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ABSTRACT: Foodborne disease outbreaks usually caused by microbial contamination in food. Norovirus is one of
the main pathogens that cause acute gastroenteritis. It causes frequent outbreaks worldwide every year, threatening
people’s lives and increasing the wealth burdens. Due to the frequent occurrence of norovirus mutations and the
gradual acceleration of the globalization of various industries, especially the food industry, norovirus infection has
become a serious public health problem. With the advent of the post-genome era and the development of technology,
the research of norovirus has made new progress. This paper discussed the virological characteristics of norovirus,
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Fig.1 Statistics on the prevalence of norovirus in China from
October 2016 to September 2018
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SCLHRE RN B 0 o — A58 R 1 J T AN 5 UL
et 90 A FEBLEME (VP A 1 A8 2 MR B &
(VP2) LA Z A A ) R X2 20 T ) — 3R Ak

®1 HRFENDH

Table 1 Classification of Calicivirus

& A bk Gy B
U 58 (Norovirus) VU R
P TR )R (Lagovirus) G I N B
197 B B (Nebovirus) AG -1 R
I 17 91955 5 J8 (Recovirus) A 22 5 B 3L sh#
VhY555 B & (Sapovirus) AL 2
Valovirus 2 U3 LR 5
A VG T I8 (Vesivirus) TR m A 5
BRI 8 (Bavovirus) FE i EE EES
WRLRE R (NVacovirus) BB E PR B
TR R (Minovirus) B Sk /N BRI (RS
Salovirus KV PRk fa bR B
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Table 2 Comparison of functions of different regions of human norovirus and murine norovirus

N7 (HuNo V) R34 409 #: (murine norovirus, MNoV) g
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VPg NS5 Z5EH . BEm AR AR
pro NS6 HAE
pol NS7 RdRp
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, ORF1 ORF2 (VP1) ORF3 (VP2)
’ VPg .— | p48 NTPase p22 VPg  pro pol  H S [P (P2 171 | AAA @) ¥
| | Y T | !
398 762 923 1101 1275
R R
ORF1 ORF2 (VP1) ORF3 (VP2)
i VPg .4_p48 NTPase p22 VPg  pro pol  HIS [P TRz 1P I AAA(m) ¥
' VFL
398 762 923 1101 1275 ORF4

B2 T hn R R R
Fig.2 Schematic diagram of norovirus genome
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MR ATER S GILA B AR HHBRAT O, R —E iy A
PR B, R, 1 GIL4 43 BSkkS A A
SRy SR e A B M 8 95 191 e LD R 221
1.2 BEWTREHEL MR
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Fig.3 Statistics of patients’ symptoms in a norovirus epidemic in a
primary school in Shanghai in 2017
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37 ORF1 #IORF2 B[ Jr Br I R G0 & B EERN b, B X g
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AHEAER, LA A Y S sie S g, ATk Jk g
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SHAAERSEAI L, 5 2 IR LB AFE T &

®3 BENFESHEXRAMEHERFENFRERELFRE
Table 3 Age-specific incidence rates for norovirus-associated
infectious intestinal disease

R A1 % NHut BT ARG %
<1 5 178.2
1~5 26 137.3
5~15 26 59.6
15~64 103 39.0
=65 38 27.7

BUSTAMANTE %14 % B2 401 LI V5§ 6 i 47 1 AR
BT AEXT 1000 432 K 20 B A 1% 22 PR RV B B i A T AT ),
AT HEAT T LRI Meta 407, FHIEAL T 23 H
2} IR 43T (genome-wide association studies, GWAS)AYZE
R, FEINTTRE R A SR IR RN, WA SRR 2 &
[ (fucosyltransferase 2, FUT2)5 2 4) LIS %9 19 58 AH 56
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TEORTER AT . — RIS A 2= T B AR AR
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S T Dk
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AW EY W04, R IEE AR, CEIFRE



5517 3

SRERIM, S5 I HED A AU A R A S

6733

TVRZBEs s, GBI a it t . Ay
I FIGRA TG 2 A | BRI 0 A A 40 2 A F) S S 5 i i
BRHEAAH B AR IS, QB AL AR 2 o 4 . SN2
S R AR R SR B T AT [ AUET R B, LRI
TRV I RE A [F]IF, X An 2 B4 I RYR ST B A T
F1% P91 A i HAT AR 2 2

SE R

(1

[2]

(31

(4]

(3]

[6]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

IR, it b O 0 e e I B A R BT 0], e A 5 T,
2020, 36: 8.

