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Abstract: Norovirus (NoV) is the main pathogen of non-bacterial acute gastroenteritis. Oysters are important carriers for the spread
of NoV, which can enrich NoV from contaminated seawater and environment through filter feeding. People tend to eat raw or lightly
cooked oysters, which may cause NoV infections. About half of the foodborne diseases associated with oysters are caused by NoV.
Reverse transcription fluorescent quantitative PCR (RT-qPCR) is the main method for detecting NoV, but it cannot distinguish infec-
tious from non-infectious viruses effectively. Since NoV cannot be cultured in vitro, RT-qPCR has limitations in assessing the effect-
iveness of inactivation methods for NoV. Porcine gastric mucin (PGM), propidium monoazide (PMA) and other nucleic acid intercal-

ators combined with RT-qPCR have shown potential applications in the detection of infectious NoV. High hydrostatic pressure treat-
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ment is an effective method to reduce norovirus in shellfish, and the pressure of over 400 MPa can inactivate NoV significantly. In

this paper, we review the enrichment of NoV in oyster, the detection methods to distinguish infectious NoV and the inactivation of

high hydrostatic pressure technology on NoV in Pacific oysters (Crassostrea gigas), pleated oysters (4lectryonella plicatulas) and

Kumamoto oysters (C. sikamea), so as to provide references for the establishment of effective NoV risk warning and non-thermal in-

activation technology in the future.

Key words: Oyster; Norovirus; Quantitative detection; Inactivation of high hydrostatic pressure technology

U TE (Norovirus, NoV) ST B30 Hl P4 5 E AR 4R #4:
kB WA EBR A, R TS P IR L KR
IR b W 4 | b S W e e e R Sy
T AFENFE (GI— GVID), Hrp GLL GILAI GIV A& A
%, BIIRANFEERN EEEA, PLGL, G ERHEIL,
T4 9 AR 22 AR AL, T GIV BB
B Nov HAMHR AL Yedtk , X 10 N5 0R: B AT i
NBUW, PR E I IRREE 3 d AA MIEE KN, L
B AR N SRR I TR TN AT
WAL ER, 2K EENY 1/5 WatkEmRELEH
NoV 52, & . HFE NoV B ME &I, II4F NoV 78
HiE L B A, PHEREGHI B R R, i
BRI AE R B NoV 3 AT R AR i R, g™
DU R R B PR AR, AT NHEVE R EE T s 4R Nov
FA GVERYY” Z BRI H 5T E I X R 2
U1ZE, W2 NoV WE LRI 22—, BAAIIE A LL 1
AR ) NoV, (H 1 R A 56 XUk, AT
i) TAE B EER U A, A B R IEATE Nov 155, fi
SRR NoV AR

X NoV ARSI = 2R FH R e St SE R 9O e S R
A H5ER S (Reverse transcription-quantitative real-time
polymerase chain reaction, RT-qPCR), {HIL 5 BANEE X 43
NoV 2 & EA G Bt . T4k B NSNS & I S
Zh i A BIEEEER (Porcine gastric mucin-conjugated magnetic
beads, PGM-MB) . #ZRx AF [ EEBILTEE (Propidium
monoazide, PMA) & & 4k £ % (Ethidium monoazide,
EMA] %454 RT-qPCR J7 KIS ek Nov A&,
#B i E (High hydrostatic pressure, HHP) AbFE{E —FflE ik
INTHAR, 2T w5, BT AR AL
AR KA FRR IR . IR, T TR . AR
R T NoV BTG IR . & RALH . il ik DL K
HHP ZEBE XS NoV JH s il 7 it st e, B7e it
Wir L i & R S BN 2R S %

1 4El5T Nov 975 44 5w FEbL ]

1.1 NoV XF4HFRYIT R R
YFZH NoV 5L ETRIEAME R R A58 HH

Wik oG, Rgeit, SHUEAHSCH BIRMEEE T, —2FHh
NoV 5l #!" T g L g fr v W2, /N S g 2
20 LK, 7 BRI KB FREE T ) NoV Rk A5 7k py Jf:
FAENT RO P R R H R LR B LR LT
AL LG AR M T AR O, I
NoV 1] L3 it 22 Fh 5 silk AT A 7= X, G HEvS 4
VGIKALFRTARALFEBR 5K . HEAA: = XIS NoV 1)
AP KoK NoV 15 eJ5 . 4his 2t A B Ao E
PN T5 Be K o 5 45 NoV, 76 T 1k 45 36 FR 2
NoV — it AP, 4Rt [ S aas e s
ok AN

