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2. BEREAMBERRERE TR M 510632)

HED A JB# %177 % (Human Noroviruses, HuNoVs)Z 5| X i & 2B N EERBEME ., £
HIRE MDY, & HuNoVs 75 £ M E EHA . ARG E T K E I K7 40F & oy 4% i @ #F % X
B, AN T X HuNoVs B35 2R, BAMRFEMMW, £5 . 7. 7 EENEFH
% 4% % . PubMed 7 EMbase %45 &, M ATk 8 600 & x T I %35 4 HuNoVs 48 X Sk # i 4 4
N 37 B KJH Stata 14.0 SRFH#HATZELHT, R I, K E I EF R EZEKEAE HuiNoVs W4/
HF K 15% (95% CL: 11%~18%). T A T 7w, G EFES H E(11%)E T G 1 HEHE(4%); H
AL E XK R E T AT EE(P<0.01), R, LMK, LRBXGHE R H X
2 19%. 17%%0 11%, T RAA T X 0 05 K 4%F0 9%; Woh, T zrWE, £, £F0
A E R E(25%), T EFERN 10%, &F ., AEMNLH N 16%M 12%; 1B & K 1R &
FREHEEZF, ¥, H¥(Ostreidae) (16%). & I (Mytilus edulis) (10%)7Fn & (Mactridae)(9%)
FRESHRENZ, LR, RENES HiNoVs LB A LR, MK, 2FH, NERHERE

FHMMBTREAEDEY W AFNREREY T

G YR A UK R T AT R IR,

Y B 45 2R 1 HuNoVs B8R A R4, R NEF D ohdREX K.

KA

hESEE RIS5 XEERIRFD A

R U9% 7 (Human  Noroviruses, HuNoVs)J&
FAARFERE, & — TP R EE RNA 55
M FEAR T VP MZHEM:, HuNoVs #438 10 4~
FHBGI-GX), Hif, GI .G, GIV, GVIIfil GIX
AJ &Yt A\ 24 (Chhabra et al, 2020), HuNoVs JgZ 5] &
RCH LA EEURL R T 318 f F80W) . R P

wE; X, AREwRE; BEE;, ZEM; EHEAR
XEHES  2095-9869(2023)06-0177-13

o 158, 2 1 RGN I R S E R A iR
DI, W PRAEARALFE K I (87%) . LTS (85%) Fl & 44
(56%)55, R NY 42 1030 E R TT A FI
600 12 3& JC 1 [A] 422 B A< 51 2K (Bartsch et al, 2016;
Lopman et al, 2016),
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B, WM ER. FREDE A mT. HHFE
PeRE L, i 2020 45 E L e RS ) Rl W,
FE DL B =2 1458 J7 t, Hip, 4E45(Ostreidae)
5 DT (Mytilus edulis)Fu4 1| (Mactridae)d D125 5 70%
DL B (ol At E el i B B R 4%, 2020), HEIER
P B V5 Y — IR 52 M DL 2K Pl B K R 1) B
#iln) #5(Yang et al, 2021; A & B4E, 2021), KDL
K HuNo Vs 1 5 80™ i 9 4 [l iy A i &2
WA T R ETI . NRE T tkshY, i
A2 D RR B R R B KA e i T B A R R 2
N (15 S F5E, 2016), L4, HuNoVs & & T 2K K
Je AR MEE I H LAk T B A BR (Battistini et al, 2021;
Rupnik et al, 2021), K, & A RER 205 34
P Z TG N R S8 a i E RER

I FE AT AE X DL 2K HuNoVs 5 e it 5 J0 7 i
AW, 2D YRR R T AR M, {H
RO A R AR — X AR L A,
o4 e, AR T2 mE R E D2 HuNoVs
1Y IR o ZEFE BTG 2 B R A R0 55 25 SR 0F
IR IEATEIGETTF0r L, AP
[ DL 285 Ye R A R T I 5T, FHZS 26 i R A0
I AR R D2 G Y HuNoVs BYBLIR , BFxf Il 2k
RFEMHLIX . 22 DL R 45 25 R AT R G0
AR GT 45 SR B FAE R 2 [ ] L s a) 5 B 4
T T IR E DS T HuNoVs 75 4L XU B, AT
Shy B 8 % D1 2 v VR 0 7 RS A B 4 R R R
S

