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WRTTHT 18 BRI B

IRV AAEY, Z@E Y Fke
CLFEREE BEERE, WL T 315211; 2. W LAY EAE AR ORI IR B S0, Wi T 315211)

FEE: BT 18 & (Echovirus 18, EI8)T 3R F E vk, smatkuit X = 2k § 1 £ F %%,
P20 R I HEEAIRAAT. AT E AL AT IR 69 A 18 7% A M) G AL 09 £ A3 8 F T S
%, HimAE B A44) E18 MAERILIATAGKTAN, AL, RN E=ZE0H, P
VP1 BC 4= C-3%. VP2 EF 3 & E18 &f5t) £ MR KB, H AL T EI8 45 VP1 fo kB 2057
8T HACH AT K I, B F AT AR R A AL BB R &, 7 VP1 C-3%4= VP2 EF SR 2 R &
BRI, REEEAEEAI, KEHKEIS R ik @miys LR AL T AL LR ML, R

R A O
I AT RIS T

EEERGREFN, RARALGREF AT HEAS X, 20 X RERZTHERI

S

TARLE L
E, A Hrhmirh @ Emntgsbie . E18 MR FAL AMIZEFHR, hit—F@iL 5
I kAL R M A TREE VL R AR IR A A R T R BRAE T 8 4
KEBIR: BRTRAE ISR, Wik, MERE, WREAL, TSN, AWEES

fhE 4525 R373.2; R511

NmEiR ‘N RNA Ji5 58K Picornaviridae),
1% 318 5 5 J& (Enterovirus), G AHERHF A Fp
(EV-A). B #(EV-B). C #(EV-C)fl D FH(EV-D).
EV-A REHMERAIELEWRT A 4 71 B
(Enterovirus A71, EV-A71)HIM[FEEREE A 2H 16 &Y
(Coxsackievirus A16, CV-A16)%%; EV-B R 14: MMLiE
RUEFEIR O 18 BY(Echovirus 18, E18)4%; EV-C X
FHEMIERAIFFERER TR 1 BY(Polioviurs 1,
PV1). PV2 I PV3 % EV-D foEMEIMTEE K
EV-D68. E18 W[ 52T 95 . ik B PRI R A2
P B R Ze it Y, YRR R B R,
{H=E 2 fE A mD. B 1955 EEERETEIR
SRR EARG, B18 IRYLEEAHE, HE 21 e
E18 FFIAfERERILAT, FFH B RSB RIIAEA
5. 2014—2016 4F 3 g 2 W IR 15 R,
E18 fEiH 5 g n R & h HES 4 4200
Chen 25" 2015—2016 2E TR 6 NMEHIOLE .
WA, WvE ., BRI VTR E AT R LG
5 T P0G A R R PR IS S ) v 4 25 34 Bk

XERFRRRD: A

MEHS: 1001-5132 (2023 ) 01-0075-09

E18, ill|%E H45#) 5 H (Viral Protein, VP)VP1 JF51,
FETERE T Horp 6 BRI EFER AT . 2015—20204F,
E18 FEFE - ARKH . e iRk i m
FARER, FRKEEAE E18 A& X

SHAh B A, E18 F— ML 7.4
kb B B IEA%E RNA FERIZH, HARFEARTEH 60 I
BN RO BEANARRTRRE A VPI~VP4 H#)
%, HoHr VP4 L TARGENF, VP1I~VP3 AL TK5%
SR, JEE AR SRR PTTER . PsE
VR B 7 o ARG B R SO A LR IR Y
A SRR | R DR 2 P R g
WA EEMER. SR, HATWICEX E18 RAIAWE
TARIE.

AW E e R AT A R EYERFE
LU E18 R BT ARG HETIN, /i
H) A, ARG T Nextstrain “FE @ E18 Y
Gy F RO, B A 43 SR R b 43 S B bR
BIEAIRR IR (5 X R, mIGIRED X RS
RO IR T Z IR S B R R, W RAAE
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E18 /3 FEbid R BOVEH. B4 snl h E18 1Y
WSR2 2%

1 #RERE

1.1 E18 4% & 4 55\ A S M A AE AT

M RCSB PDB %42 (https://www.rcsb.org)
F1 NCBI Nucleotide 3 %" (https://www.ncbi.nlm.
nih.gov/nuccore) 437 T2 E18 KRR AY
ZEH) B 1) = 4R 254 SCH(PDB ID: 6HBG!; Sk
R4 Metcalf, BEfELLT H PDB ID #8155
AR R HZFEBR 55 (Accession ID: AAL37163).
¥ PDB UHFRIEFEIR P S ANFEL T H ESPript
3.02%(http://espript.ibep.fr) W 1 B K L5 S B
i PyMOLPYAHIRSAT e R, Fre
BAFREL THACR HERIASEL
1.2 E18 # % &A% 89 2 4045 8 T

