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[ Abstract]  With characteristics of high infectivity, diverse transmission routes and high
variation, norovirus is the main pathogen of sporadic cases and outbreaks of acute gastroenteritis,
resulting in a serious disease burden. This paper summarizes the latest progress in epidemiological
research of norovirus infection from aspects of disease burden caused by acute gastroenteritis, virus
variation and predominant strains, prevention and control measures, and immunization and vaccine
development

[ Keywords] Norovirus; Disease burden; Prevention and control; Vaccine

Fund program: Capital's Funds for Health Improvement and Research (2020-2-1011)

1968 4F, 3 [E k2 AR Vi FL o B A A — e UK i Oy 32
BEREIR Y 2 B RN 1972 4R 24 fe g v B R I PR S
LR, A4 T FUSOREE . 2002 4F 8 F 45 /\J [ bR 2
i 44 2 Gy 2O T A 44 e AR 7 o 20 THZ0 R BB 52
56 2 G 5 VR AR ST, AN T £ R R 5 e B, A A R
A 575 A YE R R R R R R AR AR R L W
AN B R SRR S B 1 e B AR RV S 1Y) =
o SRR, AT St G e 55 A\ TREAT R A o B AR T S R4

JEy o AR AL R 5 ORI 98 ) 2 195 A T B 55
AT S B W ATy R AT B A R G SR
JEL Ml 5 JE 15 W AR P AR R T g o R v o 2 2 R
W 98 B 2 AR AEHE— PR R AAL IR SR AT
FERE S PRI % AR AR SCE 2 IRA TG 27 B A B, X e
U BE 2k 1B 1 28 BB TUAH TR U RE AL S S OA T RR T
FE Vi A REI G B 1 T A TR W I A BUIR A T 20k
— W RE S B 2 OB 1 4

DOI: 10.3760/cma.j.cn112338-20211220-00999
KR HEE 2021-12-20 AXHmE LY

SRR T, Mk 5, B, 55 v IR AR I TR AT R 2 BT Sk S (0], AR AT~ A, 2022, 43(6): 974-980.

DOI: 10.3760/cma.j.cn112338-20211220-00999.

Wang Y, Gao ZY, Jia L, et al. Progress in epidemiological research of norovirus infection[J]. Chin J Epidemiol, 2022, 43(6):

974-980. DOI: 10.3760/cma.j.cn112338-20211220-00999.




FPAERA TR Z & 2022 4E6 55 43 %55 6 ] Chin J Epidemiol, June 2022, Vol. 43, No. 6 - 975 -

SEEE B I R KR AR R ARG AN R A A
M DR TR T RIS B A U 1 SR
AR TR 2 B e B BN ER . B R R
HIRERD B RR TR S B <S ¥ L 22508 EBe FAET 7
ol 25w )t DX L KR S e T G R T I
B W R BT S PE R (A I A S A o

1 ERATAE O . — IO 4 BR A A 15 b B I 8
FRARDE Meta 20T 2 BR, b A 3 2k B i R 20 o5 A BE Ak
% 52956 1 20% , H A+ X R T8 046 3 84T B 0 1
e EEEANEE RIS H<S 2 ILE P e
PERE R A 2197 o o 2% — 00 Fi IR BE DT T, WREE X 42
KA <2 % LR RE , &R 25% 1 2k 8 1 46 & 2 th it
Wk SR G R, HRBEL R F N 15%" . WEFGFELY
18% A I Sz 1 18 1 56 1 249% W94k 1 5 1 56 2 Fh v s 75
BB RS, H AR R R e 2 o 2ovE B RIS
Bl 219" —IRFSSAE T T 2 e b R i e 2 A
Wi 98 AT, 45 o T AN B IR 2 o Sk W R A
(1 17%, R A B R T b AR TR AR O [
FM o ERZUE R RKT- 5 AT e, — 7 AT fE
Tl AR R ZE AP0 W B T AG I 7 S S5 o 5 4 —
D5 AR B ORI R 2k B i s v,
b S A AR T 2 A s AR R LR RE R, SO
Ja 250 R AR 25 TR B IR SS

P B T 2 2 1 R s £ A, e LR TR s 2 RN A
BE 2 15 MR I S 100 J5 2 B JRAA , <5 5 AR IR AL L A LIk
I FE Y R L T =5 2 AT U DA A BRIk g ol =, X
P 1 A T Y A ) Y M8 0 A R A A A B
U B RG24 7 209%™, 5 Bk K HoAl R 52 A R 5T 45 S 3
AR,

2. SER IR B BB T A A R R I, 2
Far N BE I B A B O R KW AL T
3.8/100 A4~10.4/100 NAEZ 0], H<5 % JLEE 09 M2 8 T
HAAF B AT, . r 2 AR BRI s 22 2k B R &
955 % h 3.8/100 A4E (95%C1:2.7/100 N 4E~5.5/100 A\ 4E) ,FE
TIRHF0.4/10 5 D ERFFT K B b Anos 5 02 3 4% YL m
B w UL R TR R AR KR R4 R 47100 AR
2008-2013 4, fe b Eh Fi7 I J& 7 — T AT WS DUATE ST L 345 905
T2 H 4 BR &R 3R 0.6/100 N4 ~1.6/100 N 4F, <
5% JLE R WEE N 2.1/100 N4FE~4.9/100 N4E, 29025 % N
HE 1O A% s AR BEw 1] | 11320 1915 4k DX 107) ) s 44 L 191 24
SF1:20: 10017 FRFE & 75l XA A U0 R R e AR S
BE 294 0.07/100 AAF, Hid<5 & L3 (0 1F Be R e, N
0.6/100 NAE" . FEFR [E A HBIX 24> B <5 4 JL 38 Y [o] o5
PEBRN I BT K IR, o T o 2k 8 i R R R 4 I
2.8 41/100 A AEF 1.9 $1/100 AAE"" Wi AR T Ho Al [ 2% 14 1)
AR AL S ZWEFE IR R 2011-2013 4 BF5E 4 02 A AL
FEATEVE TG AR HB X 24~ B 2518 TGRS .

