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Phylogenetic analysis based on VP1 gene of coxsackievirus A16 strains isolated in

Beijing from 2007 to 2008
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Abstract: Objective To investigate the epidemic situation and the phylogenetic relationship of Coxsack-
ievirus A16 (CA16) in Beijing from 2007 to 2008. Methods CA16 strains were isolated from the clinical
specimens of 133 patients with hand-foot-mouth disease (HFMD). VPI1 gene fragments were amplified by RT-
PCR. The produced fragments were sequenced and analyzed. Results Totally 45 CA16 positive specimens
were identified from 39 patients and the entire VP1 genes of 16 CA16 strains were sequenced. For these 16
strains, the nucleotide identity of VP1 genes ranged from 91.43% to 98.65% , the amino acid identity ranged
from 97.98% to 100% . The nucleotide and amino acid identity of VP1 genes between these 16 strains and
CA16 reference strains from GenBank was 78.13% to 98.65% and 89.9% to 100% respectively. Nine out of
the 16 CA16 strains are closely related with some mainland Chinese isolates in recent years. The other 7 strains
are closely related with Taiwan-98 isolate, shzh01-69 isolate and some isolates from other countries. Conclu-
sion CAI16 is one of the important pathogens of HFMD in Beijing, and the isolates in this study have close as-
sociation in genetic relationship. Phylogenetic analysis shows that all of the 16 CA16 strains isolated in this
study belong to genogroup B and they might be divided into 2 branches.
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T 45,4, 2007 - 2008 4Fdb i HEIX CAI6VPL X &G fb 40T 2343

=i E A 4 16 AU ( Coxsackievirus A16),
CA16) K TCAL B IE 5 RNA J5 75, J& T/1y RNA 935
#} ( Picornaviridae ) 189522 )& ( Enterovirus) , CA16 5
fmiE s E: 71 A ( Enterovirus 71, EV71) [7) 5 JL#E T 2
194 ( hand-foot-mouth disease, HFMD) [ P K 3= 22
J5, EV71 Y54 HFMD Shd a] 5 E 4 b ™ i
I RAE , QTG TR PRI 4 R e i K i A R
EVT71 17, CA16 J& YL 5| i) HEMD SE R B IR A, A
TR & AR R o fEL T A Ok B 2 ) 30 35
i, CAL16 JBRYL AT RE 5 0 LA MEVA PEAK ve S5 3 M T
RAER R AEAT A 1 M X AT 5| A RN B E A il
REIES . CAL6 MYIER A 2K 20 7 410 bp, 3L
VP1 JE[HH 891 bp, 4 At ™= A 7 297 A~ BE R 1 VP1
FEH, VPl HEA R CAL6 E% 5 FP R v e 7% fr e
BBAL, W T BE I S LA AR o ASTFSE A 2007 —
2008 At at JLEBERE [ 12 flhn A i e CAL6 B
A, IR R v [ 1S K VPL DA T P 910 5
AT, LA T i AR AL T H X CAL6 A7 16 e Andt st
HuIX CA16 st fL -5 o5 M R R

1 #MRETE

L1 #RAR%E

BT WA PR A FALI F AR AR B s LEER 11212
Wiy 2 0 Y 8L, 3 133 ], o 2007 4 51 4], 554 29
B, Lotk 22 51, AR A A 1A H 27 %10 4~ H Z 1] 52008 4F 82
B, 551 48 1], Lo Pk 34 45, AR 404 8 AN 2 14 2 2 (8], 40
T AN ARG RAE AR T2 DR B H . TR AR AR R
J5 B TR, - 80°CIRTE
1.2 3K B A AR S XA

Wi%% % SuperScript 11 4 H Invitrogen 2\ &), pGEM-T Easy
Vector System , [l HL 5|4 W) H Promega 2\ &), RNA [ #1 i 57
dNTP DNA 4G FR %M N VIEGIE | TaKaRa 238, QIAamp
Viral RNA Kit g H QIAGEN A &), B2 A& KA & DHS«
IPTG  X-Gal W4 5 5 E A W) HOR A | o FAh 50 X 2 43 7 2l
o
1.3 RNA #2E

