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WE.a 6 502021 F5TFESRE A 6 A (Coxsackievirus A6, CVAG) AATH &4 A BRI, A
FRIRFG G IEIBARIE, F&  RAREEF E A E F PCR(reverse transcription quantitative real-time PCR,
RT-qPCR) i3+ 2021 4357 7 11 2L K R 4 09 F 2 0 55 5 4 R 347 CVAG B AR R 3% CVAG6 A b # K 3 4P
B A KR SIS 0 BB AT R A 00 a0 R3S R R IR AR, SRR AR B3 R4 A A W a5 R A MEGA
7.0.14 RNAfold NetPhos 3.1 NetNGlyc 1.0 #= GPS Lipid 4 #715 8 52 #k 4 3 47 A8 0 b My 2 1 37 A 48 AR BE NS 5,
(internal ribosome entrysite, IRES) =48 45 #1 BB ALAs & BE AL L Sl Buiis E 7, &% HBREMNLER
B ,2021 45T TR OB KA IR A F CVAG &b A 35.79%(97/271) , AL R AM 5 4R T F,3
CVAG6 5 R Ak Gdula #9435 Fl B E 2 80.69% ~80.95% , % & & R A TR F R 94.83% ~94.92% , 415
B MR BT, ESALA b 3 4k CVAG 3915 F D3a b & 245 T RA L3, 5 R A # Gdula 483k,
5’UTR # IRES R4 A T 7 &AH ML F, VPl LR AL £ T QI8L.G160S £ 7, VPl L& 8L AT
S194T % % ,3D B ABE A% 5 8 £ T T308S.L342S F= K346R T 57, suiM 4 5 & 69 BEBR AL A & #E AR AL 1 &
Fo G BEAAL SR A SR B EF, 4dh 2021 FHFT T F R 2RBEE F CVA6 2 2R RAK, @& fm
o) 77 W B4, B A 3% AF CVAG &9 Y] Aol 4%
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Whole genome characterization analysis of Coxsackievirus
A6 in Jining in 2021
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Abstract: Objective To analyze the epidemiological characteristics and whole-genome features of Coxsackievirus A6
(CVAG) in Jining City in 2021, providing a basis for the prevention and control of hand, foot, and mouth disease
(HFMD). Methods Reverse transcription quantitative real-time PCR ( RT-qPCR) was used to detect CVA6 nucleic
acid in HFMD case samples collected from 11 counties and districts in Jining City in 2021. CVA6-positive samples were

inoculated into human rhabdomyosarcoma cells for viral culture, and viral nucleic acid was extracted for whole-genome
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sequencing using next-generation sequencing technology. Bioinformatics analyses, including sequence similarity analy-
sis, internal ribosome entry site (IRES) secondary structure modeling, phosphorylation site analysis, glycosylation site
analysis, and lipidation site analysis, were conducted using MEGA 7.0.14, RNAfold, NetPhos 3.1, NetNGlyc 1.0, and
GPS Lipid software. Results Nucleic acid testing showed that the positive rate of CVA6 among the confirmed HFMD
cases in Jining City in 2021 was 35.79% (97/271). Whole-genome sequencing results revealed that three CVAG strains
exhibited nucleotide homology of 80.69%-80.95% and polyprotein amino acid homology of 94.83%-94.92% with the
prototype strain Gdula. Bioinformatics analysis showed that all three CVAG strains belonged to the D3a evolutionary
branch but were located in different evolutionary clusters. Compared to the Gdula prototype strain, seven nucleotide
mutations were observed in the 5'UTR IRES region, Q98L and G160S mutations occurred in the VP1 antigenic epitope,
an S194T mutation was found in the VP1 receptor-binding site, and T308S, L342S, and K346R mutations were identi-
fied in the 3D polymerase active site. Additionally, multiple variations were observed in phosphorylation, glycosylation,
and lipidation sites of the encoded proteins. Conclusion CVAG6 was the predominant pathogen in HFMD cases in Jining

City in 2021. It was evolving in the direction of adapting to the host. The monitoring and prevention efforts against

CVAG should be strengthened.