1 #ERETE
11 MANSHBRERE

111 ARER T BT TET BT 5

112 #rsts  PEMIXAZ HuNoVs 154y 1125,
1.1.3 %k R & (effect size) o #

1.1.4 Herktrf  HERRSCH; IR

BAbRE; Bl A2 I W R CEER
S Al — RS A

1.2 XEEEREE

HEN R P EAN ., 453 5 hEAYE
R EIE EE . PubMed . Web of Science. Embase
F1 Cochrane Library %#ig 5, #4256 F 3% Dl
HuNoVs 15 4415 5L A RS T T AT 57, A6 2RI B 459 oy 122
£ 2021 4 12 F 31 H. K2 REC B0 A H i

ZEE T, KRR AR A R Bdh R A T R A L o
SCR R AR EL AR AN 15 . U PLSEHR B L A L DL
MWHE U dhls . AHE . TRDL, 3 H(Pernaviridis) .
. B DURI . S 0K &K 4G norovirus, norwalk
virus, seafood. shellfish, bivalves. oyster. mussel.
cockle. scallop. clam Fl China, LA PubMed M5,

ARG R MG ULIET 1, SCHROT e i FE S 45 2R WL IR 2.

#1 norovirus [Mesh]
#2 norwalkvirus
#3  #1 OR#2

#4  seafood [Mesh]

#5 shellfishOR bivalves OR oyster OR mussel
OR cockle OR scallop OR clam
#6  #4 OR#5

#7 China
#8 #3 AND #6 AND #7

Bl 1 PubMed ¥ mS

Fig.1 Retrieval strategy in PubMed

1.3 HRHEE

X LN B SCRRIEA T PR AN B 3, WORME N 25
TAdE: OMABR ARG E, A CEREH | 5
—EH . KRS QWX R IAREE, A4S
K SCHEREIBETE A Oy . VIR | PR REAK . Ay
. HuNoVs JERBE . /A S5 CHEE B o

1.4 ZitHHr

K HI Stata 14.0 BAFHATZ 2041, R Q Kl
(P{E)FN 1 A BB 58 ) 5 B, #5 P>0.10 H 1°<50%,
DR Y I8 8 RN A A 5 7 P<0.10 L 17>50%, WSR A
B AL AR AL, R A HuNoVs B H R, IR 424t
H 95% # {§ X [8] (confidence interval, CI)., %% iR
HuNoVs FEDIRE . X oA . =45 7043 i D 2 ph 2 it
P53 o B, oK Begg's 62 56 X6 SCik & 3 I 77
AT R4S

2 #R

2.1 PAXEERFR

AW AANRY 37 Fe SCHRH, 29 01 W i
IR R BREARIAE 2 955 1y, f/INA 52 1
LT TR SCHRECRE, 26 2 B85 T
ASCHR B BARAE B
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Studies identified through database searching (n=600) bl f‘tﬁ 1, ﬁ%ﬁ?&ﬁr*ﬁ 3k
ﬁ%’ . | Web of science 42 PubMed 39 Additional studies identified
Identification Embase 12 Cocharane 0 through possible sources
HRHEHAIM CNKI 187 Ji' )5 WanFang 155 (n=0)
43 VIP 85  REEYBRYRBEEECBM 80
\ 4 4
w SRS ST AR5 SOk
Screening Studies obtained afte(r rezlr;c;\)/ing duplicate studies
=
2 HEBRANAT B AR SCHR
; Studies excluded by study type (n=28):
. FITCESA 1: Meta-analysis
Studies screened by study type 11: R4 Systematic review
(n=297) 16: 2% Meeting abstract
Y HEBRASF B HISCER
A e R B AR B Excluded irrevant studies (n=221):
Eligibility Studies screened by title and abstract 221: BRI AT A AR
(n=269) Experimental design did not meet the inclusion criteria
\ 4
N HEBRANAE A 1 STk
=
F lﬁ%&%ff(%gﬁ? > Excluded irrevant studies (n=11):
ull-text of studies 3: PR BT KAt Fl— it Bl Duplicate published data
assessed foreligibility 4: BUJEA 15 Wrong data
(n=48) 4: BHEA 4L HICE3K45 Data incomplete and cannot be extracted
y
VA e
5 Y ALEHESIHT I SR
Included Studies included
(n=37)