SEI S ATIIAE Borley BEPOULAE FAA R T A
7B IR A R R AL AEYE ST, FE
Dyt F B A BI(EV-A71, CV-A16!' I
D FR(EV-D68 ) 1 oM. FI0 BTk T B
IR 3 2P (HE DL SCHR[17-18)):

()7E PDB SCHFHIRR VP4 F1A: s A&

site 1

), BEAPRAEE RO, RBEEANLEH
B TR AL,

Q)FIH 3 ANEALITM T H Epitopial*(http://
B http://tools.iedb.org/ellipro)
LI & DiscoTope*!(http://www.cbs.dtu.dk/services/
DiscoTope) 73| Pl & &5 Feh. =F A BIEYY
HHERIASS0.174, 0.3, -10.7). RARILE, %
[l 3 Fh T H A A A IR PR B —
RN

3B Chain 1(— AN VP1~VP3 4H)K
BT b —FERAL, FRIEAL T AR
AEX B 5 I SRS (FL Co BIARTE O Ry PR 258 i Py
A CEFGTHUDIPRAMEES), A Tz
1.3 % T Nextstrain & E18 4T #4547

Nextstrain®>! 5 %t 2% () 75 £k (https://nextstrain.
org) B ARMIFIR -6, BHXHGEERE A /5L R ZH A3,
I R K 1 43 B A A AR PTRL TR, 1B
BRI BE Y 73 F BEAL TN 23 (5 4k 18 2. A 5T it
R HIAK B Nextstrain “F &, FI H Nextstrain“F & 1)
augur W EARAEDE BT AL, 43 7%) E18 1) VPI
A SR BFHNFHA T T, IR

(1) VIPR Jp 2504 P https://www.viprbre.

epitopia. tau.ac.il) , Ellipro

( “depmingt” Xi%)
VP1 DE ¥& VP1 HI ¥ VP1BC %

VP3 C-Viii
site 2
(“FE7 X))
VP2 EF #

VP1 C-iiii
(G g e )
VP3 N-¥i

site 3

VP2 HI IR
(CAEIX )
VP3 BC #

REZAIPHEA O, SNEE 3 A= AIBTERE R B, G55 M VP1~VP3 B IR FRIEEAL. TUATE . =MAIEM
HIRFE S MR Tl . = . W GERAIRIER =R, 23 site 1. site 2 Al site 3 2R

1 E18 EA#MKTRELE
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org/bre) il NCBI Nucleotide iR (https://www.
ncbi.nlm.nih.gov/nuccore) H F 2% BT A 1 B >700 bp
#) E18 VP1 JFAIFHLEE>T7 000 bp AYZERIZHF51,
SRS BAS T H TCHs 5 3R 43 55 1 S st a) (5

H&5). SRH MAFFT 7°"EZF 6 (https://mafft.cbre.

jp/alignment/server) #4172 E)FHI AT, A T 500
SN (BN L EF A s N TAZE &
AR E R R, P9 P e 3 M 0s
). B3R5 285 5 E18 1 VP JFHHI 63 S5 3E 1A
HIF5.

)FIH augur 5 IE ARG BT T4
YifE B 3653 HT. align A4 U8 ARG
MAFFT #4172 BFHILR, tree 48
1Q-tree T H WHE > TR (B R AISRT), refine
A A TreeTime T HU e @2 T if 1) RUEEAY 43
T B IR AR I TR, clade A& bRitidt
1533 (clade) B RE 43 3L 578, B TR A TE
VP1~VP3 L, BRI HARET VPI~VP3 FRY5r K5
A% i Ja A H Nextstrain “F- G 1) auspice T HIE7HE
T JavaScript AR K T B AL R,

GYBRIFI 7 AR 5 RA07 . NEZIRL S
AL RIVEM THEMAHIFE E18 f5e £ 14
HWE ., B2 R E (roadmap), 5045 32 48 5%
LU R 2 4 & Z ) 56 R . #HiE L Fe 24k
(Neonatal Fc Receptor, FcRn)&¥E 0957530 AL
Kreszlk, Bl EfE D) FoRn EYYE R20M346
HOREERERZ. Bk E18 2500 B ARHE, 2
E6 Al E30 55 FeRn (45 & B CL &2, WL
L FHIRT 7 XA E E18 BURIZE S0 E.

2 4R

2.1 E18 94 ME G4ty F AL TRM L R
E18 JR#: R 6HBG 55 H VP, VP2 Al
VP3 S )R 287 260 Fil 239 N IERRTRIL,
B 8 FRIIEFATHY B HE(BB-BOIAEK B H(B-barrel),
HE 2 Ta) B9 3 43 24 1 X (loop), W4 % oA N- Biig (N-
terminus)Fl C-3if#(C-terminus), 11 1 FI& 2 Brrid.
E18 HARFER A ME 1 iR, RTTREABELS
(canyon) . WEAPIMIEY “HAZ” (rim), “*FH” (puff)
I “SEHE” (knob) BFLEMAFAELLR A . —Fx4h
S = 25 bric.