Key words: Hand, foot and mouth disease; Enterovirus; Coxsackievirus A6; Whole genome analysis
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B H AR AR R AIE . 2011 4F FT, B T A 71 A
(enterovirus A71, EV71) M| 2 &R 8 A 40 16 Y
( Coxsackievirus A16, CVA16) J& 1t #vs Jgi A
A LEBIT AT B2 AT FE A 2H 6 %Y ( Coxsackievirus
A6, CVAG6) ;2012 4F 5, CVAG6 2 i ik 3= B 5
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B2 g ZEMHREA N 10 mL PBS .1 mL Z4j5 Fil
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1.2.2 RT-qPCR #&illl

K W 18 9 5 = A% R R U ) & (CAle/
EV71/i %Y, %¢5% PCR ¥, %% 5 SKY-8305, I
MAERNEA YR A BRAF, HE) Fl CVA6 B
FRAG IR 65 (555 SKY-8308 , TR HII T A= B} 5 AL #y
B RA ), ) 54T RT-gPCR R, LA
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RGBT 7 d J5, W47 3 IRVRRIAL B, e 4
200 L HiFRY) LG SR BUERRIFHE T CVAG RZRRAGHN
1.2.4  2FEPIAIN R FA= P15 B2 o
1.2.4.1 W55 BHE

A B4 Sanger 7 1 IR N BT RHE
A BRAF SE L, T ALl ABI3730x1( FE#R &
HRFHEL A R SEED) 55 S BigDye ® - Ter-
minator V3.1 Cycle Sequencing Kit( $E#Ek /KRB
AW, 3% E ), R DNASTAR #1443 ) F 2 7
SeqManHHEITHF 51
1.2.4.2  JpA x5 305

K2 FE E R AP AL B A0 ( National Center
for Biotechnology Information, NCBI ) %4} & KA Jayf
X§ 5% 4% 2 T. H (Basic Local Alignment Search Tool,
BLAST) 73 cAHBIT41, -7 NCBI T4 CVAG6 J5UR
Fk Gdula 4=%:[K 20 7 41] ( GenBank ID: AY421764.1) Al
2008 AELLEIA T CVA6 22751 ( GenBank ID:
MNB845816.1, MN845848. 1 , MN845872. 1 , MN845868. 1 ,
MN845811. 1, 0Q215747. 1, MF285622. 1, MK967653. 1 ,
KM114057.1, MK106208. 1, MT814502. 1, MT814503. 1,
MT814534. 1, OR394974. 1, OR394971. 1, OL830036. 1
OL830034. 1, OL830033. 1, OL830032. 1, OL839938. 1,
OL839942.1 OM179765.1 MT814535.1) . % il MEGA
7.0.14 FRAF LT A TARADL: 4347 Fi a8 ik 1R
TSR HT. ST MEGA 7.0.14 #cfk 48 B bz
2, BB 1000 bootstrap FAZ AR,
1.2.43 A W15 B At

% F RNAfold web server ( http ://rna.tbi. univie.
ac. at//cgi-bin/RNAWebSuite/ RNAfold. cgi ) %X 4 43
M R AZ A E A A 5 (Internal ribosome entrysite
IRES ) 2544 38k (1 — 9 4544 . >R Fl NetNGlyc 1.0
AR NOBEIEAR A7 255 R A NetPhos 3.1 4
FE BB 25 5 R FH GPS Lipid #4414 (http://
lipid. biocuckoo. org/ ) 43 #1 £ FH AZ AR AL | IR 5 7% ik
b 3L Je WAk B E s v AL SRR IR AL A A
1.3 itz aiE

KM SPSS 22.0 GE it 4k ik, THECRERER A
n( %) ik, SRJH Fisher #6315 LR [R] A £y
CVAG6 HIPHTER , Kag/KifE a=0.05,

2 7 X

2.1 CVA6 ¥ HIER
[ B R FE R 25 3R 7, 2021 AEFF T TR
I It RI2 Wi 191] Hh B i2 0 491 271 1), CVAG6 Al BHYE

M 35.79%(97/271) . AR R F R FE 2K
Bilrh CVA6 BIBATE R 22 7 oG i L (P=0.68) .
W1,

F 1 PFTT 2021 4F CVAG6 K 5L/ n( %)

Table 1 Detection of CVAG6 in Jining in 2021/n( % )
6 6%1%3’% CVA6
kS B 19 1)
1 23 6(26.09)
2 8 3(37.50)
3 7 3(42.86)
4 13 8(61.54)
5 28 11(39.29)
6 42 15(35.71)
7 33 8(24.24)
8 20 8(40.00)
9 24 11(45.83)
10 35 12(34.29)
11 23 7(30.43)
12 15 5(33.33)
&t 271 97(35.79)
P 0.68

