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Area of Shanghai from 2019 to 2023 and to analyze the distribution characteristics of the virus genotypes.
Methods In this study, a total of 545 oyster samples were randomly collected from Shanghai seafood markets
from October 2019 to April 2023. A nested reverse transcription polymerase chain reaction (nested RT-PCR) method
combined with sequencing was used to detect and analyze the presence of NoV in the samples. Results The overall
positive rate of NoV contamination in oysters was 4.04% (22 out of 545). A total of 5 genotypes of the virus were
identified: G1.3 (n=5), GI.4 (n=3), GII.17 (n=3), GII.3 (n=9), and GII.4 (n=4). Mixed contamination with both NoV
GI and NoV GII was observed in 4 oyster samples. In terms of genotype prevalence, GI type viruses were
predominant in 2019, and the specific genotype was GI.3. From 2020 to 2022, GII type viruses were predominant, the
main genotypes were GI1.3 and GII.4. In the first half of 2023, both GI and GII type viruses were detected, with a
higher prevalence of GII types. Seasonally, the detection rate of NoV in oysters was highest during the autumn and
winter months each year, coinciding with the seasonal outbreak patterns of NoV in human populations. Conclusion
Since the outbreak of the COVID-19 pandemic, there has been a significant decrease in the detection rate of NoV in
oysters sold in the Lingang Area of Shanghai. The trends of detection rates in positive and changes in genotype
clusters are consistent with research findings from abroad. The findings of this study not only fill the domestic data

gap in monitoring NoV in oysters during the COVID-19 pandemic but also provide a scientific basis for the safety

assessment of oyster consumption.
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Wi 409% B (norovirus, NoV)J&—F oAUl | Ak IFE X
RNA 58, HARZ)27~35 nm, JEFEHK N 7500~7700 nt,
A T HR B R P AEMR R PR BT T R A ke e v, (8
HRLT T LA A 5 R iz 2 R RT AR
BEACTE R [ (capsid) A LR Y 91 A TH], K H 5k GI~GX
4 10 RIS (genogroup), GI, GII, GIV., GVIII, GIX
SEnT Pl ge A 25, Hid GI i GI BE2 /% WA A TR Nov
HOSEIR2ERER ARSI 22 5, GL. GIT S5 LR 2K itk —
AN N SRR IE Y, FREF) 2019 4, [E BRAOR GG
FIAEAKEEDS N 49 4~ C BIFEKF (capsid type,
C-type), 60 > P I BL P 7 (polymerase type, P-type)®s NoV
F I 2 R AR AR e N5 A A B AR, B
NZIG YR Y MR A A D1 2K i
mi R A B SR H 5 N NoV i k& A =00,

AR, mtwih NoV T5YLslE Ay & i & 2 di k2
HANGE, UG h — R DA uE B DU, T DR e A
IR 96 B 0K, WA A& NoV 789158 i £ 32 A 144 3
PRV RIS & B, A NoV HoAT T B I L [ 24
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1A 25 UL, Sl A R NoV 5L R R ZFEE,
AT PASE 7 Hst AR R AE AL R R 12, SRy 5 1 Ty A
Hl PR 2R AR, 2000 43 2010 4EHA], kLKL
36 RAEE BRI RRAT, Hrh 22 RS & 25
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HOREETE AN, EANRT NoV A SR BT 8 AH X 4%
/b, KEAVENEY %55 B2 R >4 4157 X 1) NoV PRk =R
1 94.3% (2018—2019 444 ZE) 196.6% (2019—2020 44 ZF)
BETHET 63.2% (2020—2021 4E4Z), Wkt B R
ZERRUT . 7EAEERT, FARKAS ZPOE4 G NoV (1)
I AR FNHR BE AL R AE 2020 4F 8 1 —2021 4F 4 I
[B], BARTERZMEZHEAEME T NoV, (HiXEbGEEATH
FEMR A - NoV 4 [E] A SMIF 5T 3 45 A K B2 14 I ] A% g i
HaH NoV (75 YA il 201 72 4% B 4% NoV B 52
KA T ERITIE, BMEEHEE W T, A E S
WFoEF MFFEA T I . {8 F IR E Z R R e E R, X
% BET ] AT H NoV BT5 Y1l BUA 9T 5 M 55 o

A B 9 A Rk S i Sk R A 8 B =X R B (nested
reverse transcription polymerase chain reaction, nested
RT-PCR)J5 %, %t 2019 4F 10 A £ 2023 4= 4 A WlfE L
U XCRAR Y 545 Byt pkeA, #E47 NIE Nov (GI. GII #Y)
FRIFESEAGIN o AR A M 00 B i 7 i et 8 1 % M ) |
T T I 9 . X T R NoV i9y5 J9IR oL, g4t h
NoV 114 XU B ¥ 5% £ FH 2 2 TPAG SR LRI = 4K 38 .
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R LA RS H]; 50<TAE buffer, T %44 PCR 77#)
P AR & (595 B522214)., Topl0 25400 . GI.
GII B! NoV #y i, RT-PCR @ A E 31 ¥ (%5 WFE )[4 T
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AR A BRA D, A K CBECRBME A BRA
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WA R .
113 ZZME

