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Effect of Heat Treatment on Male specific Coliphage and Norovirus
Concentrations in Norovirus Contaminated Oyster Crassostrea gigas
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Noroviruses (NoV) are known to cause acute epidemic gastroenteritis worldwide. Outbreak strains are predominantly
genogroup I (GI) and genogroup II (GII) in oysters Crassostrea gigas. We investigated the changes in concentration
of male specific coliphage (MSC) and NoV under heat treatment of the naturally contaminated oyster, Crassostrea
gigas. After heat treatment for 5 min in 85C, no viable MSC was detected. The concentrations of GI and GII NoV
decreased by 1.65 log and 2.25 log, respectively, following heat treatment for 5 min at 100 C. Moreover, both GI and
GII NoV were completely deactivated by heat treatment for 10 min at 100 C. Therefore, in order to reduce the risk
of norovirus infection from contaminated oysters, immersion in boiling water for at least 10 min is recommended.
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Caliciviridae@}o|| 431 2]3](envelope)7t $l= Td7id
RNA vho|H2(2F 7.6 kb)Z 3712] open reading frame (ORF)
B HAEO] LAz, Blo|7h 41 RNA Hio| A 44 e gH)
olg] e 5719] genogroup (G 1-GV)Lo2 ERE glom,
ol 5 GI % GT genogroup?| -2 H}o|Z A7} Hfo] A
H AFES Qorlt AR el glek. mmubo]el Ak
10-100749) 2:5F A2 75§41 5 glow, A
A B 20| Hpolel vk Brlo R WjEEE S4o| Stk
(Koopmans et al., 2002; Blackburn et al., 2004).

e gupo| YA A2 7Hl S Sk ERe] o] Aol &
HEIL, 2 HE AES AFT A5 A A s gt
(fecal-oral route)E HASIL QUtt ES ALY EHo &

A s ollA BARE 7= mZaolef A A=) uf 7 A
e & 7hsAdo] an, IiF FoAE T2 E Ao r A3
bare 2ol otk wmblolel s A5 At 3%, A
T, JE 5 ofgjubato 4] Bl |3 9lth(Webby et al., 2007;
Simmons et al., 2007; Alfano-Sobsey et al., 2012; Iritani et
al., 2014).

3+, male specific coliphage (MSC)&= A& X] 92 H|4=
E= sl ol AE FHiEHe WEr Sl 52 5
T2 dE9rt MSCe 37|(head diameter)= 25 nm®] L, &
2 7FEF RNA 0], Gl 9 3 e 2] ek L]
Yl o]l s £ ok AubAutol 2|2 o) Aysaty B4
st fAbstol Qi 21 el aiAlatolel20) @ A E2A
&2 vy Qlci(Burkhardt et al., 1992).
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51 900, 709 WA RS B4 2o g Ao
5 sl oz §eisle] slele] st orst
A= B 1% Qlck(kwon et al., 2007; Park et al., 2011;
Park et al., 2012).

5] Al%o] Bulolli= AR, A voleis 59| 4
F5 27} e Elo] 9L 715Alo] QLo Hlo] 318
sfjelofl A AALE & ofmbA]o|(filter feeding) Y-S E3l Al
Ales ARlEdS 2 Ao SA4E 7ol . 2 9
Liefol A = Abal ool A AAF = -5 = moll 4] = Hfo]
A7 HEE AR 7F RO E AL QLo Fo] ke ZHfo| A 4]
Z=0) uj73) A3k 7Rs40] 4 A7) 7 ek Moon etal,
2011; Shin et al., 2013; Shin et al., 2014).

SHH, leEapolg o] @ AER] o2 A 25 A4atslr]
FleliAl= Q19| EHo] g7 BAtsd e s f%=
k= o] FUA sABolx|ut, ERA e dEHe
TS A Apdelr] o= FAZARL AT 37
A AAROR e g2uto]gAo] QA T HFE g 4]
== Astr] flske] 97 2 5 A8k 2] (depuration), 11t
#]2](high hydrostatic pressure) 52| l=ZHfo]&]A o] AL
7t 8are] o]0l 3L glont, tte) 7 HEEAo] 4e
o] 758 A=) 17Tz o} 2717] gz Algo]ch(Ueki ot
al., 2007; Arcangeli et al., 2012).