22 EEEANF

M CVAG6 FHHEREA 33557 3 Bk CVA6 il
Pk, FEFAI TR 3 Bk CVA6 FFI34 4 15 58
A GRS X, 43 9l £ 44 S8 Coxsackievirus A6
strain 50/JN/CHN/2021 ( faf #x 50/IN/CHN/2021;
7 435 bp ) . Coxsackievirus A6 strain 70/JN/CHN/
2021 ( fij % 70/IN/CHN/2021;7 434 bp) Fil Coxsack-
ievirus A6 strain 87/JN/CHN/2021 ( fij #% 87/IN/
CHN/2021; 7 436 bp) .
2.3 EENES T

PR 23 7 45 S B, 5 CVAG6 JR B i Gdula
HIEE, 50/IN/CHN/2021 4= 3 R K% 7 1R A1 0L 1l
80.69% ;70/IN/CHN/2021 4= & R4 H FBR AH ALl 1
80.95% ; 87/IN/CHN/2021 4= %& K AZ% H B2 AH % K
80.75% ., NCBI BLAST 77 #7 45 & & 7=, 50/IN/
CHN/2021 5 [E 2018 4E4} B ¥k Coxsackievirus A6
isolate 22/HLJ/CHN/2018( GenBank ID: MN845848.1)
ABIME 5 =, oA 98.82% 3 70/IN/CHN/2021 5 35 Ak
2020 4 4y B #f Coxsackievirus A6 strain CVA6/
20005/CC/CHN/2020( GenBank ID; OR394974.1)
AV Fc 5, 4 99.16% ; 87/IN/CHN/2021 5 [
2018 4F 43 B #f Coxsackievirus A6 isolate 21/CQ/
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CHN/2018 ( GenBank: MN845816.1) #H Bl 7 &% &5 ,
4 98.36% .,

MEGA {41751 L Xt o3 Ar 45 R R, 5 CVA6
JRAIRE Gdula AH EL, 3 717 3 ¥k CVA6 3751 4l £
REH LB F VRN 94.83% ~94.92% , Kt

B2 )51, 5 UTR A% MR AH LV 5 i, o4 88.59% ~
89.40% ;3B 1 [ i 5 [X % 4 /R A0 L 1 fe (K,
74.24% ~75.76% . ‘ZEEMRI7TH ,2C 2 EE R AR
YT, 97.54% ~98.16% ; G5 5 1 VP4 & JL MR
AT RRAR, 7 82.63%, WL 2,

#2 HJFEIARE Gdula A b A9 R AN FERR AR U 43 B

Table 2 Similarity analysis of nucleotide and amino acid compared to Gdula

HR R R BAT MR I % IR %
5'UTR 1~745 88.59~89.40 —
VP4 746 ~952 77.29~78.26 82.63
VP2 953~1720 83.07~83.72 96.02~96.83
VP3 1721~ ~2 440 81.11~82.36 96.61~97.47
VP1 2441~3355 83.31~83.72 95.64~95.99
2A 3356~3 805 78.44~79.56 94.52~95.22
2B 3806~4 102 79.50~79.80 94.82
2C 4103~5 089 79.12~79.53 97.54~98.16
3A 5090~5 347 75.97~717.14 90.24~91.51
3B 5348~5413 74.24~75.76 90.47
3C 5414~5962 77.60~78.51 94.96~95.53
3D 5963~7 348 76.62~77.13 92.12~92.59
3'UTR 7352~7434 82.35~83.53 —

T —" RN 1
24 REHUSN

HEAEA AL 45 2R W 76 VP SR | 35T
T 3 ¥k CVA6 JFFINL T D3a #Efk5r3. Hrh 50/
IN/CHN/2021 55{0 g 4 A M T 2019 4E 73 B ARk
Coxsackievirus A6 strain JLS10/HeN/CHN/2019 &
GevE T, MR R 99.23% 5 70/IN/CHN/2021 5
TME KFETT 2020 4 2021 4453 B #k Coxsackievirus
A6 strain CVA6/20005/CC/CHN/2020 #1 Coxsac-
kievirus A6 strain CVA6,/21003/CC/CHN/2021 4§
SRGAERSE AR 73 53 2 98.69% FiI 98.58% ; 87/
JN/CHN/2021 54t 517 2018 4F Coxsackievirus A6
isolate 21/CQ/CHN/2018 Il 7R 44 48 % 1l 2018 4%
7B Bk Coxsackievirus A6 isolate DN2687 polypro-
tein gene FLMEE S AHLIAES N 98.69% , UL 1,

5'UTR, VP4 VP2 VP3 2A . 2B.2C.3A.3B,
3C.3D 3'UTR #EALM &R S VP1 A —2, (H7E
3B ZEALA |, 50/IN/CHN/2021 5 9 75 45 K5 Tl
2019 4F43 B ) BERR Coxsackievirus A6 strain JLS10/