P2 SCHRG i i

Fig.2 Flow chart of the search strategy and selection of studies

22 ZEEH/WER

LA 37 fSCHk, BAFEAREE 17 162 £, HuNoVs
15 YL DL ZEAT 1970 1y T REHLAUN HEA T2 %50 #r
R 37 MR B RIRN 015, 95% B 15 X [H]
0.11~0.18, SR P<0.01, 1°=97.22%, EA%
TR S BRSO LT ZRARE (R 3),

23 TAHSHER

DAFEDHRE . HLIX | 22 B8R0 LA A R o L 2
BT LH AT, 5 SR UNE 3 R, &S24 N A4
(i) P 6 ) 236 25 S 34 B T2 T L (P<0.01), R[] 4%
V. 2H A7 AR B B S R (17>50%) , 5 H SR BB HILAL
N AR G N o FE DL, B — G T SERRI AR e
H— GIFEHNBES YL G 1 A G IR BER A 15 4
B H R 3% 10%F1 1% ; AS[R] HL X A0 95 B 75
oK WE, Hd, SERHX () RE . )0
WA X R AR R S 19%, fedbdbnti,

WAL R IX (R . LA . ILRA . Bl
i LAWK R Z, 25108 17%8 1%, 74
JECH ) AR L (AL T4 ) Ml X R4S H 3R AR A, 53531
N 9% F 4%; IREETS P AP AR BT R, B
Z. BHE | BRI RHIE 16%. 10%.
12%F1 25% 5 AS[w) D1 28 Fh 2 995 B 75 Y K A7 78 I
ZE5E, HEWE TR DURNIA A B SR AR T B, 43 e
16% . 10%F1 9%, i B AR A 46 2634 5%, Bt DL
RS AL 4%

3 it

HuNoVs J&5 | & 28K 5l % 43404 1) 20K
Hodr, 250 p DR HEZ A 2 — o FREER I
AR, A7 02 WX DU A7 2
TP EARMIX . RNEZET . ARE A HuNoVs
15 YL 25 5 o ASBIF T FiE FESCHR ) 99 A FHEBR b 1 2E
1T SCHRI TR, AN A SCRR PR SEREAR IR 17 162 177,
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PR ZANE 0 FUHLIX, A T B A RS T T O A, R
HAMREN ., BRI GB 4789.42-2016 #LE T &5
1 HuNoVs 1 K il J7 ¥ J& 5¢ if 2¢ ok &2 & PCR
(Real-time quantitative PCR, RT-qPCR). 7E 37 High A
WhgEH, KEEFE(32 WK T RT-gPCR J5 %%t
D12 HuNoVs # 7 s . 5348, A 5 TAF5E{
A 3o 0 S5 (S0 PCR 1245 4 BRI H K 14 D7 6 A 1
RIZFRFEAJE Y1 1 B 0945 30 e/ 3, e
PN T ARRZEFESHT

GRS AP, FRE PR HuNoVs
PR 338 15%. Hed5, MDLZERAERHLIX | Z2 15 LA
P B 2 B Bl S R4 VT e P LS P A R
ST T A X4 B HuNoVs Je KB . SRAFEHL XA
JRIBR T E R X R O AR AT, RAIA
AR 4] . HuNoVs HAT ZHEME, W41/ 1 ik
N, H— G o GI BR300 3%
10%, G I Fl GII 3 HBEIR SR RN 1% Bl
FEHBEIM USSR IR BRI PR Wi A 45 5 — 2.
FTFRERFEE N KIFE PR HuNoVs 754 nZ= 2540 #r
SRR, Gl LR, GIUIEHEBEK G F G
PRIRFIR S 15 JL A 2530 16% . 20.6%F1 12.8%
(Ekundayo et al, 2021), IAh, HWFTREAG T &
B R 2APEE I 2 0 B %, /R HuNoVs [ AL R R
H17%, Hrp, GIIREFEBENERRAS%)m T G 1 3
K BE(1%)(Nguyen et al, 2017), ZE& VA F4r4F, HuNoVs
TENTE . IS AR & P AR AT BEAA FEIE ML R B A%

