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BHEM A 1.3x10° 93t id, {2 ELISA 4R EFHERARAABRR EoREREZEO LI LAE
L SRk, o F At B AL R AR B AR e FLBTAE R, 42 ad R ) AL B R A AE UKL (245 GILS.
GIL17 A= GU3) A F ezt R, (4] KRARFEHAZAREIMET J MR GZ2013-L10 Ak 64 572
MR ALt i, H AR LR A AT ARAT R B VA BRI W AR RAES
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Identification of the function and immunogenicity of
virus-like particles of GII.4 Sydney 2012[P31] norovirus
GZ2013-L10 strain in Guangzhou

WANG Linping""*, GAO Junshan™, XUE Liang?, LIANG Yanhui’>, HONG Xiaojing?,

ZHANG Jumei’, REN Yu', WU Qingping

1 Kashi University, Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang Uygur
Autonomous Region, College of Life and Geographic Sciences, Kashi 844000, Xinjiang, China

2 Guangdong Provincial Key Laboratory of Microbial Safety and Health, State Key Laboratory of Applied
Microbiology Southern China, Guangdong Institute of Microbiology, Guangdong Academy of Sciences, Key

Laboratory of Agricultural Microbiomics and Precision Application, Ministry of Agriculture and Rural Affairs,
Guangzhou 510070, Guangdong, China

Abstract: [Background] Norovirus (NoV) is one of the main causes of global acute gastroenteritis.
Among the viruses, GII.4 genotype persists through continuous mutation and is responsible for the
majority of NoV infections. Particularly, since the emergence in 2012, GII.4 Sydney 2012[P31] variant
has been prevalent all over the word. [Objective] To prepare virus-like particle (VLP) of GII.4 Sydney
2012[P31] NoV strain GZ2013-L10 in Guangzhou and systematically characterize its function and
immunogenicity. [Methods] The ORF2 gene of GZ2013-L10 was amplified and cloned to construct the
recombinant transposon vector pFastBacl-L10-ORF2. The vector was further transformed into
Escherichia coli DH10Bac to develop the recombinant baculovirus plasmid, which was then transfected
into insect cells sf9 for the expression of VLPs. The yielded VLPs were purified by ultracentrifugation.
Finally, transmission electron microscopy, Western blotting, and receptor binding experiment were
performed to characterize the VLPs. In addition, indirect enzyme-linked immunosorbent assay (ELISA)
and test of the blocking of receptor binding were carried out verify the virus antiserum of the immunized
mice. [Results] We successfully constructed the recombinant baculovirus plasmid Bacmid-L10-ORF2
and obtained VLPs. Electron microscopy demonstrated that the VLPs were about 30 nm in diameter.
SDS-PAGE and Western blotting showed that the proteins were 58 kDa. Salivary receptor experiment
results showed that the VLPs of GZ2013-L10 can bind to secretory salivary receptors such as A/B/O and
porcine gastric mucosa protein (PGM) rather than non-secretory salivary receptors. Antiserum with a
titer of 1.3x10° was detected in the immunized mice. However, ELISA results showed no
cross-immunoreactivity with capsid proteins of different NoV genotypes. In addition, the antiserum
blocked the receptor binding of VLP of the same genotype but had no neutralizing effect on VLP of a
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different genotype (such as GII.8, GII.17, and GII.3). [Conclusion] VLP of GZ2013-L10 in Guangzhou

and its antiserum were prepared and systematically characterized. The result can serve as a reference for

elucidating the cause of the epidemic and developing vaccines.

Keywords: Norovirus; virus-like particles; functional identification; immunogenicity; antiserum

W5 W% 2 (Norovirus , NoV) &2 BRIE R N 5
RN AL AR AN 1k 2 ovk R R R AT
HE A, HE RN 2SR AN 2ERIE
EMRBIE 1/5, SEEFL 20 7 AT, K
PR B B A2 B NoV Rk B R
T R E D R 2R M BRSO AL IR Y RNA R
FRA 4K 7.5-7.8 kb, (35 3 DI e
HE(open reading frame, ORF), ORF1 Zfidfi &5
S BTG ) 6 FPAELS B 1, ORF2 Zhd 2 24K
FEEI(VP1), ORF3 il ik A7 8 F1(VP2),
Hrp VP1 Bt — 205 IN BB 5 45 14 18 (S) A2
HEEFIE(P), J5 & BB ME A 4 B2
& (histo-blood group antigen receptor, HBGA),
e B AR SRR ) SRR K I . VP RSN
¥ R G RE A KT BUAETE 25 K/ I 25 1
595 KRR B FIURLAR A AL 5 B FF J90RL (virus
like particle, VLP), [ I7EH:= plah b A sh5s
FER R T WA NoV 8 1 B & FnHL I BIF 5% 1
) R AR AR

