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Research progress on norovirus contamination status and detection technology
in fruit and vegetable foods from a non-traditional perspective
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ABSTRACT: Foodborne virus diseases not only seriously endanger people’s health, but also cause a lot of economic
losses. Worldwide, norovirus (NoV) pollution incidents related to fruits and vegetables and other agricultural
products continue to break out and show an increasing trend. Due to the low content of norovirus contamination in
fruit and vegetable foods, coupled with the interference of food matrix components, NoV detection in fruit and
vegetable products has become a very difficult task. The traditional detection technology exist many shortcomings,
for instance, the specificity of identification needs to be enhanced; extraction efficiency is not high enough, and
detection sensitivity needs to be continuously improved. This means that it is necessary to change the perspective and
carry out innovative research on detection technology of foodborne norovirus. This paper summarized the prevalence
of NoV pollution in fruit and vegetable foods and the types of fruit and vegetable foods that were vulnerable to
pollution and need attention, summarized the methods of elution and enrichment of NoV in fruits and vegetables, and
introduced the detection technology and development trend based on omics, in order to provide reference for

continuously improving the detection and control ability of NoV in fruits and vegetables.
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B I T A 22 4 L T H R MBI . NoV @ ARtk
Fl(caliciviridae), &R RNA fi#E, M, 750
NP 30 Z 7l NoV FE[ R, GIL4 B! NoV 5l5E T 42
HEFRZH NoV JRYLP . Nov Al i £ & . PR AR FIA B
Z (B 25 OIS S5 A T A6 1, 7E—3% NoV 51 & & rhraf
REFEAE 2 PMERE IR, MR 251 & NoV IEIE &+
P,

IR G S R (R I Ak B I A AR A, A
JENIEF | Y R E BRI, R A RS
SIS, JCRVENEM RS RV T=5h, (1bEE 5 5 #0A B
TR IZ D AR ARLEE T 20142021 4 4
N ZE (PubMed/Medline, Scopus, Eurosurveillance Journal,
Spingerlink electronic journal)Fl 1 4B FHERGE
(ProMED) 5 51, i3 15 PR A4 7 Sl AT S A £ Tk 2 o 2
K 152 ], Hrh NoV (5 48.7%. i FEOLT, &R L
O B S AR, (U 10~100 N U 2k 1 B AT 2ol
bl R B S AR SRR S I L2 R 2,
PR R A P AR T TR GE R, R
S A A A A B B BRI R BAS H

ARILER TR AER NoV JBRYLIRAL, MBS %15
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KN AR EZER, BAESE 1900 J7FE 2100 A
AR, ZERKIN, PAVONT Z£15I%F 2014—2019 453K [ &k
FIRTET= XM 6 25 9242 My S REAUES 743 #r, KB NoVv
GUGH 7ET A 6 JEE i 5 £ S, 7EWM, Nov %%
EHGE S P E A E | sk E R H A o E 20062016 4[] A
38.7% (12/31)E 4y R T 13242 NoV 5, # K 8133 J5 1,
40.5507 7 NG, 2016—2019 4F, 245 1153 2 NoV
IR R, F AR LE B K RN e U
2002—2017 SE [ EY hE LA RNy 4272 2, i Nov &
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Table 1 Types of fruit and vegetable foods involved in NoV

contamination
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% B SuF
ik LML . W DR A
ik Wl s

Hoftl FLE R AT A Wi Ry, vkYb . VKIS

2 RIRERMBTD Nov 2
2.1 REESR

BRI BRI 23 DT 2R B DRI . B A SRR IR =
VLR WA B 2 i B o SRR SIS £ O o 7 B AR AR,
TN IR A B SR USOCR, RRAE R AR B
S R R BB RO 5 e I B S — A R, TR T
TR AR AP AR CHrPREL B AR P8 45 ) | R o 1) R B0 (I R e . i
05 | TR0 46 ) | R IO T e A TE 1AL (AN NS L AR AR |
LT AR ZS ANV VR |« VR T 55) 55 24 25 52 i 21 B BRI
BOR . ARIMERERTEAFMBEN T % & WLk
WA =GR W ) 5L be SR iR - T =R -4 IR R B Vi
W& (Tris-glycine-beef extract, TGBE), Wiz — & - A L4h-
B2 W o R I B Uk I W (potassium  dihydrogen
phosphate-sodium chloride-polyethylene glycol octyl phenyl
ether, TRALK), #if iR & #M - K & & H ¥k B W (sodium
bicarbonate-protein, SP). IXUEVRBIRN Wik . Hiki, LS
PKEESER H NoV PR AR Ay, S JUAE, SREin T
i BE R ST IS o 3 2 A SRR VY b B AT AT K SR
UL BV RL P R BRI VE T, AR e [l
W32 ¥ TGBE YRGB N INEE (18 K, A B T4 4= 45
AT NoV A RICRP ) 3 2 gilxe T — b Lgi

i e TR A
22 REE

VRIS (0995 B ORLAEAE T RIRFH PR IR, 4R
BURHRE . a0 e 4 2 ok LR T s
EHEA B ZFEITIE Y (polyethylene glycol, PEG). faE
5K 43 %5 72 (immunomagnetic beads sep aration techniques,
IMB)® ) @i — 4R Ak FE Bk (magnetic Silica Beads, MSB) %
LD W g0 kP PEG RIS TE— B MR A
TP SE AR PERSE B 3 2 e, (F AR 2 TR UL,
MR B s ke 4 2 B Y . IMB 2R BB
AR S 198 S8 S 7 T R P e i 7 e AL 85 - 1) — T
AR, ZBAREA R = 0 RS SRR AR AT
J1, PRI R g B N R R B T A ok, AT
RENE M H W UL RELE (B — 2 N, Fl
FH TP B AL 5 R S BRE 72 16 2 5 55 Tmli BE  25 5
PR — AT S5 6 0 R E R AL AR R R, R
ROUFEGRIELEF . ZERES G | BRE RIS S, BE
IR A 3 P R A 7R 2503 P DT REA T A TRk
SR RE A TR MR () 0 B | VR4, DURRAT N BT
TRITIRE RS, TR, B,

