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Objective To analyze the whole genome characteristics of Enterovirus A71 (EV-A71) strains isolated in
severe cases in Wuhan. Methods Two EV-A71 strains were isolated from two cases of [[ phase hand,foot,and mouth
disease (HFMD) in Wuhan, Hubei. Six gene fragments covered EV-A71 whole genome which overlapped the head and
tail with each other were amplified by the overlap-PCR method,and the genomic characteristics was analyzed by the bioin-
formatics softwares DNAStar. MEGA- X .and SimPlot3. 5. 1. Results The whole genomic sequences of two EV-AT71
strains wh064 and wh170 were obtained. The identities of nucleotide and amino acid sequences between these two strains
were 99. 95% and 99. 86 % , respectively. These two EV-A71 isolates were both belonged to C4a2 subgenotype. The phy-
logenetic analysis and genetic distance calculation found that in P1 region, these two strains and C genotype EV-A71
strains were clustered into the same branch with the lowest genetic distance. In P2 region,these two strains were clus-
tered into the same branch with B genotype EV-A71 and CVA16. These two strains shared the lowest genetic distance
with B genotype EV-A71 (except C4 EV-A71 strains) in P2 region. In P3 region.these two strains were clustered into the
same branch with B3 subgenotype EV-A71 and CVA16. These two strains shared low genetic distance with B3 genotype
EV-A71 and CVA16 in P3 region. The gene recombination analysis found that the isolates shared the highest similarity
with C genotype EV-A71 strains in P1 region while they shared higher similarity with B genotype EV-A71 strains,CVA4,
CVA5,CVAl4,and CVA16 prototype strains than C genotype EV-A71 strains in P2 region,and they shared higher simi-
larity with B3 subgenotype EV-AT71 strains,CVA4,CVAl4,and CVA16 prototype strains than other strains in P3 region.
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The recombination breakpoints were located in the 2A/2B junction and 3C region, respectively. Moreover, mutations

5'UTR-61T,VP1-27S(L), VP1-98K and 3D-396S in the genome of these two isolates were also appeared in other EV-A71

strains isolated from the severe and fatal cases in Wuhan.

Conclusion These two EV-A71 isolates in Wuhan were re-

combinant viruses that might derive from the recombination between C genotype and B3 subgenotype EV-A71 strains or

the recombination among C genotype EV-A71 and CVA4,CVA14,CVAI16 strains. And mutations in some sites might af-

fect EV-A71 virulence.
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Table 1 Primers for amplifying the fragments of EV-A71 genome
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Amplified fragments Primers Primer sequences (5-3)

F1 TTAAAACAGCCTGTGGGTTGCAC

i R1 TGACATACTCTGGTAGGACAGCGACT
- F2 CACAATTCCACTACCTCTACCGATC
R2 GTGTCTCAATCATGCTCTCGTCA
. F3 GTCATCGACTGGATACAGGCAAGGT
s R3 CAACCTCCCTTGAGACTGCGTCAGT
F4 CGTGTCCGACTACATCAAGGGT
H R4 CTGGCGCACTTCTTCACTATCTAC
r F5 TCTTTTCCAAGGTCCAC
£ RS GACATAAGTGGAGTAAGGAAG
- F6 ATTAATACCTCTCAAATGAGCATG

R6 GCTATTCTGGTTATAACAAATTTACC
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Table 2 Information of the whole genome sequences of EV-A strains