E18 WGENIHUMZE RN 1 & 1 FiE 2.
EI8 A 27 ANEEEMRFRIE T A RAL, HAALE
VP1 (BC ¥, DE ¥}, HI 341 C-¥iig). VP2 (EF Al
HI 3)F1 VP3 (N-ii; knob X1k . BC 1A C-¥i). 5
EV-AU'HI EV-DEHH{LL, E18 BGRB8k
=R 1 FIE 1):site 1, site 2 Fll site 3, s3Hi T
R “AbMliAg” X8, e EEME “Fa” X
SN e 1] R S P 7 T o P A S
VP1 BC ¥ H1 C-¥it . VP2 EF 32 E18 iy F2
AR X 3.

2.2 E18 89 4-F o4

FIH Nextstrain “F5 8 augur Ji5 )54 Y5 S
SRTAL, AR T T E18 FERIZHA VP A
B 1) ROBE G 43 F-3EA0AR, 40 )T R A 25 D] 4H A
BH(# 3(a)) 1 VP1 BEAEAR (] 3(b)), P& RA—E
AN, #rh AL B, C =AM, C 3
X431k C1ALC2 BIANF433Z, J5kE Metcalf ANE T
A —A5332. DUFFVEEZH) VPL LR A1,
K] 1946 4E Metcalf N A, B, C =AM aY3EE
G A~C o iR, FEF 1955 4EFEEE IR
5. 1970 5 F- BRI SE s A 53325 1979 4F
XAy B A C 4337 JeatE 1989 4F C 43 340
i C1 Al C2 BAST32. C o3t HARE: C2 43 R
HBTRATHRES 32, A 433 2 #Rok E R E Y
TR K. B SO L MR HIRZEMRILT, H
RARBENE. C1 X FERAKE . fEE. #
P IR KRR, C2 X ABRAA)TIZ,
Ho oy Em S EuR 2 0 E 28 P E (168 1)
EE (14 ¥F) . MRFNE(14 #) . HARQ3 BRI
FE (7 ).

A A 2 AN E BE 5 S 4y
XA DIALE VP1~VP3 B REP AL il (=]
3(a)), A Gr3X 539878 VP C-uiit) T271A il
D275E, B 433243 32 587484 VP1 C-¥ii) K2718
A285V Fll T286S. C1 B4 3L 27ALAIHE VP1 C-iiiff)
D275E L1} R6K . VP2 EF Y S159P . VP3 ) V21
FIH182N. C2 )43 3 587840 4% VP1 C-tift) G257S .
A262V. A285V LLJ: 1421 Fl1 192V, VP2 ) T74S,
VP3 knob F{) V58I LK N11T. MK 3(a)nl LA B,
Iy F250(61.2%) 8953 3 AR E T 7
Ak, BN STHEAVAERE R AL B R 5848, LI



78

TR (BT 2023

& VP1 C-UmA A8 un Xk, bAh, 8 VP2 /Y F)FFIELH ZERER(285 t 63), MNallor R4S
EF IX. VP1 #H{bR(E 3o WERBUCAEE 3, 46 A TR, flin VPl #kR B~C 7% ERYRAS
REE D TRAEPIFIN Eomi—3, (Hl DI29E S R4 est C 43 R RAE.

VP1

E18/6HBG

E18/6HBG

E18|6HBG

E18/6HBG

E18/6HBG

E18/6HBG

E18|6HBG

E18/6HBG

VP2

E18/6HBG

E18/6HBG

E18/6HBG

E18/6HBG

E18/6HBG

E18/6HBG

VP3

E18/6HBG

E18/6HBG

E18|6HBG

E18/6HBG

E18/6HBG

E18/6HBG

N1 al a2 BB pC
Q00 02000 Q0000 — —
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éDNQDRTVANTQPSGPSNSTEIPALTAVETGHTSQVDPSDTIQTRHVVNFHSRSESTIE]\.IFMGRAACVFMDQYKINGEE"I‘STDRFAVWTI
o o eoee

o3 BD BE BF BG
100 110 120 130 140 150 160 170 180
NIREMAQLRRKCEMFTYMRFDIEMTMVITSCQDQGTILDQDMPVLTHQIMYVPPGGPIPAKVDGYEWQTSTNPSVFWTEGNAPPRISIPF
LX)
BH pI
—
190 200 210 220 230 240 250 260 270

ISVGNAYSSFYDGWSHFTQDGTYGYTTLNAMGKLYIRHVNRSSPHQITSTIRVYFKPKHIKAWVPRPPRLCPYINKRDVNFVVTEITDSR
oo

280
TSITDTPHPEHSVLATH
LN ] L]

BA. BA. nt BB BC  m
— Q200 — — 000 Q
1 lp 20 30 40 59 60 70 80 90

SI’SAEECGYSDRVRSMTLG];lSTlTTQESANVVVGYGEWPSYLSDREATAEDQPTQPDVA%CRFYTLESVQWEKTSI’GWWWKFPEALKNMG

al BD. BD: BE o2 n3
000000QQ Q- —_— _— QQQQ 200
100 110 120 130 140 150 160 170 180

