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Genomic characterizations of coxsackievirus BS strains isolated from Shandong Province, China

CAO Mengyuan'*,CUI Ya’nan'*"', WANG Min", YAO Xue', WEI Qingjuan’, HU Tao' ,XING Wei-
jial’4 ,SHI Weifeng7'8 ,LI Juan'?® (1. Key Laboratory of Emerging Infectious Diseases in Universities of Shan-
dong s Shandong First Medical University & Shandong Academy of Medical Sciences, Tai'an 271000, Shandong , Chi-
na ;2. Department of Pathogen Biology, School of Clinical and Basic Medical Sciences, Shandong First Medical
University& Shandong Academy of Medical Sciences ;3. Taian Center for Disease Control and Prevention ;4. School of
Public Health sShandong First Medical University & Shandong Academy of Medical Sciences;5. Ji'nan Children’s
Hospital ;6. Taian Maternal and Child Health Hospital ;7. Ruijin Hospital  Shanghai Jiao Tong University School of
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Objective To investigate the complete genome characteristics of 11 coxsackievirus B5 (CVB5) strains iso-
lated from Shandong Province,and to explore the genetic evolutionary patterns of CVB5. Methods Fecal samples from
hand, foot and mouth disease patients in Shandong Province in 2020 were collected. Through RT-qPCR amplification., vi-
rus isolation, high-throughput sequencing,and Sanger sequencing.a total of 11 CVB5 isolates were identified. All complete
genome sequences and the full-length VP1 gene sequences of CVB5 strains available from GenBank were downloaded as
reference sequences. Multiple sequence alignment was performed with MAFFT v7. 490. The maximum likelihood (ML)
phylogenetic tree was constructedusing RaxML v8. 2. 12, to analyze the viral genomic characteristics.  Results  Full-
length genomes of the 11 CVB5 strains from the present study showed high nucleotide and amino acid identities (>
99.9%). Phylogenetic analysis revealed that they clustered with the majority of Chinese strains within Group 4 circulat-

ing between 2008 and 2020. They shared the highest nucleotide similarity of 96. 8% with the strain 417 from Jiangsu
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Province in 2013. Compared to the CVB5 reference strains in Group 4, the nucleotide similarities of the 3A,3B,3C,and 3D

genes in the P3 region of the 11 CVB5 strains were lower than those of other genes in the P1 and P2 regions,and there

were numerous synonymous mutations in the region P3. The VP1 gene sequences of the 11 CVB5 strains were classified

into the predominant branch in China over the past decade namely the subclade C4. They were closely related to the iso-

lates SWG14,SWG44 ,and JN18120 from Shandong Province in 2018, with nucleotide similarities of 96. 1%-98. 2%.

Conclusion Our results highlight the constant circulation of CVB5 in China. The 11 CVB5 strains from Shandong Prov-

ince showed high nucleotide similarity to most domestic CVB5 strains, and were placed within the evolutionary branch

with the majority of the CVB5 strains circulating in China. This suggests that they belong to the Group 4 of the complete

genome and the subclade C4 of the VP1 gene,and represent the recent prevalent strains in China.
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Table 1 Sanger sequencing primers of CVB5

5149 (57 —37) i1 & (bp)
Primer Sequence Position
F1 CCTAATCTTTATCTTAACGC 637-6587
R1 TTATCCATGGGCACACTATT 1493-1512
F2 AACCCGACCAGAAGAGCTTG 1296-1315
R2 AGCCGACACAAAACACAGGA 2289-2308
F3 GGCAACGGGTAAATTCCTGC 2035-2054
R3 AAACTTCGCCCACCCATCAT 2958-2977
F4 AGCAGTCCACCATACAAGGC 2754-2773
R4 GCACATCAGCAAAGCCAACA 3616-3635
F5 GTCAGTACAACCACAGCCCA 3347-3366
R5 AAGGGCGAACACTCTCTTGG 4264-4282
F6 CCATGGCTGAGCGACAAAAC 3954-3973
R6 AAGGGGGCAGCATCTTTTGA 4803-4822
F7 GACGTGTCCCTGTTCTGTCA 4526-4545

R7 TGCCATCCTTATCCACCAGC
F8 AGACAAGCCAAGGTGCAAGG

5473-5492
5273-5292

R8 ACCTTTTCCGCCGATCTGAG 6323-6342
F9 ACTGGCCACCCTAGACATCA 6091-6110
R9 AATAGGCACAGGGATCGCAC . 7082-7101
Fl0 E;XZAA(IA(IT(,TATT(xA(x(‘TA(ITT(x(r 347-374
R10 TCACTGTAACCACACTCCTCTGCTG 885-909
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Table 2 Epidemiological information of the 11 CVBS5 isolates

