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Genome analysis of recombinant coxsackievirus A4 genotype in Shanghai from 2020 to 2021

LI Yunyi',CUI Xinyi',FEI Jie*, ZHONG Wenjiang® , LI Shupei' . CHEN Min' (1. Shanghai Municipal
Center for Disease Control and Prevention sShanghai 200336 ,China ;2. Jiading District Center for Disease Control and

Prevention ;3. Qing pu District Center for Disease Control and Prevention) ™™

Objective To analyze the whole-genome characteristics of 9 strains of Coxsackievirus A4 (CVA4) isolated
from environmental surveillance and healthy children surveillance in Shanghai from 2020-2021. Methods Human rhab-
domy-osarcoma (RD) and human laryngeal carcinoma epithelial cells (Hep-2) were used to isolate the virus from sewage
and healthy children samples. The virus RNA was extracted for reverse transcription-polymerase chain reaction (RT-
PCR) ,and the whole genome was sequenced using the Illumina second-generation sequencing technology. BioEdit 7. 2.5
software was used for sequence alignment and homology analysis of CVA4, MEGAT10. 0. 4 software was used to construct
the phylogenetic tree using Maximum Likelihood (ML) ,and the bootstrap test was 1000 times. The recombination analy-
sis of Shanghai CVA4 representative strains was carried out using Similarity Plots3. 5. 1 software. Results A total of
five CVA4 isolates were obtained from healthy children samples in 2021,and four CVA4 isolates were obtained from envi-
ronmental surveillance in 2020-2021. CVA4 was detected in the sewage concentrate from January and December in 2020,
January to February and April to May in 2021. The nucleotide and amino acid similarity of VP1 region among nine CVA4
isolates in Shanghai was 90. 2%-100% and 96. 3%-100% , respectively, which belonged to C2 genotype. The whole-
genome's nucleotide and amino acid similarity of five representative CVA4 strains in Shanghai were 89. 8%-99. 3% and
96.3%-100% ,respectively. Gene recombination analysis showed that the genome of five Shanghai CVA4 strains showed
high similarity with the CVA4 prototype in P1 region,while there were recombination regions with CVA6 in 5" UTR re-
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gion,and there were recombination phenomena with CVA5 and CVA6 in 3C region of P3.

Conclusion The 9 isolates of

CVA4 in Shanghai all belong to C2 genotype,which is the dominant genotype of CVA4 in China. Among them,5 strains

of CVA4 have recombination in the 5"'UTR and 3C regions. This study provides data support for understanding the genet-

ic variation of CVA4 in Shanghai,and has reference significance for the research and development of CV A4 vaccine and the

prevention and control of related diseases.
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Mini Kit X7 & (18 F QIAGEN 22 &) 4 7) Ui 1] 5 it
(A SR
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One-step RT-PCR i | & (K # £ A=W~ 5 #17
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transcription-polymerase chain reaction, RT-PCR),
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Nl . AR F R S Miseq v3 Reagent Kit
([ Hlumina 23 & 77 ) M F AL Miseq (3 [ Illu-
mina 22 A A7) .
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R BISA B (Maximum likelihood s ML) # 2 2 45 i# 1k,
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FE8 48 CLC 8AF 43 B — AR I B L3k 15 it
CVA4 sy BRI 475, i /] BioEdit 7. 2. 5 &
PEXT B CVAL AR FE R EV-A J5 R R 0F 47 42 38 X
J7 51 X AR P8 A 43 A .l 2 3 MEGATL0. 0. 4 8
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larity Plots3. 5. 1 # B4t Lk CV A4 AR 0K A1 LAl
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g R

1 CVA4 #&ER

2020 AFRAEM 240 £ g B L 3 28 8 4F 5 R 40 B
F CVA4 FEBR, 2021 4FREEM 240 il JL IS MEAE
FhAE B 5 Bk CVA4, 2020-2021 4F 3 85 5 7k 3t
SYE W 4 B CVA4, Ho 2020 48 1 A f1 12 A LK%
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(D,

R 1 2020-2021 F EiBHREFTKH CV4 #FR
Table 1 Detection of CV4 in sewage in Shanghai from 2020 to 2021

I 8] 15K RAE B CVA4 Ct fH IO B
Time Sewage plant CVA4 Ct value Virus isolation
2020 42 01 A HuEAT 36.19 -
2020 4 12 A FEEEAKTT 33.35 CVA4 1k
20214F 01 A iK™ 29. 08 CVA42 tk
20214F 02 H mEEAKTT 34. 36 -
2021 4F 04 A msEis KT 34,23 -
20214 04 A HWIEAKT 31.12 CVA4 1k
20214F 05 A FAEIEAKST 32.1 -

2 CVAAWEIRSERIEEFEL DT

CVA4 1y VP1 & KK 915 ML H IR, L4 5% 305
NEFEBR . B 164 5 CVA4 VP XA R Fl & KL
B2 Y50, 9 A BiE CVAL J3 85 Bk (8] 4% 1 B2 Fi 2 5 52 A
I3 51k 90. 2% ~100% F1 96. 3% ~100%;9 4~ L
W CVA4 43 B kR 5 R ALRE High Point (GenBank 5 .
AF081295) Iy 2% 1 IR Fl 2 ik R AH LM 43 31 2 83. 1%
~85. 1% F1 95. 7% ~98% .