LFGQNMHYHYLGRAGYTIHVQCNASKFHQGCLLVVCVPEAEMGCADTDTTFPATELTTEDTPHVFTSDSITGKKVQAAVCNAGMGVGVGN
eoee o LY}

BF BG BH BL BL
00Q —m—p — —p
190 200 210 220 230 240 250 260

LTIFPHQWINLRTNNSATIVIPYINSVPMDNMFRHYNFTLMIIPFAPLNFTDGATAYVPITVTIAPMYAEYNGLRLASTQ
LN ]

pB BC
— —
1 10 20 30 40 50 60 70 80 90
GVPVLNTPGSNQFLTSDDYQSPSAMPQFDETPEMHIPGEVRNLMEIAEVDSVVPVNNVTGKTKSMDAYQIPVGTGNTDKTKPIFSFQMDP
. oo

al BD, BD: BE o2 BF BG

0000
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GYSSVLKRTLLGEMLNYYAHWSGSVKLTFLFCGSAMATGKLLISYSPPGASVPTSRKDAMLGTHIVWDIGLQSSCVLCVPWISQSHYRMV

pH BI

190 200 210 220 230
QQDPYTSAGYITCWYQTNIVVPPGAPTSCDVLCFASACNDFSVRLLRDTPFMAQPGKLQ
L]

—B REHZ, §IFIRE, HikZ A XIS ERX, o MR FLIFRIE.
2 EBI8 £MEBN—REHWFZREMTRF
%1 EI3MARFTAIMTMER

FALAHR LEMIRFE TIRLER AHMRRH
site 1 “defuisgc” Xi  VP1BC ¥ 74K, 76N, 81S. 82T, 83D, 84R
VP1 DE ¢ 130Q. 131D
VP1 HI }7 224P, 225H
site 2 PR Xk VP2 EF 3§ 136D, 137T. 138D, 139T. 142P, 161T. 162G. 163K
VP3 C-¥fi 238L
site 3 “oGk” Xk VP1 C-¥ii 271T. 272S. 275D
VP3 N-Uii 60G
AR 3k VP2 HI }f 232D, 233G

VP3 BC ¥ 77T, 78D
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Clade C2
PI:142L,192V,G2578S,

A262V,A285V

VP2:T74S

[VP3:N11T. V581

Clade C .

'VP1:175L.R84N,D129E,
P174A,S189L,N2228

VP3:Q182H C2

A
L L
IVPI:NI10D.,T20K,T271K
[VP2:R45K,D150E, T151E,1240V/| C
Clade A~C i
VP1:158V I127Q,R221K,S222N,R257G,
V262A,1266V,S269A

VP2:D138N,[201M,F230Y,T231N,D232E|
[VP3:Y19F.D66E.P7TIA. V1561

Clade C1
P1:R6K.D275E
P2:5159P
P3:V21,HI82N

Cl
. Clade B
. B
1945 1955 1965 1975 1985 1995 2005 2015
Ay
(a) FET E18 FERILR B 71 HEAA

Clade C2
Clade C (G2578,T262V
Clade B-C  S189L.N2228
10D,T20K,
Clade A~C D129k 271K | F 70
[R6K,[58V,1127Q,R221K,S222N, [——
IR257G,V262T.1266V,5269A Clade A K271S,A285V,
ey AR T 1 S
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

ALy
(b) FF E18 VP1 FEFH4T-BEAbA
GI R GABRRAETE BB, MRFRRENL ERYSAE.

3 EISWI&GFHELK

FIH R E (4 bk sy XA 53807, %2
PREE ST BHARIEAE E18 RS R T MIE |, 4
Fr=F 2 BIF R R LLEI, KEHE18KFTHIT
)53 32 58 (AR SR 2R ) AL TR BB, 1T
HEERANI 3 4 site IBERALE T, 2K FeRn A4
Zia BB BEAMENA 2 MR, XiERE
PIACHSRAS PR AR T B iAoy 32, (HRE T2
PREE G OLE, DLsomys s 518 S A2 Ahe
J1. XA AR iRt 52 AR 2855 58 1 B 5 1) 75 2L
BE—H SRR

a5

95A0[—"1:|||||||| H“’T?':I" \'v:'w.’:l‘":;llv":\?'\\l.‘" LRI I e
62.0 72.0 82.0 92.0 102.0 112.0 118.0 3 -i-;j--m
B SRR A SR, _ B
1 € R 2 I 2532 FoRn 25 4 BRIV . 9 B H) G A I R B9 S b v R v TR ML