HRS 9 R B 4 B B R 7
Accession No. Virus strain name Genotype
U22521 BrCr A
KF501389 EV71/wuhan/3018/2010 A
FJ357379 236-TW86 Bl
FJ357382 238-TW86 Bl
U22522 MS/7423/87 B2
AB575923 20233 B2
AM396588 EV71/SAR/SHAG63 B3
DQ341367 MY821-3-SAR-97 B3
AJ586873 EV71/9/97/SHA89 B4
AF316321 5865/sin/000009 B4
DQ341363 S19841-SAR-03 B5
KU647000 CQ2014-86 B5
DQ452074 804/NO/03 Cl
DQ341361 1M-AUS-12-00 Cl
AF176044 1245a-98-tw C2
MG214681 30-2/2015/B] C2
MN747117 wh064-CHN-2010 ST Bk isolate
MN747118 wh170-CHN-2012 53 ¥ bk isolate
AY421760 CVA2 Fleetwood JE BB prototype
AY421761 CVA3 Olson JEAIFE prototype
AY421762 CV A4 High Point JE BB prototype
AY421763 CVA5 Swartz JRR B prototype
AY421764 CVA6 Gdula JR B BR prototype
DQ341355 06-KOR-00 C3
DQ341356 03-KOR-00 C3
EF063152 E2005125-TW C5
EU527983 2007-07364 C5
AY465356 SHZHO03 Cdal
EU753375 521-18S/SD/CHN/07 Cda2
KY612315 2015g03 C4a2
MG875331 160-50 C4a2
AF302996 SHZH98 C4b
HQ188292 Fuyang-0805a C4b
HQ694983 BZ200805 Cdb
KM591215 wh029 C4a2
JX986737 Wuhanl042/HuB/CHN/2011 Cda2
JX986738 Wuhanl117/HuB/CHN/2011 C4a2
JX986739 Wuhan1143/HuB/CHN/2011 C4a2
KJ508182 Hubei-HG/CHN/2012 C4a2
KP198623 Hubei-WH/CHN/2012 Cda2
AY421765 CVAT7 Parker JE BBk prototype
AY421766 CV A8 Donovan JEAIFE prototype
AY421767 CVA10 Kowalik JE ALK prototype
AY421768 CVAI12 Texas-12 JE AR prototype
AY421769 CVAl4 G-14 JE B BR prototype
U05876 CVA16 G-10 JERIBR prototype
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Fig. 1 The cytopathic effect of Vero cells induced by EV-A71 infection
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Fig.2 The complete genome of EV-A71 amplified by PCR

Indicate the gene fragments ampli-
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A The phylogenetic tree was constructed based on the VP1 gene
B The phylogenetic tree was constructed based on the whole ge-
nome C The phylogenetic tree was constructed based on the Pl re-
gion D The phylogenetic tree was constructed based on the P2 region
E The phylogenetic tree was constructed based on the P3 region. @
indicates the EV-A71strains isolated in Wuhan.
Fig. 3 The phylogenetic trees of EV-A71
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AT EERR AT CVALG JEARLRE ; 78 P3 X8R, 2 MR S
CVAL6 JF Bk 1Y 4% 1 R A 24 3 R 38t 15 15 25 2 3 ok
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L7 38
5 REEASH

FIH SimPlot3. 5. 1 #4243 B9 2 % who64 3£
FAAG O L5 R W 4, Similarity 2087 & BL (K 4B) ,
TE P1 A 2A X3, wh064 5 C #I EV-A71 %% 7 &k A1 2
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Table 3  Genetic distance in the nucleotide and amino acid sequences between two EV-A71 strains and otherEV-A strains
Jik PR Al 4 YA X :
G:nt;;)e C;%efe SUTR JUTR Coding fgﬁilerm%aaﬂ) ntl:(‘ia) ntf()zaa) ntl:(’jla)
A 0.2356 0.1628 0.1979 0.2452(0.0460) 0.2198(0.0300) 0.2561(0.0388) 0.2670(0.0702)
Bl 0.2121 0.1608 0. 2597 0.2185(0.0421) 0.2045(0.0306) 0.2057(0.0379) 0.2451(0.0588)
B2 0.2155 0.1727 0.2293 0.2205(0.0431) 0.1979(0.0306) 0.2104(0.0370) 0.2555(0.0623)
B3 0.1988 0.1502 0.0659 0.2054(0.0294) 0.2062(0.0294) 0.2041€0.0201) 0.2056(0.0365)
B4 0.2146 0.1541 0.2570 0.2211€0.0402) 0.2117(0.0294) 0.2147(0.0334) 0.2373(0.0581)
BS 0.2179 0.1508 0.2378 0.2054(0.0413) 0.2140(0.0306) 0.2110€0.0334) 0.2502(0.0599)
C1 0.2078 0.1796 0.1825 0.2112(0.0412) 0.1403(0.0123) 0.2385(0.0442) 0.2786(0.0730)
C2 0.2001 0.1530 0.1983 0.2055(0.0389) 0.1300€0.0082) 0.2374(0.0406) 0.2758(0.0741)
C3 0.1993 0.1488 0.1966 0.2051(0.0407) 0.1340(0.0117) 0.2362(0.0397) 0.2696(0.0758)
C5 0.2113 0.1516 0.1966 0.2177€0.0412) 0.1494(0.0134) 0.2501(0.0442) 0.2773(0.0716)
C4 0.0616 0.0286 0.0472 0.0656(0.0172) 0.0623(0.0120) 0.0703(0.0155) 0.0657(0.0246)
C4al 0.0715 0.0320 0.0520 0.0763(0.0186) 0.0713(0.0128) 0.0782(0.0122) 0.0807(0.0303)
Cda2 0.0421 0.0241 0.0212 0.0445(0.0103) 0.0442(0.0078) 0. 0446(0.0087) 0.0449(0.0145)
C4b 0.0778 0.0321 0.0839 0.0831(0.0237) 0.0775(0.0160) 0.0934(0.0235) 0.0816(0.0328)
CVAI16 0.2704 0. 1858 0.0937 0.2834(0.1057) 0.4223(0. 2364) 0.2252(0.0263) 0.1917(0.0317)