AC2-4S1-CN W% a4, ACB-4A1 i TA/EE G
Tl 2 B B A BRA F); FastPre-24MP 21 485 JFi 4 (35
[E MP Biomedicals 2\ 7l); 5382000074 {HE R4 @G .
5702R £ 2K G B O HLCEA R [ 4 BRZS 7]); PowerPac™
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1.2 /7 &
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B8 Bk L1 R LR 2L, B MP 44U
BHTRLAI, S HEEYHL S RNA REGAH &t 45
25 PR BUH WA T AL IR Y 5 RNA, 153 RN RNA
FEAR, o] RPZfe P sl A% T—80 CukAfi th s .

122 £ X RT-PCR & &

#2 RT-PCR 43/ RT-PCR(45 — 4% PCR)F PCR(%5 —
% PCR). RT-PCR AR — 25 5 % s 2300 &0 i idd I 43 1) 1l
25 uL WRWAIR R, fdE: 1 ul i—4% RS9, 12.5 ul
B 2x—H 3L RN, 1 pL 89 10 pmol/L IE[MBI4, 1 uL Ay
10 pmol/L K[54, 1 uL #4k, 8.5 uL #Y ddH,0. RT-PCR
SN AR 55 °C e 5 5% 35 min; 95 °CHIAEME 2 min; 95 °CAR
P 30 s; 60 °CiB 2k 30 's; 72 °CEEAH 1 min, 35 PMEH .

# RT-PCR SR8 10 £51E 858 — % PCR
PR, 25 %6 PCR e i fR R4k 25 uL, 45 12.5 uL
Y 2xTaq Master Mix, 1 uL #J 10 pmol/L IE[m 5|4, 1 pL
) 10 pmol/L SZ [ 51#), 1 uL KR, 9.5 uL 9 ddH,0.
R FERF: 95 °CHiAS I 5 min; 95 °C7EE 30 s; 60 °CiR &
{54% 30 s; 72 °CIEMH 1 min; 35 MEH, Pi%e PCR § )5
BT H0- 2% 00 B B W 6 I W Uk AT A (GI: 168 bp;
GII: 344 bp).

1.2.3  Sanger M 5

W UK S MY PCR 974, 2 EAEMHA
AR (LAY TR A R 7D)IEAT Sanger /7. #
W 45 5 g WU B 27 e, DU 5 B2 44 B PCR 7™ 4y TRl it
G ULEH B IEAT PCR W I, 4 8 T M40 22300 &
U B ST 14 B 5 AL S B0, ISR BT T, BUGE R
M

%1 £ RT-PCR HI3|4HE !
Table 1 Primers combination used in the nested RT-PCR 7’
JIrik FE[A Y GlEY)] IR 5(5-3%) 7 1,
COGIF GGYTGGATGCGNTTYCATGA 5291°
GI
GISKR CCAACCCARCCATTRTACA 5671°
RT-PCR
COG2F CARGARBCNATGTTYAGRTGGATGAG 4989°
GII
NG20R CCNGCATRVCCRTTRTACAT 5372°
NGIOF TGATGGCGTCTAAGGACG 5362
GI
NGIOR TGAHTATCCAGGGGTCAAT 5511°
PCR
NG20F GGAGGGCGATCGCAATCT 5036°
GII
NG20R CCNGCATRVCCRTTRTACAT 5372°

A5 5 uAEIT S M8T661 (K ; P 514 5 AE 51 X86557 HINLHE .