B4 EI8 RifE ARUT202] AR AR EERORT IR, B B LA
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FUR . G Wb ik SO0 R A SR S ¥ 2 R 0L Y)Y
R ER R (H LR R AR i s, [F)
bt gt 2% . A5 B A H A il E A
XPHETIAE AL, REOE R SE I M ST SR e AR,
B LIV Y. ARSI (S S 2 R T B
PREAA M, 05 AR T A e
LMEANRN, BTREE R AIRERTT
W7 XAMEEELERRIE, TISE SRR K 2
B RHAENT 04, AR (S S Wi & R Ao
A, Hs RKAE T HAYE B SRR
H i 95 15 A TR M RFIE R DI4E &, RRIRE T
BkaaT S FERFEIE R FEMR(EV-A Al
EV-D)Z& A0 70 &) SEBm B FH H, 383 ot b S0 45 SR
LA AR aER e MR A
{5 B 22 R AT I G M A AE BB 0 SR s R PR i)
B, FIRALREXT O = gkt i R i o ik
TR, B ARSI 52 B = e 2h M ks
) T B S s SR B I D B R AV G 7
i (R R 7 M XIS 5 Shiik s 2k 45 4),
T X AR 1 T e S I vl i SR P I 2 AN 5
HERICHE, SR HRE ST

YE4 EV-B REPEIMITERLZ —1) E18, B
% #Ai5 EV-A(EV-A71 #l CV-A16"'"HFl EV-D
(EV-D68P Y —HE LB =53 i, VP1 BC 3All
C-¥ij. VP2 EF BEERFHANELL, VP1 GH
& EV-A A 1907, VP1 DE % EV-D 4541
AL, E18 NIREIUESPERAL BRI
FEARAL, (HERAL AR FEIR RAS e T A ) L 1
B s duR 2 5. 5 EV-D6sP ML,
VP1 C-3iifll VP2 EF M B18 HYSAE S IX ek, &
—ANE18 b ST R R A R 5 AE. H
HI AR WLEEH A E18 B9 3R i h TR CAPT) BIAH AR
i, {HEJ&E EV-B i E30 CHEA PN BT 4B10
Al 6C510. BB 4B10 FELES E30 WS FEIIAY
VP1 C-¥iifll VP2 EF 3R, T 6C5 4557w Al
24bEy VP1 BC ¥/, DE ¥, EF ¥l HI 3, 1)
XS 5 R S BN R B18 BRIk, $Rmixses
PRIk 5 5 4 A

ARG HEET E18 H) VP1 FIFEPK 2H 75
T HHE R e, VP bR SRR
HIEE % (285 45), RENE S MIERMHLER & b0 R

Ffelbr s> citia), {H VP1 #EbpH L AEIRES VP |
B 53 32 GRAE. FEIR AV AR T DA (63 5%),
{HREEHAS VPI~VP3 L5354, FERIZH b
1 VP A B A B — S dn M Al VPL |k
B 53 32 5248, —J7 IRNE R AR T B X8 19 43 S 9748
BENEE, BN A RANE T VP i
=09 VP2 Fl VP3 Y435, JoH R
VP2 EF #3fll VP3 knob XA ER A Xk, ZHg
Chen ZU'"PIse 465, ¥ E18 43 AL B, C =4
FHI7, FRE Metcalf AREINTAT/ 3. 5T
A 533 B 433, C 4334 EI8 M EERITH X,
96.8 % 4 EHIRHF AR T C 03X CHXmh
C1 433ZF1 C2 4332, Hor C1 43 3AE 2013 SEJa AR
AT, M C2 43 IR EEAR 120 T I ARG
BEVERRAR A T2 et h, $R C2 433 nlE
HARSRIMEY AT, (H¥ARA E18 454 1Al
F AW — B HGE. T (- 3) BR,
E18 A0S LT UEREE R 1AL Y B IR 5 7R,
JtH & VP1 C-3ifll VP2 EF M58 A8 Hub X, >
BT B EA VP FIS AN BRI
&1, fIFE R6K, N10D, R84N, M104L, Y215F,

1216V, V262T/A Fll D275E %. VP1 BC ¥4 E18
FERMIXI(E 1 fE 2). Ak,
VPl BC M5 EV-A fil EV-D 34 EERAL. BC
R L) R84AN s C 73 K53 L RA%, A Hl B 4323
H R, JLFRTA C 4334 NQ ¥R S), #—5 5
E 7347 VP1 BC BRAHAZIE SN F ) L EE. K6R HI
T262V #& C2 B4 35848, D275E M C1 #4305
AR(E 3). M Nextstrain -S4 81 VP1 LA T
LLEME 2], DION., Y215F. 1216V, S257G Al
H287R #FfE: C2 43 X EIMREIbRE PSR 984S,
M104L D2 — R0 5 2k _E AR B R AR,
E18 15 F#borar, —J5H N T3—A FEE a2,
ISR T R A e, S — 7 iR R R AL
ALb ) EE B TR S A T N T B AR ) B 2 AL %