7 (Notes) : * #% TR (nucleotide) ;b R IR (amino acid) ,

SUTR P1 P2 P3 IUTR

3720 5900

° 20 1000 1500 2000 2500 300 3500 4000 4500 500 550 600 650 700 780
Po

Window: 200 b, Siep: 20 bp, GapSir: On, Knura (2-paramete), TA- 20

o S0 100 1500 200 250 300 350 4000 4500 500 S50 6000 650 7000 7500
Poston

A EV-A71 £FEHARE B who64 4 FEH 41 F3] 4 £ i) 51
i) Similarity 4087 C wh064 4= 3£ [K 2 ¥ 3] b 45 1) ¥ 5] i) BootScan 437
Bl 4 EV-A71 EEHASZEHNN

A The simplified diagram of the complete genome of EV-A71 B

The Similarity analysis with the whole genome sequence of wh064 as

query sequence C The BootScan analysis with the whole genome se-
quence of wh064 as query sequence.

Fig. 4 The recombination analysis of EV-A71 genome

/181 fi gtk 2%, 75 5UTR W, A5 3 AL 499G/
698G/724C i wh064 1 wh170 B4 . Hifth 6 ¥kis
TR R 499A/698A/724T, who64 Fl wh170 By
5UTR-61T fi #i 5 3 % # #k Hubei-HG #H [A], 1
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3D-396S, 1M 2 ¥k %% 4E i B K Hh ¥y VP1-27P, VP1-
98E Fl 3D-396R.,
7 BALESH

ETEMIER EV-AT71 H P 2H dys 76 1Y 75 71 67 5
(£ 543 HF who64 #l wh170 K Hi 4y 6 ¥kt X &
NI PRAEAR B EV-AT1 5% B bR AE 3% 26 067 1 19 4% IR
IR IR A, 25 R B AL VPL h 27,31 il 98
B Z TR A 22 5 AR HA & 2 A (9 7T B8 19 55 )
A7 b LR R R RE AR Y A% R RN R 58 A
AHTA]

1

ABF S8 3 4 B PCR 47 34 R 345 2 #k sl
EV-A71 JR#EME I 4 3 4 7 31, & R G itttk 43 #7 . 2
BRI B Pk (who64 A1 wh170) J8 TR K WA Cla2, 5 H
HIFE EV-ATL WAT B OL S RAAT . B T B A [R]
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BT R 2 MW B M AN R . T8 X

/NS FEPR who64 Fil wh170 5 s[RI AT i oAt EV-
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Table 5 The amino acid residues located in the reported potential virulent sites of Wuhan EV-A71 strains
. - wh064 wh170 wh029 Wuhanl143 Wuhanl042 Wuhanl117 Hubei-HG Hubei-WH
(fnsie V%uﬁfllt‘ite (i) (R i) () (EfE) (R LT GETD
Severe Severe Mild Mild Severe Severe Death Death
VP1:E98K 4 K K E E K K K E
B! E145Q4 E E E E E E E E
DI64E 4 D D D D D D D D
VP1:E145G/Q/R 4 E E E E E E E E
DI64E 4 D D D D D D D D
A,B1-Bs5, 2A:M68K 4 M M M M M M M M
C1-C5t 5’UTR:272G 4 A A A A A A A A
488U 4 C C C C C C C C
700A/U A T T T T T T T T
VP1:V2491 y A Y A A Y Y A Y
3C:A180V/C ¥ A A A A A A A A
Caal® 5UTR:C241T ¥ T T T T T T T T
a ASTITY T T T T T T T T
C579T v T T T T T T T I
3UTR:T11C v C C C C C C C C
4] 3C:N69D v N N N N N N N N
’ 5UTR:C115T ¥ C C C C C C C (
VP1:H22Q/R ¥ H H H H H H H H
V2491 v \% \% A \% \% A \ \%
A289T y A A A A A A A A
P27S4 S S P P P P P I
cqlrod N31S/D 4 D D N N N N N N
E98K 4 K K E E K K K E
E145G/Q* E E E E E E E E
D164E 4 D D D D D D D D
T240A/SA T T T T T T T T
cab VP1:K215A 4 K K K K K K K K
NAM? 3C. T79V A T T T T T T T T
Bal®! 3D:G64R ¥ G G G G G G G G