B I R AR A o 42 B 3 RNA, 2 B QlAamp Viral
RNA Mini Kit #2/ER PSR A 9% RNA,
1.4 RT

LIsaE RNA SRtk , 7 FHBEHLS | ) 7300 5% St g n Ve R
A cDNA, RIAR R g 20 pl, 46 11 pl 55 RNA, BEAL5]
Yy, dNTP, S ¥ 752 65 °C 5 min, LA WS 5% el J 25 CHFE
10 min,42 °C #E{# 50 min,98 °C 25/ 5 min,
1.5 PCR

LA CAL6 A1 EVTL [E Brpn i b | 2 3 X 225 Bk A O TR ST
KT 5 22, RIS 13 Primer Premier 5. 0 #1475+
Y519, Il 218 5 9 & CAL6 G5 5 | 9 51) B I 87 A%
SN AR R SCHR 6] o T Sen i Bk 2E 5'UTR X 3d F 51 9

(E1/E2) i ¥ 5 T8 5 2 B b5 A, 75 8] JH CAL6 5 £ 51 4
(CA16-1/CA16-2) M Ji7 T8 55 2 FH PE AR A< b 6 2 CA16 P PEAR
A, HJEXTERS; CAL6 FIMEAR A 56 % VP X #4741k 3™
B Y) 5 A VPL-1: 5'-AGCCCAGGACAACTTCAC-3', VPI-
2. 5'-GCCGATTCACTACCCTAT-3",

PCR §"#5 CA16VP1 X, PCR JZ i R [F] I, 5 B 45444 -
94 CHIAE: 5 min 94 CAEME 1 min ,50 “CiR K 1 min,72 °C 4k
{1 1 min 30 5,39 MEH,72 CLEAH 10 min,

PCR "3 J5 5 Sk A B 22 0. 8% Tt i W 58 Je v Tk 40 B,
TaKaRa Agarose Gel DNA Purification Kit [a] Wi Zifk 5 , 23 9l 5
pGEM-T Easy A% 25 ¥ AL Z 25 KB I DHS o, B 5
P2 14 )5 H] TaKaRa MiniBEST Plasmid Purification Kit $& B ft
KL, T2 BRI M N VTR R D) 4522 .

1.6 3 e e R Gt 5T

Fea I 5E it Invitrogen 23 7 S8 )i, f—FEAE A AR 3 K,
T 90 9845 . 40 0 F0 &R G2 3F 46 55 87 09 5044 4 55 BioEdit
DNASTAR .ClustalX (1. 83) il MEGA4. 1, M GenBank & B
24 ASARJF AR 453 A [ M IX 9 CAL6VPL e 9/ 2 [L e 41, I LA
BrCr(EVTL) NS IR il Z P 5 BeRiE LR 1,

®1 REHAIHERSILES

hRZEAS SR Sy EHL GenBank RIS
G-10 1951 South Africa( SAF) U05876
MY823-3 1997 Sarawak , Malaysia( SAR ) AM292433
5079 1998 Taiwan ( TWN) AF177911
S70382 1998 Sarawak , Malaysia( SAR) AM292461
UM16809 1998 Peninsular Malaysia( MAL) AM292483
0001 1999 Perth, Western Australia( AUS) AM292434
UM12969 1999 Peninsular Malaysia( MAL) AM292479
SB3512 2000 Sarawak , Malaysia( SAR) AM292469
TSI-2000 2000 Thailand ( THAT) AM292477
UMI17115 2000 Peninsular Malaysia( MAL) AM292484
Shzh00-1 2000 China( CHN) AY790926
S33072 2001 Sarawak , Malaysia( SAR) AM292459
Shzh01-69 2001 China( CHN) AY895111
EV4-5-HUKM 2002 Peninsular Malaysia( MAL) AM292453
SB7833 2002 Sarawak , Malaysia( SAR) AM292472
SB13044 2003 Sarawak , Malaysia( SAR ) AM292475
BJ03-ZDP 2003 China( CHN) AY821798
0033 2005 Perth, Western Australia( AUS) AM292435
1018T 2005 South Vietnam( VNM) AM292441
SB16087 2005 Sarawak , Malaysia( SAR) AM292476
Shzh05-1 2005 China( CHN) EU262658
CNS68762 2006 Sarawak , Malaysia( SAR) AM292451
FY18 2008 China( CHN) EU812514
GZ08 2008 China( CHN) FJ198212
BrCr 1970 United States of American( USA) U22521