NoV HA7 F & mistfe ZHEE, 4% VP1 &4
SERR T A0 HAr R 10 AL #E(GI-GX), #
it 40 FpIEE A Hp GT Ml GIT & 32 2R
N BB, JLH L GII JEHF SR T 48R
75%—-100%H NoV J& Y], 1 GIL.4 J& GII
RUFR R SASERR, ek 2% 20 RAFE —HAES
ERYGIE P NoV J& e 2 & FF v 5 4 3
I H ARG 2-3 AR AR IR] 32 H BB 1078 S A T
#U®, GIL4 Sydney 2012[P31]48 50k 1 2012 4F
HBLLA , HAS R A 2 BRTE P KR 7t
I W0 N D AR A T R AN 5 e 7 R A S

FERIERC BARTE 20142015 4ER TR
GI1.17 Kawasaki 2014 34 7kk H 305 B A 712,
B R 4B GIL4 WHf;, HAT GIL4
Sydney 2012[P3 115 AR SR TETRAT o FRATTIATBA
X M DX A A A 45 s iR, GIL4 Sydney
2012[P31EH M N TE R, NoV ATH EEAR
B R, R TAERERE -, AR LA
M DX S MR TS R A 4 B Y GIL4 Sydney
2012[P31]% NoV Btk GZ2013-L10 K xF4, #i
FIFRGERAE VLP A BE RGBS

WL

1.1 ##y
1.1.1 #K

GZ2013-L10 &k Sy A 1 BAFiT S 75 ) N b
XM TE B U RBRE AN AR SE G
PRAE; BRI AR (sf9), HERANMEIEF5;
K FF 7 DH10Bac Fl DHS o J8 37 25 41 i 43 1] 1)
B 4t 50 B A ¥ 1 TaKaRa 23w
1.1.2 TEE. AR

pFastBacl %% 8 £ A p AR 5206 % R A7, PR
PPV BamH 1. Sph 1 &% PrimeSTAR® Max
DNA Polymerase, PMD19-T, TaKaRa /A #]; #F
R B TR AR Bacmid kL4 BUR F] £ |
Western blotting fREE AW, JbniE = KAEY
IyAl; JCILVERE R EE SIM SF . B B 41 g % Yeix
7 Sinofection, dt&T SCGREAHM 2w 5 EERE [R1IL
R BRI &, EHAHE]; PTG,
X-gal, WWHE ., KKER. FIIHER, £ 14
YRR B AR A F ; BCA HFE il
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F&, TTNEMAYREARA A AT,
RO L EA YA R A HOR o 4 A6 ) il
(horse radish peroxidase, HRP)Fric i) Goat Anti
Mouse IgG (H+L), b3 B AR AE Y H AR A IR A
A HA R 34 Sk [ A b 2
1.2 S|¥ngitfnEeY R Y18

M 9 #: bk GZ2013-L10 (1) ORF2 & [A 341 %
i E LRSI, GZ2013-L10-F : 5-CGGGATCC
ATGAAGATGGCGTCGAGT-3" (%] £ & 7+ N
BamH 1 BYI{i ); GZ2013-L10-R: 5-CATGC
ATGCTTACACCCGTGACTCCCC-3" (RIZ &R 4y
9 Sph 1 EEYINL ) LA EESE 241 R Bidl PCR
P18 ORF2 KM, PCR UMK Z (50 puL): itk
1 uL, F. FHSIPA0 pmol/L)4% 1 ul, it
H i Mix R 25 pL, ddH,0 22 pL., PCR 2
% &% 95 °C 5 min; 98°C30s, 55°C30s,
72 °C 1 min, £ 30 MEH; 72 °C 5 min.
1.3 HREERESEOEE

) B 61 N VT (BamH 11 Sph 1K 1
P S R AR AR pFastBacl HEATAUEGY),
J& Ak = K AT I DHSo 832 2485 41 i 15 21
pFastBac1-L10-ORF2 T 2 #% FE AR . K54 2 1l
T EE 4155 AR 2 A Ak 2 KA FF I DH10Bac, %
1 T&H X-gal (100 pg/mL)FI IPTG (40 pg/mL)
APPSR (S0 pg/mL RHREZ . 10 pg/mL 1Y
R T pg/mL RRER) b, PRI @R
VEIEAT RS PCR B E, 3 BF AR RUAFIR G B 4
VESRXT IR, B B s ek L S AR R A
HIIY .
1.4 VLP ER YA sf9 FRIFRIER Gk