¥ (Notes) : NA,not available; A 3 /734 5% (indicates enhanced virulence) ; v & 77 55 (indicates weaken virulence) .

FE M 20 A G e A A O R P R AR
MY EV-ATL A 0 B4 F AR EV-ATL R
[F) 5 D5 780 2 i) g R g A M EV-ATL 5 HAh HEV-
AJREERZ B RSN E A, DIEMR EV-AT]1 SR E
YLAF 22 DL F ol S 006 15 bR O TR 415 81 Sk A o 8
ARBE G 43 6 I T AE EV-AT71 %% 3 Bk who64 i
wh170 194 5 41 7 81 R AE B DL who64 Sk 25 1) 77 41
BEATE A . S5REI 2 BT P XS C %
R EV-AT71 9% 8 bk it 4% 15 8 B/ s A [l — it 1k
Ay 37T P2 A P3 XU 5 B 3L B EV-AT1 5 bk
M CVAL6 J5 A bk 33t 1% FE 85 8/, B F [ — ik 1k oy
FLHREEHDNLE R . YokeFun % Uk
[ KBl fc ity & 1Y C4b Wi 8 Ak SHZH98 Al Cdal i 75 bk
SHZHO03 Ryl FF 51T H A 53 0. K8 C F1 B B
B EV-A71 &Mk & CVA4,CVA5,CVA14,CVAL6
ZIfFE A, X — G ke R
Mo EM AT EV-ATL, 7E P1 A 2A X 48 (550~
3720nt) ,»who64 5Hr A C 3 K 55 3 R A0 0L & T
B1-B5 fl CVA2-8 ,CVA10,CVA14,CVA16,7E 2B-3C

X 38 (3720-5900nt) , wh064 5 B1-B5 F£ K EV-A71
M CVA4,CVA5,.CVAL4,CVAL6 ML 5T C1-C3
FCs FEH A EV-AT7L, i 7E 3C-3"UTR X 3, wh064
5 B1.B2.B4.B5 KK % EV-A71 f1 CVA5 %% 5 % A
LT B, M5 B3 3 K & EV-A71 fil CVA4,
CVA14.CVAIL6 BAHMRLEEAS = T C1-C3 Fil C5 FE P AU
EV-A71, NI, 045 who64 F1 wh170 {8 C4 %G
BERR AT BEAF7E WO Fh 2 5 =, Bl C BRI AL EV-AT1
5 B3 HHE WA EV-A71. 8 C EF A EV-A7T1 5
CVA4.CVA14,CVA16 EH ALK,

i 386 5 i 3 R 20 v Al g A IX e A 35 TR o A ) R
eE Y AHRSE & B E TS T 5 UTR R
Ui 2 A-2B i 32 4b il 3C-3D i AL, Wl RE A9 R A N
T:—HMHL.EV-AT71 7 Bikk P1 XI5 CVAL6 J5 Al Bk
ZT) 1 3 A% BE B e R R UR M e /N AN 5 B A LA, T
5'UTR.P2 1 P3 X 3 5 H Al HEV-A 9 8 P it 1% 5
BN R L By A AL 5 — D T, PLOIX SR g
W EV-AT1 K528 M . B 415 0l A5 B0 % WOk 2k
L T 5 UTR X 38 % A i 75 % S 000G 1 G B ot
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- DI AZ A E AL A0 P2 P3RS 4 5 45l
B KR AR AR AR EV-ATL 95 i 5
AE 77 0o, X 48 H 2 T AR A P S AE AL i A it —
A RUR AR 5 BN BB iR 2 AT .
R4 FHEV-AT1 5E MBI R ERE
EV-A7T1 R EHZF RN S ERF 5 3t
Table 4 The alignment of nucleotide and amino acid sequences

between two EV-A71 isolates and other EV-A71 strains
with known clinical symptoms