2 HR

2.1 JpismAshm & CA16 )

AR 2 5'UTR X5 514 (E1/E2) % 2007 4 51 {31
4k 82 {35 2008 4F 82 4k 157 fi3kAR 47K iill, PCR 414
124 435 bp /NI BERIE B, 26,2007 2008 4R 4
Ah LT 92 1] 106 3 i 18 5 7 I VERR A, 78 e LR I, L
CA16 §7 26 51 9 ( CA16-1/CA16-2) " 38 i 3t 95 25 W 4 i A<



2344

31

PCR 882bp CA16
2007 2008 39 45 CAl6
2.2 CAl6 VP1
CA16VP1
PCR PCR

VPI-1/VP12  CAI6
1 100 bp
0.8%

1 5
BioEdit
VP1

1 100 bp DNASTAR

3000 bp—
1000 bp—

M DNA 1 4232Y 2 4241Y 3 4282Y 4 5101Y 5 6041Y N
pGEM-T Easy Vector
1 CAle VP1 PCR

2.3 CAI6VPI
16
91.43% ~98. 65%
97.98% ~100% 5 VPl 16
GenBank 24
CAl6 VP1 16
G-10 U05876
78.86% ~80.26%
2008 EU812514
78.13% ~80.25%

91.25% ~92.26%

89.90% ~90.91%
88.28% ~
97.31% ~100% 2 CAl6

22 CAl6
98. 65%
G-10 U05876 08 EU812514

99. 82%
99.44%

99. 64% VP1
98.65%

2 CAl6 %

91.25 ~92.26
89.90 ~90.91
97.31 ~100

70.03 ~71.04

78.86 ~80.26
78.13 ~80.25
88.28 ~98.65
80.42 ~87.50

G-10 CAl6

FY18-08 CAl6
22 CAl6

BrCr EV71

2.4 VP1 CAl6
MEGA4. 1 16 CAl6
24 CAl6 1 EVT1
Neighbor-Joining 2 VP1
A G-10 U05876 2008
EU812514 B 16

9 BJ03-ZDP

Shzh05-1 EU262658

GenBank

AY821798  Shzh00-1 AY790926

GZ08 FJ198212
7
AF177911 shzh01-69

AY895111 1998
2005 SAR-98 AM292461 SAR-05

AM292476 SAR-98 AM292461
B VP1 88.28% ~90.86% SAR-
05 AM292476 B VP1
89.71% ~94.84% B VP1

91.43% ~99.66%
16

68 0802Y -BJ2008
31 5314Y-BJ2007
4241Y-BJ2007
51 5215F-BJ2007
89 5101Y-BJ2007
100 60L— 5213F-BJ2007
5312Y-BJ2007
VNM-05
AUS-05
36 SAR-06
MAL-99
85 SAR-01
59 MAL-00
24 e SAR-00
v SAR -02
= MAL-02
97 SAR-03
SAR 97
— AUS-99
17 I—E THAI-00
85 MAL-98
47 — Taiwan-98
89 L— shzh01-69
GZ08
shzh-00
shzh05-1
6041Y -BJ2007
5283F-BJ2007
5171Y-BJ2007
5231F-BJ2007
BJ03-ZDP
5111Y-BJ2007
5212F-BJ2007
4282Y -BJ2008
4232Y -BJ2007
4301Y -BJ2007
SAR-05
SAR -98
— FY18-08
100L— G-10
BrCr

21

63

97

2 VP1 CAl6

20 40
CA2
CA4 CA5 CA8 CA10 CAl6 CBS EVTI
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T, %2007 -2008 4EJL S HBIX CAI6VPL [X R4 HE b5 T 2345

SRR SR R 1O, o i FE A R CAL6
MEVTL, 35 ARG DR T 2 B iy 2 R sl AT, (3
FRUCRAT R FRRE T 7 E A TSR] R A Lt
20 80 ARACRI AL 5T KL AL 7 A5 M T 2 11 e 491
SrESUERE H CAL6Y ™ R CAL6 Sy 4 Tk L 77
X T 1 1Y F e S A o AR R b S At A T
FI ORI P A AT R W, CAL6 Fil EVTI
15 R T 1 F e Y 3 30 i, {H 45 48 T 4B ) HEMD
TATIR P& H B — i 2250

