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Pre- or post-harvest processing is required to mitigate the risk of norovirus infection mediated by shellfish or seafood.
We investigated the environmental resistance of human norovirus (HuNoV) under various conditions of temperature,
salinity, and pH in seawater. Male-specific coliphage (MSC) was as the reference virus for all tests. At 4C, HuNoV
Gl14 spiked into seawater was continually detected by RT-PCR for 35 days, regardless of salinity or pH level. It main-
tained nearly stable concentrations, meaning HuNoV can sustain a viral population in seawater long enough to be
accumulated by shellfish and other filter feeders during winter. MSC was also stable at 4C although viral infectivity
dropped sharply after 28 days. The effects of salinity and pH on MSC were indistinct. At 25C the detectable period
of HuNoV GII4 by RT-PCR in seawater decreased to about one-third or half of the period at 4°C. High salinity (32
psu) and alkaline pH (8.5) were also unfavorable for sustaining HuNoV abundance at 25T in seawater. The resis-
tance patterns of MSC to high temperature, high salinity, and alkaline pH were more dramatic and viral infectivity
decreased over time, almost in direct proportion to experimental days. MSC was undetectable after 12 days under all
salinities and pH levels at 25C.
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M 2 AFES U077 =F8 UJAR LA Ut
E35] 2Hpo|H 2 GI genogroupoll= 2259 G#14
-2 Z 7l vlol g A AlF=of T A Q1 URIAI] (genotype)o] Q= AO R A 9low, 11 F w-gHlo|g|A

ZHlolH A= Caliciviridaettol| 4531 ]3] (envelope) 7} ¢ G 49 93t Atk 7k 317} 2004 EE] 20059714 o]
= ©d7HE RNA HPO]H&(% 7.6 kb)= 37§9] open reading 2l urEtoll A ol RMsHAAL, ol A m2Hbol2 A G T
frame (ORF)= T4 5|0} 911, Mo|7} 41& RNAHIO|Z|A S 4of 9Jat AJZE Aba7} 2hAlet Al JthBull et al., 2006:;
A e 2dfo] g A= 5709] genogroup (G 1 -G V)22 B2 x| Jung et al., 2015).

L Qlom ol 5 GI W GI genogroup?] =2Hlo]H A7} Lgulo|#A ZE=e 7heFo] ufg- Ao 107]9] =2}k
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o3 QAo RE ZHeiFol U 4 glom, Al 1
KBRS 0] o] 2] 27} B0 2 M el B4lo] gt

(Koopmans et al., 2002; Blackburn et al., 2004).

L mHpo| YA A2 7l S ShRko] ERo] 5] AFo] &
HE AL, A AES AHT A5 A IS gk
(fecal-oral route)E AL Qlom, E3| g7 Fo|xe +
2 Aoq A7 S 2o o3t ke 2Hlolg A AlFE AL
Ae 37, FARE, A& 5 olg] vl B Har gl
(Webby et al., 2007; Simmons et al., 2007; Kroneman et al.,
2008; Scallan et al., 2011; Alfano-Sobsey et al., 2012; Iritani
etal., 2014).

S-elupeto A e m2utola] o] OfFt AlF= ARaL7F AFS] A
QN EAIZF AL glom, 7S Shake] Ero] L A s oA
AL Sl 77t e mHpol B A0 wi A e & Ths/do] A
A3l JtH(Lee et al., 2010; Moon et al., 2011; Oh et al., 2012;
Shin et al., 2013; Shin et al., 2014).

Male specific coliphage (MSC)= A2 HA] 42 H =
st oA APl & HlEEE e S0l #2 5 R
HE5™ 37](head diameter)+= 25 nmo]| 1L, T ¥ 7}= RNA
TR daat W SR AEG 2 gt WA et =2t
ojg]2 5 tE A Rtol 2| 20] Asketa] EA4Jo] frAfsted
QUFF R fef AMto|H A0 @ YR FEH] i HEAL g
CHBurkhardt et al., 1992).