H il b i A& PEG UliEik. @ FREY
PEG HATRE A K FNTTE 8 R VE R, e 23 (| B
4 FE (e T 5 2 Bl SR A — 2 2 XU
PRI BT A I B SRR . S5 PEG UL MRGH b BLAR |
A3 B SR KA LR T NoV & AT BRI 1 [l i 31243433,
XS ISO/TS 15216-1:2017 HEAEME I 5k . SR10, WA
RFEMREZFEIAEHTERLE. TERSEHS, M
BRI 3322 bt P s 220, (LR AG BRI
ANA N B Hm i T ok SR B . 52T IMB RS e )
I 5B R R o BT AR RE T A A, TT LA TE R v
BAEIATE, XTECRE . A AT A VKBS T Nov 19 [l
REE T PEG LY. AN, M B OB AR A | ki
PR R SRR H PEG 3547 B 19 BICRPS, 3 3 4]
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Table 2 Elution buffer types and applicable matrices of commonly used NoV

T R4 SR A 95500
) S BRI, L &
SP 1 mol/L BkER 4, 1% K E 8, pH 8.0 Wmii(fziufgg{;fm”} A R [23]
TGBER N ”Ufff$§E§§£§‘& KRR KRR RS 26

TGBE+# H i K 0.1 mg/mL 2 i K

THAL AL FIRE IR Y 4 15

Ay FUERCT [21]
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Table 3 Enrichment methods and applicable matrices of
commonly used virus

BRI e ik TR BRI 2% 30k
TGBE & Bi+PEG
é?;g*’ X 44.04% [24]
(==}
TGBE ¥Ei+PEG
§£+ QN R E A 2.83%~15.28% [37]
TRALK :i+PEG " 3o
vivE HE 10° Copies/10 g [35]
TGBE+Z 3T
VA B fg 8 -+ ik 18% [31]
B
TGBE VElHBEIE . "
@1’{+ﬁﬁe FEE, A3 10° Copies/10 g [35]
TRALK e+ .. .
i. WA 10° ies/1
sk ik . FEA 0* Copies/10 g [35]
IMB VK g S g 1.730% [28]
MSB IR R 2.6% [30]
R
0 i 13.4%. 27.7%
BT 0T KL [36]

H% RNA #2580k HEEE. 8N 10° Copies/2 g [35]

MH FHRRER S B AL P NoV BBtk & 2 T o,
BRI LA B AR A TSR o SR H [T 2
DT 15 RS AT RIS . £ 00 4 LS 22 TP S NoV
MPEl. HAT, RERERG M TR ESFU, BE
. FLEES . I8 IRNAEr, B TARE AR A L
BRI, RPN AT DORERI PR BRI, A
T [l 37 A R o PR S 2R B iy R e
B, FEIPRAHA EGAERHE T RNA S5 REAE0RL
RSP Y SO, X1 A2 H 258 9 W 2R Y
T B iy 2 4 WP A A T T 5L

3 ETRZER NoV BN AR

31 FESFHENR

FE BRI I 05 T B BT IE F e e e ide o HIEH
Bavk B8 A R B wE R R SR AR (R SR A T 1)
R, 3% 7 AL S AR R R R — e BEoR, R R
210 10%~20% o H LB AR R B b ic P iR b A T4 42
R R R, SR 7 B T Mg, HigH
SRR oy 2 B A O [ P 1 e B B R B
NoV, LT 32 B3 F F0hr (1 R AE T S0k 2 A 5
o, HJEREUE SRR AT R 2, SRR Rl
BRI . BRI 2 BT X AR B BE ALl AR Y
SR, (AR IE FH R 0 2 0 2 A 1L

32 REEZEARAZFHRMFTAR
A 328 0 58 2 R DL DR 0 A 45 S 435 6 1) S oy e B A

5 EAR T IAFAE AR B 1 A AR R 0 i AL FE
A 5 W B I 5E ¥ (enzyme linked immunosorbent assay,
ELISA)H | Hlc s 88 5 1 (radioimmunoassay, RIA). Ji&
R4 S E JZ M4 R (colloidal gold immunochromatographic
assay, GICA)™* ™ DIILIF &1 ELISA #1 RIA iX#£ .
GICA WMHAZASE, CBUH TN Nov, 7EffiA I rEm
TR HE T BN, AR B G I A A R B E
RN NI AR LS R (PR Pl /iR LN TR O
GRS B I U FIRR AR AR, HA S 2 B B i AL 2R
TN, SR E R Rbi R e e Rk, U
S A SAGI A vERA Y, s A PR R A 2 v AN T A R
BT NoV ke I ts

TR PR X 4> T 0 EBE R, AR B
TEOCARW 2 KA T A BT 1% (matrix assisted laser desorption
ionization time of flight mass spectrometry, MALDI-TOF-MS),
AT BB R S B R S B SR B AR 2, AT 8 A
Ky, 5ZE PCR 55K F 25, 2T 10
TS 55 2 1) 0 3 IS Tl R A ) 2R AR LA o
gL BRI EIPSER LS, ASRTERTEYE Nov Zp Ut fai
WEFE Pk A ST TR BB

T LA, 3 F 30 89 5 F7 2 5B 1 (surface-enhanced
Raman spectroscopy, SERS)ZE & Ay 38 2 AT R B A it
FERHIE o IZEAIEE B 4 SR R BRI FR T G A,
JH SERS W REUEFDGIEESENE, 256 PUAAURMR 5
PR B S A i — o B e TR . E WA HR
T & WA AR REhL 2 S AT AR A%, RBUE S HF
Sk | R EREE, AT R TR R A s 2 W, T
JEZEAR PR NoV #F5%, NAHTFKIE. TG s
H OREE R NoV 15 3L BB, 7T A% Kb (K Nov
S IR B b N A g XU, HA T o] B P
3.3 ERFBEFHEMRA

FEF HEERM MRS AR, BlanEA 458 &
Bl 2 A PV, RS2 I I 1 2 AR S5, AR T 1
FEEGUR, T TR, HE, BRI &
TRy 4G, R B 2 RIAR KRS, B A A TR
B BT TR NoV IR .