HeN/CHN/2019 3% Z PE #4% ; 70/IN/CHN/2021 5
M KT 2020 4F 2021 443 Bk Coxsackievirus
A6 strain CVA6,/20005/CC/CHN/2020 #1 Coxsack-
ievirus A6 strain CVA6,/21003/CC/CHN/2021 %3¢
GeVERAR . 7E 3'UTR #4LR) |, 87/IN/CHN/2021
54k 51l 2018 4= Coxsackievirus A6 isolate 21/CQ/
CHN/2018 Fll 111 75 45 %% %2 17 2018 4F 73 B #k Cox-
sackievirus A6 isolate DN2687 polyprotein gene %%
PRI,
2.5 SUTR TR

5UTR 7“8 553 Mrafi R s, 5 7710 3 #k CVA6
JEHIR IRES XA T 7 b H RS, W3k 3,
K2, 5 CVA6 Ji Bl bk Gdula Y IRES 45 #4385 — 9%
ZEFAHLL 3 Bk CVAG6 JF 9 3 Ab 2545 A U
ZRG5KY 1 R 4 BRSO S 3 AR 5 2R 4 2
B S AMBIEXT AR Ry 6 NIRRT ; 2R 454 3 B 3
BREEXT Ry 4 ASTREERT . IRES 45145 — 2 45 4
TEWLIE 2,
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63 — MCoxsackievirus A6 isolate 50/JN/CHN/2021
95 |- Coxsackievirus A6 strain JLS10/HeN/CHN/2019
Coxsackievirus A6 strain HA308/YunN
Coxsackievirus A6 strain HF705/YunN
Coxsackievirus A6 isolate 22/HLJ/CHN/2018
— Coxsackievirus A6 isolate CV-A6/AHFL18123/2018/China
- Coxsackievirus A6 isolate 81/BJ/CHN/2018
40[f Coxsackievirus A6 isolate 51/QH/CHN/2018
— Coxsackievirus A6 strain CVA6/BCHV18071/BJ/CHN/2018
B Coxsackievirus A6 isolate 87/JN/CHN/2021
lp

~

8

94

60 73

83

61

Bl 1 #7511 CVA6 VPL LR 44T

Coxsackievirus A6 isolate 21/CQ/CHN/2018

79 99 ! Coxsackievirus A6 isolate DN2687 polyprotein gene
Coxsackievirus A6 isolate 227/SD/CHN/2017
Coxsackievirus A6 strain CVA6/BCHV18324/BJ/CHN/2018
Coxsackievirus A6 strain CVA6/BCHV17919/BJ/CHN/2017
W Coxsackievirus A6 isolate 70/JN/CHN/2021
Coxsackievirus A6 strain CVA6/20005/CC/CHN/2020
Coxsackievirus A6 strain CVA6/21003/CC/CHN/2021
Coxsackievirus A6 strain CVA6/BCHV18109/BJ/CHN/2018 _J

Coxsackievirus A6 strain CVA6 -310147014-FRA-2010
Msackievirus AG strain Finland/2008 D3b
96 Coxsackievirus A6 strain CVA6-310126012-FRA-2010

100 |:C0xsackievirus A6 isolate CVA6/S845/BJ/CHN/2010

Coxsackievirus A6 strain 075/GS/CHN/2011

59 Coxsackievirus A6 strain CVA6 -310167012-FRA-201
100 |_—

Coxsackievirus A6 strain CVA6 -310175075-FRA-2010

®Human coxsackievirus A6 strain Gdula

—D3a

—D

@ 3R CVAG6 JRIKE Gdula; IIES/R5F T 1 CVAG6 Fk,

Figure 1 Phylogenetic tree of VP1 of CVAG in Jining
@ represents CVAG prototype strain Gdula; [l represents CVAG strain in Jining City 3'UTR,
3 IRES &5t BRAE S A 5 4 AT
Table 3  Analysis of nucleotide variation sites in the IRES domain
AR AL AR,
K
482 498 500 502 506 511 515
50/IN/CHN/2021 C G T T T A T
70/IN/CHN/2021 C G C T T G T
87/IN/CHN/2021 C G T T T A T
JF A1k Gdula T A C C A G C
26 SEBETRSW *4,
2.6.1 FHEAZALE T 2.6.2  WEMRALAZ SALE T