BHAE 11 A 2BAE 3 A RHWN RS, WEREH
32 NOV 75 Y [ 05 T 2 14 2 RS 1 . s e il 2220 i
F RT-qPCR J7iEXt ) A48 M IX T B 405 NoV Byi5 4Ltk
LA IR A 5 RIS & I RE 5L B NoV G RN
17.20% (50/290), ANFEZETH NoV 5 YL 24 4|y F 2
12.50% . HZ% 6.90%. k7= 18.30% F4-Z% 30.70%, 42
BERTFHAMZET, Nov BySHAILL GIT A (11%) R E.
B2 G 3 PSR A WG NoV Y5 Jetk ol #4798
7, RIS T Nov B %50 11.04% (53/480),
SEDR RSy GIL L LR ) f Bl U DX 9 VA i A
NoV V5 HeRBLIHA & B, NoV Kt AT ik 19.35%, Liu %
Xof LR 28 TV e DX W R X AT T 0 AR M, K
I NoV 1 H %K 16.9% (60/356); 60 (i FAEREA T, 43.3%
(26/60) A GI 4, 31.7% (19/60) >~ GII1 &I, 25.0% (15/60) |7
WA GL A GIL; FHPEREAR R Z A FREAR, 5 65.0%
(39/60), LiRBFIERA, FKEH W NoV 875 YLK EAHXT
B, 478 NoV 1975 YKo 3 v T A 21y, R
1.2 #1455 Nov & HLHl

ZH 4 BT E (Histo-blood group antigens, HBGAs) &
ANELE NoV M2k, B —RHA &2 SR
B, TERIE LR ANME LRI ABO B I EUFD Lewis
L, B RN, HWEA N BRI HBGAs, BN
J& NoV [FIAT IR, A 13214, NoV i i 54wl 24U 1y
2% HBGAs Fi 5454, (fi1% NoV i LUHEH A 4h 1, Le
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Guyader 252 % K241 (Crassostrea gigas) 21T
2% HBGAs 5 NoV JHFALPURL (Virus-like particles, VLPs)
BRI EN, GL1 B VLPs H A5 ASF i H i 7
TEREES, T GIL3, GIL4 B VLPs A 5 FyE4 G0 TG
HAGEE, WA, HBERFNEMEA . pH. REMEREY
SR WSS HBGAs WRIA AR, SE AR . & pH.
AR R s £ R T4 2% A B HBGAs 197657, et
51T Nov B 5 fEHH Wi AN BLRRY . (4152 HBGAS
F 7= DL R NoV FR R LKA A fRt—20 ot

2 AEWEH NoV AN 512

2.1 NoV EEWNFAE

2013 41 [ By o fh 20 20 A i P A0 e A 0 4 £
(LG D12 NoV ARt Jrik (ISO/TS 15216-1 F1 ISO/TS
15216-2), FETF 2016 Wit 7 W2+ NoV i RT-qP-
CR il J5 45, RT-qPCR HA REUE R . 7T 5 S Aa il
L, #EHEAT RT-qPCR RiC B BUR T RNA, BT
NoVs ZEHH5H ) 5 F A0 L IR SC T SR IRIXE, DA o 54 7 e
BRI NoVs RNA AR %6 J5 22 1 K6 T ek 5
2P Zhang 452 LT ISO/TS 15216-2: 2013 HH:A
Xf 4 FOAH W AL L2 PR NoV (5 i AT Lugk, 4531
K I K AL R 2 B R R, %k
A ] e R 3G 2530 3 O (11.07+0.09)% il (124.12+
5.99)%, & ISO/TS 15216-2: 2013 J7 M 7 4%,

SR RS 1) NoV BURLAL /D, W98 CIE S5 40 (X
10 4) HA Y PRI NoV Bk BI AT 51 & NS 21k E
%, HAEE ST LIABE T NoV L4 poka e v i
o ELA AR R GE e AT, BLA A %
NoV Kl E % . EFRRHARHE R Z LA RT-qPCR 4 144 53
AR, AR RPN 5 i R BEHE A NoV et (RT-
qPCR £ [RIEH 3% NoV il g . 4Bl sz i 1 LA K 2
PAASEHH RNA), FHUSRGME NoV AR R e, Bk
JEYLTE NoV (B IE— B A A A

NoV I 78 fL 7 S eE N ogE s, gk nl Xf 34l
FEA Y NoV FURLIEA T AT . BFIE S e W} (Enzyme
linked immunosorbent assay, ELISA) W Z&—Ff 4l NoV 1Y
Dk, EIRGEARE, BT 10°~10° HFEM
K, R TERT AL W5 IR 1 KOF 19 NoV i 45 5 32 5|
BiL