BAI HN. Analysis of the source and control of microbial contamination in
food [J]. Chin Food Saf Magaz, 2020, 36: 8.

FISCHER WCL, PERIN J, ARYEE MJ, et al. Diarrhea incidence in low-
and middle-income countries in 1990 and 2010: A systematic review [J].
BMC Public Health, 2012, 12(220): 1-7.

LOZANO R, NAGHAVIET M, FOREMAN K, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and 2010: A
systematic analysis for the global burden of disease study 2010 [J]. Lancet,
2012, 380(9859): 2095-2128.

LOPMAN BA, STEELE D, KIRKWOOD CD, et al. The vast and varied
global burden of norovirus: Prospects for prevention and control [J]. PLoS
Med, 2016, 13(4): 1-12.

NETZLER NE, TUIPULOTU DE, WHITE PA. Norovirus antivirals:
Where are we now? [J]. Med Res Rev, 2019, 39(3): 860-886.

BARTSCH SM, LOPMAN BA, OZAWA S, et al. Global economic burden
of norovirus gastroenteritis [J] . PLoS One, 2016, 11(4): 1-16.

KAPIKIAN AZ, WYATT RG, DOLIN R, et al. Visualization by immune
electron microscopy of a 27-nm particle associated with acute infectious
nonbacterial gastroenteritis [J]. J Virol, 1972, 10(5): 1075-1081.
ROBILOTTI E, DERESINSKI S, PINSKY BA. Norovirus [J].
Microbiol Rev, 2015, 28(1): 134-164.

Clin

WHITE PA. Evolution of norovirus [J]. Clin Microbiol Infect, 2014, 20(8):

741-745.

JIN M, WU SY, KONG XY, et al. Norovirus outbreak surveillance, China,
2016-2018 [J]. Emerg Infect Dis, 2020, 26(3): 437-445.

WEISSENBACH J. The rise of genomics [J]. CR Biol, 2016, 339(7-8):
231-239.

SALIM AFM, PHILLIPS AD, FARTHING MIJG. Pathogenesis of gut virus
infection [J]. Baillieres Clin Gastroenterol, 1990, 4(3): 593-607.
HARDY ME. Norovirus protein structure and function [J].
Microbiol Lett, 2005, 253(1): 1-8.

JIANG X, GRAHAM DY, WANG KN. Norwalk virus genome cloning
and characterization [J]. Science, 1990, 250(4987): 1580—1583.

VINJE J, ESTES MK, ESTEVES P, et al. ICTV virus taxonomy profile:
Caliciviridae [J]. J Gen Virol, 2019, 100(11): 1469-1470.
DESSELBERGER U. Caliciviridae other than noroviruses [J]. Viruses,
2019, 11(3): 1-15.

FEMS

SMITH H, SMITH T. The dynamic capsid structures of the noroviruses [J].

Viruses, 2019, 11(3): 1-18.

THORNE LG, GOODFELLOW IG. Norovirus gene expression and
replication [J]. J Gen Virol, 2014, 95(2): 278-291.

BANYAI K, ESTES MK, MARTELLA V, et al. Viral gastroenteritis [J].
Lancet, 2018, 392(10142): 175-186.

HUTSON AM, ATMAR RL, MARCUS DM, et al. Norwalk virus-like
particle hemagglutination by binding to H histo-blood group antigens [J]. J
Virol, 2003, 77(1): 405-415.