TR, AHE 7P Aol A = AR R QIR AF S o
517] QA= 7t 2t & =& A8k Aol 7 ¢t
= AFH ol QLo 7k Foll R Eo dle k'
Hiolef 27t 7FE2 = 9l A2 A|Ztol| whe Al A B o] o
ok A7} njujgh Aot

wheba] 2 Atof A= bR = AF R 7 2ARRE &
Stz e 9 A At whet QI AlX] A =
%-9] male specific coliphage?} i 2H}o| H A H L HISIE T}t
Sfof k2 9| wznjole| A2 AlA o] 9fsk A WR FA L
w9} T Re] A7he 2ARkT
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-2H}0|HA L male specific coliphage 2E=2
ISIESS

7tEaeE 9 7FEA| wE ZbE Fo] g2Hlolg A Yl
MSC -s=H3Hs 2AFeH7] $18t e&2ufol A W MSC 74
2 naturally-contamination WS- 0]-8-5}o] 219 F o7 7+
A)Z tH(Shin et al., 2014).

72 (Crassostrea gigas) ] o] 1] o] Z-g-0] A aff BEX] orA| A
ZF Aol Fras 92 F it FAAAET Aol $14]
3kl 9lom sk ] W&t FAE AL Qs A §
S H29| e Eel Eol o A A AlEE A
S & w2Hpo] A W MSC7F Fhgof| AF1 A 02 e AR =

14§71 191z d& AAlstalon, Zha 59 lzufo]2]Ag}
MSC9| 24 A=E ERIs}7] flste] 7Y 1HA o8 77} 127
AE AFsked Agel AHg-stoict.

L 2HI0|H AL male specific coliphage 2E=2
7tExE| =

2t 7FEA st AT 79 AET FE R g 7FEA]
7He mholsly] $Jste] m2uto] @ A9k MSC2| 2 go] BHolE
2t &of EAshs 2ol Y2 1 & Qe 259 e 2Hpo]
2|29k MSC7F @41 2] of] ofel] Bt Al 4= Gl =5 2125}
of 7t A2 25 A8tk

85C X 100CE A A H 220 - ZHlo] 2] A9 MSC7}
LA e Z=d AT F 52, 108, 152 3 202 54t
77k 7V A 2] skl 2F 7k Al 2] 220f whet 24704 0 2k
S AREsEl o, Aol ARSE 220 ot 2k ZaL 11e]
3 Gt FAE 221 9.7+1.4 cm, 4.6+0.9 cm, 61.8+15.9 ¢
o3t

T, 7FEA R e 42 SA 4 Beste] Y Tt
2o g 3|4sto] ZA| m2Zubolg|A W MSC 248 AA|5}
k.

= 52| male specific coliphage &&

2 Zo] F-9-|0] Q1= MSCE Cabelli VI (1988)2] 314 3
A9 (agar overlay method)S U+ M 5}o] ARSI A
o] ARE-SF MSC %32A|3E= Escherichia coli HS (pFamp)
R (ATCC 700891)& AHg-st3l o, it she = A= 20 gol
growth broth (tryptone 10 g, dextrose 1.0 g, NaCl 5.0 g, water
1,000 mL) 10 mL #7}s}o] &35 & 9,000 gofl 4] 1557F
AP B, A HE 2lpsto] MSC 24 Al &= ARE-5HYIE

H#38E 2.5 mL soft agar®]| E. coli HS (pFamp)R v %F1-2-0.2
mL &3, 2.5 mL Al 25 #7135 3 bottom agarol] 53 A
7131, 35°C oA 24417t vk 5 B/ plaque 5 S48k,
MSCe] th&t A3} %71 100 g F plaque-forming unit (PFU)
o2 yehygict.

- 2HI0|HA 22| 2 RNA F5

o] A i 2Hjo] 2] A Ea]= Jothikumar et al. (2005)2] 1
= A5 st ARSI 7t A P 225 E EeEH F
AAlofl 3 gof 2] 300 pg/mL Proteinase K solution (Pro-
mega, USA)S H7Istlom, S A Lo| A2 2his] &3t
SFRL. it dehd ARl 377C, 320 ipm o] 27122 1A RE
SA1Z1 % Proteinase K2] 23} A]717] 9]8to] 65T A
ISELE 37H2 UhS 3,000 gl SEZF QA sl 45
A& 1= o] 82 RNA #4452 AH3H.