Wuhan  Wuhan  Wuhan  Hubei  Hubei
1143 1042 1117 -HG -WH
BE O OEE O OEE KT R
Mild  Severe Severe  Death  Death

wh064  wh170  wh029

Severe  Severe  Mild

K i
Region  Site

64 T T C C C C T ¢
aMoA A G A G G 6 G
S S S
s ¢ ¢ T c C ¢ ¢ ¢
68 G G A A A A A A
¢ ¢ T T T T T T
VA 69 R K K K K K K K
s s p P P P P L
w MDD NN NN NN
% A D D D D D D D
% K K E E K K K E
A % N N D D D D D D
2 200 MM 1 1 1 1 1
3211 N N S S s s s 8
3¢ 181 1V vV v vV v oy
% R R K K K K K K
o oL LR P PP PP
S S R R R R S 8
% 1 T T T T T T T

H Al 50 EV-AT1 5y @& M EBUR J1 0 R 5 A
AHA . R T2 DR A, 3 H 4 A8 5 0T RE 2 3 ik 3 N P
FNEOR P 00 B e DY, AR IRE VP B
X B 0F H fif 4 B R 98K, 145Q il 164E M4 B A EV-
A71 3 S5, 3C B AR T79V RA{E#H EV-A71 &
H17 . Yee ZPV4RE EV-ATL B2k 5'UTR-475~485
s 11 A% R 5 7 1 0559, 51 A 5"UTR-700C,
VP1-98E/145G/242K /244K I 3D-64R J5 # J7 # 54 ,
Li 90 B #F 58 % BEAE 46 7% X 5 UTR-115T/132C,
3'UTR-23G F%ifi3 X VP1-74G,VP3-214V.2A-75G,
2B-2A, 2B-50T, 3C-491/69D A1 3D-415A 8 55 EV-
AT1 1, AT EV-AT1 3 H 4 v 5 2 (37 45 58 75 g
b 52 WA BE M T ) . ARFSE R who64 AT wh170 HE
Uit X 6 A7 A% R A 4 A X 13 A 0 A SR &
s, Horh 4 ASfEH 5UTR-61T, VP1-27S (L),
VP1-98K Fl 3D-396S 7K i 3 £ i I3 Hb X A 2 5 Fi
FET W o3 s bk b, HE T AR H VP 7E EV-AT1
i T30 IO A G 8 D v i R LA T L Lia SR R
=R AR UL W] VP 28 M m EV-
AT FE SR AT REALH], Bl VP1-22H/249V/289A 5

ANGEAE M VP A% O DXl 2 S BE 2 58 728 1l 1 H 7 B

B KPR IR (N 27S.31S/D 98K 145G/Q. 164E I

240A/S), EV-A71 # Jj 5k, A& B 5T L X 40 B

wh064 ,wh170 FE B X H AL 6 R © A1 KA AR 1Y

EV-A71 B[R4 h7E © 08 W e 5 000 st B

PR B 2 5 TR 5k ik A R BA VP1-27/31/98 i s B

GILTRAT 22 5 W AE oAb © A A 19 3 ) A0 5 S bR

B MR M LR 58 AR, X 5 R I BEAUR LA &

PRz BE Sy AL o [ KBl C4 9 2 0K 2 ) 67 T

BIE PR . X EEN TS EV-ATT fh 2 fE PR R 5 A G DL

R AnAe] K 454 i it E— 2B AE SR
AR E] 2 4R EAE EV-AT1 B2 LK 4751,

FE BT EIRE EV-ATL 43 R BE E K5y T AT

W 2E BB R TR DG BERL  BE T AN ] X 3R A 3 b AR

A —BUE 7R T M2 3L 47K P F 98 EV-ATL sif

AR DL 0 7 28 B ik 1) B S L e A L A R TR AH A

TR A B R 22 57 LU X ik — 2B N EV-AT1 # 1 4

MM T —E 2%, EV-ATL TS R A HEMD
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