ZSE PR A 7 AT DA AR SR s L R Al e, B
) BT R A AR . Imamura 255 % HA 6 4
[ b A5 B A R NoV #E4T T 03 5 A4S A Gl
3 0 ) S DR AT TS AE . Strubbia 450 i 22 S A

H2F DT TR VEA 3 R h NoV - SRR A& 307 3
PR 20 57 BRI AL W R A rP IR BE NoV I RIME .
T NoV MR R ALEA ZRME, edtih i & sk, S
0 B 2 B R 2 2= e A DU b i A AEZE B, B2
T NoV i )5 /& RT-qPCR™,
2.2 B NoV B9 TIT 3%
22.1 5 HBGAs 856k BRGMER Nov K52
FEHREEN, 15 HBGAs Z54, SAEE A& 5E 5
HBGAs Y254 8 TR IERE NoV B HAT etk . 35 H %
M (Porcine gastric mucin, PGM) &4 A. HI1 Fl Lewis
b HBGAs, NoV 5 PGM KIAIEAEH o] LIFH Nov 5
HBGAs 4546157, FIH PGM SREERSS G4 3% NoV,
FHEAT RT-qPCR A NoV, ] A Uk I 5 v () Jgk e e
NoV. T KEREN H PGM-RT-qPCR ill5E NoV 7E45Fh
TR B A IGO0, IR | AU a4, Leon
SN N TS G NoV W5 BF 5 HE 4T HHP ib B8 K 35
NoV, %iJ% ¥ 400 MPa HHP Ab3J5, NoV Jlil K %
% 21%, 7 600 MPa T AMHSHEXS NoV 522K, Ye 4
¥ Bk PGM-RT-qPCR A5l Jr ik AT 177, RS Leon
a8 S 2 MR 09 200 4% PR AL A 35, 9 FI A PGM-RT-
qPCR HEATINZE , 255 B 5 P AR YL E NoV (A 1 %
5 Leon %0 5 A VIO AENE . 61 PGM BFFE R
[l HHP Ab3 554X NoV KIERCR R LI UE , PGM-
RT-qPCR & —Fi ] AU X GG PE NoV (R 71k
2.2.2 HEmRiR ARG GO B AR
EMA Hil PMA 8 1VF 2058 # A R IX o0 etk 5 AR i g 1
NoV 7 PMA E— Rl 560 77 B9 i B AL R
B, ORBEE AKSEER M 5C 8RN E, (ARENS SF B g iR ok
BRI, 5 G OGS T I A RNA, T4k
RT-qPCR #"#"?', Randazzo 25" % R [EIRZRR #7 A4 7
Xt 25 PMAxx XHRYE NoV [ X RO T
EMA, PMAxx 4bHJ5 YL NoV 18/ = T EMA 0.64
lgo PMA T 5 RT-qPCR #ailll /545G, 7E RT-qPCR &l
FIXTRE SR AT AL B, DL KA M 3 . Kim F1 Ko™
F PMAxx-RT-qPCR J7 ¥4 I 45 51| i) & 3 PMAxx-RT-qP-
CR ] LA R X A3 e e NoV. PMAxx B 7E X 4M e
NoVs FHEIN ) ¥z, RKHPFFE P rIx PMAxx i, 1]
SPPE TS bR A HE— 20

PGM-RT-qPCR 5 PMA-RT-qPCR & fi§ T HHP Ab 3
XF NoV JH I8 K TG RN i E 5, BF9E /R 28 PGM 5K
PMA AbEHJS, 500 MPa HHP %} NoV 2K By /b 5 He A
J qPCR £, GL1 % NoV Jsi/b 3 1g, GIL4 BIAE/L 418
H1 T PMA 5 NoV BR%: A AR TR E | JEiifb I
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IR NEFHZEER, XEERY X PMA 5 Nov 45
BRCEEFEAR M, 1 PGM W] LS NoV ¥ tEgs &, Bk
PGM 7ER MR M: NoV REUE HE L T PMA. PGM MK
A5 PMA ML, &S, PGM SHRBEMER. qPCR 45
BAEX RSN NoV W BB M) T

3 AW Nov Wi

31 BIMIFGE

AL B IHH WA NoV WA EZ —, T EER
T FE il e RS s, B BRI NoV IR E ik iH R
30 min, HBEHFTEHIEAEE 3 min, WILE AR 63 C,

ARLIKINE NoV., 552 NoV 15 Ys Bl AL 5t o s Tk e £
FEAE 90 °C #7452 90 s, BTl 200%™, (Hid B s
X7 9 XU R 072 £ 570 TR 40
3.2 SRR E SR AL IR NoV

FHWETENCRSS , A SRR 3F 2~3 d, fITILE
it A BERAHES A A FW T B A BT 5 20 B 93
WSCR A, fHA NoV Mg R A ™, gk 1 7T
1, BT NoV I BACRAI i2, E K4 i) T L 7E—
SERIE IR NoV, (EHHARAELL A E] NoV 22237k
o DR, T R T R SE R FLHE R 2 A, iR
it HHP SR i TR & T .