32 PEYNIC S T 45 WS Hh DURBEA B Sk i, H:
WAy 35 WF R AE AR —A 0y, A 2 R ZEZ T —
A543 (Tao et al, 2018; Ma et al, 2013). K44 T AF 52 14
FEAR S R 42 R TR ) b B X R A7 0 98, s 2 B4R v
AR AR IIX (R 1) ARG R TR, KA
X D12 HuNoVs 75 Y K-EAEFE £ 5 . Bk UG,
RO R )TVRHEE AR X iR ) FIARILHLIX
At . WAL AR AR 19%F1 17%; A8 7R
(FEEEA VT INARE . BT #iTE) . vEdecH
A FA L (AL T4 ) Mo X B A SR, 2 0l o
11%. 9%F1 4%, FIREMJEFEATT . 4ERg(10 30, ¢
69 W) MAEA (18 i) Hy X X} DL 2K gk 47 T 0 £ 1)
HuNoVs K], PRI, e ik R 8 i AR dL
PG XA A 2 TaEsY, Rk, Waiil g D1 2R A%
AR, BRI BRI X, (HHAE
el 3 A1 4 [ 45 b o X — B Ul ] B R OC T3 R AR R
i DX B4 T B DL 2 g 2 W T ) B 2 25 B A 2
HARAR B 2404 Hh DL b 3 05 Y 0 B FH XU o SCBrR
b, DS A PR AR AN R B IX 22 8] 1] RE A7 AEAR K22

5, A AFIHAR . HuNoVs BTATHFRe sl . F%
FHIK B | 2 e 18 Lo T 07 AR L ] g &5
Wi DL 2 ol 7975 Y 1Y R AR K-

x®1 REFRRHRMANNXHEE
Tab.1 The number of included articles in
different regions of China

Hh X 44 Bk YA SCHRECE Number of
Geograhical names included articles
JE5TT Beijing 7
I 7~%8 Guangdong Province
WiVL4 Zhejiang Province
VL7344 Jiangsu Province
1117544 Shandong Province
fR#E4 Fujian Province
Hilt4 Gansu Province
JUPRH R AR X
Guangxi Zhuang Autonomous 2
Region
74t Hebei Province 2
il 744 Liaoning Province 2
2
1

