles AL
B O|FA|A lzHlo| 24 vlES =gt 22k ol 3709 AlH
T % 2709 AIFHT1 9 T3)ol|A] le=nfolef 2 5%=7}0.11
9 0.14 log units =& AE Z71519thr} o] % Aade 4
2 W, BT T2 2034 9] wmplole s )

719] LA31 21(0.06 log units 74r), o] & w2 7H4 7
= UE $lk(Table 2, Fig. 2). o] 217 e} 12200 B
A E oA @bl A B =7} A% 314 (10 copies/g) ©]3}
2 yobx] SAE kgHto|y ATt A i ujEH Ao R #
e Qloh A3t 713 5 24 A0 R A AT E e
F2olo|#A E & ZHAE T1of|A] 0.13-1.56 log units, T20]A]

I ogk

Table 2. Results for the 3 depuration trials with norovirus ex-
pressed as number of RNA copies/g digestive gland

Sampling Trial

time T T2 T3
to’ 3.3x10° 2.9x103 4.3x10%
t22 45x10° 2.5x 108 5.6 x 10°
t4 25x10% 1.0x10° 3.3x10%
t6 6.2 x 102 7.5x 102 25x10°
t8 3.7 x10? 1.2 x10? 1.2x10°
t10 ND? ND 4.4 x10?
t12 ND ND ND

1t0 is sampling at translocation of oyster from bioaccumulation site
to depuration site. *t2-t12 is sampling every 2 days during depu-
ration process; *not detected (below detection limit, 10 copies/g).
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6x10° 6x10° 6x10°
—T T2 —3a T3
— I T s S s
% 5x10? Re=0.7359 5x10° Re=0.9291 5x10° Re=0.7874
(9]
g_ 4x10° 4x10°% 4x10°8
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-~ 33| 3 3 N
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Fig. 2. Depuration kinetics of norovirus and its corresponding trend line for each experimental depuration trial (T1-T3). Results are ex-

pressed as copies/g digestive gland. Day 0, sampling at translocation of oyster Crassostrea gigas from bioaccumulation site to depuration

site; Day 2-12, sampling during depuration process.

0.13-1.05 log units 12|37 T30{|A] 0.12-2.64 log units2] ¥ <]
2 UEom, 7Ha A4 9] R¥GE 0.74-0.930] S tH(Table
2, Fig. 2). le2Hfo|g| & 5 vt 7P 43| doft 11t
2 T1 2 T2 Aol A A3t 8-108 2K 22} 1.56 log units 7+
2~ @ 1.05 log units 74:) 0] 132 T3 Al @ Lol A= A3} 10-12
UxH2.64 log units 7H4x)0] I THTable 2, Fig. 2).

2

i

o] ¢19] % B4 & RT-PCR 4 /& 7uko.2 Mg s
2 3E = AARS g o ae/dS Brlete] FAlElS o]
&(translocation)S 55t = XA} FE7F = Z2Hlo] 8 A A
A3t 7 o2 g 7hs/d o] AeAl Felsk=t qirt o] & ¢
sko] 2k Hio|B|AE o] &3t e mHlo| YA I HSE
AAISFAL EARE o7 mj E g 2of oJ3F PCR ¥R AA|oH&
SRRIE = Q=5 sto] Akl A e = 5 ==HlolE
2 FE7HASEES ST Al = F k2 Hol g HiE
W AT AT AR AR AV E AAE fIRE AR A
oA =4 2m, 7m H 12 mE LSk AR =], =2
Hhole] 2 viE T} 4l kO] F-of ek vk A S W E A o
Qkth(data not shown).

AR S}F 20 o] 370 O] AT F 270 9] AR ol A ez H)
ojg|L F7l X S5l o o3 QMY E A A B
AL, YR 17 Al tol|l A= 2UA7HR] A9 emHtola]s
FL7t A9 YA AT 4UA} o] % k] ZHAaske]
o e 12420 = Al TRof|A] e 2Hlo| | A& 5Tt 3
= A ofst= oAt