R4 VP X3 R A =15 90 8% 1 R 22 5 0 4 B A
WY ML B R G R OK CVAL 43 A
~D 4 ANFEFEACE 1), AJB R D 3K Ry 5 4 55
1948 4 M3 [ b+ Bk g 3R T 75 K b A B ) CV-
A4 JF R High Point 28k .1999 4E 0 & B 5 JE T 3k
12008 4F 1 H AR Bk, C 3L HE A48 C1-C5 A W
B, KRS E CVA4 BRRFEAE C2 5K A, i ) 25
JE K 2006-2021 4, AT 43 AL 3 4 Cluster (Clusterl-3) .
Clusterl (£ 5) F1 Cluster2 (¥ ) { 2016 4E )5 (& 4% 0]
RECL & W, i Cluster3 (f(0) B PR35 B ) 12 /Y
e KW Cluster , RBFFE Y 9 A~ L iF CVA4 43 kY
J&T C2 FEH WA Cluster3 43,

Tree scale: 0.1 S i CVA4 isolates were blue marked
Colored ranges @ CVA4 strains from HFMD

Ho Hc B CVAA strains from AFP

We Wcs % CVAd strains from HA

WA @a V' CVA4 strains from sewage

Wc [Jc A CVAd strains from healthy children

A\ CVAd4 strains from febrile illness

T G hRiC o LIl CVA4 73 5 bk @ 22 85 /1 HEMD i il 19
CVA4 tk: M 2> % A AFP Ji5 il B9 CVA4 FRs k70 3 A HA J il 19
CVAL B/ 738 A5 K CVAL bR s ASM B F A HELIE S 1) CV A4
B AT ES B R R B CVAY Bk
E1 EBCVMABRSEERBRRKETE VP FI REi#H AR

Notes: Shanghai CVA4 isolates were blue marked, @CV A4 strains
from HFMD; ICV A4 strains from AFP; % CVA4 strains from HA;</
CVA4 strains from sewage; A CVA4 strains from healthy children;
/A CVA4 strains from febrile illness.

Fig. 1 Phylogenetic analysis based on complete VP1regions of CVA4
isolates from Shanghai with each representative strain
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PEHC 5 A i CVA4 ARRBRIEAT 2 5L T, 3%
WA FEH BEAE 7 432~7 434 bp, S X K JEHX K 6
606 bp,4ifs 2 202 A2 HE R , To i H S Fd AL B
54 B CVA4 AR EV-A JR R BRJEFT 4 58 K 4%
TR A 3k 1R )3 51 bk, AH L 43 oA 89. 8% ~
99. 3% A1 96. 3% ~100% ;5 CVA4 J5 R ¥k 4 5K 4
P8 A% R RN 3k R A L 4 i ok 84 206 ~

x2

84. 7% F1 97. 1% ~99. 6%, TEHmIGLEME AN Pl
X5 A B RS CVAL J5 BBk 59 A% 1 12 A7 L2
b 84.6%~85.5% .5 H A EV-A J5 BB 1 A% 11 2 A
IR 59. 9% ~67. 3% . MAEAELEWE H M P2 M
P3 X.5 1 i CVA4 R E M5 CVA4, CVAS,
CVAL4 Tl CVAL6 Ji BB (% 2% 1 B2 AH U1 39 55 i (3R
2), FEFTEIHEA PL.P2 Ml P3 XAEM 1 CVA4
RFEM EV-A JE Atk R LR anE 2A B.C Fl D,

54 L CVA4 REFME CVA R B 4k 18 A H B F 5048 (%

Table 2 Nucleotide identities between 5 sequences of CVA4 in Shanghai and prototype strains of EV-A species

BAFBARBIE (%)