FEHAFALE PR R 5 R Gdula
FAEE, TF 71T 3 Bk CVA6 19 11 DMEAY LA T A
) 2 1 22 5, HLrp 3D 1 VP 72 S o i A KB
Z oy 9IA 36 A 13 A EIERR A AR AR S I

B W R AL AL o T 45 R BRI R B
Gdula ML, TF 71 3 Bk CVAG J75 4 i (1) 5 1 24
bR AV p R A AR HG e B T w R R A A 11
b, EREERRAALS 13 4, WS,
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B2 5T CVAG IRES S5 — 9259 4 b
A:50/IN/CHN/2021;B:70/IN/CHN/2021;C;87/IN/CHN/2021; D . Jfi#% Gdula,
Figure 2 Secondary structure of IRES domain of CVAG6 in Jining
A 50/JN/CHN/2021; B: 70/IN/CHN/2021; C. 87/JN/CHN/2021; D: Prototype strain Gdula.

T4 BEMALFOLE T

Table 4 Analysis of amino acid variation sites

B A ST 55,
VP4 A7T .Q8E.T12S .G16K 118V . T47A \T51A .S55R ,A60T .K62R . A64V
VP2 G40E \V110I* \V125A \V126A T151A* E158S* [E158N*“* V161E 1172V .F180Y
VP3 L2F .R48Q N65S“* T142A A177T* S208T .E220R ** E220K* R234Q
VP1 S5T I8V N10S . T14A ,A29V* S32T .Q98L .G160S 1174V S194T F261L .S279T .F305S
2A K2R ** D35S . T52I* N57D \R68K .S80G* . V102K V1211 N136D
2B S22A H31Y V471 S85A M95I
2C L18F I21V* D23N K41R .I60V* F90Y .I96T .L258V* S271T* 1320V*
3A N11S K15A ,A20V R38K* E39D N56S V611 V651 V69l *
3B A10V V151
3C A18V 136V ** 149V V561 L751 A93N . T95S .G96A 1157V
I6V ** 'V33R N37S "% T44H N53D L671, V741, T75K . Q76E L79SA . D89N N91D  K94Q E105D , Y106N
3D A134T . T138V, K140R" L143F ., L1651, T190A , V197T 1205V . T259G . E260N ** . E260D* , V2631, T308S .

L342S K346R ,S362P  T368N \H383E ,R396K E428Q ,T436A \F451Y

.7 B3R 50/IN/CHN/2021 kA28 5 403 70/IN/CHN/2021 K A4E728 54 483 87/IN/CHN/2021 K478 S s RAREEAL

F 3k CVA6 RS
5 BERALOLSEAE AT
Table 5 Analysis of Phosphorylation variation sites
o BERR AL
pill PN

VP4 T60 T47
VP2 S158* —
VP3 — T142
VP1 S305 T14 .S194

2A — S80*

2B — S22

3A S11.S56 —

3D S37°** S79* T134 . T197.S308.Y451 T44 ' T75.Y106 ., T138 ,T308 ,S362 ,T436

1. T 4832 50/IN/CHN/2021 R AR 5, 4832 70/IN/CHN/2021 R AEAS 52 {838 87/IN/CHN/2021 K A 78 5t s RFRTEFL
# 3k CVA6 B R A S — R R BB ST
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2.6.3  MEILALAR FAT S
WAL AR S S AT s S R, 5 R ER Gdula
AHE, 55T T 3 Bk CVAG6 JFHIHY 3C K4 T AIT93-

A

N-BEEARAL 5

N-HEHAAL

95NIS 7855, #9in N93 MEFEfb v 5, WK 3, 3D &
A NTS91-93DTS A8 57, %2k NO1 B34k fi7 A5, UL
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Figure 3  Glycosylation sites of 3C of CVAG6 in Jining

BHME

A Glycosylation sites of 3C of three CVAG6 strains in Jining; B: Glycosylation sites of 3C of prototype strain Gdula.
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Fig 4 Glycosylation sites of 3D of CVAG6 in Jining

A': Glycosylation sites of 3D of three CVA6 strains CVAG6 in Jining; B: Glycosylation sites of 3D of prototype strain Gdula.

2.6.4 JRMEACHOLE T

JE LA 1L 23 BT 45

W, 5 Gdula A
k. ,70/IN/CHN/2021 f VP2 (1) C107 34 fin 7 A i

fet&ifi, WIELS, 3 Bk CVA6 JT4 I A o kb 12
JemtAk A i I 7 i I Al 55 I B AL 6 5 2 R K

Az
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A 07\ c7
| | [ |
| | | |
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