AukA o 2 diZt(Escherichia coliye TtiAFC.2 3 AJA U]
43}k & ApAA st A= o] 2|3t 7] FEF7t B gFo] HalH
v} ¢l.o o T A A3} 5-E] (one-phase depuration kinetics)7}
W H(Dore et al., 2010; Oh et al., 2012; Polo et al., 2014a;
Lees, 2000; Nappier etal., 2009). o]+ ojj 57 sl atof A Tzt

o FE e AP E o R B i EE = Seovh oE A o]
7] gji2el A o2 o)A 9lth(Polo etal., 2014a). “L2jvt = &
- zHpo| 2|2 Aol A 2k Het A 43 5 Hi(multi-phase
depuration kinetics)i= T3t B €]of| ohE 1A} ok vl
2|38 Sl YEhdth g2 St AbEo] 37 5 o ol 7
2 YA 2P kel A sk kA sl EAske &
o] =gAofl Agte|o] glrkar Barstar ¢l o m(Le Guyader et
al., 2006; Mcleod et al., 2009a, 2009b; Tian et al., 2006; Wang
et al., 2008), HFo| 2|2 A3} G50] Algtol H|ske] v W2
AL o] 27} o] 5 Fol -8-Aof Artsto] Al o At
Aol 7] P E o & ¥ st 9rk(Maalouf et al., 2010;
Nappier et al., 2008). T3+ Provost et al. (2011)-2 zjjF A3}
A o] 2z el Telstol Al vhol el 0) Al 8- P
Sh= @-H(hematocytes)2] AF 2~3Hacidic digestion)©]] Tk A]
/o] lgHlo|H A7) Al ofu e} thE A Hhol
2of| v A e A A 02 wrhal H gk el gl of2fgt o] f
2 olFufoko] E7s3t - 2nto]g] A thAl feline calicivirus
L} murine norovirus 5= tA| "ol A= o]g-sko] Ho}4
& AR 97 A Al zete] X3k atol & Asta
&o] I 7HE 5= ke 4= i (Mcleod et al., 2009b;
Nappier et al., 2008; Provost et al., 2011; Ueki et al., 2007). ©]
&o] o] AtAbE| = n]Fto] Kol A3} 27 o UEhd =
ZHpo|H A A HiEE 2] FBAE EA o Solder
2L e zapole] 20 oghi} Adtof] AAA|TEo] 22 H 317

o8 FHE a9 27]o] YAFLR rHlo|H A
FL7b wolAE A2 23w A @A (pre-gland system)o]|
A EAfsE A zHjolg| vt bl TR ol &
RT-PCRY] ¢Ja}| AZE]917] W&o 2 A}z Ech McMenemy
(2014)°]] oJ5hH ol A =ZHjol ] Aot a-2 k= 2Hlo|Y
27h a3lE A dAo A Ao R Soj7bs A S
of axsllietol A B 5= el of A rkaL gk

3h th A whol ej 22 o] 3] ¢t ke 2utol el 2 A4 of
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Ho

L = EX]4k Dore et al. (2010)
A 7(4Q~—_,4x].;<4 o7 AAEt] 1 EHNE K
Sk Hf ‘RlEP. & Aol zHtole| 2o 2 YH FH(R7E
= 1.1 X 10°-2.9 X 10° copies/g)= 8510 4+ 3-4C 9 =4
ofl A He Y& AAIRE A, = 2Hlo]2| 2 F=7} 1 log unit ZF
adhe=t] 1790] 22 H3lo] 25 7% & 22 AS5AA
(15-17 C) Al Wi A3HE 5712 AAlsk=t 4dTto]| o2
Hio] A 527} 1 log unit =712 A E Tl 31T} Dore
etal. (2010 0] ASEHAZ B ek ] VoA
£o] 5945 o o744 BEI A Bahulo) 2ol
Z7kste] mzutolel A WjZo] 2 Ao F2alqlr.
OS] AT AIE FYHH R fo] el o] 0T o]
A} opAlEo] 434 o] 34 olehe A aelo] §74 1291 o]
Ok/ﬂﬂ‘— Ao ,qq/qoﬂ w2 - ZHlo|HA 7FZE v 71
3= A0 @E o S Aoletarl THtE F A= ZoflA
iﬂﬂ}olﬂi* 11 At A v Yetas i At 712
Ao g Azt ey o] s 5
Hpo| 2|20 ufj o 08?% lxl% Aoz Hale Bl Qlof g5
T2 T A} = A 7] T YA e 2R o
A FF IAE F ;um e e R i R e ReRey
Zolw, o7t s 78, s ol sk 2 AHY SOl 2 aH=
AlRE w]g-ol tet HA 4 B7He qlojop & Ao = Atm Tk

AL AL

o] RO 20l6dE ZAluelY Sabulatd ALY
(R2016059)°] A ¥0.2 43 Atolu] Atu] 2] ol ZhAf
=YYk
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