— TR AT T A ER 22 Fh YR B 7 U A B

R 3T 2 IR . 2010 4F , T A0 FE R
e B2 6.8 ALK &9, 21.2 TTAE T B 1 500 J7 1453 % 1 4%
A ATAE (DALY o 78 S5 [, W Ao 75 88 Y o 35 A5 4F 38 i
900 BIFET, 10 J7 AKAEBE , 46 JT AR &i25E12, 230 J1 Ak
IT2 k25 L 2 000 J7 8 K0 AR, 265 5 N Bt s 2
JERYL AR D HE T KU e K, <5 20 L2 PR s Ao 3 Ik e sk 12
(4 L Bl e R A, A W S8 i e 7 R v L 45
T U« T A0 T R R A 1 R A R 42 (0 ST AR T
RGNS 60342 36 0 Bt S AAR 2 s A Rk e
A X S ] A 2% b X B 2R B S A R 2. 90 BE s R AE
P2k 6 30045 £t P AL A A

3. Bk RPN 26 FEE AT [ GBI TR R GexE
T R R PERE AT I . 2009-2017 4F, FE Wi 2] 17 8225
WUV BRI AR F 4 2 00042 , £ 75% B P51 & AR A
K BARE LG . P E A S T B4, 2021 4F
555 27~38 Jal 14 Wa I H5 4 SR - B R 204 60 AR T W HE R R
YNGR AL, A B EE Il 8 S 19 K A i S A W 25 A Y
35% (A Wil 2 52 O 27 A B IRAESS 26 8 s Hk A3
JIT R T AR, BRI 8 2 1 e A T 5 A W 2 L 24 60% 11
T U B EA R AR AE R ALK, T 2021 4F5E 27~38 JEl iR A
e TR ELER¥REHLFTILHNY . HAA
2005-2019 4F , H4f 15 1 728 # i W 5 5% & s , 3 Rp4E
et 118 8 s P BB R TR, KA 0 25 R FL4hiL
2RISR MG

T (i s 7 R R N R A R R R S T A
HOFWI RS Y. 2014 4F 1 A 2 2017 4F 12 H it 10
692 i U1k B W 96 B K PENE TR, U A0 BE A 2 R B I
M, 215 89%(616/692) . 616 AT WG 74 5 K et , 1 M 2
377195 B, 93% (571/616) I HE 1 K A TE 24458, 63% (3871
616) (1 RETE i i N5 N B H% . (H B AT W 21y
PEE 2 K ZHON B R PEN MR /IN TR AR PR 1 5 L
B, HAE DA BT A R — 2 sk . B AT E R T 2tk
B W 96 975 D 2 %) W ) 3= R AR T I ¥ X — bR T e i
BRI J H BI RER 1 EL B K, e AR (IR AE i 21 L2
TR g DR 2 (A o o i R 1 LA

TR AR S R A TR

WA R 5 KA AR ek T AL, B R AT RNA KA
P RNA AW IX (RAdRp) F EZAFEE A VPLIX, K It H /1
R FH LR 30018 22 e ) HEAtEA T oy AN 44 o B 009 B 1T 4
R ZAFER LRI FhIER AL 4341 153 8 F 2K RdRp X
FRIVPL X G FERR WAL F 5t , W i gt oy ik s f%
P T PR AR o o 510 G B PR A0, 7 B PR A 0 AR
PRI YA 0] DL 2R E 3 . 40 G 11 .4 Sydney [P31], /R 78
VPLIX A G I M G .4 A Sydney £k () |, 78
RdRp X 0 G 11 .PEERA A G 11 .P31 LR, HARAR 4% F 0y
RUFLIN 2 UL SCHR (27 AR3E VP X, BRe A Y3 a2
SRS AFEFAGT GGV .GVILGIX) H1 38 Fft L [ 71
H4 RARp X, 2R 342 HH (G T .P.GI.P.GIV.P)I¥)



- 976 - FRAEA TR AR R 2022 4E 6 H 45 43 4555 6 ] Chin J Epidemiol, June 2022, Vol. 43, No. 6

63 Rl LRI A

1. G 1.4 BRI 4 3RAT : 20 120 90 4R ], G 1T .4 3
B R B A 4 R Sk T I 48 A R e 191 ) 2 i A
o A 200245, B 2~3 A HT G 1.4 56 A AR 5 bk 25 5|
TSR B B A ERAIRAT ™ . G 1.4 3 P iy st AL L 4t
DS R 1 (A F 20, US Bk (1995-1996 4F ) | Farmington Hills
¥k (2002 4F ) . Hunter £ (2004 4F ) #1 Den Haag ¥k (2006 4F ) 3=
R PR ER 5], Neworlean £k (2009 4F ) F1 Sydney #
(20124F) EEHMBEEEA SR, {20154k, —Fb
LA F AT I TR KL R R G 1. P16 76 BRI Bl N A% . 26
] i A 24 T A RE T 1 3 R 4 B 5T f 7, 20142015 4F
WATHE N G I .4 Sydney [P31], 1fii G I .4 Sydney[P16]7E
2015-2016 4F S AR IRATEE , o5 32 B 200k B 1 98 28 R NS
) 28%(208/722) . 2016 442 G 11 .P16 % [X 7 77 7 [%] 7t
17,2018 4F G 11 .4 Sydney[ P16 J 1 J2 i = i 40 2 % & RETE
BRRATER, 20 29%

NoroSurv & 4t >4 2Bk JL 2 145 W05 23 A W 00 o9 2%, phy 98
[ CDC &I AEdr R X R <5 & L3 200k B W R s
11, DA B s 29 61 A 2200 A S iz A ) 1 44 5B 66 3 A
R, 2016-2020 4E3k 7 6 KU 16 > H K1Y 2 5 &
RdRp XA VP XA 3 53 Y 7 3, 4 1 325 4 W00 T )7
1) 1A 5 W o %, ARG $1] 22 b 35 PR AL T 36 Ff X432
L], Ho B it 50% 955104 G 11 .4 Sydney[P161F1 G 1T .4
Sydney [P31], Hi b & WA #4145 G 1T .2[P16] .G IT .3
[(P12].GI.6[P7IANG I .3[P3], B34 4N d5 AT bk 7E<
58 JLEH R IR LSRR G .4 FE R R 2 4 k<
52 JLIE T W B e 11 32 T A 00