XA RS, TR R
V2GR O, AN AL T IE e
WEST, PIABGRA A, i HAZR45 &
DXIRAAEAE) 2 RS, A=A G e e, i
X T RERTEE, TR LA TE 5 R AT,
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45 2 507 8 5 5 5 A I R RS LR T,
PR AR A R R 8 — BB 18 1Y VP1 25 5.6
107 B ffe-(hisi-a)!, SHALEREZHL), fE#
AN DR AF AR 59 () AR R R 1 7, Atk DX 358 D) s )
RS, B18 SRS A Kt BN Ry, Hg
DR THEIE. {HREZ E18 BT 2 iiAT, ABEIL
T8 HP i A7 AE R RITER, 995 75 1 I R s ) 1E
W), ROW SRR NN, FEHUIR
I LA R A S & AR R, B EV-
AT1 BRRER TR P,

A=A I8 A T B 2 0 D A 2 F vk T
D5 BUE T BRI, Sy it B f RO & A
HER TR THEMEORSIE. MRS RA A
YifE BRI, Wb — 2l il LI S A S
FAL IR NI FIVE DL B0 B 25 A Y
WA SR AL S .

BECHEk:

[1] Graf J, Hartmann C J, Lehmann H C, et al. Meningitis
gone viral: Description of the echovirus wave 2013 in
Germany[J]. BMC Infectious Diseases, 2019, 19(1):1010.

[2] Tsai H P, Huang S W, Wu F L, et al. An echovirus 18-
associated outbreak of aseptic meningitis in Taiwan:
Epidemiology and diagnostic and genetic aspects[J].
Journal of Medical Microbiology, 2011, 60:1360-1365.

[3] Zhang H H, Zhao Y L, Liu H B, et al. Molecular
characterization of two novel echovirus 18 recombinants
associated with hand-foot-mouth disease[J]. Scientific
Reports, 2017, 7:8448.

[4] JEfEEH, B, A%, & sl RBRRMEAEEE
RIFTHEHIR T 18 7Y VP JERFFE T[T, S i
%, 2021, 37(1):133-139.

[5] Krumbholz A, Egerer R, Braun H, et al. Analysis of an
echovirus 18 outbreak in Thuringia, Germany: Insights
into the molecular epidemiology and evolution of several
enterovirus species B members[J]. Medical Microbiology
and Immunology, 2016, 205(5):471-483.

[6] Kelly H, Brussen K A, Lawrence A, et al. Polioviruses
and other enteroviruses isolated from faecal samples of
patients with acute flaccid paralysis in Australia,
1996-2004[J]. Journal of Paediatrics and Child Health,
2006, 42(6):370-376.

[71 Othman I, Mirand A, Slama I, et al. Enterovirus migration
patterns between France and Tunisia[J]. PLoS One, 2015,
10(12):e0145674.

[8] Kusuhara K, Saito M, Sasaki Y, et al. An echovirus type
18 outbreak in a neonatal intensive care unit[J]. European
Journal of Pediatrics, 2008, 167(5):587-589.

[9] Bubba L, Broberg E K, Jasir A, et al. Circulation of
non-polio enteroviruses in 24 EU and EEA countries
between 2015 and 2017: A retrospective surveillance
study[J]. The Lancet Infectious Diseases, 2020, 20(3):
350-361.

[10] Abedi G R, Watson J T, Nix W A, et al. Enterovirus and
Parechovirus surveillance — United States, 2014-2016[J].
Morbidity and Mortality Weekly Report, 2018, 67(18):
515-518.

[11] Chen X P, Ji T J, Guo J Y, et al. Molecular epidemiology
of echovirus 18 circulating in mainland China from 2015
to 2016[J]. Virologica Sinica, 2019, 34(1):50-58.

(12] BN, BT, AR5, % IR H AR FHA
BT AL LR 5 18 ZUER AR RYL]. Hh R
el Zuas, 2022, 21(4):317-322.

[13] Chen X P, LiJ J, GuoJ Y, et al. An outbreak of echovirus
18 encephalitis/meningitis in children in Hebei Province,
China, 2015[J]. Emerging Microbes & Infections, 2017,
6(6):e54.

[14] Wang J, Meng M, Xu H, et al. Analysis of echovirus
genotypes in the cerebrospinal fluid of children
associated with aseptic meningitis in Liaocheng, China,
from 2018 to 2019[J]. BMC Infectious Diseases, 2021,
21(1):1-9.

[15] 5k45, ViPhek, IBEHE, . 2019 SERFEAEINE 18
Ry BRI R A HT 0], PR E R,
2021, 16(8):888-892.

[16] Buchta D, Fiizik T, Hrebik D, et al. Enterovirus particles
expel capsid pentamers to enable genome release[J].
Nature Communications, 2019, 10:1138.