¥ Bacmid-L10-ORF2 i ky %% 4L B s 40 i
sfO HAq A FIRIEEE , R BIE N P1 AU,
¥ P1ARBIFRIRINEETE 80% 25 A7 A2 4 i 1 A
19 AR HE— D1, R I P2 AU EE,
F22 8 2x10°4~/mL AN FEAE 27 °C., 150 r/min

SR RIS, AN I 80%L) ik 40 it g 7s
J& , WA & 5 5 BT 4 °CL 7 000xg 2.0
10 min, W4E b3 . UiyE A PBS HAM 5 (U %
35W, TAERFE] S min, [A]8KEFE] 2 min, 453
IFE] 10 min)f #4550 (7 000xg . 10 min)iit 4
R EPIR EIBIREA R 7% (R AR50
) PEG6000 F1 2% (J5i it (4 43550 iy S AL 4R %5
LB, ARG TE 4 °C .10 000xg B5.0> 30 min
WARDTE , FH PBS H 5 5 5 IR A AL AL 1 T
(1.4 g/mL)R4, 76 8 °C. 288 000xg &5.0» 24 h,
g3 )2 J5 R 2E i) g s BE T WA, FH PBS
B, 4kZET 8 °C, 141 000xg B5.0 3 h B =44k
e, WCER R B O IR UTIE RIS VP,
1.5 VLP Y% E

T SEH ] BCA 250 G0l e 88 e B, 73]
10%M SDS-PAGE #EMCHEA T 2R LUK B ik . HY
1 ug/pL VLP A5, fE@E S HLEE T~ B &
KN GERETE . RO E A A RN 2
R — 3 £ M (polyvinylidene fluoride, PVDF)
JE (300 mA, 90 min), PR3 B P B A 15 min,
H GIL4 B VLP BHLILIE (1:10 000)/E R —Ht F
4 °C p17%, PBST ¥k 3K, AKX 10 min,
FHEPTRL(1:3 000/ —Hi = E 1 h, P&
SERUE , R ECL b &kt g . A
[6]4% ELISA J7ixt VLP #EATHUEIESRE: B
100 uL # 1 ug/mL VLP FREbrtl, 4 °C it
., 5% (BUs AR BOBUIE Uik 37 °C EF 4]
2 h, AR EEF B GIL4 B VLP HLIML3 37 °C
JFF 1 h, FFINA HRP ARICHIZESTRL 37 °C 0%
B 1h, LA 3,375,510 H LB I (tetramethyl
benzidine, TMB)W (A T 37 °C B4, H5M
A 50 pL () ELISA 21k, BEFRIINE ODaso
B, VA EAREEs o Pt 5 K.
1.6 VLP M FHIH FFAFAE

PR S H 7 AN Balb/e /MR, B4k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2260 A 2 E AR

Microbiol. China

fbJ5 6 mg/mL %) VLP U5 (10 pg) 5 S AT
[ RNRA G I E MR, g
P25 55 T G A [R) ) D RN AR AR Y o TGO
sEefRNRG, 33 Wk, RAKTZ
MRS, BRERG 2 B, SR se R BUL
TH A A TE] 82 ELISA J5 e e A7 20l g o [a] I H
PN 5 AR JE KR P OFORE B 1 A T H e A8 )
PSB!, B RN PO I, TR Al
ELISA J7i%, Hv GIL.4 A VLP F1 PBS 43 I/E
hy BRE 55 B X B
1.7 VLP 5[E®& HBGA Z{AMLE &5E M

B 1:1 000 Fi B BEMEWEAEAS 100 pL T B bR
Mz 4 °C AR, etk 2 5, A 200 mL 5%
(BT EAR B O AR Wk T 37 °C 314 2 h;
SRIGHIIA 100 puL ¥WKJEH 1 pg/mL ) VLP F
37 °CHE 1 h, —Hif GIL.4 A VLP B g
WEE 1 h, ZHHFEPURPUA 37 °C ¥ H 30 min,
DL E AR AE RN 5 W ARE A TMB .
W 37 °C B, A 50 uL ) ELISA %
1B, M5E ODysofl . FIME B FiME A M (porcine
gastric mucosa protein, PGM)GLHAE Ay BH A4 XT
Ji{cEAz N
1.8 HBGA K45 & FHET LI