2. FRE EFRATHE : G 1 .4 L F AT [E 2004-2014 4F
T RE T 1 A TR D E R G T 17 S
KL, 2014-2015 4538 [ A 1 X T~ 7R 48 AL I8 48 1
FREEPENE B LI i

[T, G I .17 8 PR 700 s 2 B AR s ) H At S 9 %
T A BRI 0 F B ALY H AT 2013-2015 AR IR 1
G 11 .17 R ABRAI > K B, 28 5+ & AR 7E RdRp X2, 3% —
AR SERE G .17 P17 IR BLRTAY G 1T .4, F 2014-2016 4F A
NI E BRI FATH . 2016-2017 4F, G 1.2 KL I Rl H
AU T & S I B, A MRS G 1.2[P31],
GIL.2[PI6]A1 G 1 .2[P17] 5L B I sl 5 ) % B,
G I .2[ P16 3L K A A TR [ 20162018 4FE 145 UG #1215 1Y
FTILR A (81.29%)

=V R 1 B A

XA W07 2 B e s Y B 45 157 DAL e (6 4R 11
BRAL YR DIWHE GRS BB =T ATF,

L AL YL Y5« BRGS0 H A G A AR A VAR sk e
B TCREAR G A, Yo 2 s W0 B R e 11 B AL YL
WF 9 & BICAE I 5 LA Z9 0 30% , (F A BB A7 Ik
TCHER IR 3 Z [ HERERR S AT 22 54 IR REZ AR
TeHi R # AR IR B AL RE T O E o A, Wi s

BEVG YL K B 5 R AL 157 5 1 AR A
B NZEAN A d e 1 AR AR R R R AT
S S S RS ) . B TR R R R
Al A28 b ARG T AR A /D B TR S R AR
B B S0 S AL R B B b i A S i 2 e
RISl 4 v An s 8 E A PR 15 R RE AL U 2 N2 DX B
AR SRR B A R, A E— B AT

KTFAE YL PR B B d TR LR AR S TR B AL YL Ui, A B
AT B, AREEIR IR A A R — FER , 7F H W
W rhE LTI, BRI SRR & AR YL IR AR U 2
TE EE S A T R DRGSR Sy = 3 B i etk
T TR PG PR B — 20 o AN SRS I 2 AR SR T
KTl BE | DR ol B B o BE AT BB R A A A DRI B o
A BRI R KA B R R s sk AT R R IR s . 1
1 A A R S 7 T B DOl B AR AR
W, H AR DGR 8 b 07, By L HLd 5 V5 Y M e 6
AR . BLAh, BT R A RSk TS gL, B AN b S (S
Y (7K IR R R S I P A R A B Y R AR SR . X T
U A R AR A8 o 1 0, R T N AR A 3L, W B e A
o AU ARAT WA WG 2275 YL B 0T B, AR U RS 1 TR AR
KR ¥ SRR & B S I K . 2016 4E P8R
T ez — e el R AR FH K 75 G S B0 U s BN L B
4 000 Z 5 (14 o 7N K ARG, 2 301 X6F 7K 000 A5 T8 0E A 7
SACIMER-SIY/ &/ RN oy TS

2. ABAB IR AR U Q0 B o 2 R AR AL . TE U A
FRENE P R N EE NS NG  E IR .
IKVREEAL 4 BRI 28 R A 4% B A )y AL 6 . i Ik 7
WIAR Z B 5R, b s R P T AL 46 y B2 A5 A\ 42 fil
TR R B EHE Kk s, e AR S R B
995 D S5 KR X 4 P 2 [ o BSEABLIR i 3 4 B R 5 & B, — YRPIK
I 35 Y A9 Y0 L AT 3K 8 R 8 m? (I HiF 97 >3 m RIS 1) 97 150
2.6 m)"™ o A AAHE R I T K RE A BV 0
JE ] 3K 3.9%10"~8.0x10" 4 R £ 25455 4 D1 Hf/m1™" T o5 40
BRI T S A [ ELAR ARG, PRI b A A K e s ) £ 2 R T i
LU0 5 B St BRAIR kR A A K TR K e 4
SRR BT i MR TR AL R (22 A

KB A B T Y R I A v S N
L FFEmAK 25 R it S B Ak B 2 i AR S R
BN S NG R . A TFoE KB, 75 e B3SRBS A
FE B G a5 B R L AP AE B BB R, IR RS
TR B e 22, LA 3 R 8 SR A LA iy
ot Y Y St T 5 AR 5 K TR R R 1 R
fi B e 0 UL, W LT R 2RI K RGP KA AL, 1E %
FEHBEK 85 A 1 AR 5 115 K5 W ris e, B AR TG 1l
FHAHLIE T 75 19 /K o ] i s LR, 55 40 i
BT 2875 Y W) RV S S B AR L, (AR 2 AL %
wR,

IO AR A8 22 175 AN [+ B A 4 A AR SR IBURH L B B 24 e .