QHH, = Zapo| g Ak A 2f EA o A et AT =E2
L G of QUHZE QoA ABatE]= o 7o) bHd =
A BNt 2= Erbssh o2 & A9y 7R
1 3istofof gtk Foll o0l lo] 314 2l (depuration),
319F A 2](high hydrostatic pressure) 5-2] ZH[o]2 2 Ao
A7} Share] o] 2ol glon}, thRel i 7FEEY
o 280] 7153t Hwe] AT oba7kA) gl AAolth
(Ueki et al., 2007; Arcangeli et al., 2012).

ER), lemHbo| A S| 3E0f] o3t Qg R o] A
A] 9ko} murine calicivirus (MNV)Y feline calicivirus (FCV)
S 22 giAuto] & 2 (Norovirus surrogates) 2 273 5-0f| Al
O BEF A, LYA Y T ZE 5T A7t R E o]
A|AL QLo QIZE e le 2Hlo|HAE WO R Sl 5 5
G4 lerHfo|Y A HEF T 2 YREEA ®ist
5o 3t A7} u$- mjn|sk A% o th(Allwood et al., 2003;
Chen et al., 2005; Seo et al., 2012).

wheba] 2 Aol A= i BHbo|H A 7S oS SR A=
+ W7 5 H T = T 7RI Al 7| 2ARE A
SoFaLA} QI Ol A St ke mBtol 2| A G T 47} 37 oF
Al 2ol ARE-E= d4=o] 27 2(5-2, A X pH)
SEESRREENG PEIVECELEEEERLE S

M2 U
NENERIESS

Sl 50 2, di W pH 24 whef A7 o] mHE =
zHpo|2|A G I 49 MSCY| 5% ¥3kE 2Als17] 918f A
31<=(32 psu, pH 8.5)°]| Bt H 75 A7HHEA dist
£ 10 % 20 psu=|A| 2745F31 AL, pHE= A s<=o] 1 NHCIE
A7FstHA pH 5.5 9 7.05A 2743 5 2H2He] sflpi=> 1 L
2 o] Aol AMgieich

Q1% 9 pHE 243 2H210] 152 1 Lo] 217t 2ol 4 315
St =2HPO]HA G 4 (103-10* copies/mL) 2! MSC (10°-10*
PFU/mL) & 713t 3 4°C 9 25Col| A x| 8lHA L3 A7t
aith s> 15 mLE 25 5to] A7 wkof] whet sfj4=2] H-2(10,
20, 32 psu) @ pH (pH 5.5, 7.0, 8.5) 70| A 2] =2 ulo] 22
G 43 MSC 5815 2Aksl/] Slat A2 AHalict
ofl~ &2l MSC d=

34 2] T8 o] 9J= MSC: DeBartolomeis 2} Cabelli
(1991)9] 3+ 545 (agar overlay method)= A5 T A
& of] ARE-8F MSC 4:55A| 32= Escherichia coli HS (pFamp) R
(ATCC 700891) ARg-5F31 1, Ht3t 2.5 mL soft agaro]| E.
coli HS (pFamp)R ¥JoF-S 0.2 mL {E3}1, 2.5 mL A| 22
H7F3t & bottom agar]l - A17]14L, 35T oA 24A17F vljeF
% %% plaque -2 24513, MSCo| tgt A7} 71 100
mL 9 PFU (plaque-forming unit) 2.2 YeR AT},

L2HIO|HA RNA =&

4> 9] =2Hfo]# A RNA &2 Viral RNA mini kits
(QIAGEN)S AF&3}3IT). o]l A BAX &l 500 uL
o] 6M Guanidine isothiocyanate (GITC) €2 500 uL37}s}
a1, Aof| A 5EZFERS-A] 71 & 50% ethanol 700 uLg 3l 2 &
Eo] &t} o] HFg-8-NE5-2- columno] 700 uL ¥ 8,000 rpm
ol 1347 Q1R 2l al o], o] TS 23] whsalo] e zutole)
A5 )43ttt

12 Ho]e]2 RNA 58 %7 22517] $I314 RW1 buf-
fer 700 uLE column g 31 A-2ofA] 1557+ 2|5k 2 8,000
rpmol| A 132-7F §1412-2|5}31, ThA] column©l] RPE buffer 500
uLgar A-Lofl A 1527 W23k 5 8,000 rpmofl A 127+ ¢
A Ea|sto] ZHAS A A8}, ethanol 2 columng: A %3 &
707C TE buffer 60 uLE columnof] 7}t 4152 $HRNA
& wmlolas AFEAE S8 AR AT