CHHABRA P, GRAAF MD, PARRA GI, et al. Updated classification of

[22]

(23]

[24]

[25]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

norovirus genogroups and genotypes [J]. J Gen Virol, 2019, 100(10):
1393-1406.

EDEN JS, TANAKA MM, BONI MF, et al. Recombination within the
pandemic norovirus GII.4 lineage [J]. J Virol, 2013, 87(11): 6270-6282.
WOBUS CE, THACKRAY LB, VIRGIN HW. Murine norovirus: A model
system to study norovirus biology and pathogenesis [J]. J Virol, 2006,
80(11): 5104-5112.

POGAN R, DULFER J, UETRECHT C. Norovirus assembly and stability
[J]. Curr Opin Virol, 2018, 31: 59-65.

ARTHUR SE, GIBSON KE. Physicochemical stability profile of Tulane
virus: A human norovirus surrogate [J]. J Appl Microbiol, 2015, 119(3):
868-875.

JENNIFER LC, PAPAFRAGKOU E, PARK GW, et al. Surrogates for the
study of norovirus stability and inactivationin the environment: A
comparison of murine norovirus and feline calicivirus [J]. J Food Protect,
2006, 69(11): 2761-2765.

BIIGLL, b, AR, GF. TR IR YRR R A AT B
(2015 B[] ERREER A4, 2015, 5(6): 448-458.

LIAO QH, RAN L, JIN M, et al. Technical guide for investigation and
prevention and control of norovirus outbreaks (2015 Edition) [J]. Chin J
Viral Dis, 2015, 5(6): 448-458.

GRAZIANO VR, WEI J, WILEN CB. Norovirus attachment and entry [J].
Viruses, 2019, 11(6): 1-13.

ROHAYEM J, ROBEL I, JAGER K, et al. Protein-primed and de novo
initiation of RNA synthesis by norovirus 3Dpol [J]. J Virol, 2006, 80(14):
7060-7069.

SARVESTANI ST, COTTON B, FRITZLAR S, et al. Norovirus infection:
Replication, manipulation of hostand interaction with the host immune
response [J]. J Interf Cytokine Res, 2016, 36(4): 215-225.

TEUNIS PFM, MOE CL, LIU PB, et al. Norwalk virus: How infectious is
it? [J]. J Med Virol, 2008, 80(8): 1468-1476.

TAKEUCHI O, AKIRA S. Recognition of viruses by innate immunity [J].
Immunol Rev, 2007, 220: 214-224.

TUIPULOTU DE, NETZLER NE, LUN JH, et al. TLR7 agonists display
potent antiviral effects against norovirus infection via innate stimulation
[J]. Antimicrob Agents Chemother, 2018, 62(5): 1-13.

FUJITA T, ONOGUCHI K, ONOMOTO K, et al. Triggering antiviral
response by RIG-I-related RNA helicases [J]. Biochimie, 2007, 89(6-7):
754-760.

BIERING SB, CHOI J, HALSTROM RA, et al. Viral replication
complexes are targeted by LC3-guided interferon-inducible GTPases [J].
Cell Host Microbe, 2017, 22(1): 74-85.

MCCARTNEY SA, THACKRAY LB, GITLIN L, et al. MDA-5
recognition of a murine norovirus [J]. PLoS Pathog, 2008, 4(7): 1-7.
SAPPARAPU G, CZAKO R, ALVARADO G, et al. Frequent use of the
IgA isotype in human B cells encoding potent norovirus-specific
monoclonal antibodies that block HBGA binding [J]. PLoS Pathog, 2016,
12(6): 1-17.

VERMEULEN BL, GLEICH SE, DEDEURWAERDERA, et al. In vitro
assessment of the feline cell-mediated immune response against feline
panleukopeniavirus, calicivirus and felid herpesvirus 1 using
5-bromo-2'-deoxyuridine labeling [J]. Vet Immunol Immunopathol, 2012,
146(2): 177-184.