RNA FZo]&= Vrial RNA mini kit (QIAgen, USA)S A&
19T}, A= 300 uLo| AVL buffer 1,120 uLE H7}3}o] 23
oF 5 Ao A 1027 WA 2Tk Bhg-2 o] 95-100% ol g2
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1,120 uL& 37kate] 2353l om, 284S 630 uLE spin
column tube 2 %7 6,000 goll A 157 Y422 skQich. F-e
SRS FUH I o 2 A 3§, YU et spin column tube
of| AW1 €454 500 uLE 74715k 6,000 gollA] 1527 L+
2] sFQiTh =3 AW2 2k 500 uLE 2+t A 71sked 20,000
gollA 3R Al Ee] shol o H, YA1E-2] 5 spin columnof| Z
22 -G H2 A AT T2 2 spin columns A28 tube
& %71 3 AVE 2% (sodium azide 3H&) 60 uLS @il 15
ZHERS A AT ulA|uko & 6,000 g2 1871 YAIE2|5} real
time RT-PCRS 5=34517] 9|5k Al 2= ARE-5} ).

Real time RT-PCROf 2|ot =2H}0[HA HEFEA

=5 RNARRE kzHfolgs {4} HE0 782
S A2 A7l whE kzHlol| A FEHIE 2ALSH] st
of okt Zro] 4=3¥53lrt. Real time RT-PCR ¥H3-5 ¢15}
o] OneStep RT-PCR kit (QIAgen, USA) ¥ RNase inhibi-
tor (Ambion, USA) A|oFS ARR-3}gITh 2] eufolaAg]
RNAZ internal control RNA (IC, US FDA A|-3)& Z7}s}
of Hkg-o] 23| o]Folx|=A] Eelsten Szt
= RNase-free waters AME-31o] Ad 9] A2 A4S SR 5T

Legrpold s A HES fI5ke] Table 19] primer}
probeE- ©]-8-3}¢] 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 2 Reverse) 1 uL, 10 uM IC primer (For-
ward 2 Reverse) 0.5 uL, 10 uM probe (=ZH}o]HA 2 IC)
0.5 uL, IC RNA 1 uL, %3t RNA 5 uLZ w92 =4
3 %, WRERes Wleto] AR 0T 25 uLY| WSS
z2Astg o, A $52 fléllAli= Thermal cycler dice
TP800 (Takara, Japan)E ©]-8&3}0] 50°C A 5087t reverse
transcriptiong 4233131, 95T oA 1557 DNAE WHAJ5}%]
t}. o] 3 95T oA 10x, 53TolA 25%, 62TCoflA 702 45
cyclesE M3 t) R 20 2 - 2HEo] 22 RNA (Ta-
kara, Japan)& AMESIAL, SAURACE HAdS5FE AN

st

Table 1. Primers and Probes used to detect norovirus

- o] 5]

A8 - olgA

Y25

Hoggo] ofgh 1eofz} Fo] L HH F AR Qg AF= A
AL o2 fIRt AR 7HE A 2 2= 9 A7k HALsk] 95t
o] Z}=-S naturally-contamination FH O 2 =2 H}o] A9}
MSCE e @Azlew, 1 A3E Table 20 e SiTh. 219
7498 730l 2 %0] MSCo} ke 2Hlo] 2] AG T &GT)
G-+ 1,380 PFU/100 g, 9.24 X 10! copies/g ¥ 2.30 x 102
copies/g &= BRIE| o, Q1917 1444 u= MSCe} =
ZHpo]H A 2 FAEE= 4,107 PFU/100 g, 1.04 X 10 copies/g
1 5.73 % 10* copies/g 0.2 LFERLE, 7Fe A 2] &% 9 A]7ko] o}
o} 2 2 Fo] MSCS} e 20|22 5w wial 2A AR 2 AL
g3teirh