¥ PGM LI 1 mg/mL A 100 pL T/
PR 4 °C 3172 , Ve 2 UG H 5% (5 AR R4y
OIS Wk T 37 °C £ M1 2 h, [FIEPEF GIL4
PUIMIE (A 1:100 DL 2 f5F5 LR B 12 DR S
1 pg/mL 1) VLP ZAF (& 50 pL)iRA T 37 °C
WEE 1 hy SRS I E 3 58 B bR AR T
37 °C ¥E 1 h, FIIA GIL4 FRIEPL MG
(1:10 000)F 37 °C & 1 h J5, MAFEPR
(1:3 000)F 37 °C H 1 h, PEMRZTEMUGIMA
TMB &% T 37 °C W ; /5 A 50 uL 1
LW, ME ODyso [Ho VA BRSSP

5K, [FIRFRE AP ) VLP F1 PBS fE
SRFREZE , TSN E L AR (%)= NPT i
B VLP WG A BT i W% & 1 #E fhFL
W G BEAH)/ AR BT LIS 19 VLP % BEAE .

2 BEREAW

2.1 FEHAMKRFEHRAMGESIIE

PCR =14 1% 13 Ne B 58 I FL Uk I, 445 24
BIRTE 1700 bp 4 A RS0 (B 14), 5
I R/ NFF . PCR P-4k B Ak 5 2 T 7%
PCR IiiF, 455 E/R7E 1700 bp [FIFEA W54
(& 1B), M2 SRl AR B 5 BEoE s 0
R, 7¢ E 454 % TR (pFastBac1-L10-ORF2) #)
R o T2 A A o R AL 2 R T T DH10Bac
S S AN, 38 2 W B0 5k A VE PCR BRAIE,
7E 4 000 bp (2 300 bp+1 700 bp) A H¢ Stk 4545
T 37 A BRI R0 PCR P2 R /INE 300 bp
2 (] 1C)o B S pL 3 PRI 45 R AR A s
M7 PCR BRiE, 455 /R 7E 4 000 bp A 55
P& (B 1D), 2% B 5 4147 IR 9 B R
(Bacmid-L10-ORF2)#) & 21 .
22 VLPHWREELTE

¥ T B Y VLP 288 1 0 5 7T LA R 3|
—ZRIEMTR R DA, B B E (A 2A); &
W 5E B TR B 6 mg/mL, B4 FLBS 2 5L i R
RisEd, K/NA 30 nm 245 (8 2B)., SDS-PAGE
F1 Western blotting 253 g 7/~ , 7E 58 kDa [ffir 5
FrSPE S (8 2., 2D), St R/h—%, T
Bl A RUFFR S 5 R 1 s£9 i AN IE & 1Y sf9
Y MLAR IO S 454 5 Al3E ELISA 455 oK
VLP 55454 (ODyso h 1.748), X} HAL
PBS NP 2E), £BIH4H VLP HAHTJ5
PE, TS Hm iR RS
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D

A bp bp M 1 2 3 4
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1 ZHEMIKFSFEAL Bacmid-L10-ORF2 BI#GZFIIE  A: L10-ORF2 JEH ) PCR¥7#% . B: &
ZH pFastbacl-L10-ORF2 AT #% PCR HriE(1: FAYESRE; 2-4. FHPESERE). C: 4] Bacmid-L10-ORF2
(TR 7% PCR BoiiE(1. 2: FAMESERE; 3. BPARTUATRWE#E-FIMEXT ). D: H4] Bacmid-L10-ORF2 J5iki
) PCR HriE(1, 3: 4l Bacmid-L10-ORF2 (i kifE AR ; 2: ORF3; 4: FE4l Bacmid-L10-ORF2
B A AR ). M: DNA Marker

Figure 1 Construction and verification of recombinant baculovirus plasmid Bacmid-L10-ORF2. A: PCR
amplification of L10-ORF2 gene. B: Verification of recombinant pFastbac1-L10-ORF2 by colony PCR (1:
Negative clone; 2—4: Positive clone). C: Verification of recombinant Bacmid-L10-ORF2 by colony PCR (1, 2:
Positive clone; 3: Wild-type Dbaculovirus-negative control). D: Verification of recombinant
Bacmid-L10-ORF2 plasmid by PCR (1, 3: Plasmid of recombinant Bacmid-L10-ORF2 as template; 2: ORF3;
4: Bacteria of recombinant Bacmid-L10-ORF2 as template). M: DNA Marker.