BT ARG B R TR, i B R R R 15
HLIRE A FitHE 20 (polymerase chain reaction, PCR), £ E &
R4 E 4% IV (quantitative polymerase chain reaction, qPCR),
RFRESTE . REUEAE R, 2 ISR AR R, 28w
HioObE it PCR FHAEE . 58 it PCR DRHLAR g 45 5
P S AHURE Bl R I BRI B < bR Bz
TR Nov &MY SRR B i R o
PSR IPIXAY PCR SEH By SN IR+ 5 U HERAE N
Dy, AEREIRA PRS0 T IR T A2 0N o /N
b AR LL A B PR S A I B & SRR
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BETHE R G 9 B A S S IR HOR (loop-mediated
isothermal amplification, LAMP)f i3 2 F] F] BstDNA
G — AR T |, TR T AT R R BOR,
HARI B R Rt . BUAIREEDY, SR Tk
P in R NoV GIT KN S JUAFE & TR R i S 41 R
JiE 1 5 R (recombinase polymerase amplification, RPA)Fl
AT P 1 H R (recombinase-aidamplification,
RAA), EBIT 3 FhoCHiok B O (AN . ks AR A
DNA A T)7E 37°CHEIR T 2 30 min B A 5E AU RR P Y 1,
HA WY A PR UL B, B T P A B
RPA/RRA FEfili b FF & (4 Je AR 4 J2 17 30 BEAR R b i Ak 17 46
DASLES, AT AR 47 b 3 2 A FL A 20 R0 25 e 119 25 23 i 3
ZeTF R RV T X 19001

FEFROEE R E R T PCR HiAR(droplet digital
real-time PCR, ddPCR)[E X DNA 5 RNA fy 2% & 1 g
A8 AHB R B A T, 1% AR 1 B A AR 1Y
SN R R B, I i — 8 T Bl FL A B ik
FRAT/INZ J FHG SO BT, A s B TG R — A~k sr
9 PCR SN i, Horp & A B S GHR 1, ff PCRY”
WSR2 R, WESA RN EITES, BEREER 10
JR BT SRR AR S F RO s B L. 5 qPCR #LL,
ddPCR X S W75 () e RE ST BE SR, N2 4 BEROR A0,
It HE P T v B 1 s A B v R B
RT-ddPCR il A= e NoV GIT B ] 4 %) TR1 AL 23 1) 52 Wi
B o FEH W% Bl RT-ddPCR F & R # %5 NoV GI.,
NoV GII, H R . RT-qPCR & i — M H R MR
4f, {BFE NoV W BRI F A P A . RS A5 1OLR
RT-ddPCR W5l i85 £ i (LW | ZE3% . BAE . 2R, &
AAEDLZE G i NoV, T 7EFRTU/K SR NG SR S Hh BB A
H NoV, B A GEJE D2 NoV TG gk, S8t
M5 Y NoV HHTK SR AIES M B eI & SRR A
Rl

2 AREE R 4 AR (next generation sequence, NGS)
A% O AR AR AT 5 R i AR LR B . DNA 1Y
A, ZEARZERE T WL PCR P38 B B/ L BREF B 0K
WO AE Ry B, P BT RE S AR RR AT R, TEAEY)
SRAEST 12 T, BARTSCH R NGS 2047
RIMNEF PR L KR T Nov WP HA & E—
ot YANG 2% NGS 1 FH FIkHE DB £ 7 Nov (1)
ey sk Fn %2, Mkl NoV. NGS BiARER A
S BE S FE R 43 B i v B R P L 8

FET RS i R, BAREML . il
SR A SRR, MR RHAR R TSR (A Oy
T ARG R 523 PCR 56 MRINEAR, [RAFHNEE
PIHGEE . NoV GI Fl GIL, WFRERREEENL . W iR
$2HC, RT-PCR 70 ALl fe, AW, o+, it

BHAARFET B, BT BGOSR MO At SR oc il R
G — RS R X, RIRER MRS AR ER
f 2 s U R A A LRV R 5
$ 5% T UG TR £ W SR AR 7L itk T i
TR AR I &R . IR S il L, TiE—
AERE BB R DL TR 2R A DU R VR
3.4 BOoFEFRMNFA

H£T CRISPR-Cas -5 I H TRIIHOAR, SRAHMIE]
B 1 % [0l 3C 7 42 7 471 (clustered  regularly interspaced short
palindromic repeats, CRISPR)-5j CRISPR ##] 9 (CRISPR
associated nuclease, Cas 9)— L #f FA/E S 41 4w 1 1 H.,
HARTY J]—FE TAELABTUEAA] % 19 DNA J7517°), 2017
4F, GOOTENBERG %773 it CRISPR-Casl3a it 22 A5 il
IR, AN Ry — M ds Dl/ul i, B35 T
UM . CRISPR 42 AR 7 B50R B A U B R B R #A i . WU
SEUSILF CRISPR-Cas12 Rt S I35 FUAr b, A 12 il 205K
P % 48 T B B A 3 4y BE K 7 . ZHU S TR
CRISPR/Cas F&¢ B U HE S K T i, A4 A BE DR oK
P | SRR A IR ik . ZHANG S5 it
A=) RNA SH#EARS>F, BT CRISPR/Cas RGLHIMHEIRY"
HHOR, R TIE R DR A RS S DR R I
T ATF R S (E R LUAZRRARET, AR 1S 4 iy s
J7 RNA FBERR, SCHLT 0 B e A 1 DA s s Ao T 38005 1
HGEI F4) SEBE o B TR A R HY, 4545 RPA/RRA (Y
TEIRAREEOL S, 25 B R TR B A P i Nov 5 L
e R ORI