3, Shin et al. (2014)0] ZATE EGA| QIBE QI 2
FAA 1A R I F FY RHo|H A
7} G 1 go] 2.24 X 10? copies/g-8.97 x 107 copies/g, G I & ©]
7.47 % 10" copies/g-3.05 x 10% copies/g o= UERGTIAL Bl
3 ATHR T} A =941, Lowther et al. (2012)7} 933+ 9ot
sfj ol Al A siFE AatEE s HollA 2009E SHFH
20119 4€71A] ghdzhA 0 & A Fgh & Fof Al 9] e 2ulo]
27 HEE AR S G139 555 1.65% 10 copies/g, G IT
9] FE+ 1.80x 10* copies/go] 7 =3kt AL A5t
= ohas vtk

o|2fgt At Apol= =5 AT AAI s o] FA|e} vi=
ARl lof v o2 e F ve A L dEHo
S BhE AL w7 ok Hol Rl & A A A
A FE = FARTIA] A L AE o] FAME 7R = AlIRE
o] tha Ae|aL, ghitaby Fof £ L HdEd ] &7t 34
=]7] ol = FAFlA AFHE ol A 9] lemuto]H A @
HALE7 A Uehd Ao g Al

E3h ERA e el AR FAEE= A7
Tof| whet FollA lmuto]H A7 HEE Tk F AL 7

Genogroup Name Sequence (5-3)
COG1F CGY TGGATG CGN TTY CAT GA
Gl COG1R CTTAGA CGC CAT CAT CATTYAC
RING1(a)-TP ROX-AGATYG CGATCY CCT GTC CA-BHQ2
COG2F CAR GARBCNATG TTY AGR TGG ATG AG
Gll COG2R TCGACG CCATCTTCATTCACA
RING2(a)-TP ROX-TGG GAG GGC GAT CGC AAT CT-BHQ2
ICF GAC ATC GATATG GGT GCC G
Internal Control ICR AAT ATT CGC GAG ACG ATG CAG

ICP FAM-TCT CAT GCG TCT CCC TGG TGAATG TG-TAMRA




7FEA P o whE k2hpolP X =S} 901

Table 2. Concentration analysis of male specific coliphage (MSC)
and norovirus (G [ and G II') in oysters Crassostrea gigas for natu-
rally contamination period

Naturally
contamination
period (day)
0 ND' ND ND 12
7 1,380 9.24x10" 2.30%x10? 12

14 4,107 1.04x10* 5.73x10* 12
'ND, Not detected.

GI GII No. of
(PFU/100 g) (copies/g) (copies/g) samples

Table 3. Inactivation of male specific coliphage (MSC) by the dif-
ferent heat-treatment conditions in oysters Crassostrea gigas

Treatment time MS? (PFU/100 09) No. of samples
(min) 85T 100TC
Control 4,107 4,107 12
5 ND' ND 12
10 ND ND 12
15 ND ND 12
20 ND ND 12

'ND, Not detected.

3} tpA] 2715 Hck G234 9IeK(Shin et al, 2014)
o] AT, 1 uo] 20 O3 T A 2. AL A
25 gpe w S04l 71208 RO R el 237} o]
2] 9Fe 2. GUo] F FA FHlol] EATITHY temutole s
o SUR F HHE AT AFE A AAEA BT 9]
BAo] gEafol7] ul el QHA T YRS SIS F oA
A Z0to] SISk U & e dUe] Tel R} e
A] o]0l Aok g},
tEXE] 28 & XM2[AlZo| e = 52 MSCet =
2H[0j2|A0| Sz eis}

QW R Aol 2l 2ol YL A ERH B
S5 9= MSC7F 212l 7Fae] 25 9 A7t ufet
BYYSElE YT Tjels] Sistel ZAIHOM, 1 23}

£ 3F 3ol UEtiich 719 A2l o= 59 MSC 5=+
4,107 PFU/100 go]$1 o1, 85T oll4] S&1et 7FE A 2] 5}
T MSC= B 52437} o] R0l A= A o = 2¢lo] Qi)