FPAERA TR Z & 2022 4E6 55 43 %55 6 ] Chin J Epidemiol, June 2022, Vol. 43, No. 6 - 977 -

NGO A3 1 AR v WK kg R 0 A s 7 3
TR Tl T AR, DRI S IR s 4 AR DA R R S e )
Y MEREE AT 0 TR AR E e, WE M
K i B B FIAL R | B 48 1) R A A A N 179 4% R 4 o
JRU Sl T e, R T REBE TS e 1 2 W RK RS T A
AR, 2R IR AR

3. SRR A LUN B R (HBGAs) 28R 1 2 HEE 52
i A~ A G R A G DR R AT 75 A 0T A 75 iR
FHARREMGIH JE AR BRI, MR S e RS AR 2 A
K2R, 349 ] S0 ARG 5 U 15 B0 5 S

HBGAs Ji#EWR 7 VP GHI R P IX 515 £ 2R 45 &
{75, 15 5 HBGAs 21K 1Y 22 S X W 2288 e 1) Bl vk n
FAHLEA B . HBGAs (1 3235 52 54 W L 5 7 il
(FUT) JE R A, 38 o (1,2) - A BB L R il 2(FUT2)
BB FR g 20 WA TR A TR = FUT2 B4R 0 e Bk R AR
Gy IHIAATS ZIGURIEST FE A, 43 WA LA AT A
YL IIIE |27 0 /5 N R S 1K S (£ 7 N 3 SN S5 3
9 B R R AZ A MR AS I BRI, A I o A s 7 L LA R
BRI F25 G BHLE Y, BbAh, 5T Won 6 Al ~5 % L3
=65 5 A N E A AT WA I A 5
MR GRRE D REAN T H s B RAEASS R B R
PENHIFI G WS 85 v S E0e M B R | 5L AAE
AR AT BB [ S PR 0 Al 1 R 1 0 7 A A TP AR
F T A

T i = 7 P A 25 R 6 S BN B RO PR
TR 5 AL YL U5 A P B B B 0 R A RE R 1 B R
ST IR . R T RO AR = AL Y B P R ek
e PA B, IR A A BRIk

DU b G 2R 5 o FIE v T A

L W A R R I G 2 A T 7 R S ] g R LA
7 A ELUA U B TR A G028 S, S 1 & g Y
AW RERL . — 3 10 6 3 A 88 )L I BEDTRESY R
WG 75 L7 TeG PR K TAE 6~12 F I I A, 7T fig 5 R 1%
L T80T 56, 7 2~3 2 ) 1gG FL MK 8 180 5 45 57
PEANARLGRE RN AR 124 B i R 3], 2~3 4 B 3 oA (g 3 FL
FRee i i, 814 5 i RN TR, 1977 45 & 2 i A Ak
AR IG5, & I W B YL S5 S e R ST IR Dy 24~ A
FAE A B R RS R 6N AT (HIRST
FEAR S G R R SR ) ] RE S | 38 [ — LA 5 i
9 B AL DX A% B 0 BR 2 B | Al B8 S i e 2 B ) O 4.1~
8. 74E

2. R TR R T AT R BR A%  WIFSE SB35 T 6
il b B 5532 AAA L ERR LR B 41 2 F1Vero 40 i H
ST AR R TR IR R BRI B R shi iR, B
I e 015 58 VB9 A T I AR 22 Bk, IR o) 1 O R K
JEM BT K o ARFE S 95 2 4 BURL(VLP) P JBURL A E 2 i
RO T R AR v W . VLP R —Fh 2 454,
B W Qe 7 AR I A TE A (R Z R B L . 2

WU BE VPL A ELAZ 40 M P 3R A B, VPLRE F 3R 21 26 0k
VLP. VLPZEHUE [ 597 URLAR L, 38 3 i N R A b ik 4%
SR RBAS 5| & e S e N, T AT A AT B AU
A F A 4 R R . AR R I R G
72 S ik 2 0 B8 2 ) R G5 RO 2B 7= VLP, KR A
B EL ARG SR R AR (U] 2 72 VLP, POk v
95 T A ST AR 28 P &5 F 3 DUIE A 0 K R, HLA
FE I G e T | I IO S R M RS P e R 5T, 51 R IR
WA S s . BA TSR B, 5 PRIAR L, VLP AT S
TG A Th 21 Th2 8 58 SCH s 2 7> 38 38375 40 9 27
VP ) AL 2R 8 Bt EAE D] o

3. dE A A5 [ B A8 1« H AT AR R 5% [ B
BYETA 40, 2390 0 H 7R Takeda AFBY G T .1/G T .4 A
VLPREHT, S5 1H Vaxart /A /) 9 5 21 B 28 20 04 0 IRE 1, 38
FE G A P il S AF 9 B S E 2 9 G T . 1/G 1T .4 Z A VLP 9
B, LA R TR B O TR A M 2628 WY DU 4 B4
VLPRE (e ARt ™

Takeda 2 & 14992 11 B & B A A i i b, LB 52 %)
%46 Ak ~8 % IL# >18 % AR A FIEAE N, AL EE 4T
PEVH BT X2 A e T B R v H AT E S AL T I T AR
B BFFEAS S R IR T A AR P e 4 T A2 1
R Ar HOEA S 5 2 v PR R 00 98 6 42 o [] #8
VAR R A B W A R AR RN N RE 7 A TEAR  (H A5 R
2 IZIE RS T 38 SUARBER B L B XK 7E A
AN AR R R o s SR T I R I 6
(NCT03039790) , HEFIEZESE T .

Vaxart 24 7 {9 AR B 85 2R 2 11, 75 18~49 2 Y
G SE T T I AR, 45 5 R R A 2R B |
TP T 32, R TR SR SN, A4 4 BRI IR A
ICIZIgAMgG PR o L PEWTE 18~55 %2 Fll 55~80 % A ff
B T/ 9 % 4 vk R G g JE PR BF 9E OIE A iE AT R
(NCT04854746 F1 NCT04875676) .