[17] Wang L P, Zhu M, Fang Y L, et al. Bioinformatics-based
prediction of conformational epitopes for enterovirus A71
and coxsackievirus Al16[J]. Scientific Reports, 2021,
11:5701.

(18] BLhi. ANZERGE 71 BIRRIE 357 Al6 BHURFAL
W AEYE B FIND]. T TR, 2018.

[19] Wang K, Zhu L, Sun Y, et al. Structures of echovirus 30
in complex with its receptors inform a rational prediction
for enterovirus receptor usage[J]. Nature Communications,
2020, 11:4421.

[20] Zhao X, Zhang G G Liu S, et al. Human neonatal Fc
receptor is the cellular uncoating receptor for enterovirus
B[J]. Cell, 2019, 177(6):1553-1565.

[21] Huang S W, Tai C H, Fonville J M, et al. Mapping



82 TR (BT 2023

enterovirus A71 antigenic determinants from viral
evolution[J]. Journal of Virology, 2015, 89(22):11500-
11506.

[22] Meng B, Lan K K, Xie J, et al. Inhibitory antibodies
identify unique sites of therapeutic vulnerability in
rhinovirus and other enteroviruses[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2020, 117(24):13499-13508.

[23] Xu L F, Zheng Q B, Zhu R, et al. Cryo-EM structures
reveal the molecular basis of receptor-initiated
coxsackievirus uncoating[J]. Cell Host & Microbe, 2021,
29(3):448-462.

[24] Xu LF, He D L, Li Z Q, et al. Protection against lethal
enterovirus 71 challenge in mice by a recombinant
vaccine candidate containing a broadly cross-neutralizing
epitope within the VP2 EF loop[J]. Theranostics, 2014,
4(5):498-513.

[25] Anasir M I, Poh C L. Structural vaccinology for viral
vaccine design[J]. Frontiers in Microbiology, 2019, 10:
738.

[26] Burley S K, Berman H M, Bhikadiya C, et al. RCSB
Protein Data Bank: Biological macromolecular structures
enabling research and education in fundamental biology,
biomedicine, biotechnology and energy[J]. Nucleic Acids
Research, 2019, 47(D1):D464-D474.

[27] Clark K, Karsch-Mizrachi I, Lipman D J, et al.
GenBank[J]. Nucleic Acids Research, 2016, 44(D1):
D67-D72.

[28] Robert X, Gouet P. Deciphering key features in protein
structures with the new ENDscript server[J]. Nucleic
Acids Research, 2014, 42:W320-W324.

[29] Rigsby R E, Parker A B. Using the PyMOL application to
reinforce visual understanding of protein structure[J].
Biochemistry and Molecular Biology Education, 2016,
44(5):433-437.

[30] Borley D W, Mahapatra M, Paton D J, et al. Evaluation
and use of in-silico structure-based epitope prediction
with foot-and-mouth disease virus[J]. PLoS One, 2013,
8(5):e61122.

[31] Fang Y L, Chen Q, Wang H, et al. The role of
conformational epitopes in the evolutionary divergence of
enterovirus D68 clades: A bioinformatics-based study[J].
Infection, Genetics and Evolution, 2021, 93:104992.

[32] Rubinstein N D, Mayrose I, Martz E, et al. Epitopia: A
web-server for predicting B-cell epitopes[J]. BMC
Bioinformatics, 2009, 10:287.

[33] Ponomarenko J, Bui H H, Li W, et al. ElliPro: A new

structure-based tool for the prediction of antibody
epitopes[J]. BMC Bioinformatics, 2008, 9:514.

[34] Kringelum J V, Lundegaard C, Lund O, et al. Reliable B
cell epitope predictions: Impacts of method development
and improved benchmarking[J]. PLoS Computational
Biology, 2012, 8(12):¢1002829.

[35] Hadfield J, Megill C, Bell S M, et al. Nextstrain: Real-
time tracking of pathogen evolution[J]. Bioinformatics,
2018, 34(23):4121-4123.

[36] Pickett B E, Sadat E L, Zhang Y, et al. ViPR: An open
bioinformatics database and analysis resource for
virology research[J]. Nucleic Acids Research, 2012, 40:
D593-D598.

[37] Katoh K, Standley D M. MAFFT multiple sequence
alignment software version 7: Improvements in
performance and usability[J]. Molecular Biology and
Evolution, 2013, 30(4):772-780.

[38] Nguyen L T, Schmidt H A, von Haeseler A, et al. IQ-
TREE: A fast and effective stochastic algorithm for
estimating maximum-likelihood phylogenies[J]. Molecular
Biology and Evolution, 2015, 32(1):268-274.

[39] Sagulenko P, Puller V, Neher R A. TreeTime: Maximum-
likelihood phylodynamic analysis[J]. Virus Evolution,
2018, 4(1):vex042.

[40] Xiao C, Rossmann M G. Interpretation of electron density
with stereographic roadmap projections[J]. Journal of
Structural Biology, 2007, 158(2):182-187.