PENAFLOR-TELLEZ Y, TRUJILLO-USCANGA A, ESCOBAR ~ALMA
ZAN JA, et al. Immune response modulation by caliciviruses [J]. Front
Immunol, 2019, 10(2334): 1-14.

RAJSBAUM R, ALBRECHT RA, WANG MK, et al. Species-specific
inhibition of RIG-I ubiquitination and IFN induction by the influenza A
virus NS1 protein [J]. PLoS Pathog, 2012, 8(11): 1-16.



6734

LR

G A A

12

[41]

[42]

[43]

[44]

[45]

[47]

(48]

[49]

[50]

[51]

[52]

[54]

[55]

[56]

[57]

[58]

[59]

YUMIKETA Y, NARITA T, INOUE Y, et al. Nonstructural protein p39 of
feline calicivirus suppresses host innate immune response by preventing
IRF-3 activation [J]. Vet Microbiol, 2016, 185: 62—67.

MEGAN TB, HOLLY T, CHRISTIANE EW. Norovirus regulation by host
and microbe [J]. Trends Mol Med, 2016, 22(12): 1047-1059.
DONALDSON EF, LINDESMITH LC, LOBUE AD, et al. Norovirus
pathogenesis: Mechanisms of persistence and immune evasion in human
populations [J]. Immunol Rev, 2008, 225: 190-211.

ATMAR RL, ESTES MK. Diagnosis of noncultivatable gastroenteritis
viruses, the human caliciviruses [J]. Clin Microbiol Rev, 2001, 14(1):
15-37.

WANG YP, HAO LP, PAN LF, et al. Age, primary symptoms, and
genotype characteristics of norovirus outbreaks in Shanghai schools in
2017 [J]. Sci Rep, 2018, 8(1): 1-8.

SCHWAB KJ, ESTES MK, NEILL FH, et al. Use of heat release and an
internal rna standard control in reverse transcription-PCR detection of
norwalk virus from stool samples [J]. J Clin Microbiol, 1997, 35(2):
511-514.

TRUJILLO AA, MCCAUSTLAND KA, ZHENG DP, et al. Use of
TagMan
quantification, and typing of norovirus [J]. J Clin Microbiol, 2006, 44(4):
1405-1412.

JOR E, MYRMEL M, JONASSEN CM. SYBR Green based real-time

RT-PCR assay for detection and genotype prediction of bovine noroviruses

real-time reverse transcription-PCR for rapid detection,

and assessment of clinical significance in Norway [J]. J Virol Methods,
2010, 169(1): 1-7.

CHUNG SH, BAEK C, CONG VT, et al. The microfluidic chip module
for the detection of murine norovirus in oysters using charges witchable
micro-bead beating [J]. Biosens Bioelectron, 2015, 67: 625-633.

IKHE, VP3RS, T, %F. FOF1-ATPase A&/ io il 3l i e Ik
AR EELT]. A BFIE S5 TFR, 2014, 35(24): 116-120.

ZHANG J, XU ML, WANG X, et al. Detection of food-borne norovirus
by FOF1-ATPase biosensor [J]. Food Res Dev, 2014, 35(24): 116-120.
ZHANG H, DONG Y, SHAN X, et al. Full-genome sequences of GII.13
[P21] recombinant norovirus strains from an outbreak in Changsha, China
[J]. Arch Virol, 2020, 165(7): 1647-1652.

RUETHER IGA, DIMITRIOU TG, TSAKOGIANNIS D, et al.
Characterization of novel intergenogroup and intergenotype recombinant
noroviruses from central Greece [J]. Mol Cell Probes, 2014, 28(4):
204-210.

RUETHER IGA, TSAKOGIANNIS D, PLIAKA V, et al. Molecular
characterization of a new intergenotype norovirus GII recombinant [J].
2012, 44(2): 237-243.