At st A= Wy i S AE S BIEE S A VLIPSV, &L X6 A
% ~59 & NBER LN, T 2020 FF K58 i T T il IR
FEN NI O T S/ s B o ¢ il | | 177 N o
(NCT04941261)7 . 8 CIp Bt A= Wil 2528 )i 49
UM EHVIPESESGTI 1.GOI.3.GO.4MGT .17 PUFh
FEBTVPL A% 6 A I T 260 & AR 4L 1 5, H R4
TERFFE 1 (NCT04563533) 7 BLAb, P YR RE T ity QA 2
S H AR R R B G A 4171 BL(EV-AT1) Rl
TIPS T AL T 1 A I DR AT B B T

FIR s

Wil 2 50160 0 B A B e R SR W 7 A 1 i R
HIBF TS BORBEA o I AEERVE DR A , i i 2 sk 51
2 B M R &9 R R P AT 118 SR B SRR, 1 AN
BE FHMERS H R 2 15 20%. AN [R] 53R XY 008 R 22
53X AT e S H D R AR R AR RS B T
AR B B A N B A it R BTG L 2 R R R



978 - FABRTA TR 44 AR 2022

iF6 HE 43 55 6

Chin J Epidemiol, June 2022, Vol. 43, No. 6

G Il .4 B R A R AT 0 =R, TR B 5% A e 1 B i A T
PRy G 1.2 FEDR Y 5 S 2 N W7 T Jeos Jt o el A%
K AR ATRRA AT O o N5 Al AL 46 2 1 22 BR
R 5 A e 1 AL Ty 2 i T v Anoe AT ek
TR TENTE AR, WL SRF I B 42 15 Mt A 47 DX
NSBB8 10 AR B, AR 259 T P it e - i XL
THBE PR EUS T AR R FE T B IR 5
TENTEANSR S A S e T A B, LA 4 Fh e ok 25 v
AN PRI G B B, Ry 4 4 v an 28 2 vk B e R AT
AL RE . 7ERER— AL T R, A RS MR S 1k
W ASRAENREAA 1 S AR S R T T 1
T B 2 5 AL L B BOm MY 8 e R IE R T, Rt
A2 RN R T JRE W 2 DU AT 5% AR, D64k B 45 SR
AT, A0 PR v BT A AN R SRS T 9T, g IO X 2
5 I T T 3 434S

FEEMIE A VEH IR 45 vhoe

2 % X #

[1]  Adler JL, Zickl R. Winter vomiting diseasel[]]. ] Infect Dis,
1969, 119(6):668-673. D01:10.1093 /infdis/119.6.668.
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]. ] Virol, 1972, 10(5): 1075-1081. DOI:
10.1128/JV1.10.5.1075-1081.1972.

Ahmed SM, Hall A], Robinson AE, et al. Global prevalence
of Norovirus in cases of gastroenteritis: a systematic

(2]

(3]

review and meta-analysis[]]. Lancet Infect Dis, 2014,
14(8):725-730.D01:10.1016/S1473-3099(14)70767-4.

Burke RM, Mattison CP, Pindyck T, et al.
Norovirus in the United States, as estimated based on

[4] Burden of
administrative data: updates for medically attended
illness and mortality, 2001-2015[]]. Clin Infect Dis, 2021,
73(1):e1-8.D0I1:10.1093 /cid/ciaa438.

Béanyai K, Estes MK, Martella V, et al. Viral gastroenteritis
[J]. Lancet, 2018, 392(10142): 175-186. DOI: 10.1016/
S0140-6736(18)31128-0.

Troeger C, Khalil IA, Rao PC, et al. Rotavirus vaccination

(5]

(6]
and the global burden of rotavirus diarrhea among
children younger than 5 years[]]. JAMA Pediatr, 2018, 172
(10):958-965. D0I1:10.1001 /jamapediatrics.2018.1960.

[7] Payne DC, Vinjé ], Szilagyi PG, et al. Norovirus and

medically attended gastroenteritis in U.S. children[]]. N

Engl ] Med, 2013, 368(12): 1121-1130. DOI: 10.1056/

NEJMsa1206589.

[8] Quee FA, de Hoog MLA, Schuurman R, et al. Community

burden and transmission of acute gastroenteritis caused

by Norovirus and rotavirus in the Netherlands (RotaFam):

a prospective household-based cohort study[]]. Lancet

Infect Dis, 2020, 20(5): 598-606. DOI: 10.1016/S1473-

3099(20)30058-X.

[9] Sandmann FG, Shallcross L, Adams N, et al. Estimating the

hospital burden of norovirus-associated gastroenteritis in

England and its opportunity costs for nonadmitted

patients[]J]. Clin Infect Dis, 2018, 67(5):693-700. DOI: 10.

1093 /cid/ciy167.

Thongprachum A, Khamrin P, Maneekarn N,

[10] et al

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Epidemiology of gastroenteritis viruses in Japan:
Prevalence, seasonality, and outbreak[]J]. ] Med Virol,
2016, 88(4):551-570. DOI1:10.1002 /jmv.24387.

Nguyen GT, Phan K, Teng I, et al. A systematic review and
meta-analysis of the prevalence of Norovirus in cases of
gastroenteritis
(Baltimore), 2017, 96(40): e8139. DOI:
0000000000008139.

Wang LP, Zhou SX, Wang X,
epidemiological, and clinical features of acute diarrhea in
China[J]. Nat Commun, 2021, 12(1):2464. DOI:10.1038/
s41467-021-22551-z.

M, W, SO, AL LT 2013-2018 4F BUARE AT
PR | R IR M IS B AT AR AERIT T2 (1], P A RA T 7 2
i, 2019, 40(8):883-888. DOI:10.3760/cma.j.issn. 0254-
6450.2019.08.003.

Lin S, Pan H, Xiao W], et al. Epidemiologic characteristics

in developing countries[]]. Medicine
10.1097/MD.

et al. Etiological,

of Norovirus among adult patients with infectious
diarrhea, in Shanghai, 2013-2018J[]]. Chin ] Epidemiol,
2019, 40(8): 883-888. DOI: 10.3760/cma. j. issn. 0254-
6450.2019.08.003.

IR, W%, BT AL U IR TR LT 2 S S AT A
D). B8 W, 2021, 36(8):769-773. DOI:10.3784 /jbic.
202106230362.

Zhu X, Jin M, Duan Z]. Research progress on the
epidemiology and disease burden of norovirus[J]. Dis
Surveill, 2021, 36(8): 769-773. DOI: 10.3784/jbjc.
202106230362.