N\ O

A I\)
6\\' $e%‘a.\.\\le $

B2 VLPRES5%E A: VLPiE®E4ifb. B: VLP (WiESTHEIZ5 . C: SDS-PAGE, M: &[T
Marker; 1: 4lifbfy VLP; 2. ARBURYLAYIEH sfO 40l0; 3. #EF A BUFIRG FE LAY sf9 4l D.
Western blotting, M: 5[ Marker; 1: ZifbH) VLP; 2. REERGLHIIEHR 9 4i10; 3. BHEFARIFPIR
TR 9 Al . E: [A#E ELISA (BIEXT . PBS)

Figure 2 Expression and identification of VLP. A: Purification of VLP by ultracentrifugation. B: TEM
result of VLP. C: SDS-PAGE, M: Protein Marker; 1: Purified VLP; 2: Uninfected normal sf9 cells; 3: sf9
cells infected with wild-type baculovirus. D: Western blotting, M: Protein Marker; 1: Purified VLP; 2:

Uninfected normal sf9 cells; 3: sf9 cells infected with wild-type baculovirus. E: Indirect ELISA (negative
control: PBS).
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2.3 GIL4 Sydney 2012[P31]2! NoV &H#k
GZ2013-L10 #1015 RAE

Z5[a) 8z ELISA 52, PUiER MR 1.3x10°,
GZ2013-L10 HL I Y e 58 KRS R s, $i
Mg R 5FEAE Nov K5t A HA L& 1E
A, SRR AR SEE AL G (B 3). FIH
GZ2013-L10-ORF2 #tk VLP S afA i i i
RFPH 5 A IR RS E 145 A1) 1%

2.4 VLP 5 HBGA ZIKLEEIER

WY 52 R 25 A SRR 25 I Bk, VLP 5 R4
AT I 32 AR OD4so (EY/NF 0.2, Fl%E A
PE, TS50 WEI(A. AB, B I O B)HER %4
1 PGM (1) ODuso fHY 75T 0.2 (8] 4), % H] VLP
oW RS2 AR & PGM ] LAZE A, T 53R
WM SZ R, Hrp 5 B BUARERY R
J1 5575 (ODyso ¥IME K 0.82).

Norovirus genotype

3 GZ2013-L10 &% VLP 1M;EE S A EELF) NoV KEEHNRX X RERMITMN

N P e

Figure 3 Evaluation of the cross-immuno-reactivity of antiserum of GZ2013-L10 strain VLP binding to
NoVs capsid proteins of different genotypes. N: Negative control.

1.5

1.0

0D,

05

0.0

4 VLP 5 53 {31+ HBGA ZF{RHIE SR

A (B XS )

ZZZZZZZZZZZOOOOOOOOOOC‘QCﬂmmmmmmmm<<<<<<<<<<%%%%%%
A A A

Blood types

N: JE4r WA RIIER HBGA 21K ; PGM: ¥ 8§

Figure 4 Binding of VLP to different types HBGAs receptor of 53 saliva samples. N: Non-secretor HBGA
receptor of saliva; PGM: Porcine gastric mucosa protein (positive control).
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2.5 GIL4 Sydney 2012[P31]Z! NoV H#k
GZ2013-L10 # I0;%5 BA ¥ 3L 36

GZ2013-L10 T 1ML 7% 1Y 52 1A 25 - B W 52 56
ZER R, H X GIL4 Sydney 2012VLP B %
R FBEWHE R, FEPUMER BT EUNT 6 400
B LR 2R AE 70% A4, RS E6E 2] 12 800
JE R T 50%, X AS[F &Y VLP (GILS
GIL3 Fl GIL17)¥ A B A& R, T 225 4%
F 50% (A 5)

3 winEE#

NoV 7E 2K Bl NFFLeimidT, M ERWE
ST AERIE L 4, GILA BIfE S 2 —+44F
— HATE NoV BYu A b4 £ Sz, JF Hig
B JLAF 52 H BB i A S kU0, Hoh, G4
Sydney 2012[P31]iA7#k H 2012 4 H B LIKE—
HIATRA . fadkid, RETE 2012 4 2P H
98 YL A L N 889 M FEAH AR AS FR A TN Ly
154 iy NoV A, Hrb GIL4 ER#G A
66.9%"), SRMIER KA, 702 2tk B R &
BRI 162 £ NoV B, HiH GI1.4 Sydney

80 -e- GIL3VLP
I -= GIL4VLP
S -~ GIL8VLP
it 60 - - GIL17VLP
i Q
%%E 401
g2
g |
g 5ol
m
0 1 1 1 1 1 1 1 1 1 1 1 1
() (=] S S () (=] S S () (=] S S
S S S S S S S S S S S S
— (q\] <t 0 O (q\] <t [e%e] O (q\] <t [e%e]
— N O AN n — o <

Serum dilution

5 GZ2013-L10 F#k VLP $uliE &Y 32 X BE B
|

Figure 5 The cross-blocking activity of antiserum
of GZ2013-L10 strain VLP.