N W s B~ W

77 Shanghai
Vi 44 Henan Province

ARIZET 250 HuNoVs 15 ek EAETE R K
S, RZ(25%) FIFEZE(16%) IR H R E T 2 ZE(10%)
FIRZE(12%), KR T 5 CHRIE RIS KR D
PEUESE 2 U1 28 HuNoVs 5 4% A9 3222 XU K 25 (Campos
et al, 2017), &&= LI . HIREEM, 5
HuNoVs MAFTGHHE T RIF R4 F. MR, =2
DURIOIR 2, IS 2R o 76 AR R4 T — 0
WHFEARTT T 29 %F HuNoVs ¥ i R 52 . & =&
Z W IRIAE FR I KR (20.0%) . HE15(50.0%) Rz B 2 9%
151(20.7%) H 4G £ B £ HuNoVs, 1 & 2= FIRK 25 ) 46
HRA R 6.2% . 10.9%F1 17.6% (L2 k4%, 2016).
HHN, RGEEE TR AR L A HuNoVs 7E 77
BEAKPR . W= A Z RIS, IESE T KR, &
fn AU 2 [RIAEAE 2 V) B A e (2R3, 2016). 3R
[ HuNoVs BYL S 8UWEels 72k HA B E1H,
Z UK BRI TR m R REBEE R EERR T
ZEN . 2013—2014 4F)T PR AR IR AL T
£R7E 3 AL 10 AR 11 A (FEMREE, 2016), T A&E N
FERAEAELFNFEEWRITE, 2017); 2016 4FJ05T
TP B TE R TR A (254155, 2018)52015—2016
AETAL AR PENE R B R A 4—6 AR 12 A (X2
2017); 2018—2019 AFA H44 1M 17 28 & FE IS By
U AR 2—3 A 9—12 H (BB 4, 2020), i
T v [ 7 R Y TR B HuNoVs B Rk #I%
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%
Study ES (95% CI) Weight
MR RE(2022) | ——+—— 0.53(0.43,0.62) 2.58
ST R%(2021) aall 0.09 (0.07,0.12) 2.82
ERE(2021) | 0.22 (0.19,0.26) 2.82
Tk 4£%(2021) ' —_— 0.35(0.24,0.47) 2.45
RIEFRE(2021) : — 0.27 (0.20,0.34) 2.69
XIE A% (2021) [ —— 0.30 (0.24,0.37) 2.71
ZhangZ(2021a) T 0.17 (0.13,0.21) 2.78
YV 45(2020) -+ 0.10 (0.08,0.12) 2.82
FEFERKE(2020) | ——— 0.28 (0.18,0.40) 2.45
X7k A4(2020) + | 0.04 (0.03,0.05) 2.85
W 11(2020) ! _— 0.37 (0.24,0.51) 2.31
Xk 84(2019) R 0.17 (0.15,0.19) 2.85
XIE A% (2019) ——r 0.11 (0.07,0.15) 2.73
FIE%:(2018) +~ 0.06 (0.04,0.08) 2.83
FEIERKZE(2018) | —_— 0.38 (0.25,0.51) 2.35
2= 354(2018) — 0.09 (0.03,0.20) 2.34
BB (2018) —— 0.17 (0.13,0.22) 2.76
T T %(2018) -~ 0.04 (0.02,0.06) 2.80
TanZ§(2018) | —— 0.21 (0.17,0.25) 2.80
Tao%:(2018) | 0.21 (0.18,0.24) 2.82
FAEERLE(2017) - 0.09 (0.06,0.13) 2.76
= H5(2017) -+ 0.15(0.13,0.18) 2.82
ZE4(2017) -+ ! 0.03 (0.01,0.06) 2.72
TLH2(2017) - 0.16 (0.12,0.20) 2.78
B AASE(2017) | 0.08 (0.06,0.11) 2.80
B EI/4(2017) — 0.11 (0.08,0.14) 2.80
[ &% (2017) T 0.18 (0.10,0.30) 2.38
H#i%(2016) ¢ | 0.02 (0.02,0.03) 2.87
FRYFEH2016) | — 0.33 (0.28,0.38) 2.77
B A 45(2015) T 0.23 (0.17,0.29) 2.70
U5 (2013) - 0.08 (0.04,0.14) 2.59
B drd5(2013) ——t 0.09 (0.05,0.15) 2.61
HE(2013) —— 0.15 (0.11,0.20) 2.75
Ma(2013) —r 0.13 (0.11,0.16) 2.84
FIFHNE(2012) - 0.10 (0.07,0.13) 2.79
ZENFAE(2011) +— | 0.02 (0.00,0.05) 2.62
4R (2007) - 0.05 (0.03,0.07) 2.82

Overall (P=97.22%, P=0.00) <>

0.15(0.11,0.18) 100.00

| |

-0.5 0

0.5 1

B3 DU AR AN 5 A 5 0 2 48 0 A ) AR AR ]

Fig.3 Forest map of the meta-analysis of human noroviruses detected in shellfish

(AXHELEE, 2015), FRES 2 XA £ DLk
BIBA—EHKER

Fe E A ] D12k b HuNoVs 15 YL /K EfEfE & 5 75
FirA B D2 AR R oY e 22 B S A, RIS R
HuNoVs i 8 5 109(16%) . F8 HJFE A, 41 =
=, 2 BT B e ERCR A, JF BOE AR A B
W Wk, Ak, AR SR AL TR
o2 E KT Y A, HEWE AN R 418 s
% HuNoVs W32 {K (R4 21l APt 5 )(Tian et al,
2008) F 2 W BE A BT (AR 5 AR 1 70)(Zhang et al,
2021b), FIFERMEZE S HuNoVs (Wang et al, 2008a;
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Abstract

virus belonging to the family Caliciviridae. HuNoVs are important pathogenic microorganisms