Verhoef L, Koopmans M, van Pelt W, et al. The estimated
disease burden of Norovirus in The Netherlandsl]].
Epidemiol Infect, 2013, 141(3): 496-506. DOI: 10.1017/
$0950268812000799.

Tam CC, Rodrigues LC, Viviani L, et al. Longitudinal study
of infectious intestinal disease in the UK (IID2 study):
incidence in the community and presenting to general
practice[]]. Gut, 2012, 61(1): 69-77. DOI: 10.1136/gut.
2011.238386.

Bierhoff M, Arvelo W, Estevez A, et al. Incidence and
clinical profile of Norovirus disease in Guatemala,
2008-2013[J]. Clin Infect Dis, 2018, 67(3):430-436. DOI:
10.1093/cid/ciy091.

Burke RM, Shih SM, Yen C, et al. Burden of severe
Norovirus disease in Taiwan, 2003-2013[]]. Clin Infect
Dis, 2018, 67(9):1373-1378. D01:10.1093 /cid /ciy298.
Wang JX, Zhou HL, Mo 7], Burden of viral
gastroenteritis in children living in China:
Population-based surveillance[]]. Int ] Infect Dis, 2020, 90:
151-160.D0I:10.1016/j.ijid.2019.10.029.

Kirk MD, Pires SM, Black RE, et al. World health
organization estimates of the global and regional disease
burden of 22 foodborne Bacterial, Protozoal, and Viral
Diseases, 2010: a data synthesis[]]. PLoS Med, 2015,
12(12):e1001921. D0OI1:10.1371/journal.pmed.1001921.
Hall AJ, Lopman BA, Payne DC, et al. Norovirus disease in
the United States[]J]]. Emerg Infect Dis, 2013, 19(8):
1198-1205. D01:10.3201/eid1908.130465.

Bartsch SM, Lopman BA, Ozawa S, et al. Global economic
burden of Norovirus gastroenteritis[]]. PLoS One, 2016,
11(4):e0151219. DOI:10.1371/journal.pone.0151219.
Steele MK, Wikswo ME, Hall AJ], et al. Characterizing
Norovirus transmission from outbreak data, United States
[J1. Emerg Infect Dis, 2020, 26(8): 1818-1825. DOI: 10.

et al
rural



PR TIR AR 2022 4E 6 H 55 43 455 6 1 Chin J Epidemiol, June 2022, Vol. 43, No. 6 - 979

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

3201/eid2608.191537.

Public Health England. National Norovirus and rotavirus
bulletin routine Norovirus and rotavirus surveillance in
England 2021 to 2022 season Week 40 report: data to
week 38[EB/OL]. (2021-09-26) [2021-12-01]. https://
assets. publishing. service. gov. uk/government/uploads/
system/uploads/attachment_data/file/1023731/UKHSA-
norovirus-bulletin-2021-22-week-40.pdf

Misumi M, Nishiura H. Long-term dynamics of Norovirus
transmission in Japan, 2005-2019[]]. Peer], 2021, 9:
e11769.DO0I:10.7717 /peerj.11769.

Lian YY, Wu SY, Luo L, et al. Epidemiology of Norovirus
outbreaks reported to the public health emergency event
surveillance system, China, 2014-2017[]J]. Viruses, 2019,
11(4):342.D0I1:10.3390/v11040342.

TLES W), FEM, UIERK, AF L VR AT B R A BT ST R R ().
W AR R AT 2 2 3, 2020, 41(11):1927-1932. DOI: 10.
3760/cma.j.cn112338-20200302-00234.

Shen LY, Jiang B, Yan HQ, et al. Progress on genotyping of
norovirus[J]. Chin ] Epidemiol, 2020, 41(11):1927-1932.
DOI:10.3760/cma.j.cn112338-20200302-00234.

Cannon JL, Barclay L, Collins NR, et al. Genetic and
epidemiologic trends of Norovirus outbreaks in the
United States from 2013 to 2016 demonstrated
emergence of novel G Il .4 recombinant viruses[J]. ] Clin
Microbiol, 2017, 55(7): 2208-2221. DOI: 10.1128/JCM.
00455-17.

Niendorf S, Faber M, Troger A, et al. Diversity of
noroviruses throughout outbreaks in Germany 2018[]J].
Viruses, 2020, 12(10):1157. DOI:10.3390/v12101157.
Cannon JL, Bonifacio ], Bucardo F, et al. Global trends in
Norovirus genotype distribution among children with
acute gastroenteritis[J]. Emerg Infect Dis, 2021, 27(5):
1438-1445.D01:10.3201/eid2705.204756.

Qin SW, Chan TC, Cai J, et al. Genotypic and
epidemiological trends of acute gastroenteritis associated
with noroviruses in China from 2006 to 2016[]]. Int ]
Environ Res Public Health, 2017, 14(11): 1341. DOI:
10.3390/ijerph14111341.

Fu]J, AiJ, Jin M, et al. Emergence of a new GII.17 Norovirus
variant in patients with acute gastroenteritis in Jiangsu,
China, September 2014 to March 2015[]]. Euro Surveill,
2015, 20(24):21157. DOI:10.2807/1560-7917.es2015.20.
24.21157.

Lu J, Sun LM, Fang L, et al. Gastroenteritis outbreaks
caused by Norovirus G Il .17, Guangdong province, China,
2014-2015[J]. Emerg Infect Dis, 2015, 21(7):1240-1242.
DOI:10.3201/eid2107.150226.

Chan MCW, Lee N, Hung TN, et al. Rapid emergence and
predominance of a broadly recognizing and fast-evolving
Norovirus G Il .17 variant in late 2014[J]. Nat Commun,
2015, 6:10061. DOI:10.1038/ncomms10061.

Sang SW, Yang XY. Evolutionary dynamics of G I .17
norovirus[J]. Peer ], 2018, 6:e4333. DOI: 10.7717 /peer;j.
4333.