LT A WAL IR 0 B4 F R D e R BLAT 26 R R E Y
Hufy, HEA LG AR AR &SRR EE S, &
TE & 2 R0 25 ) 2% B b B A 3 38 00 0 e R B
AKKILIC 552 50 A W% e TSR A P A
AR HFRY o B4R R A A i 2 T
B e 1) S A R R Y MR T, S A A A Y B
T, BARBA TR, FREUE 2 59 Z 0 1)
FEE R, 1S3 RPOREZ EE. RAFRIREA
FINLFE, 4k NoV AT I & B RVEM .
3.5 AELAFEMRARIIELR

FE TS R BRI R R e H a5 i, WA %
A LS (3R 4)o 00005 WA R XS AR A B 1 3BT, 102
PRITI TR RRIE 0 RE il o SR 2 11 BT 4 A A I B AR B ARSI
PO 1) 5 25 ) VR Sk B PR, (S b AR S
T o i PRI 2 Aar ) 4 AR R 22 B IR MR B A AZ DR R,
qPCRAPE B IR AR <4 bR, {HJZ, RPA/RRA LI
TR TR IR 5 PR EE R B, & 32 WF9E O, AT 5 )
TR R AL G, MR & 5 R e R
B PRSI Y AR
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Table 4 Comparison of representative detection techniques based on omics

12 Kol A i et St
sy B I o e e ST A 0 BT [40]
\ T Bk 10 5 2 P R e, A
A, 5T 0 M A L)
ELISA PRI, 38 F RS AT TR b2 [42]
- VYRR, MILC ELISA RACHER, OB TH R B A A, 40 "
- ST A S R e 22
%E%f . BT, R TS, R, B TR R A R, 3E “
GEies 510 min B AT PR T4 0 441
“mugﬁngh BTTUIAE, L4 T BRI, (KT A 149]
RR P EATRAE S TR, HERE, e AT P 5 3 ) T [83]
I RTMHEER ARG, R R R, R B ER 051
St T A B
N TR RIS R, AR5 POR 40 DCRRIE A S SR T, 7090
KR GPCR 0, RS LI e B [52-54]
- CICITI 1Y, Vs, BT, AW TR RS R o
30~60 min B 7] 5¢ A% X 43 [55-57]
CCHLIRYT Y, 10, R, T
HHAL RPA/RRA 39 Crﬁ(loio m:;;i ﬁ;ﬁﬂﬂﬂ B 2, AT [60-61]
R P R, A M G (BB A R R AT R, s
R AT [62-63]
EER, PO, I TIRA R N .
NGS LR EL JRA, SR e N B [67]
B AR WO, B, AL FRASE, R I R (70-75]
B TANOKE, WAL Rt T, A R
qyy  CRISPRCas R LR SR ST [76-81]
ES —PksR, WERMER, MR, ) PTG
UE wrampemn o TR, SPBTRENR A R A [81-82]

T AE 1 min 15345 1

‘ TS J2 S SR £ SRR L (2) R

4 ERE SRR, BF ST RNA S5 R IORL, %

SR A R T B e L T T BAEFE T NoV IEEl . S48 . ZERIEHL . RT-gPCR
K DL A1 I A B S g e, TORRRU AR R R, FIRLEO A ok . R
P NI LA TS A LR, B AR A SRR INECR . (3) I AL SR ER A 5 YR ol A8 A
W35 25 1 7 Tt A RAR I BAE € Tl & R, H 5, e AR B I TR R, X NoV
BRI SR, B RS s s ek, OCIOHDRRBLEAT RS T
S R R, BUMTEE, RO Ak sEchk
SREE TSR | B R, ARSI R E T

. o (1] 38, ASEZ, I, 4. WSS T2 BRG],
WAL IZ 2 B fb B0 NoV A+ Rk, A B T4

PR AR, 2017, 18(1): 49-53.

PR B i 2 NoV 15 YL X NS MEREE A Y XU o ZHANG C, DENG JJ, ZHANG RJ, et al. Advances in molecular biology
BT, EFXTukEERE d NoV 75 JuAs: i e i it 4% 38 & of norovirus [J]. Chin J Prev Med, 2017, 18(1): 49-53.
ZR L, HETEA —Fal 2ROk RILEES I T2RE [2] ZHU X, HE YQ, WEI XY, et al. Molecular epidemiological characteristics
' NoV (ﬁ%}%jﬁﬁﬁﬁ%/}\’ S 1) S 1 B = 6 A W of gastroenteritis outbreaks caused by norovirus GIL.4 sydney [P31]
%Q"EE%E‘J‘H&’éﬁ‘%ﬂ%ﬁ{ﬂ'ﬂﬁ/iﬁﬁ%fﬂ@%’%Hﬁfﬂ'ﬂﬁﬁo strains-China, October 2016-December 2020 [J]. China CDC Weekly,
- . 2021, 3(53): 1127-1132.

R T E— AR E R & T Nov i Y E ) . N
KTk R i JLIRIER "“ﬁi” i Hﬂ/j%ﬁg o (1 RUTZ, BOKE, FHOF, 5. WG I S R AN R
B, ARAFTIEELL T ILT EHBFE: (HIRFE AL R 10 Meta 4MH7[J]. 3610 SHIBIESE, 2017, 28(6): 79-82.