2012[P3 1 R fe EE AR AR EFRE, A
20122013 471 4f, GIL4 Sydney 2012[P31]ik%
FERRAG 2R K B T U fE R AR ) M
Hi DX A W 45 SR B R, GIL4 AR SR
J& GIL17 RHRBZEgR S A7 Bk, AWF5E
TERTH TAEEA B — 254 T GIL4 Sydney
2012[P31]8: kY VLP M Hpr i , 7% HIhag
Gy PR AT T RGERAE

6 £ Z KL A IRE SR NoV A 7Y B 22
22— AN[FEE R S 0 2 AR S5 G Re )T
FAEAE AT IR GIL3, 5 A, B, AB. O
153 T HBGA 32 1R S HE 53 7 HBGA 3% {& 4B
A LASE G, AL AR st A ST g
%, GZ2013-L10 #E#k VLP 7] 5430 (A (B
AB fil O &l) HBGA %k}t PGM 454, Hi B
RN Z K5 VLP 455 1) ODyso [Hf i, HYS
I W B HBGA ZARA LG R4 GIL4 B NoV
B 20 et 70 FAREAS T HBI RS,
{EAT A /D Y B OG T 45 G A1 43 A Y e Y 52 AR 11 41
W TR A, MRV R I R A A 2 A
TERZ NoV Kot AmksN AR, HRT S
FAEAE 0 Z &k o RIS A WF 5 i e TR
W HBGA ZARM NFE s AT NoV J&ije,
R A FHERRE G AN ZRE S
Prs, MIMTSET GIL4 Sydney 2012[P3 1] K
1 A

K5eE M VPL & NoV 8t aF5T
FePE W K i) R H A I AR5
FIRUH VLP $EH(GL1 A1 GIL4)PY80E BR
GI.1-VP1 5 GL.1 B NoV Fir/= A ik 20
REMZBE BT LRI R /) GL #EAE 24K, H GIL4 A
BAXMEE ST, 3 H GIL4A B 1 5 S P
JE T RRA R, HETIRIE R NoV & AMA G R
Jod B (A A R 0 (<6 > )P0 ARSI 25 SR R
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VLP $Lil i ARG 15, I BAEh A
SEG R R B HG R B VIP 2 AT BHWT R,
X F Z 0 i 4 h T8k, AR,
TR ETE NoV H i Sl th AN WTERAS 28 %, 4nvp [
Fh2EBE b v O AR A5 Bt 1 DAY B 2 2
ELARHE HE A ARG PO, FEIS AT ET 80%LA
| Nov &4y, (HEMAEE XA FEEE A Nov
HLA T 18R VR IR R o NoV F 5 st
L ZREME e T R4 T PhAR, PR Al
T NoV 470 st B 1] e £ vay AR 3 38 1 5 s (B 15
P A o FRATT AT BA RS9 38 2o X WL 7 G L
RIF 16 A GIT FEPR R AT 1 3 58 SCHEPEAN
5%, I THT P12 XA R LN
(423-431 . 440-448 . 500-508 . 462-474 FiI
517-531), MMM AR G HRBTT) 3k 7 i bk i
TR AT,

ZE PRk, AR5 RS R AE T GIL4 Sydney
2012[P31]% NoV GZ2013-L10 E#k 1 VLP L fE
G e S, & PLIZBERE VLP RE 5 Frg 4
WA HBGA k44, JUH B BIAHEY VLP
PR e, A5 AR/ WA HBGA ZAK45
A, (A R IAEAE i HBGA Z AR B
KT NoV Yy, Hbigd , itk B
TR AT RS2 A2 IR A IR
I B ML 3 P9 58 SRR R4S SUBEL T 35 SR AR
R I E A 55 A [ 3 R L 9 NoV AR 5e & 1
HLEARES, HHI HXTFR VLP HA FhAIRH
Wil R, Rtk o A JiE 22 0 5 v A 3 3R TR
—FEIEN GIL4 A FHRIBML T LEMSHE
B AR R T R B Al B e
SR AR5, A A8 I A TR R FT R S B A T
7 S R DA R A T A Y DR R 6 T R AR R
WFR T MR W S, AR R A 1)
THEAT GIL4 B NoV W UA 7L A AH IR v Y
Wk TAE

REFERENCES

[1] Bartsch SM, Lopman BA, Ozawa S, Hall AJ, Lee BY.
Global economic burden of norovirus gastroenteritis[J].
PLoS One, 2016, 11(4): e0151219

[2] Shah MP, Hall AJ. Norovirus illnesses in children and
adolescents[J]. Infectious Disease Clinics of North
America, 2018, 32(1): 103-118