Matsushima Y, Ishikawa M, Shimizu T, et al. Genetic
analyses of G I .17 Norovirus strains in diarrheal disease
outbreaks from December 2014 to March 2015 in Japan
reveal a novel polymerase sequence and amino acid
substitutions in the capsid region[J]. Euro Surveill, 2015,
20(26): 21173. DOI: 10.2807/1560-7917. es2015.20.26.
21173.

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Thongprachum A, Okitsu S, Khamrin P, et al. Emergence of
Norovirus G I .2 and its novel recombination during the
gastroenteritis outbreak in Japanese children in
mid-2016[]]. Infect Genet Evol, 2017, 51: 86-88. DOI:
10.1016/j.meegid.2017.03.020.

Gao Z, Liu B, Yan H, et al. Norovirus outbreaks in Beijing,
China, from 2014 to 2017[J]. J Infect, 2019, 79(2):
159-166.D0I:10.1016/j.jinf.2019.05.019.

Jin M, Wu SY, Kong XY, et al. Norovirus outbreak
surveillance, China, 2016-2018[J]. Emerg Infect Dis, 2020,
26(3):437-445.D01:10.3201/eid2603.191183.

Teunis PFM, Sukhrie FHA, Vennema H, et al. Shedding of
Norovirus in symptomatic and asymptomatic infections
[J1. Epidemiol Infect, 2015, 143(8): 1710-1717. DOI:
10.1017/5095026881400274X.

Atmar RL, Opekun AR, Gilger MA, et al. Norwalk virus
shedding after experimental human infection[J]. Emerg
Infect Dis, 2008, 14(10): 1553-1557. DOI: 10.3201/
eid1410.080117.

e, A IGEaHe, X VL. S TR T U A5 2% R E NS Mol A
i 30 N i) 0 23 A (). R AR AT R AR 2R K, 2019,
40(12):1560-1562. DOI: 10.3760/cma. j. issn. 0254-6450.
2019.12.010.

Yang ], Zhao XY, Liu SM. Analysis on the duration of
intestinal detoxification in restaurant employee infected
with Norovirus during the outbreak[]]. Chin ] Epidemiol,
2019, 40(12):1560-1562. DOI:10.3760/cma.j.issn.0254-
6450.2019.12.010.

Hoesg, W, G =, 45 )N TT 2017 AR A v e 2
G II .4 Sydney 2012 28 5 B GL 2 L I A []]. h AL T 2%
Jk #, 2018, 39(12): 1570-1575. DOI: 10.3760/cma. j.
issn.0254-6450.2018.12.007.

Ma MM, Wang H, Lu JY, et al. Survey on a norovirus-borne
outbreak caused by G II .4 Sydney 2012 variant in a
university of Guangzhou, 2017[J]. Chin ] Epidemiol, 2018,
39(12):1570-1575. DOI: 10.3760/cma. j. issn. 0254-6450.
2018.12.007.

Tryfinopoulou K, Kyritsi M, Mellou K, et al. Norovirus
waterborne outbreak in Chalkidiki, Greece, 2015:
detection of G I .P2_.G | .2 and G Il .P16_G Il .13 unusual
strains[]J]. Epidemiol Infect, 2019, 147: e227. DOI:
10.1017/S0950268819000852.

Repp KK, Keene WE. A point-source Norovirus outbreak
caused by exposure to fomites[]]. ] Infect Dis, 2012,
205(11):1639-1641. DOI:10.1093/infdis/jis250.
Villabruna N, Lara RWI, Szarvas ], et al. Phylogenetic
investigation of Norovirus transmission between humans
and animals([]]. Viruses, 2020, 12(11):1287. D0I1:10.3390/
v12111287.

Charoenkul K, Nasamran C, Janetanakit T, et al. Human
Norovirus infection in dogs, Thailand[J]. Emerg Infect Dis,
2020, 26(2):350-353. DOI:10.3201/eid2602.191151.
Blanco A, Guix S, Fuster N, et al. Norovirus in bottled
water associated with gastroenteritis outbreak, Spain,
2016[]]. Emerg Infect Dis, 2017, 23(9): 1531-1534. DOI:
10.3201/eid2309.161489.

X Fgk, w5, B, A ALt 2014-2018 AR R
AR I R B R RS R AT (], TR AR AT A,
2019, 40(10):1274-1278. DOI:10.3760/cma.j.issn. 0254-
6450.2019.10.019.

Liu BW, Gao ZY, Jia L, et al. Analysis on influencing factors
for acute gastroenteritis outbreaks caused by Norovirus



980

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

HAE AT A AR

2022 4F6 A 43 B4 6

Chin J Epidemiol, June 2022, Vol. 43, No. 6

in Beijing, 2014-2018[J]. Chin ] Epidemiol, 2019, 40(10):
1274-1278. DOI: 10.3760/cma. j. issn. 0254-6450.2019.
10.019.

Makison Booth C. Vomiting Larry: a simulated vomiting
system for assessing environmental contamination from
projectile vomiting related to Norovirus infection[J]. ]
Infect Prev, 2014, 15(5): 176-180. DOI: 10.1177/1757
177414545390.

Kirby AE, Streby A, Moe CL. Vomiting as a symptom and
transmission risk in Norovirus illness: evidence from
human challenge studies[J]. PLoS One, 2016, 11(4):
e0143759.D0I1:10.1371 /journal.pone.0143759.

Rushton SP, Sanderson RA, Reid WDK, et al. Transmission
routes of rare seasonal diseases: the case of Norovirus
infections[J]. Philos Trans Roy Soc B Biol Sci, 2019,
374(1776):20180267. D01:10.1098 /rstb.2018.0267.
JEIERK, EoK AR, IR, S 3] 2 T RT-PCR J7 i Aa: Al
A3 TG 5 T T 37 A b B D REAE )], P AR TR
1795 2% 2% %, 2022, 43(1): 92-97. DOI: 10.3760/cma. j.
cn112338-20210519-00411.