AL RS NoV Vel . SRk, daHiidl 44y LIU JY, HUANG YH, LI FP, et al. A Meta-analysis of the influencing

*ﬁ&* E':Jg' Q 'ﬁﬁ%, ﬁﬂﬁfﬁiéﬁl$ﬂ’ﬂ *ﬁ{'ﬂﬂ Béﬁj?_f/jé, /ﬁi/@Xj‘% factors of the outbreak of noroviral gastroenteritis in China [J]. J Pub



3890

B

2R

g oallEs

1l 13 %

[10]

(1]

[12]

[13]

[14]

[15]

[18]

[19]

Health Prev Med, 2017, 28(6): 79-82.
CHATZIPRODROMIDOU IP, BELLOU M, VANTARAKIS G, et al. Viral
outbreaks linked to fresh produce consumption: A systematic review [J]. J
Appl Microbiol, 2018, 124(4): 932-942.
CARTER MJ. Enterically infecting viruses: Pathogenicity, transmission
and significance for food and waterborne infection [J]. J Appl Microbiol,
2005, 98(6): 1354-1380.
World Health Organization. Fact sheet. Food-safety [EB/OL]. WHO. [2020-
04-30]. https://www.who.int/zh/news-room/fact-sheets/detail/food-safety [2022-
02-25].
TRMG. F AR B %41, 2017, (7): 26-27.
WANG DP. Advances in norovirus research [J]. China Food Saf Magaz,
2017, (7): 26-27.

T L I Y B I TR TR L B S P SR S )]
ﬁ“bTJlZ%’ 2021, 27(4): 378-381.

LIAN L. Epidemiological characteristics and prevention and control

oA

strategies of norovirus infection outbreak in China [J]. J Appl Prev Med,
2021, 27(4): 378-381.

BIGLL, b, 8RR, GF. TR IR Y B R R A AT
(2015 JR)[J]. HrHEFIRG BE2f2aE, 2016, 50(1): 7-16.

LIAO QH, RAN L, JIN M, et al. Technical guidelines for investigation
and prevention and control of outbreaks of norovirus infection (2015
edition) [J]. Chin J Prev Med, 2016, 50(1): 7-16.

LIAO YY, HONG XJ, WU AW, et al. Global prevalence of norovirus in

RS

cases of acute gastroenteritis from 1997 to 2021: An updated systematic
review and meta-analysis [J]. Microb Pathog, 2021, 161(PA): 105259.
SARMENTO SK, ANDRADE JSR, MIAGOSTOVICH MP, et al.
Virological and epidemiological features of norovirus infections in Brazil,
2017-2018 [J]. Viruses, 2021, 13(9): 1724-1724.

PARIKH MP, VANDEKAR S, MOORE C, et al. Temporal and genotypic

associations of sporadic norovirus gastroenteritis and reported norovirus

outbreaks in middle tennessee, 2012-2016 [J]. Clin Infect Dis, 2019, 71(9):

2398-2404.

PAVONI E, BERTASI B, GALUPPINI E, et al. Detection of hepatitis a
virus and norovirus in different food categories: A 6-year survey in Italy
[J]. Food Environ Virol, 2021. https://link.springer.com/article/10.1007/
$12560-021-09503-y

QIN SW, CHAN TC, CAI J, et al. Genotypic and epidemiological trends
of acute gastroenteritis associated with noroviruses in China from 2006 to
2016 [J]. Int J Envion Res Public Health, 2017, 14(11): 1341.

Ak, UM, F9E, 4. 2016—2019 AR E U QR 2 2 R SENS 1970 T
TATRERHEIATI]. BRI, 2021, 36(8): 774-779.

ZHU X, KONG XY, ZHANG Q, et al. Molecular epidemiological
characteristics of norovirus outbreaks in China from 2016 to 2019 [J]. Dis
Surveill, 2021, 36(8): 774-779.

KIM JG, KIM JS, KIM JG. Characteristics of norovirus food poisoning
outbreaks in Korea in the 2000s [J]. J Food Protect, 2021, 84(3): 472—480.
KABUE JP, MEADER E, HUNTER PR, et al.
prevalence in Africa: A review of studies from 1990 to 2013 [J]. Trop Med
Int Health, 2016, 21(1): 2-17.

ROSSOUW E, BRAUER M, MEYER P, et al. Virus etiology, diversity

Human norovirus

and clinical characteristics in south African children hospitalised with
gastroenteritis [J]. Viruses, 2021, 13(2): 215-215.
LIM KL, HEWITT J, SITABKHAN A, et al. A multi-site study of

norovirus molecular epidemiology in Australia and New Zealand,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[30]

[31]

[32]

[33]

2013-2014 [J]. PLoS One, 2017, 11(4): e0145254.
BENNETT SD, SODHA SV, AYERS TL, et al.
foodborne disease outbreaks, USA, 1998-2013 [J]. Epidemiol Infect, 2018,
146(11): 1397-1406.

HENNECHART-COLLETTE C, MARTIN-LATIL S, FRAISSE A, et al.

Produce-associated

Comparison of three extraction methods to detect noroviruses in dairy
products [J]. Food Microbiol, 2017, 61: 113-119.

HE S, NARZL, FAK K. BRI A EE A W
KA, 2017, 27(20): 3036-3040.

ZHANG GB, YING LH, LEI YL. Research advances in foodborne
norovirus [J]. Chin J Health Lab Technol, 2017, 27(20): 3036-3040.
eI, FEAER, FEoehe, 4. b QR ARSI O s m A R HAE
SBR[, SR, 2018, 18(12): 232-239.