X 35
CVA2 (VA3 CVAL  CVA5  CVA6  CVA7  CVAS CVAIO CVAI2 CVAL4 CVAI6 EVATL EVAT6 EVASY EVAS  EVAYI
Coome 785 TRZ O BLZ TS TS T2 74 41 73 75.2 76 7.4 691 69.6 681  68.3
COME 37 a6 847 7.2 TA8 129 T4 TS 136 158 76.2 -3 69.3  -69.8  -68.4  -68.6
cupg S8 8.4 869 820 85 829 818 821 8L8 8.5 8.9 8 78 M 104 107
: 833 -83.8 -85 -83.6  -§7.7  -8L1  -82.3 848  -83.2 84 8.8 841 191 186 7.9 713
. 6.7 665 8.6 6.0 657  62.2 664  66.5  63.8  59.9 6.4  60.8 635 643 6.7  63.3
661 611 855  -64.2 -66 625 -66.7 613 -64.5  -60.3  -6L7  -62.1 64 646 -63.9  -63.8
- 65.7 666 942 . 6.5 681  69.5  68.1 685 6.1 637 6.7  69.5 606 69 67.6
7.6 705 <100 724 7.9 70 q0 7Ly L9 685 -66.1  -68.1  73.9  -69.5 724  -69.5
- 69.2  69.6 8.8 6.9 652  69.7 658  68.6  66.2 656 646 644 6.3 6.7 69 66.5
0.3 708 -86 6.6 6.8  -70.5 -67 68,8 -66.7  -66.8  -66.8  -65.3  -69.7  -68.7  -69.6  -67.5
Ps 7.5 706 85.8 6.2 68.6  65.9 70 §9. 4 68 62.8  62.6 65 65,4 66.3 665 66,9
‘ 72 92 866 68.7  69.4  -66.9 72 70,6 -69.3 647  -63.6  -66.2  -66.6  -66.9  -67.2  -68.2
- 5.9 59.4 83 56.5 565 5.6 595  6L.6 568 509 545 534 556 562 55 56.1
587 605 -85 58,8 5.8 54 -60.3  -62.8 5.9 517 -56.7  -55.2 561 5.1 -55.8 5.7
o M1 T84 823 81 s 182 79 L3 LT 8.2 818 186 70.8 726 70.4  70.5
7.9 791 8.6 8§ 7.1 187 -19.2 78 786 831 8.8 194 7L9 127 70,9 711
N 5.7 7 193 753 166 755 7.1 150 T6.6 80 M s 651 6.5 6.7 68.2
! 766 788 8.1 795 -79.5 7.5 -18.8 766  -78.2  -83.3  79.3  79.5 671  -T.1  -68.2  -68.8
. 134 T 8.1 7.1 T4 767 71 74 737 7.1 801 717 629 646 683  68.3
: 76 79.4 835 818 194 797 781 A7 754 8.1 835 -19.7  -65.3  -65.9  -10.7 -69
» 8.6 79.4 833 83.4 184 786 784 789  79.3 8.8 8.1 187 752 758 125 122
: 9.3 -719.9 843 -84 -19.6  -79.9  -80.4  -80.3  -80.1  -84.3  -849  -19.8 .1 762 -T3 73
. 7 A 8.2 T9.3 7 LT T COC SR 105 B O 1) 83 My, 2T 25 T
M5 182 -89 79.9 8.3 79 987 184 -T8.7 -84 830 81 Ut sy g3 738
" 79 182 844 786 .1 759 767 79.8 .5 821 81 ms o TLT 7136 148 TLT
o 8.3 -80.2 8.2 -84 -19.8 79 IL5 821 9 87 829 9.4 74 755 T T
" 69.6 681  80.3 787  69.6  7L2 7.2 7.2 7.2 848 187  66.6  65.1 727 56 s
927 L2 848 848 7L2  In2 15T 7L2 42 909 -84.8 7.7 -69.6 7157 621
" 75,9 7.9 80.3 7.9 75.4 7.2 5.4 759 755 80.6  80.6 757 724 TL4 Ly 728
o 7.5 8.8 826 825  19.2 4 70 799797 837 -85 7.9 135 Tl 1T 137
. 76,9 776 8.6 782 L1 782 786 7.5 77 8.7 8.8 14 7122 7129 73 73.3
J76 19 846 -19.2 9.1 78,9 80 782 78,8 8.1 846 782  -13.3 1.2 1.3 -T4.6

KT HE— L] EE CVA4L Rk BEAE 1L
41 . Similarity Plots 6 EV-A JE 8 # R AE N
SZFH R 5 Bk F G CVA4 A& 3 bk 4T 5 4140 97 .
Z5R BoR B CVAL ARRTE P IXIE CVA4 J5 A
B VR B o BE ALY i ZE 5" UTR X P2 fil P3 [X,
BT CVA4 JRRIERAM, BifE CVA4 REBE CVAS,
CVA6.CVA14 fil CVAL6 A & B AL (F 3A) .,
bootscan /Mt iFESZFE 5°UTR X 5 CVAG6 Ji Bl k£
TE 2 250 bp B EH X (K 3B) ., bootscan 43 #17E 3C