5 EVT1 AH L, CAL6 513 (1 i ARE AR 852, #H G
5% LR B>, 124 H 1k, GenBank #1535
ANTRVE 52 F b XA CAL6 4 3[R 40 7 1) # bR AUA 6
Mo IEAERA SRR, CAL6 JB Yt 5 —LLHIEPETIT
KA R A Y I, B EATT BN CALG6 1
9T HA B L,

Wi i 5 R Ge ik A o A AR IS — , B SR VPL
ot VP4 JRHIE b B it bR . 7F EVTL (5 T
Ao 58T VPL #l VP4 JE53E4T 1 2R G it Ak
SIMTER AR B S5 R B A AT L (AFE CALG 1Y
KRG AT, 0IE RS i VPL PSS £,
CA16 R G M Z 5T VP4 Jp 5k 47, {3 VPI
DXAE s 7 22 1 b R I o AR G B 35 PR BIT A
O, HoR B VPA P A A & s B R, FEF 9T
BEWAR SO T Re A S M E, A A 9
FH VP JR5I1E R 2 Getk Ak 3 b i Am v

GenBank H1 ¥4 CAI6VPL X JEH /D, K&
SR PR X[ R 3 B bk . AP R 24 BRAGER
A E GG () CAL6 ARRAR AT —FE EVT1 E bR
PRUERR BrCr 1E i 41 b Xt B, 5 AW 5% fiT 4% 16
CA16VPL JRAl AT X . &P B R Hr, T 16
Bk CA16 JLRT43 B bk VPL X A% 4 R A4 LR [R] 5 1k 1
B AL R IR 91.43% ~98.65% , & FE 1R )
U5ER 97.98% ~100% |, i 5 HoAth 1 X 43 B 4k 114 [ Y5t
PEMEAR A4 225, 5 G-10 [ BRbRifErR AT iR
U8 PE A = A 80. 26% , & i 1R W] R P B & A
92.26% , 5 TR PH AR AZ IR W] VRE A 5 A 80.25%
RASEIR R IEAE f =A 90. 91% T -5 HoAh 2 L1 3 471 1 )
T U] A X T G 2 v, A% R TR R M R 88.28% ~
98.65% , KL [FIEMEH 97.31% ~100% , X LeE
TR CAL6 WA THE S [ PRAR T AR AH AR A% T R
AOE IR E 2k TR ARk, (A R T
[Fi]—Hb DX A TR A R 3 = L B CAL6 B 7% 53] g
St 0 . EEERAKT- AR I B S SR PR
JEET X ST AETRA T CAL6 LM T RE T B A k.,

[ 24T & 3 08 AR 2R FHIE S G-10 [H BRtn
WERRAY VP [X 35 R A2 1 R A0 22 35 i ) D 40 1) v s
99.44% Fi1 98. 65% , Ji5 ¥4 W 3 42 3L P 41 7 91 A7 L
XTSI VR 4 5 DR A A TR R 2 R e () T o i) v
% 99.82% F199.64% .,

Li 451 2005 4F 438 HF 7 3 FE I KA 5 X
1999 — 2004 4F43ES Y CA16 1Y 3% RIUERAIE B, %o A0 3 B
5T 34T LA KB ) A GenBank 1345 () CA16 7%
BERRIL 53 Bk, T VP4 AT T R G K
CA16 73 A B, C = A1 {5 i & (genetic lineage ) .
2007 4§ Perera 25" 4RI T XA HE X 5 A 5[]
S RETL 10 4E1Y 52 #k CAL6 BBFSE, HiEL T VPI X%
TR SN HEAT I R G AL BT, 8 CAL6 43 A B
ANFERIBE (genogroup B) , JfINh Li 45 i iR iy CAL6
(1) C RJEFAAIFFE T CAL6 B BER— N0 S &R