SHI XF, CHENG DQ, ZHANG RH, et al. Optimization of norovirus

D] E TR

detection method in blueberries and its application in fruits and vegetables
[J]. Chin J Food Hyg, 2018, 18(12): 232-239.

FR, R, WA, AF RIS R DR B A i R PEA
[7]. WEEE2E4R, 2018, 34(1): 94-100.
WANG F, LI HY, JIN M, et al. Evaluation of different elution and
enrichment methods of norovirus in strawberries [J]. Chin J Virol, 2018,

34(1)- 94-100.

B, FEA, SO, G TIPS et GITR T W RN &
55 BAGTIIIFSE[T]. B & e A RN 2E41, 2017, 8(9): 3536-3542.

GUAN JX, XU XL, WENG WC, et al. Enrichment and quantitative
detection of norovirus GII in low pollution in lettuce [J]. J Food Saf Qual,
2017, 8(9): 3536-3542.

CHENG DQ, ZOU SY, LIAO NB, et al. Evaluation of an extraction
method for the detection of GI and GII noroviruses in fruit and vegetable
salads [J]. J Food Sci, 2018, 83(2): 393-400.

AR, SO, BT, S5 NECR T Rl B LTS T
AT AR B0 B A I T 2 g E AT E R D). B R A£, 2019, 40(19):
307-317.

FENG HW, AI HX, YANG TZ, et al. Research progress on the prevalence
and detection methods of foodborne hepatitis A virus and norovirus in
small berries [J]. Food Sci, 2019, 40(19): 307-317.

Ahl, FAEER, BRI, SF KB RIAED GIZL U 2 1 PR i 4R
DB, R EE S T AR, 2015, 27(3): 242-246.

LIN, WANG JH, LI FQ, et al. Comparison of two enrichment methods for
the detection of norovirus GII in fresh strawberries [J]. Chin J Food Hyg,
2015, 27(3): 242-246.

SURESH M, HARLOW J, NASHERI N. Evaluation of porcine gastric
mucin assay for detection and quantification of human norovirus in fresh
herbs and leafy vegetables [J]. Food Microbiol, 2019, 84: 103254.
RAYMOND P, PAUL S, PERRON A, et al. Norovirus extraction from
frozen raspberries using magnetic silica beads [J]. Food Environ Virol,
2021, 13(2): 1-11.

HIDA K, PAPAFRAGKOU E, KULKA M. Testing for human norovirus
and recovery of process control in outbreak-associated produce items [J]. J
Food Protect, 2018, 81(1): 105-114.

CHEN H, LI N, XIE Y, et al. Purification of inclusion bodies using PEG
precipitation under denaturing conditions to produce recombinant
therapeutic proteins from Escherichia coli [J]. Appl Microbiol Biot, 2017,
101(13): 5267-5278.

SAPULA SA, WHITTALL JJ, PANDOPULOS AJ, et al. An optimized
and robust PEG precipitation method for detection of SARS-CoV-2 in



5128 i, A BB IR AN R T YR G0 S A A AT S 3891
wastewater [J]. Sci Total Environ, 2021, 785: 147270. BN, BRIRIE, [T, £ 5 s s BRI R R 0],

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Bifk:, skpmr, x#, . 3
ik, 2020, 46(10): 11-17.
RUAN J, ZHANG WW, LIU X, et al. Study on foodborne virus
enrichment methods in vegetables [J]. China Mea Test, 2020, 46(10):
11-17.

F, FAHE BAR, S5 AR B RN T 0 AL 5 A

1. BRI, 2019, 35(3): 505-511.

WANG H, GE JX, JIN M, et al. Optimization and evaluation of norovirus
Chin J Virol, 2019, 35(3):

BRI 1 B SR IEOEFE[]. P

detection methods in different foods [J].

505-511.

BATTISTINI R, ROSSINI I, LISTORTI V, et al. HAV detection from

milk-based products containing soft fruits: Comparison between four

different extraction methods [J]. Int J Food Microbiol, 2020, 328: 108661.

BARTSCH C, SZABO K, DINH-THANH M, et al. Comparison and

optimization of detection methods for noroviruses in frozen strawberries

containing different amounts of RT-PCR inhibitors [J]. Food Microbiol,

2016, 60: 124-130.

DASILVA-LUZ I, MIAGOSTOVICH MP. Comparison of viral

elution-concentration methods for recovering noroviruses from deli meats

[J]. J Virol Methods, 2018, 260: 49-55.

T%?ii, R, R, 4G EREETS LR I R s R I

fv‘ﬁ*"ﬂx 1995, (3): 215-219.

FANG ZY, WEN LY, JIN SJ, et al. Novak-like mold infection was found

in children with diarrhea in China [J]. Chin J Virol, 1995, (3): 215-219.

REBOUD J, XU G, GARRETT A, et al. Paper-based microfluidics for DNA

diagnostics of malaria in low resource underserved rural communities [J]. P

Natl Acad Sci USA, 2019, 116(11): 4834-4842.

LI F, YOU ML, LI SX, et al. Paper-based point-of-care immunoassays:

Recent advances and emerging trends [J]. Biotechnol Adv, 2020, 39:

107442.

i, BEE, W, 4. GIL4 SRARHEGUR ELISA RSN 7 ik

HEN LRI, R E A A2, 2016, 29(8): 875-880.

WAN X, HUO YQ, LING T, et al. Establishment of norovirus GIL.4

antigen ELISA quantitative detection method and its application [J]. Chin

J Biol, 2016, 29(8): 875-880.

EH W, W5, SO, A VU AR R S S N AL B
HERLT). EEY4H, 2020, 60(11): 2391-2398.

ZUO YT, XUE L, WU QP, et al. Mechanism of host immune response to

norovirus infection and research progress of vaccines [J]. Acta Microbiol

Sin, 2020, 60(11): 2391-2398.