fAIFT 1 P IR A BRAE: R 2R A 50 G; B %R C 3 G 5

TNRFARGHCHETYRRCHTHERABCHT,VERAHGHC.
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Braifbny PCR =44 I PCR 724 (B 70 4 i b
W T aitl, HRIE T 484K PCR y= 8y 45i0) &ii il
B alifbIF ) DNA %S pUCM-T 3R 1T TA 30k 1,
16 °Ci%#% 14.5 ho U5 pL BB N A F] Topl0 B2 A4
fiaep, EESRAT, VKA HERE 30 min, 42 °CEJRVEHAIL 90 s,
VKI5 ming SN 900 uL (9 37 °CHIEAY LB Wik
REFRICRT Amp), 37 °CE&JEBIFE 45 min, WITIRE,
4000 r/min B.0> 3 min, % 750 pL FIWR, BRIA R SR 5
WAWRITIR AT o B AL IF AN IR IR AT TE &7 100 g/mL &
THUAERMIEF R L, SRdEsE. B R, Pper
Mr b, AT TR O B e B, T AT T
PCR BIE. W% PCR JLWVAKFRN: 12.5 pL 1 2xTaq Master
Mix, 1 pL # 10 pmol/L M73-20 54, 1 pL ¥ 10 pmol/L
M13-26 51, 10.5 pL 1) ddH,O, BEIETE, WATIRA]. S
TR H: 94 °CHHARIE 5 min, 94 °CABPE 1 min, 52 °CiB K 1 min,
72 °CHEMH 60 s, FEERBCH 30 4~ PCR ¥ AYF~HIH 1%
FI B AR S FEL DK PR TAGIN (GI: 168 bp; GIL: 344 bp), #5 i
BRBAPESAT % AW AR A 6l #E1T Sanger WI)F .
1.3 HiEAIE

¥ Sanger M FAFRNALER, Jote L EERAEMBAS
B A0 (National Center for Biotechnology Information, NCBI)
ik BLAST K RIGIEITH. B, M FHAEZ i im 2 5L
43 7 T H. (http://www.rivm.nl/mpf/norovirus/typingtool) i &
NoV JF4I JEH R,

2 HEREHHR

2.1 BHES T

F£ 2019 4F 10 A F] 2023 4 4 AW, —3it47 28 A
BISRAE . R T R B FUH I NoV 5 Y i, ARUCREE
Y2 o AR WEE S — AL AT R, St gk 2. 1
2019 4F 10 H 2 2023 4F 4 W], RET 545 4t ante
b, Horp 22 HAGH NoV FHYE, BUARRIER A 4.04%,

WG 0, BRI HAZESH, 2%
6 AZESH, kERHOAE 1L H, £FNN 12 A BIRE
2 H BRI (L DR, 2019 F 2020 4§ FH 2
WE(EAE 10 35 12.0%, 2020 % 2021 4EAIEMEAE 1 5
) 20.0%, T 2021 % 2022 FAUEE TR LA 2021 4F 5
A 2022 4E 10 A K 10.0%, 2022 2023 4E A IE(E T I7E
3 AR 30.0%. BRubz b, oAt 63 BHAEAS 1 R8T
10.0%. MZEI 3k E, HEZE NoV (1 FHPER ) S HA
12 0.0%, Mm%k ihREm, X—KHS NoV iz
TR FFEAR— 30, DR S5 W A 25 285 st 24 1 [l 0
743 % 3l °F- Y3 (autoregressive integrated moving average,
ARIMA)E R4 B7 T A5 H I 250 A, Tl B s 5 300 7 e 2%
PEBIFE ) 2R A8 WA h NoV 15 Yt i i 75 3 i Wi gE — B4

®2 HIFREERR

Table 2 Oyster harvesting information sheet

Wi B BORAERL e SRR
1 2019.10 20 15.0 GL3 (n=3)
2 2019.11 20 0 /
30 2019.12 20 0 /
4 202001 20 0 /
5 2020.09 10 0 /

6 2020.10 20 50  GILNA (n=1)
7 2020.11 40 7.5 gﬁ\f A(E’n =21))
2020.12 30 0 /

2021.01 20 20.0 GIL3 (n=4)
10 2021.03 20 0 /
11 2021.04 20 0 /

GILNA (n=1);
12 2021.05 20 100 GLNA & GILNA
(n=1)
13 2021.06 20 0 /
14 2021.07 25 8.0 GIL3 (n=2)
15 2021.08 20 0 /
16 2021.09 20 0 /
17 2021.10 20 0 /
18 202111 20 0 /
19 2021.12 20 0 /
20 2022.02 20 0 /
21 2022.03 20 0 /
22 2022.09 20 0 /
23 2022.10 20 10.0 GIL4 (n=2)
24 202211 20 0 /
25 2022,12 20 5.0 GIL3 (n=1)
26 20232 10 0 /
GL3 (n=2); G4
27 20233 10 30.0 (&::32))%[;]127
(n=1); GIL.4 (n=2)

28 20234 20 5.0 GIL17 (n=1)