ARWFFEHE T CAL6VPL X 4K 891bp W% R ¥
PR T RSV (181 2) . 2% EVTL 43Rkt
Jr Perera 251 i) CA16 43 BUARE, Bl VP JE[R A8 5
ik 15% LA AR Tl 2 DR RE A bR ofE, 5 3% 2 T 8] CAL6
Z TN 16 fRA 3 BSR4 A B RS SRR A
A Ff A5 G-10 (U05876 ) F1 08 4 4 B B [ #x
(EU812514) , & VPI X AT R [A JE % 98.65% ,
HAY R 0 B B AB W EFZ A B4 S5 RN
19.74% ~22.21% , B B 43 B3 ¥k 22 [8] (1) 28 5 {5 F
11.7% . WE 2 & GE ik AL n] L, A BF 58 v 16 kR
CA16 Wbt oy Btk N L 35 - 5 2 LB AR E B oR
G R B WS, Hoh— S FE 3R R A O X 4
T BRI AN A5 A v ) i b o) B B 5 00— St
btk JRAF AR B3R 5 NG 5 B AR H
VG 2 [ R A T T E R o B ik MR
P X PR TR B AT B S AR IR A

Hosoya 25" fERF 5 i i, CAL6 178 S — A
BB (] 2 7 2 st A% AR A i /. A —
AWATE B DA SE R B B AR &, T — AN AT
B B rf SRR BT ) S R AR B B AR A TRk .
AR ELBF 58 1 H 4% Fukushima Hi X CA16 A 2% [y
HFMD () Rk T S5HEA S H A Rt L
FEMEA AN B 5 LB 5 I AA & FEHE IR
I IRAE RN CAL6 43 BIRE S 40 B B 0T 04 06 R 2 Lt
B R Y], T AR bR AAE BRI, Bt
FEPEAL B R R 1) 40 5 B TRD YOG R OR B B, (R4
FE A 553 BERAE PR ER 43 v R BE 43 28 sk W i U1 )
F—3,

CA16 {1y Efb 3 B B G EVT1 e, {B4E R RNA
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RN I RIFANA UL g K R A il AP 0. 11% ~10%
FERA T I, B LR B B e A R 1R AL ( vesi-
coureteric reflux, VUR) , B35 17 B HEJE , 515 T 1 [ Joie 5 20
TREFEAFI, BT RN, HAT RN i 0 SO R Iy 32,
FHFALHI W ATERE , 0T RE5 IR IR Il 1 A | S g A7 | ot
BRI N ZA Ko AV RS PR BEAT TP , 5 A2k
EIIRER . T RN 1205 VUR BrEg, ik RN 1912 o) 2
A SRR T AR VUR, FUHIN I 75 A5 R O 1 5 AT 25
FFIERES

HEBR I e bR 38 52 02 H T2 W VUR fe B A ERf Y
oA T B, IR ITURS A0 245 195 e AR U 38 3 M 00 s ] A0 15 Aot
L SRIEIIRE , 8 ek T PRAS R R IG5 e 25 0 A 0 A5 m s i
STV, HE PRI 52 1 LA 0B e DR A IR o IR IR
LR IR TR B IS S AR G O R RE IR U, X D R A
Ko ZIkG AT 1, 22 42, QniH RE DI, A6 A Al 42 i g
PR KA WAT IR, . A BB 2K A 7R T VUR,
1B e S PRAE DI REIE o W E DD AE 0 T 2 2R IR S R L

ARSI, 018 5 T A, AR LI B
= MR AR AR O R B, R B I Re S 5 B i o B
ANER B ) T R 28, TFE S LB IEZS M A i . IRMIAF & RN
WL .

RN FI6 Y72 L DR U 42 R age By 1l ' o ik
— A PIRHAYT AL HE 45 i PR B R YL | A HE PR, kG 5% bt
VAR 38 5 5 WA S DA S A IR R 25 40 S FRARTR YT o ANEHAYT
AFEPLR R FAR—H R E EHHEA  ZF AR HEH T ILE
R, Rl P R R R TR Rk AR, — R
21k ™ B B SISO AR, T LA A A ] PR SR S AR T T 9
K U~ A BT RIEST . A VUR I HH 3R & PR B %
Yo 2 MR EWIRYT TR I v R ARIRYT .

KRR R B R 2 W

FEZESES: R692 M EFRIZAD: B

S Xk -
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