[41] WM, i, WU, % BT RIVEM B A 5
RFFMLEM LB RART]. HEFIR, 2018, 34(5):
519-527.

[42] Kiener T K, Jia Q, Meng T, et al. A novel universal
neutralizing monoclonal antibody against enterovirus 71
that targets the highly conserved knob region of VP3
protein[J]. PLoS Neglected Tropical Diseases, 2014, 8(5):
€2895.

[43] Buttinelli G, Donati V, Ruggeri F M, et al. Antigenic sites
of coxsackie A9 virus inducing neutralizing monoclonal
antibodies protective in mice[J]. Virology, 2003, 312(1):
74-83.

[44] Yao B, Zheng D D, Liang S D, et al. Conformational
B-cell epitope prediction on antigen protein structures: A
review of current algorithms and comparison with
common binding site prediction methods[J]. PLoS One,
2013, 8(4):€62249.

[45] Rong H, Wang L P, Gao L Y, et al. Bioinformatics-based
prediction of conformational epitopes for human
parechovirus[J]. PLoS One, 2021, 16(4):¢0247423.



5513

FI, % BANNE 18 BN ERAAVAEYE R TIR 83

[46] Wang K, Zheng B Y, Zhang L, et al. Serotype specific
epitopes identified by neutralizing antibodies underpin
immunogenic differences in enterovirus B[J]. Nature
Communications, 2020, 11:4419.

[47] Kistler K E, Bedford T. Evidence for adaptive evolution
in the receptor-binding domain of seasonal coronaviruses
0C43 and 229¢[J]. eLife, 2021, 10:¢64509.

[48] Koel B F, Burke D F, Bestebroer T M, et al. Substitutions
near the receptor binding site determine major antigenic
change during influenza virus evolution[J]. Science, 2013,
342(6161):976-979.

[49] Pons-Salort M, Grassly N C. Serotype-specific immunity
explains the incidence of diseases caused by human
enteroviruses[J]. Science, 2018, 361(6404):800-803.

[50] Tee K K, Lam T T Y, Chan Y F, et al. Evolutionary
genetics of human enterovirus 71: Origin, population

dynamics, natural selection, and seasonal periodicity of

the VP1 gene[J]. Journal of Virology, 2010, 84(7):3339-
3350.

[51] Zhang Y, Zhu Z, Yang W Z, et al. An emerging
recombinant human enterovirus 71 responsible for the
2008 outbreak of hand foot and mouth disease in Fuyang
city of China[J]. Virology Journal, 2010, 7(1):94.

[52] Luksza M, Lédssig M. A predictive fitness model for
influenza[J]. Nature, 2014, 507(7490):57-61.

[53] Huddleston J, Barnes J R, Rowe T, et al. Integrating
genotypes and phenotypes improves long-term forecasts
of seasonal influenza A/H3N2 evolution[J]. eLife, 2020, 9:
e60067.

[54] Du X J, Dong L B, Lan Y, et al. Mapping of H3N2
influenza antigenic evolution in China reveals a strategy for
vaccine strain recommendation[J]. Nature Communications,
2012, 3:709.

Bioinformatics analysis of conformational epitopes for echovirus 18

WANG Hui'?, JIA Yongtao'?, FANG Yulu'"?, DONG Changzheng'*"
( 1.School of Medicine, Ningbo University, Ningbo 315211, China;
2.Zhejiang Provincial Key Laboratory of Pathological and Physiological Technology, Ningbo 315211, China )

Abstract: Echovirus 18 (E18) causes aseptic meningitis (AM), hand-foot-mouth disease (HFMD), and acute
gastroenteritis, which has been prevalent worldwide for the last two decades. In the present study, a
bioinformatics-based algorithm of conformational epitopes for human enteroviruses developed previously was
used to systematically predict the conformational epitopes of E18 of enterovirus B. The results show that the
epitopes were distributed into three clusters, where the VP1 BC loop, VP1 C-terminus and VP2 EF loop were the
main regions of E18 epitopes. Further, molecular evolution analysis based on the VP1 and genome sequences of
E18 revealed that the emergence of evolutionary clades was accompanied by amino acid mutations on epitopes,
and the VP1 C-terminus and VP2 EF loop were mutation hotspot regions. Finally, the roadmap revealed that
most of the clade-specific mutations on the E18 capsid surface were located on or near the epitopes, while
mutations on the receptor binding sites were rare. This suggested that the mutations on the epitopes give rise to a
new evolutionary clade, but the clade-specific mutations try to avoid the receptor binding site so as not to affect
the ability of the virus to bind to the host cells. The bioinformatics study of E18 conformational epitopes
provides important support for experimental identification of epitopes, virus surveillance and early warning, and
the development of antiviral drugs and vaccines.

Key words: echovirus 18; enterovirus; conformational epitope; antigenic epitope; molecular evolutionary
analysis; bioinformatics
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