R R A AR E R AR R0

Table 1 Effect of purification on elimination of NoV in oysters

A RS i Ainy o] VAN A6 HE DL bR T AN RS DUEL E =N
Genotype Clarification time Initial copies Copies after depuration Reference
GII 23h 2.7x10° #1 -g " 3.9x10° #51-g" [43]
Gl 8d 1.4x10" $501 - 4.6x10° ¥ 0l-g ! [44]
3d 5.9x10* $£ 01 -g ' 7.6%10° # 0l -g '
GII 10d 1.7%10° $£01 -g 1.8x10° 01" [45]
Gl 8 Jil 3.8x10" #£11-g ! <100 5 1-g ' [44]
Gl 6 (1~2)x10° $£ 0-A4~ 1x10° $E U4 [46]

6 J (1~2)x10° $ 1 A~

3.8x10" #1014

3.3 HHP EXTHAFHR NoV KYHBEHIRR
HHP | $EH8 . Btk Kk 55 0 e T T AR R L2 iy
A ER AR, XL B R A b SRR 5 AT 1Y
B P KR PR BOR e, eI AR, O
LREBA T, W E BRI ERER NoV IR L MK 52 2R
H, MTIARIE NoV, {KHIE (<10 kGy) HIFRH ALk
i A AR, CRIE T B SR H AT A 5
BRER o TRV R K I E BT RE U R, RS F
/N, AT BRI AR, R RS AL, T
Tt NoVH L HE T FL i K H AR AR5 0 T v B84 17 A
EIEARTZ . BHT, $Ru5hn T N )12 #& HHP £
A, ATAE T DG A s SR P [ e S BB
3.3.1 HHP K3 NoV i3 S 405 5 A8 4k HHP 2
Bl Al Yz A — A i R SR ) AR R AL
B HHT, HHP R TEHWEAE XG5
WHTHTE, HMEm A, U Hah™, @
# P T 45 45 DL 0 T 0% = 378 BBl 200~600 MPa,  fi FH
HHP HOR AL S5, H g 30 A 45 20 23 b g oK BE A
F, SFHEAR SGMNg L kAL, SR EAGTE

HAEME, ATEUER A Y M S E e ek, TikS
W F AR 2 AL A0, (AT HHP BRI, TR 1%
A s ¥ s) | R, B R R AR AR N (2R
3 °C & 100 MPa), AT LIy 208 & 1 T8 48 R R 1 1Y)
B Agt

SPIN T AT AL, HHP HAR T DL £ 5 1
B, PR R RARI L bR, iR R R
A A A BRI SR R T AR AR AR Y o
BTEAR . /N R DY, BRFE 21 HHP AbBE AT B 2oni 4
WEEAMIL . B . RBRA L= AR, HET, ZE4EE
TA =, — U R T 300 MPa 2 52 i H B Ak
B, B E AR, X H T HHP AT LIRS 07 00 &4k,
HAAACTRE 5 TR ) A BT B TE A SER H B R i A1)k
T, JFER K. 1) HHP X455 TF52)5 , P HLERSE
B, XAERFEREMNATIFE K, FTHERHR
FIRES M ) R VIRE, 2) HHP ARBRJS , A5 P ) A RE i nEL
PR AT S B R DT 0 e R Y — A B A
HHP A5 k005 18 B i e o ok, O F R A B 055
) ERSIHERT, W50 N KT R SN,



4

B8 WS s P A T Y B SO PR T 137

LR KBRS B AR 0 4
3.3.2 M HHP KIGHCRMWIKNER  HHP AL Nov I,
WEFEZIENINE, BRI RSO B Ve i 2
TN S K-, AR BRI AR EE & NoV B e
BE BT AFAL 2RV IRCR P A A 2 R s . FFE R, S
KRR s R 52 250 NoV /b BEi 22, (R Bl 2 A [R] 11 48
K, Meigm 22 S N s S R R I 8 R R
W, X4 E HHP A B RE P 3t Nov B s 3 1
M, BEAE HHP X NoV M AR s % pH &Ml
HHP X NoV BRS8N il o I S
UREIRCR, REMOMHEIREE , W4 C 36 °C T 520 C A
H, Hi# NoV /bt i g™ .