COTTEN M, PETROVA V, PHAN MVT, et al. Deep sequencing of
norovirus genomes defines evolutionary patterns in an urban tropical
setting [J]. J Virol, 2014, 88(19): 11056-11069.

KUNDU S, LOCKWOOD J, DEPLEDGE DP, et al. Next-generation
whole genome identifies the direction of norovirus
transmission in linked patients [J]. Clin Infect Dis, 2013, 57(3): 407-414.
TU ETV, BULL RA, KIM MJ, et al. Norovirus excretion in an aged-care
setting [J]. J Clin Microbiol, 2008, 46(6): 2119-2121.

SANO D, AMARASIRI M, HATA A, et al. Risk management of viral
infectious diseases in wastewater reclamation and reuse: Review [J].
Environ Int, 2016, 91: 220-229.

FUMIAN TM, FIORETTI JM, LUN JH, et al. Detection of norovirus
epidemic genotypes in raw sewage using next generation sequencing [J].
Environ Int, 2019, 123: 282-291.

BELKAID Y, HAND TW. Role of the microbiota in immunity and
inflammation [J]. Cell, 2014, 157(1): 121-141.

sequencing

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

PATIN NV, PENAGA, HATT JK, et al. The role of the gut microbiome in
resisting norovirus infection as revealed by a human challenge study [J].
mBio, 2020, 11(6): 1-15.

GRAU KR, ZHU S, PETERSON ST, ef al. The intestinal regionalization
of acute norovirus infection is regulated by the microbiota via bile
acid-mediated priming of type III interferon [J]. Nat Microbiol, 2020, 5(1):
84-92.

LEI S, TWITCHELL EL, RAMESH AK, ef al. Enhanced GII.4 human
norovirus infection in gnotobiotic pigs transplanted with a human gut
microbiota [J]. J Gen Virol, 2019, 100(11): 1530-1540.

ALMAND EA, MOORE MD, OUTLAW J, et al. Human norovirus
binding to select bacteria representative of the human gut microbiota [J].
PLoS One, 2017, 12(3): 1-13.

SULLENDER ME, BALDRIDGE MT. Norovirus interactions with the
commensal microbiota [J]. PLoS Pathog, 2018, 14(9): 1-7.

TURULA H, CUNHA BJ, MAINOU BA, et al. Natural secretory
immunoglobulins promote enteric viral infections [J]. J Virol, 2018, 92(23):
2-22.

O'BRIEN SJ, DONALDSON AL, ITURRIZAGM, et al. Age-specific
incidence rates for norovirus in the community and presenting to primary
healthcare facilities in the United Kingdom [J]. J Infect Dis, 2016, 213
(Suppl): S15-S18.

BUSTAMANTE M, STANDL M, BASSAT Q, ef al. A genome-wide
association meta-analysis of diarrhoeal disease in young children identifies
FUT2 locus and provides plausible biological pathways [J]. Hum Mol
Genet, 2016, 25(18): 4127-4142.

ESPOSITO S, PRINCIPI N. Norovirus vaccine: Priorities for future
research and development [J]. Front Immunol, 2020, 11: 1-9.

PARRA GI, SQUIRES RB, KARANGWA CK, et al. Static and evolving
norovirus genotypes: Implications for epidemiology and immunity [J].
PLoS Pathog, 2017, 13(1): 1-22.

JEISLBE, TR VRO TE R W SRR )], PR,
28(21): 2607-2611.

ZHOU HL, WANG XY. Norovirus is developing vaccines and challenges
[J]. Chin J New Drugs, 2019, 28(21): 2607-2611.

(ARG FREEE T

2019,

EE &N

KW, TEMRGFEAEERER
B Z5 0L H o
E-mail: 2037609943 @qq.com

mEE, Ht, R, TEMRAE
AEEMEEREEF SHMEDRRITE
HHR.

E-mail: xuyh@nifdc.org.cn

KEYLE, #BL, BiRE, EEMRAE
AEERE R A

E-mail: mik@im.ac.cn