S - mHbole] A HRFEAS QR #ETASGT LG
¥4 RNA(Takara, Japan)E 10°-10" copies/reaction .= 3|4
sto] AT =AY AR A 23 G 1 F2 4
2(R?) 0.999, 7]-87]= 2330008 LR, G T &L Akt
AR 0.999, 71&7]+ -3.3150.2 YERGOH, FZ2A410
real time RT-PCR Z23}9] Ct valueS tj¢l5}to] A|& Zo] =2
Hpol2| & w5 AFstglon, 2E At AlRd 33 A9
Ao Fato = YEfQlch

e Zafo|e| o] @ QH ZHaS 7HEA g 2= 9 A2 ATt
2 - 2olo]E A =T HIE real time RT-PCRE 2435191
o, 7 ATE Table 49} Table 50 YR QL. km@Hlo]
A 7FAE 0] G 1 89 7t A e A 5w 1.04 X 10 copies/
gOl AR, 85T oA 5E7F 7FE A 2] ol i= 3.95 X 10° copies/g,
2057F 7F A 2ol = 1.40 X 10° copies/g O = 0.87 loght 742
SFAAIRE, 100 oA 587F 7FE A 2lofli= 2.33 X 107 copies/g
2 1.65 log A48t aL, 1087t 79 A 2] SHEHE 2z
A ezrpolg A G 1 = £7Z0]9on, Shin et al. (2014)0]
L2dtolg A e PH LI 70T AA 1523 7FEA 2 8
e o =2Holg A GI 9 Fkw oF 1.0 log 72281311,
100CoA 1527 7FEA ] S o= G I 2 =45 ¥
k= 2APE ST H] S8t

Lezabolg A GT P9 Afole 7HEA YA 5= 5.73 %
10* copies/go] 2A|TE, 85CollA] 581F 7HEA2lol= 7.49 %
10° copies/g, 20&7F 7FEA2lol= 1.39x10° copies/gS
2 1.61 logit 743k A5k, 100°C oA 5E7F 7HEd A 2o =
3.26 X 10? copies/g@ 2.25 logZr 43k 3L, 1057 71 2 2] &
FEE 2dZolA =2ape|g A G I & E4E0I3h

31, Shin et al. (2014)2 =g2Hfojgi2o @ Fy =2
T0°COAA 152 7FEAE PSS W G T H G T 5w 242
89.4% 2! 80.1% A% 1oL, 100°Cof| A 1527 7FE A 2] A
o= 4= 3 Gl 5%7F89.8% AN H G112 &4
253tk AP ATe} B AT AT B Aol gl
A 0= eyl

Table 4. Inactivation of norovirus genogroup [ by the different heat-treatment conditions in oysters Crassostrea gigas

. . 85T 100°C
Treatment time (min) - X No. of samples
Ct value Avg Concn? copies/g) Ct value Avg Concn (copies/g)
Control 33.47+0.07 1.04x10* 33.47+0.07 1.04x10* 12
5 34.914£0.19 3.95%10° 39.12+1.48 2.33x10? 12
10 34.61£0.07 4.43x10° ND' ND 12
15 35.66+0.22 1.93x10% ND ND 12
20 36.01+0.08 1.40x10° ND ND 12

'ND, Not detected. >Average concentration of 3 times results.
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Table 5. Inactivation of norovirus genogroup II by the different heat-treatment conditions in oysters Crassostrea gigas

) . 85T 100°C
Treatment time (min) - X No. of samples
Ct value Avg Concn? (copies/g) Ct value Avg Concn (copies/g)
Control 33.23£0.08 5.73x10* 33.23+0.08 5.73x10* 12
5 36.23£0.31 7.49x10° 40.53£0.41 3.26x10? 12
10 36.36+0.11 6.14x10° ND' ND 12
15 38.10£0.65 1.76x10° ND ND 12
20 38.251£0.13 1.39x10% ND ND 12
'ND, Not detected. 2Average concentration of 3 times results.
o|2]3t A3} 2}o]= Shin et al. (2014) U= Ale 2 2 o References

oA Zta A2 7FEA P s1el7] ol = 2= &
o) zfolof 7]QIgt A o2 Abm Tt
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25 WA whE e He 5o lmmuto|H A FErso]| o
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2 FAME T (Greenshell mussels Perna canaliculus) /3 %]
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