IR, Bk, SREE, A5, UM R e KR I S A A

T.,2017, 44(15): 196-197.

ZHAO Z, GAO X, ZHANG J, et al. An overview of the study of

D1 Ak

foodborne viral immunoassay methods [J]. Guangdong Chem Ind, 2017,
44(15): 196-197.

BATTAGLIOLI G, NAZARIAN EJ, LAMSON D, et al. Evaluation of the
RIDA quick norovirus immunochromatographic test kit [J]. J Clin Virol,
2012, 53(3): 262-264.

MANGAL M, BANSAL S, SHARMA SK, et al. Molecular detection of
foodborne pathogens: A rapid and accurate answer to food safety [J]. Crit
Rev Food Sci, 2016, 56(9): 1568-1584.

SU WT, LIANG D, TAN MQ. Nucleic acid-based detection for foodborne
virus utilizing microfluidic systems [J]. Trends Food Sci Technol, 2021,

113: 97-109.

[50]

[51]

[52]

[54]

[55]

[56]

[57]

[59]

[60]

Hi S BB, 2021, 37(4): 200-206.

LIAO XY, CHEN LL, BAI YL. Research progress on norovirus detection
technology in food [J]. Food Mach, 2021, 37(4): 200-206.

X7, BB, A, S ST ET BIRO AR LA I TR
VAT RE  E oA J [] FF AG M 7 A T [C). 2018 4 e [ T R 2 AR R
£3(CMSC 2018)i 304, 2018.

LIU N, WANG YH, LI YT, et al. Establishment of simultaneous detection
method for pathogenic pathogens of duck virus disease based on
matrix-assisted laser desorption time-of-flight mass spectrometry [C].
Proceedings of the 2018 China Conference on Mass Spectrometry (CMSC
2018), 2018.

ZHAO K, LIU A, XIA YC. Insights into hepatitis B virus DNA
integration-55 years after virus discovery [J]. Innovation, 2020, 1(2):
100034.

ZHANG LH, DAI YB, CHEN JH, et al. Comparison of the performance
in detection of HPV infections between the high-risk HPV genotyping real
time PCR and the PCR-reverse dot blot assays [J]. J Med Virol, 2018,
90(1): 177-183.

KAGEYAMA T, KOJIMA S, SHINOHARA M, et al. Broadly reactive and
highly sensitive assay for Norwalk-like viruses based on real-time
quantitative reverse transcription-PCR [J]. J Clin Microbiol, 2003, 41(4):
1548-1557.

CORMIER J, JANES M. Concentration and detection of hepatitis A virus
and its indicator from artificial seawater using zeolite [J]. J Virol Methods,
2016, 235: 1-8.

XU DS, WU XF, HAN JK, et al. Detection of GI and GII noroviruses in
drinking water and vegetables using filtration and real-time RT-PCR [J].
Eur Food Res Technol, 2014, 239(5): 795-801.

KOU XX, FAN HY, WU QP, et al. Development and application of a
loop-mediated isothermal amplification assay on rapid and sensitive
detection of rotavirus in fecal samples and artificially seeded oysters [J].
Food Control, 2014, 41: 151-157.

Rapt, TR, BHEE, SRR s R BRIt
HE S, 2021, 41(3): 41-47.

ZHU JY, YU SM, LV JZ, et al. Research progress on norovirus detection
technology in fruits and vegetables [J]. China Fruit Veget, 2021, 41(3):
41-47.

R, %, Y, . S RT-LAMP 5520996 RT-PCR #6311
Jsrh GIRL . KIS EF T, 2013, 23(3): 49-53.

JEJE[T).

AR RER T[]

WEI HY, ZENG J, MA D, et al. A study of real-time RT-LAMP and

real-time fluorescent RT-PCR for the detection of norovirus GII in

shellfish [J]. J Inspect Quarant, 2013, 23(3): 49-53.

WR¥S, Brghth, KT, 45, HTREAER S HRPAE AR
A (CVAREN L[], P2 2447, 2020, 47(2): 390-398.

CHEN L, DUAN XW, ZHANG KC, et al. Detection method of cherry

virus A (CVA) based on recombinant enzyme polymerase amplification

(RPA) technology [J]. Acta Hortic Sin, 2020, 47(2): 390-398.

hITRR, EW, AeAr. WA YR EOR LI R Py

AN e E O R[], o A R, 2021, 41(6): 45-49.

MA QN, WANG M, ZHU XQ. Progress of recombinant enzyme-mediated

amplification technology and its application in the rapid detection of

pathogenic microorganisms [J]. Chin Biotechnol, 2021, 41(6): 45-49.

MRIUT, B, SRAR3E, % BRRIKYRAR LA S 1 53 BT T i) 1) 25 B

FE[I]. T ERREER, 2021, 3(5): 45-50.



3892

1 i 2 A iR AR I

1l 13 %

[62]

[65]

[66]

[68]

[70]

CHEN SD, LUO P, WU YF, et al. Preliminary study on the detection of
Mycobacterium tuberculosis by nucleic acid dipstick method [J]. China
Port Sci Technol, 2021, 3(5): 45-50.
i, 46, B, & AR
£, 2022, 39(1): 82-89.