Realtime RT-PCRO{| 2|gt L Z2HI0[HA HEEAM
FZ5 RNAZRRE g4 59 =2, 48 4 pH 240 &

wRufole] A FEWSIE 2A817] 9Jotel ke o] alst
%tt. Realtime RT-PCR HHg-2 $]3}9] OneStep RT-PCR kit
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(QIAgen, USA) 4 RNase inhibitor (Ambion, USA) A]2FS-
ALE5FI L) &2 2nto]#] A 9] RNAE Internal Control RNA
(IC, US FDA Al )2 Z7}ste] uk-g-o] 2 A3| o|F 0|24
Zholslgi o S22 RNase-free watersS AR-5}o]
AP A ZA S I

L2dfolg|A FHA A& fI5te] Table 19] primer®}
probeE 0|85} 25 X Enzyme mix 0.5 uL, 5% 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 (For-
ward 2 Reverse) 0.5 uL, 10 uM probe (*=ZH}o]H A 9 IC)
0.5 uL, IC RNA 1 uL, 3%3F RNA 5 uLZ Hh-g-oH-2- A%t
F, PERSE WItel HEA02 25 UL g oe %
Hsteieh

FAAR SZS §J3l| 4]+ Thermal cycler dice TP800 (Takara,
Japan)E- 0]-8-5}o 50°C oA 5057k reverse transcriptionS <=
&5, 95T ol Al 1587 DNAS HAJstSict. o] $ 95T A
10z, 53T oA 25%, 62°ColA 7022 45 cyclesE HHE5}3
o} AT RO E - 2Hlo|H A RNA (Takara, Japan)E Al
$313L, S4TIEE0 R WIE AT Agstort

Zn 9 D3

=2 % G20 ME 260[2{A MSC2| st 3t

57 A Aol AR AFs4=2] 27 2ol A 9
F2upo|H A G 49 MSC 527 A7t ko] whet $13tE] =
SAS Zofsl| flete] AAAspoll A ke Zhfo| A 2 5
A7]o HEo] ¥ AL, sHa7]oll= A Aol HA e S
oFsto] Al sl 22 402k 250 & 1Tt

Ao ARE-RE A 84~(32 psu) 2t HtE (10 B 20 psu)E
2% 2200 A A7 ol whet 71RE e 2Hbo| A G 4
9 MSC 5% H3}E Realtime RT-PCR ! plaque assay &S 5
off Zt2F ke o7 zAlslglen, 11 A Fig. 19 UEky
et

4C NPT A, dE 10,20 2 32 psuol| H7}Et - 2Hlo]
A GI 4= G 55 Zolof e} mz=Hpol A o F
Sgh 74 Aol = il om], Al 7Tt 0t lm=htol 2 A G I

O

rlr

Table 1. Primers and probes used to detect norovirus

o - 54 - ol8lA - WHB] - ofe

47V U FE OO R XEHH 07 HEE= A OE B 14T
<ol A= it ol Adglo] mZhfo| A= P A o ®
A= AL = Ao & AR E T

S, 25T A9 9 Aits = 2110 10220 psu?l 7
o= 10Y T wg2uto| A G 4 557 2H210.7 2 0.8 log
Haxsto] 159 Folli= AETHA olstoll =251H31aL, 32 psul)
3l Foll A= 109l ke 2Hlo| 2| A G T 47} AE35H |5}
= SRIE lch(Fig. 1A 9 1C).

SHH, MSC= 4T Aol A g5t kool 7+ §lo] 28
U7HA] L F%7F OF 1 log A% 7HAsH3l o 35U Sofl= 4
e olstE MSC s&7t w43 Wobxl o, 25T Ald+t
9] 749 MSC= A His e 2ol 1 %7} Aol vl
Ao g Frrt aste] 124 o]|Fol= AETHA olstel =
5}9Ith(Fig. 1B 2 1D).