[3] Green KY, Ando T, Balayan MS, Berke T, Clarke IN,
Estes MK, Matson DO, Nakata S, Neill JD, Studdert MJ,
et al. Taxonomy of the caliciviruses[J]. The Journal of
Infectious Diseases, 2000, 181(Suppl 2): S322-S330

[4] De Graaf M, Van Beek J, Koopmans MPG. Human
norovirus transmission and evolution in a changing
world[J]. Nature Reviews Microbiology, 2016, 14(7):
421-433

[5] Singh BK, Leuthold MM, Hansman GS. Structural
constraints on human norovirus binding to histo-blood
group antigens[J]. mSphere, 2016, 1(2): ¢00049-¢00016

[6] Chhabra P, De Graaf M, Parra GI, Chan MCW, Green K,
Martella V, Wang QH, White PA, Katayama K,
Vennema H, et al. Updated classification of norovirus
genogroups and genotypes[J]. The Journal of General
Virology, 2019, 100(10): 1393-1406

[7] Sabria A, Pintd6 RM, Bosch A, Bartolomé R, Cornejo T,
Torner N, Martinez A, De Siméon M, Dominguez A, Guix
S, et al. Molecular and clinical epidemiology of
norovirus outbreaks in Spain during the emergence of
GII.4 2012 variant[J]. Journal of Clinical Virology, 2014,
60(2): 96-104

[8] Kumazaki M, Usuku S. Genetic analysis of norovirus
GIl.4 variant strains detected in outbreaks of
gastroenteritis in Yokohama, Japan, from the 2006-2007
to the 2013-2014 seasons[J]. PLoS One, 2015, 10(11):
e0142568

[9] Khamrin P, Kumthip K, Supadej K, Thongprachum A,
Okitsu S, Hayakawa S, Ushijima H, Maneekarn N.
Noroviruses and sapoviruses associated with acute
gastroenteritis in pediatric patients in Thailand: increased
detection of recombinant norovirus GIL.P16/GII.13
strains[J]. Archives of Virology, 2017, 162(11):
3371-3380

[10] Pagani E, Folli F, Tofani S, Ruggeri FM, Ostanello F, Di
Bartolo I. Pilot survey of norovirus in Northern Italy: an
example of surveillance of norovirus gastroenteritis[J].
Epidemiology and Infection, 2018, 146(3): 291-296

(1] Fhrtfy, 20, MR, SHES, SEmR, 25, (%)
W, AT E S, JKACER. 2012-2014 4R A WY A BE A
U5 GIL4 Sydney 78 Stk A TR0 K B A ¥ FFAIE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FMOTEE: T INHX GIL4 Sydney 2012[P31]%!

W EE GZ2013-L10 SR 2Rk DhRER 0 %s... 2265

SN, FRARTRBE B2, 2015, 49(7): 615-620

Sun LM, Li H, Tan XH, Mo YL, Guo LL, Yang F, He JF,

Ke CW, Zhang YH. Epidemiological characteristics of
norovirus variant of GII.4 Sydney and the outbreaks
caused by norovirus variant of GII.4 Sydney in
Guangdong province, 2012-2014[J]. Zhonghua Yu Fang
Yi Xue Za Zhi, 2015, 49(7): 615-620 (in Chinese)

[12] Chan MCW, Lee N, Hung TN, Kwok K, Cheung K, Tin
EKY, Lai RWM, Nelson EAS, Leung TF, Chan PKS.
Rapid emergence and predominance of a broadly
recognizing and fast-evolving norovirus GII.17 variant in
late 2014[J]. Nature Communications, 2015, 6: 10061

[13] Xue L, Cai WC, Gao JS, Zhang L, Dong RM, Li YL, Wu
HM, Chen MT, Zhang JM, Wang J, et al. The resurgence
of the norovirus GII.4 variant associated with sporadic
gastroenteritis in the post-GII.17 period in South China,
2015 to 2017[J]. BMC Infectious Diseases, 2019, 19:
696

[14] Xue L, Dong RM, Wu QP, Li YL, Cai WC, Kou XX,
Zhang JM, Guo WP. Molecular epidemiology of
noroviruses associated with sporadic gastroenteritis in
Guangzhou, China, 2013-2015[J]. Archives of Virology,
2016, 161(5): 1377-1384

[15] Zuo YT, Xue L, Gao JS, Liao YV, Jiang YT, Li Y, Liang
YH, Wang LP, Cai WC, Cheng T, et al. Development
and application of a novel rapid and throughput method
for broad-spectrum anti-foodborne norovirus antibody
testing[J]. Frontiers in Microbiology, 2021, 12: 670488