MIAO C, LI W, YANG SC, et al. Research progress on diagnostic

W ARBESC R I]. b Sk

technology of African swine fever [J]. China Anim Health Inspect, 2022,
39(1): 82-89.
%naa, DL, AR, . BT PCR HOAR T HAAGI SR 14 1
. 1%, 2020, 42(4): 363-373.
FENG XJ, YI HM, REN XX, et al. Digital PCR technology and its
application in the field of detection [J]. Hereditas, 2020, 42(4): 363-373.
MARTINEZ-HERNANDEZ F, GARCIA-HEREDIA 1, LLUESMA
GOMEZ M, et al. Droplet digital PCR for estimating absolute abundances
of widespread pelagibacter viruses [J]. Front Microbiol, 2019, 10: 1226.
MREa e, T2, Rt 45 — R BT PCRAGIN A3 b GITRL:
WYREET]. BA R, 2019, 40(4): 332-337.
CHEN JY, FANG L, WU SW, et al. One-step microdroplet digital PCR for
norovirus GII in lettuce [J]. Food Sci, 2019, 40(4): 332-337.
EIE, M, GO, & BT PCRIGIIVSARTER T GI. GIT
B EED]. B T RHEE, 2020, 41(2): 89-94.
WANG XQ, WANG Q, FANG BH, et al. Droplet digital PCR detects
norovirus GI and GII in frozen strawberries [J]. Sci Technol Food Ind,
2020, 41(2): 89-94.
WAERE, A, R, S JEFRCE PCR EORAE S i i 2 2 i
HE 7 [J/OL). & Rl 1-14. [2022-03-16]. http://kns.cnki.net/kcms/
detail/11.2206.TS.20211109.1356.052.html
XU LR, LI D, WANG Q, et al. Quantitative detection method of norovirus in
food based on digital PCR technology [J/OL]. Food Sci: 1-14. [2022-03-16].
http://kns.cnki.net/kems/detail/11.2206.7S.20211109.1356.052.html
FRAM, AR, XIRHE. AR PR ARG SR 2 T B
HERE[T]. THAKEE2E, 2021, 42(1): 210-213.
WANG SM, ZHANG JD, LIU SY. Progress in the application of
second-generation sequencing technology in the diagnosis of infectious
diseases [J]. Jilin Med J, 2021, 42(1): 210-213.
BARTSCH C, HOPER D, MADE D, et al. Analysis of frozen strawberries
involved in a large norovirus gastroenteritis outbreak using next
generation sequencing and digital PCR [J]. Food Microbiol, 2018, 76:
390-395.
YANG ZH, MAMMEL M, PAPAFRAGKOU E, et al. Application of next
generation sequencing toward sensitive detection of enteric viruses
isolated from celery samples as an example of produce [J]. Int J Food
Microbiol, 2017, 261: 73-81.
fPHESS, WA pE, TERINE, S5 VORI R A8 DR s A0 o 2 7 vk
BYEESL[T]. P EGEER Y, 2011, 1(5): 376-381.
HE YQ, HU CL, WANG CH, et al. Establishment of methods for liquid
phase chip detection of rotavirus and norovirus [J]. Chin J Viral Dis, 2011,
1(5): 376-381.
KR 55 UL A WG B A FH R SR B A3 BT (D).t LB B 2 A5 S
1, 2017, 17(18): 25-26.
ZHENG H. Application and prospect analysis of pathogenic
microorganism detection technology [J]. Digest World Latest Med Inform,
2017, 17(18): 25-26.

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

ZHANG HQ, XU Y, FOHLEROVA Z, et al. LAMP-on-a-chip: Revising
microfluidic platforms for
TrAC-Trend Anal Chem, 2019, 113: 44-53.

KANT K, SHAHBAZI MA, DAVE VP, et al. Microfluidic devices for

loop-mediated DNA amplification [J].

sample preparation and rapid detection of foodborne pathogens [J].
Biotechnol Adv, 2018, 36(4): 1003-1024.

PUIU M, BALA C. Microfluidics-integrated biosensing platforms as
emergency tools for on-site field detection of foodborne pathogens [J].
TrAC-Trend Anal Chem, 2020, 125(C): 115831-115831.

SU WT, GAO XH, JIANG L, et al. Microfluidic platform towards
point-of-care diagnostics in infectious diseases [J]. J Chromatogr A, 2015,
1377: 13-26.

AR, SRR, TV, G SRR RIERAR ROk R R AR,
2021, 33(12): 1462-1468.

ZHAO DD, ZONG Y, YIN L, et al. Genome editing technology and future
developments [J]. Chin Bull Life Sci, 2021, 33(12): 1462-1468.
GOOTENBERG JS, ABUDAYYEH OO, LEE JW, et al. Nucleic acid
detection with CRISPR-Cas13a/C2c2 [J]. Science, 2017, 356(6336):
438-442.

WU YH, DONG Y, SHI YC, et al
authentication of halal food [J]. J Agric Food Chem, 2021,
10321-10328.

ZHU XY, YANG H, WANG M, et al. Label-free detection of transgenic

CRISPR-Cas12-based rapid
69(35):

crops using an isothermal amplification reporting CRISPR/Casl12 assay
[Z]. 2021.

ZHANG T, LI HT, XIA XH, et al.
pathogens via a proximal DNA probe-based CRISPR-Cas12 assay [J]. J
Agric Food Chem, 2021, 69(43): 12828-12836.

RUSLING JF, FORSTER RIJ.
applications [J]. Biomedicines, 2021, 9(7): 702.

AKKILIC N, GESCHWINDNER S, HOOK F. Single-molecule

Direct detection of foodborne

Biosensors designed for clinical

biosensors: Recent advances and applications [J]. Biosens Bioelectron,
2019, 151(C): 111944.

SR, R R I U A S BT BRI A W AR R AR
MIJTEEWISED]. T8 VIR, 2018.
SHI QQ. A study on the method of detecting antibiotic residues in milk by
surface-enhanced Raman scattering combined with immunochromatography

technology [D]. Wuxi: Jiangnan University, 2018.

(GTfE% % s THY)

(=M

E B mMIHRE TEMRRAE
REYEERRSE
E-mail: 28208457 15@qq.com

EiRE, B, BIRR, TBZEHRAE
REMERRRE.

E-mail: caojijuan@dlnu.edu.cn