ole] Aduf, - 2ulo]H A MSCe 8l 54 s &

L R0 2948 b wa s ghasiglen, 250 24
oAM= st Eas =2ato|g A 9 MSCO| AFEE
o] tha F7l5l= A0 2 BRI E QT Lee etal. (2008)=MNV
9] A9 AN dEFEt 225 HaY Y dAEErt
Z7kl= Ao g2 sk 0w, Allwood et al. (2003)-2 FCV
= 4THT 25T oA FCV AEE0] stk Hargk o
+ Auket AR 43S UrEb Sl
2 2 pHO| 2 2H}0|2{ALF MSC2| XM}

Aol ARg- AFIs(pH 8.5)2F 578 B oAb 4ol A]
o egutolg| A G 4 Y MSCY| 5 =H3HE Yotk 7] 9]st
o] AP 7HE pH 5.5, 7.0 2 8,58 AAs}1L, a4 LEE 4T
©}25C 2 ASHHA AP ko] w2 e 2Hfo] 2] A Yl MSC
&% WSS 2R o, T A0S Fig. 201 YeRH I

4T A2 %% pH 5.5004= AIE 717 F<F e &ntol 2
2 GT 49 5 W3h= 719 iglen, pH 7.0 B 8.5 4| %= Z}
Z+0.6 2 0.8 log J =& 2F7F 7Aslo] pH AFo]of| u}-2 -2}
olg|A GI 4 FEW3t 2tol= wulstgl o), 25T At
A pH7.0 € 8.59] 7410 Folli= e 2Hlo| A G 47F4
Z3HA| o|5t2 =EstaL, pH 5.50A = 14Yuto]| -2 H}o]
YA GI 47F A& A LSheh(Fig. 2A % 20).

3hH, MSC= 4T 79 pH 5.5, 7.0 2 8.5 A& A 21

Genogroup Name Sequence (5-3)
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
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A. Norovirus at 4C
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Fig. 1. Concentration analysis of Norovirus G I 4 and male-specific coliphage (MSC) by the different temperature and salinity in seawater.

10 psu (@), 20 psu (0) and 32 psu (V).

Fo|e7b7h 1.4,2.5 9 2.3 log 7H43F AR 35 Tofle mE
A&7 ) A MSC7F AZ 7] ekofon, 25T 790l pH
55,70 2 8.5 A|FolA 6Y Folli= 2121 1.0,2.2 % 2.8 log
a3, 129 Fofl= i AJFFZ oA MSC7H HEE A
oFokth(Fig. 2B 4 2D).

ol4e] A, wRupo|zj Aot MSCE: ali4: 5] pH7} oF4F
A(pH 5.5)5th= oFa72|(pH 8.5)0A =7} w27 Za
819131, 42&0] %11, pH7} 47e) % U52 a4 50 wmgu)
0|2 29} MSCO| 5 #a&o] T F7t5h= A o= Lehitth

Cannon et al. (2006)°]] 2Jld MNV2} FCVE W8 pH %4
(pH 2-4)ofl digt WiAgo] & pH 27 (pH 5-9)ol14] B} &9k
o, Seoetal. (2012)% pH ZZof| b2 MNV U4 A=E =
AREE A3t 4 221 (pH 7.0) ok 23 A 22 (pH 2)01|A]
A o8 idgol s=okrhar B arateict.

olAto] AP A S SR, T AL 02 §E i
2ho]e| ks 34:0] 4-20] 11, AR FETt HE5E A
£71710] oA, pH 7.0 o 4$2] oA mEA ApEE
A0 ERton], MSCL ke zutole] A0} 413 SeE 1
oL} 14 2] et WA e eutole| s B} oha
o oz galsglon B A N2 WF 35, 48 F
s ek 9 7Hg714 el |24 24 T8E 5 9)
o= gzt

S, Shin et al. (2014) SHFFAA 9] e zrpo] )2k
0] e AL U B o) F2 AL Ik B
T Aol & o] 24 Ak B o AL 9 o] )R
AAF) e 0.2 §9) 8 i Ruto]a| Ak he 4220 2 213 4]
ZF AP ) 94, e ol EAfsle] el 418 715 Ao]
oI, 7t 2ol A AFES AL 5 Gl W

o 4
IR



458 R R =L R

A. Norovirus at 4°C
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Fig. 2. Concentration analysis of Norovirus G II 4 and male-specific coliphage (MSC) by the different temperature and pH in seawater. pH

5.5 (e),pH 7.0 (0) and pH 8.5 (V).
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