3.3.3 HHP Xf NoV JHBACRINBIT BT HHP Z#EX I
I BB R AR RN IR S TS AR [ M5 X
F HHP S I 5 55 DU P i) NoV 7 AR T R R 248 .
HHP X} NoV #fF5¢ il g0 & W], 754 400 MPa LA K & s
T e AR 1 NoV K REIET 2 HHP %4155 h
NoV JHIBCR MM L3 2. Leon 25 X AJE B H HEAT
TRUE IR, LIRS HHPKIE GL1 NoV il 414,
W 4 1g FEHE DLELH GLT NoVik AdEWs, 25 5K HA
600 MPa, 6 °C T NoV A 582K, Zil# o624 sk
Y, 400 MPa, 6 °C AbBEF, 2k MR HERIAK, ol
DA b B0 A% 25 T L K0G K8 NoV e Ye %% 0 °C
350 1 500 MPa X 4tm5H 1) GI.1 Al GI1.4 NoV i#f474b

%2 EBEX RS E YRR RN

Table 2 Effects of high hydrostatic pressure on inactivation effect of NoV in oysters

B I 3L JE i it [ WG HE UKL AR R 27 30k
Genotype Matrix Pressure/MPa Temperature/ °C t/min Initial copies/lg Reduction/lg Reference
GIL4 a1 300 25 5 4 1.0 [41]
6 3.5
400 25 1.4
6 3.9
500 25 1.7
6 >4.0
600 25 1.7
6 >4.0
GIL4 WA 300 25 5 4 1.7
6 2.9
400 25 3.6
6 3.6
600 25 -
6 >4.0
GL1 LR 600 6 5 4 >4.0 [38]
GIL4 Lan i) 4 300 25 2 4~5 0.7 [39]
0 32
350 25 3.6
0 >4.2
GL1 WA 450 25 0.7
0 32
500 25 0.8
0 >4.3
600 6 5 >4
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FH, NoV JHPH#% UL /4 1g., Takahashi 2% %% up
WL ARWEAIAK | A Fedt i 3 LT Y NoV 4T HHP Ak
H, 25 FEH HHP XF3X 3 2L 5 b 9 NoV 45 T Ikak
B, ABLEGZ R HWESTHE Al S b Y T SRR K
FEAIC, 2] HHP X} NoV BT AR 55995 75 i &b 1Y P18 Ak
A G, i i 5 AR 1B R] LGRS NoV 3% HHP
e, BbAh, HHP B R Pt pH. b AEXHE
1 IAEBORAA — R, e pH & /F T, GL1
GI1.4 NoV i/t (2.3 1g F1>3.8 1g) & T pH=4 (0.4 Ig Al
1.21g)"",

HEAh, Kim %1 4 5 M2 IR 5 HHP b BRES Ao K
I NoV 114 5255 2 B W 2 0 85 AT DM R IR AR o 7252 PR
Az R FERT 5N HHP AbBEAH L, 240K
SRR T S A e B KRR
3.3.4 HHP 7EALWE B APk HHP HARW DA
HOH AR B NoV, (R ZE R T b iy 732 1 F AT
g 2Pk, B, R EMPR AR S AR R , F
AR 288 AR W SR R B U PR R, ok, 24>
WG FRAE A T — 5 HHP b PR BT RRAR AT, Hd
TEAE—SEIal . WA IX A, 2 S 8O0
(1] PAY R S o g, 3k 0 2 v i B 0 A 7 fin T o B I
FOIRI s FESEWRA: P2 REZRI, SO DR AR 7 1 2l g e T 5 3K
WAHEARRK . 5, HHP HARA = p4tinr= 5, %
BAERUAS, DLt E e o L HIE SR g,
A HER 2 K A BAK . H A4 5¢ HHP X415
T NoV THIRACR AT 2 N TG Yebt Wi s oh &, 7eF
Al TR T ) R AN K, [R) R R R R 3k g v e]
RER A AR FRINAE RN, XS T IR A RIAFSE o

4 JE

BIRTE NoV 51Kk 13 Hete ok 5 R 28 AR G
o HEDRMA FERR AR, HGE NoV 81
FEEM, HEHTEECHEE, Po4tiFE Nov g4
S SHLH, T4 NoV BL iy s, iEM A
[l T 5200 NoV FUTHISCR , R 4 s £ 2 2 vk
FETB, LEORFRAT A5 A B R RS SR B HT AR R,
o HHP A3 45 R0 T8 A 7 A B0 A W5 Nov
WIT7, AR BOALEIE I T 5, 2l R R bl

S Z ik
(11 FHRA:. Hrma e D2 50 A K 54t 2841 U BT R 2
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