XAFAE 3 Fpii X S B 4.1 iR L& (843-
2021) CVA4 fRE M 2 M85 K (HJ1210-2021,
HJ1232-2021) CVA4 A F 7 3C KT B 5
CVAS JERIBR 2y 250 bp M ELL, 7 3C KW E LB
CVA6 ff7E 2 200 bp WY HE 4H; 1 4~ fd L # (845-
2021) CVA4 UERRE CVAS AR IR AETEZ) 300 bp
P2 X B (& 3B) 5 1 MR fat e L # (847-2021) CVA4
RFEMR S CVAG6 JE AR A1 AE7E 24 250 bp Ay 241 X3,
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O 8 Him/KM CVAL AR B @408 H {d HE L 2 38 fF 1Y
CVA4 1t % ; ACVAL High Point JFA B,
2 EFLBCVAIRREMEV-A BREGHMENEERA(A)
#0 P1(B).P2(C).P3(D) X RS it b #

Notes: OCVA4 representative strain isolated from sewage in this
study; @ CVA4 representative strain isolated from healthy children in
this study; ACV A4 prototype High Point strain.

Fig.2 The phylogenetic tree based on the whole genome (A)
and P1 (B),P2 (C),P3 (D) regions constructed by 5 representative
Shanghai strains of CVA4 and EV-A prototype strains

Wi

T AR Bt BIF S 1 AS DB R A L R B 22 1 i 3B
Bl CVA4 AT 5[ HFMD HA |AFP %00, I8 g 51 k2
— 5 LA A 3 R 1S . AR RN GenBank R #k
43k 428 55 CVAL ZH 75 A 18 4k A &Mk
Bil . EV AN 2 K L 2 I 08 3 8k e 1) R R
2z —. HAGX T EV N EZRA T EV AHXH
P W (HEMD,HA Fl AFP) FIUFREE 75 K Wi, 35
B 15 K W I B A W s K EVORSAE I I G0 R AT
#2003 4F 5 DA 20 41 (World Health Organi-
zation, WHO) 7£ £ Bk & JK 14 K 1T %] (Global Polio E-
radication Initiative, GPED f 32 Hi ¥ 35 5% 75 7K W5 i £
S AFP 9% 51 W 0 g — kb 7 07 0L RAPE A G RE
HOEV AT RRAE X T BE B AT B R EV AR
PRI PRI S %

T b 2R 85 35 K M b & B, 2013-2018 4E H 4y
B 1 Bk CVA4T T 2020-2021 4F £ Uk A I F)
CVA4. I3k 4 # CVA4, ARHFF0K 2020-2021 4F |
VR P 5% 5 7K R A B L 3 2% AR AR b 4 B ARAS 1 9 B
CVA4 A7 2R 47 5 5381, T CVA4 7ENHE
R TRAT AR L » F4 1T 0 58 5 /K R e L2 Wl o CV A4

—AVRTR2CVAL
— AYRATEIOVAS
AYQUTBOVAS
— AVAATERCVAN
— WSHTBLVAIG

LTl N | — AYRATELLVAL
1000 | — AYEITRLCVAS
2 ‘ AYRITBACVAS

Ty
HI VA1

3 Li§ CVA4 RFHE CVA4.CVA5.CVA6 1 CVAL6 R BBk Y
HEIUMEE (A) F0 bootscan 43 #7 & (B)
Fig.3 Similarity plot(A) and bootscan(B)analysis of representative
strains of Shanghai CVA4 with prototype strains of CVA4,CVAS,
CVAG6 and CVAl6

— UISHTBOVAIE

B

BTk VPL W RS R BoR, & E
CVA4 P HEE N R Ry C2 KL WAL, 1fif [ 2006 4F
LIJG C2 3K WA fh g Cluster3 (&) B E N B
P93, 1E Cluster3 53X B & A Z A/ 3L R
CVA4 Wit fE Z /e, ARBF5EH R 5 AR L &
CVA4 B 4 D75 K CVAL 4y BRI C2
FEN A, 534y HFMD, AFP Fl HA 5 1] B 3 2 ¢
REiE, C2 FHW A CVA4 ) VP1 & % J§ 5]
HEMD % ] #1 2 ) CVA4 5 62. 7% (81/129) , AFP
AR SE ) CVA4 5 17, 8% (23/129), Tii GenBank
o HA 5 R0 RS CV A4 B0 (5 B b, AF
FHH CVAL 5 B 5 0] DL & R E CVA4 HE
R R AR A B i B £ 2

oL, 8 T/ RNA R EHR EV 5 5 & 4 5
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