Yan HQ, Wang YQ, Cui HY, et al. Application of two RT-PCR
methods for detection of Norovirus in market-sold
oysters and Norovirus genetic characteristic analysis, a
survey conducted in Beijing[J]. Chin ] Epidemiol, 2022,
43(1): 92-97. DOI: 10.3760/cma. j. cn112338-20210519-
00411.

Qin M, Dong XG, Jing YY,
gastroenteritis outbreak caused by Norovirus G Il .17 in a
Hotel, Hebei, China, December 2014[]]. Food Environ
Virol, 2016, 8(3): 180-186. DOI: 10.1007/s12560-016-
9237-5.

Alsved M, Fraenkel C]J, Bohgard M, et al. Sources of
airborne Norovirus in hospital outbreaks[J]. Clin Infect
Dis, 2020, 70(10):2023-2028. D01:10.1093 /cid/ciz584.
Donaldson EF, Lindesmith LC, Lobue AD, et al. Viral
shape-shifting: Norovirus evasion of the human immune
system[]]. Nat Rev Microbiol, 2010, 8(3): 231-241. DOI:
10.1038/nrmicro2296.

Marionneau S, Ruvoén N, Le Moullac-Vaidye B, et al.

et al. A waterborne

Norwalk virus binds to histo-blood group antigens
present on gastroduodenal epithelial cells of secretor
individuals[]]. Gastroenterology, 2002, 122(7): 1967-
1977.D0I1:10.1053 /gast.2002.33661.
Frenck R, Bernstein DI, Xia M,
susceptibility to Norovirus G Il .4 by use of a challenge
model involving humans[J]. ] Infect Dis, 2012, 206(9):
1386-1393. D01:10.1093/infdis/jis514.

Zhang XF, Huang Q, Long Y, et al. An outbreak caused by

et al. Predicting

G Il . 17 Norovirus with a wide spectrum of HBGA-
associated susceptibility[]J]. Sci Rep, 2015, 5:17687. DOI:
10.1038/srep17687.

Almand EA, Moore MD, Jaykus LA. Norovirus binding to
ligands beyond histo-blood group antigens[]]. Front
Microbiol, 2017, 8:2549. D01:10.3389 /fmicb.2017.02549.
Nordgren ], Kindberg E, Lindgren PE, et al. Norovirus
gastroenteritis outbreak with a secretor-independent
susceptibility pattern, Sweden[]]. Emerg Infect Dis, 2010,
16:81-87.D0I:10.3201/eid1601.090633.

Zhang ZK, Lai S], Yu JX, et al. Etiology of acute diarrhea in

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

the elderly in China: A six-year observational study[]].
PLoS One, 2017, 12(3):e0173881. DOI: 10.1371/journal.
pone.0173881.

Shioda K, Kambhampati A, Hall A], et al. Global age
distribution of pediatric Norovirus cases[]J]. Vaccine,
2015, 33(33): 4065-4068. DOI: 10.1016/j. vaccine. 2015.
05.051.

Sacco KA, Pongdee T, Binnicker M]J, et al. Presence of
immune deficiency increases the risk of hospitalization in
patients with Norovirus infection[J]. Diagn Microbiol
Infect Dis, 2018, 90(4): 300-306. DOI: 10.1016/j.
diagmicrobio.2017.11.020.

Malm M, Hyoty H, Knip M, et al. Development of T cell
immunity to Norovirus and rotavirus in children under
five years of age[]]. Sci Rep, 2019, 9(1): 3199. DOI:
10.1038/s41598-019-39840-9.

Parrino TA, Schreiber DS, Trier JS, et al. Clinical immunity
in acute gastroenteritis caused by Norwalk agent[]]. N
Engl ] Med, 1977, 297(2): 86-89. DOI: 10.1056/
NEJM197707142970204.

Johnson PC, Mathewson JJ, DuPont HL, et al
Multiple-challenge study of host susceptibility to Norwalk
gastroenteritis in US adults[]]. ] Infect Dis, 1990, 161(1):
18-21.D0I1:10.1093/infdis/161.1.18.

Simmons K, Gambhir M, Leon ], et al. Duration of
immunity to Norovirus gastroenteritis[]]. Emerg Infect
Dis, 2013, 19(8): 1260-1267. DOI: 10.3201/eid1908.
130472.

Jones MK, Watanabe M, Zhu S, et al. Enteric bacteria
promote human and mouse Norovirus infection of B cells
[J]1. Science, 2014, 346(6210): 755-759. DOI: 10.1126/
science.1257147.

Ettayebi K, Crawford SE, Murakami K, et al. Replication of
human noroviruses in stem cell-derived human enteroids
[J]. Science, 2016, 353(6306): 1387-1393. DOI: 10.1126/
science.aaf5211.

Todd KV, Tripp RA. Vero cells as a mammalian cell
substrate for human norovirus[]]. Viruses, 2020, 12(4):
439.D01:10.3390/v12040439.

Esposito S, Principi N. Norovirus vaccine: priorities for
future research and development[J]. Front Immunol,
2020,11:1383.D0I:10.3389/fimmu.2020.01383.

World Health Organization. International clinical trials
registry platform search portal[EB/OL]. (2021-08-10)
[2021-08-29]. https://apps.who.int/trialsearch/.
Sherwood ], Mendelman PM, Lloyd E, et al. Efficacy of an
intramuscular bivalent Norovirus G I .1/G Il .4 virus-like
particle vaccine candidate in healthy US adults[]]. Vaccine,
2020, 38(41): 6442-6449. DOI: 10.1016/j. vaccine. 2020.
07.069.

Kim L, Liebowitz D, Lin KR, Safety and
immunogenicity of an oral tablet Norovirus vaccine, a
phase 1 randomized, placebo-controlled trial [J]. JCI
Insight, 2018, 3(13): e121077. DOI: 10.1172/jci. insight.
121077.

Zhang MD, Fu M, Hu QX. Advances in human Norovirus
vaccine research[]J]. Vaccines (Basel), 2021, 9(7):732. DOI:
10.3390/vaccines9070732.

et al