{2 GLNA 2y GI B NoV A& RN Y, GILNA Jy GIT L NoV &
5 AR PRI /0 TR S

22 HEBHSH

M 2019 4 10 A % 2023 4 4 H W], DA 22 £ B4
WEEE S H 43 B A3 2] T NoV 1)¥ 51, HFIH Norovirus Typing
Tool 45 & R G K B 4 HT v RS9 NoV JF 4 k4740 B, 25
SRANE 2 iR GLEE [ 36.36% (8/22) .GITH (5[4 81.82%
(18/22); 7£ GI ®rh, GL3 & HR£(22.7%), HIKE GIL4
(13.6%); 7E GII BIH, GIL3 (5 H R £2(40.9%), HKSE GIIL4
(18.2%). GIL17 (13.6%). GILNA (13.6%). Hil¥l 3 NoV %t
R4 70 B A, A6 2019 4846 H DL G B 32, {HU2 2020
A 2023 I L GIT #R F, GIT B gt o i A8 3
FERAY, JF HAER BB k. T GID B e T R Y
A P R BRI YRE ], — B NoVIEE & K 1)
FEKF, EFFEAMTER.
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HEZFLNBRA TS RSN, S 18.18%, 2021 4E 5 A4
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R FEBA RS AR ZLH A 437 2023 4F 3 A4 3 H 45
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GL4. GIL17. GIL4, 55 2 R4t Nov HEEA: GL3,
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4 o AW 20 R RYIR G IR AT REE NoV ST AR R
Bz—.

3 W54

3.1 FERIEFM NoV ¥ H

2017 4£ 10 H—2019 4£ 10 J, BEH5s EE 42T 4 w5
th NoV BAYEZR Hy 22.1% (140/633), &£ Hi4E A& Z= BV %%
i} 50% (2018 4E%9 1 H).61% (2018 4E 11 J1).50% (2018
412 J)H130% (2019 4F 2 7)), AT 43 i BHAEAS 5
HWHEARE 10% M VLT o Fodetid ki 2 f5, #hi5Hh Nov FH
PEZRELE 4.04% (22/545), L ZEHMEZRIGEBEEA 20%
(2021 4 1 7)), At 7 43 FRAHAS 23238 H R AE 10% 2% LA
Ty HZE 2023 4 10 AHEE R AR BB, dhug
NoV B Tk, HULER, Hrbse s sy st iy
R NoV iR i 2%, Ar#fr i A : 2019 4F 12 —2020
10 AAESEHEA TR DR B B, B0 BRI TS SR
KA B R AR SS, Wb T NS AN Z Mg,
Jn_E AT RS T A A AR BRI G R A B T R, LT
FELWT T NoV AL HE o B AR D45 By BEA K 21 01 B4
W5, (HS AR M, NoV B3R FIv BE (5 25 A

2021 HELAJG, BEFE BT S I B R R R A
ORI B, AR B R, ARG ST R %
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oI NoV MRS 2 20l . 2MiEA 2022 4 9
A G B B B, ARt ac R AR £ R EUR
BN 5 A ZIE] A BB s e A AL R L s 3, <&
PR T BRI (<52 244 T AT K A B
RO A W T RE A A, BB s e
FERE RS SE N . EAE, KIS RS 1 28 Ak th, v RE X A1 g o
TS SR TR, Hean, ook e B ARFERT . it
K AT B8 25 T 805 YL ) A0 108 ) b R AR I A KR, B
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HRHEI 3 4F- PN NoV FE R A F= BE A B 407, 4t &
FRATHI NoV ¥k Bl GL3. GIL3 F1 GIL4"2, MANS 2560
FEFFE IR A B R NoV BT 0 L JiA TS “FARRAE R 3
HMZ MG R, ERERVEFNRE LN NoV 521 E B
RPEE T, Ml 85%H GIL4 BIAsStkg I &1, Hik KN
GIL3 1 GIL6, TifE GL B, GL3 &% WAmATHE. I
s iEse T4 R P, 358 Nov JEFEEN GIL4,
HWE GIL3, 20154 1 AZE 20194 6 A, REGEH
XgEfs i35 T 351 H GI B NoV 428 FH M2 41,
Mo GL3 B k3w, i85 36.8%. /REIX 3 MY
FE P A S 2R A X AT, A g5 m A0 38 ) R DR B 045 472 O
ATIFE BRI A 0 (1) B A Ao A A7 BN 2896 sl 1) S 2 5
B, 76 NoV BEfH B2 LI, X 2e it 5L AR SR b ¥
FEHA, X BERORBURRE G, LA AR U5 1w ik e
A IR

zx Bk, AT 2019 45 10 A = 2023 45 4 AR
FH&3C RT-PCR WYL, Xt R G4t wits riEss 4 4F
B NoV fifidr TAE, FERIAG 545 HAT ML i, Nov FHTE
K%l 4.04%, Lkl 5 FEEREL: GL3 (n=5). Gl.4
(n=3). GIL17 (n=3), GIL3 (n=9). GIL4 (n=4), H+, H 4
R GI A GIL ANR G5 Jy . ARFFRMEEIR, H#id
FERE WAL NoV A9 IXUBS B 7 R 2 4 pR A 4RI T
A B AR
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