Human norovirus (HuNoV) is a non-enveloped, single-stranded, positive-stranded RNA

responsible for causing food safety incidents. Numerous species of shellfish are characterized by their
abundant nutritional value, excellent healthcare function, and a high economic value. As a filter-feeding
animal, shellfish filter the seawater at a rate of 420 L per hour and ingest microalgae to meet their
physiological needs. Additionally, shellfish are able to continuously accumulate viruses from seawater
into their bodies, resulting in a concentration ten or even thousand times higher in their tissues than in the
environment. In recent years, more attention has been paid to HuNoV contamination in shellfish in China,
and related monitoring studies have been conducted in different areas. However, most of these studies
focused on a certain region in a certain period of time, and some species, which are not conducive to a
comprehensive understanding of the overall prevalence of HuNoVs in shellfish in China. Meta-analysis
refers to the methods which focus on contrasting and combining results from different studies for
identifying patterns among the study results or other interesting relationships that may come to light in the
context of multiple studies. This study aimed to collect cross-sectional data on the studies conducted on
shellfish contamination in China. The search terms used were Norwalk virus, norovirus, shellfish,
bivalves, oysters, mussels, clams, cockles, and scallops in all the databases (CNKI, VIP, CBM, WanFang
Data, PubMed, Web of Science, Embase, and Cochrane Library). A total of 600 studies on HuNoV
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contamination of shellfish were initially included in the data. First, 303 duplicate studies were removed,
leaving 297 studies remaining. One meta-analysis, 11 reviews, and 16 meeting abstracts were excluded
from the first analysis. In the second analysis, abstracts of the remaining 269 studies were read by two
independent reviewers, further excluding 221 studies in which experimental designs did not meet the
inclusion criteria. After carefully reading the full text of the 48 studies, 11 of them were excluded.
Ultimately, 37 studies were included in the final analysis. The total sample size in these 37 studies was
17 162 among which the maximum number of samples in a single study was 2 955, and the minimum was
52, and the total number of HuNoV-contaminated samples was 1 970. The meta-analysis was conducted
using Stata 14.0, and the effect size was defined as the prevalence of HuNoVs (percentage). Moreover, the
heterogeneity of the studies was examined using Q test (P-value) and I>. The pooled prevalence of
HuNoVs in shellfish was found to be 15% with an |I* value of 97.22%, which indicated a strong
heterogeneity among the 37 studies. We then grouped them based on genogroups, area, season, and
species using a random effect model. As a result, G and GIl were found as the two most prevalent
genogroups. As revealed by the results, the prevalence of contamination of G I alone, contamination of G
[l alone, and the combined contamination of GI and G Il was found to be 3%, 10%, and 1%,
respectively; both Beijing and Guangdong contributed the most with seven studies, followed by Zhejiang
with five studies. In addition, there were four studies conducted each in Jiangsu and Shandong, and Fujian
contributed with three studies. Two studies were conducted in Gansu, Guangxi, Hebei, Liaoning, and
Shanghai. Only one study has been conducted in Hainan. The geographical location exhibited a significant
impact on the prevalence of HuNoVs (P<0.01), and its prevalence in South China (Guangdong, Guangxi,
Hainan), North China (Beijing, Hebei), and East China (Fujian, Jiangsu, Shandong, Shanghai, and
Zhejiang) reached 19%, 17%, and 11%, respectively, while those in Northeast China (Liaoning) and
Northwest China (Gansu), which were not coastal areas, were 4% and 9%, respectively. HuNoVs
contamination in shellfish was found to be significantly correlated with the season. At low temperatures,
the virus is more persistent, and shellfish metabolism may be inhibited. Our results showed that the
prevalence of HuNoVs was the highest in winter (25%), only 10% in summer, and 16% and 12% in spring
and autumn, respectively. HuNoVs may contaminate a wide variety of species during the pre-harvest or
post-harvest stages. Oysters, clams, and mussels have been recognized as the most common seafood on
the table and therefore these are the most investigated. The results of this meta-analysis revealed that the
prevalence of HuNoVs in oysters, mussels, and clams was 16%, 10%, and 9%, respectively. The possible
reasons why oysters showed the highest prevalence among all shellfish are as follows. One, the oyster
farming area is located in shallow bays, which are easily contaminated by domestic sewage. Second,
different oyster tissues contain HuNoV receptors (human histo-blood group antigens (HBGAs)-like

carbohydrates) and protein-ligands (oyster heat shock protein 70), which can specifically bind to HuNoVs.

In summary, HuNoV contamination in shellfish is common in China, and the region, season, and species
exhibit significant effects on the prevalence of HuNoVs. The results of this study are beneficial for
gaining insights into the HuNoV contamination in shellfish, demonstrating the importance of continuous
HuNoV monitoring. Future studies should establish some effective control measures to ensure the sound
growth of the shellfish industry in China.
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