[16] Pang XL, Preiksaitis JK, Wong S, Li V, Lee BE.
Influence of novel norovirus GII.4 variants on
gastroenteritis outbreak dynamics in Alberta and the
Northern Territories, Canada between 2000 and 2008][J].
PLoS One, 2010, 5(7): e11599

(171250, A5 ik, VF3E, RAHK, INVFIES, TE1H, 2=,
IS FHAE 2012-2013 4F 5 % B LA A I
far GII.4Sydney(RJ2)2012 AFFRR[T]. o AN
G, 2015, 21(3): 283-288
LI X, Yang XD, Xu S, Wu DL, Sun LW, Shen B, Li J,
Liu HM, Jilin provincial center for disease control and
prevention. Detection of norovirus genotype GII. 4
Sydney2012 variant from children under 5 years of age
in Jilin province, 2012-2013[J]. Chinese Journal of
Vaccines and Immunization, 2015, 21(3): 283-288 (in
Chinese)

(18] F45, sk<x07, #ak, WHHedE, fLAH, HHcE, &5
T, WS, MMEE, B4, GIL3 RBliE e i
GZ31597 PRAS S 155 D0 I 5 32 AR 2 TR D 2 5 5

1. WEEEIR, 2019, 35(1): 37-44
Wang J, Zhang HF, Jin M, Xie HP, Kong XY, Feng WH,

Li YN, Hu GF, He YQ, Duan ZJ. Analyses of variation
of norovirus GII.3 strain GZ 31597 and its binding
profile with human histo-blood group antigens[J].
Chinese Journal of Virology, 2019, 35(1): 37-44 (in
Chinese)

| ke, A, B0k MlE, B GII-4 A
wﬁnﬁiﬂ&tﬁl\%/ﬁ@{& HBGAs Z R HK I 5 53 Hr (1]

H B3R O 23R, 2009, 25(6): 560-562

Zhang XF, Dai YC, Xia RF, Zhou YC, Lii ZP. Detection
and analysis on the in vitro combination of norovirus
GII type with human blood group antigen receptor in
saliva[J]. Chinese Journal of Zoonoses, 2009, 25(6):
560-562 (in Chinese)

[20] Karangwa CK, Parra GI, Bok K, Johnson JA, Levenson
EA, Green KY. Sequential gastroenteritis outbreaks in a
single year caused by norovirus genotypes GII.2 and
GIL.6 in an institutional setting[J].
Infectious Diseases, 2017, 4(4): ofx236

[21] Mallory ML, Lindesmith LC, Graham RL, Baric RS.

antigenic

Open Forum

GI.4 human norovirus: surveying the
landscape[J]. Viruses, 2019, 11(2): 177

[22] Singh BK, Leuthold MM, Hansman GS. Human
noroviruses’ fondness for histo-blood group antigens[J].
Journal of Virology, 2015, 89(4): 2024-2040

(23] FE B, NS, XHrok. BHuid e e 254 AL ot ot
HTHERRT]. 2527244, 2020, 55(4): 640-651
Dong Y, Zhan P, Liu XY. New progress in
anti-norovirus drugs and vaccines[J]. Acta
Pharmaceutica Sinica, 2020, 55(4): 640-651 (in Chinese)

[24] Atmar RL, Bachner F, Cramer JP, Lloyd E, Sherwood J,
Borkowski A, Mendelman PM, Group N2S, Al-Ibrahim
MS, Bernstein DL, et al. Persistence of antibodies to 2
virus-like  particle norovirus  vaccine candidate
formulations in healthy adults: 1-year follow-up with
memory probe vaccination[J]. The Journal of Infectious
Diseases, 2019, 220(4): 603-614

[25] Lucero Y, Vidal R, O’Ryan G M. Norovirus vaccines
under development[J]. Vaccine, 2018, 36(36): 5435-5441

[26] 1 [ERL Bt i YRR AT . b A 2 DU A 92 1 AR
HEHEANRRBEFE]. AL Sk, 2019(7): 71
Institut Pasteur Shanghai, Chinese Academy of Sciences.
Norovirus quadrivalent vaccine enters clinical research[J].
High-Technology & Commercialization, 2019(7): 71 (in
Chinese)

[27] Gao JS, Zuo YT, Xue L, Wang LP, Liang YH, Jiang YT,
Cai WC, Meng LB, Zhang JM, Ye QH, et al. Antigenic
diversity of human norovirus capsid proteins based on
the cross-reactivities of their antisera[J]. Pathogens:

Basel, Switzerland, 2021, 10(8): 986

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