Ak 4 RS b REBH  BILMES BILER

Strains Collected location Collected date Sex Age
DZ20198H 15 1 2020/9/1 L: 1%
JN20203H ] 2020/9/3 % 2 4%
DZ20006 H 72 2020/8/21 % 2 %
IN20050H ] 2020/10/11 1 7%
IN20108H i) 2020/9/22 4 3%
JN20048H b 2020/6/26 i 2% 3 M
IN20047H v 2020/7/25 ks 2% 3H
IN20044H ] 2020/7/8 e 1% 11 H
JN20040H ] 2020/6/24 4 1% 44
IN20045H ] 2020/10/5 il 1% 34
HZ20110H R 2020/9/3 Ui 1%
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Fig. 1 Phylogenetic tree of CVB5based on whole genome sequences
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Table 3  Genetic identities of the 11 CVBS isolates and other reference strains across different gene regions

b 440X Open reading frame
Strains VP4 VP2 VP3 VP1 2A 2B 2C 3A 3B 3C 3D
DZ20006H B 89.96~98.55  90.42~96.42  88.66~97.76  89.87~97.29  88.67~96.89  90.91~97.98  83.99~97.16  78,65~98.13  80.30~100  76.50~96.36  79,80~96.18
FER  97.10~100 97.70~100 88.66~100 96.47~99.29  95.33~99.33 94,95~100 97.26~99.70  94.38~98.88  95.46~100  95.63~100  96.32~99.57
INO04OH B 89.96~98.55  90,42~96.42  88.66~97.76  89.87~97.29  88,67~96.89  90.91~97.98  83.99~97.16  78,65~98.13  80.30~100  76.50~96,36 79,80~96,18
UM 97.10~100 97.70~100 88, 66~100 96,47~99.29  95.33~99.33 94, 95~100 97.26~99.70  94,38~98.88  95.46~100  95.63~100  96.32~99.57
HZ0110H BB 89.96~98.55  90.42~96.42  88.66~97.76  89.75~97.17  88.67~96,89  90.91~97.98  83.99~97.16  78,65~98,13  80.30~100  76.50~96.36  79,80~96.18
AR 97.10~100 97.70~100 88, 66~100 96, 11~98.94  95,33~99.33 94.95~100 97.26~99.70  94.38~98.88  95.46~100  95.63~100  96.32~99.57
INO0LH BAFmB 89.96~98.55  90.42~96.42  88.66~97.76  89.87~97.29  88.67~96.89  90.91~97.98  83.99~97.16  78.65~98.13  80.30~100  76.50~96.36 79.80~96.18
IR 97.10~100 97.70~100 88.66~100 96,47~99.29  95.33~99,33 94,95~100 97.26~99.70  94,38~98.88  95.46~100  95.63~100  96.32~99,57
N H B 89.96~98.55  90.42~96.42  88.66~97.76  89.87~97.29  88.67~96.89  90.91~97.98  83.99~97.16  78,65~98,13  80.30~100  76.50~96.36 79,80~96.18
AR 97.10~100 97.70~100 88.66~100 96,47~99,29  95,33~99,33 94,95~100 97.26~99.70  94,38~98,88  95.46~100  95.63~100  96,32~99,57
INOOTH B 89.96~98.55  90,42~96.42  88.66~97.76  89.75~97.17  88,67~96.89  90.91~97.98  83.99~97.16  78,65~98.13  80.30~100  76.50~96,36 79.80~96.18
B 97.10~100 97.70~100 88.66~100 96,11~98.94  95.33~99,33 94,95~100 97.26~99.70  94,38~98.88  95.46~100  95.63~100  96.32~99,57
INOsH BHMm 89.96~98.55  90.42~96.42  88.66~97.76  89.87~97.29  88,67~96.89  90.91~97.98  83.99~97.16  78,65~98,13  80.30~100 76.50~96,36 79,80~96,18
B 97.10~100 97.70~100 88.66~100 96,47~99.29  95,33~99.33 94,95~100 97.26~99.70  94,38~98.88  95.46~100  95.63~100  96.32~99.57
INosH B 89.96~98.55  90.42~96.42  88.66~97.76  89.87~97.29  88.67~96.89  90.60~97.65  83.99~97.16  78,286~97.75  80.30~100  76.50~96.36  79,80~96.18
HIEB O 97.10~100 97.70~100 88.66~100 96,47~99.29  95.33~99.33  93.94~98.99  97.26~99.70  94,38~98.88  95.46~100  95.63~100  96,32~99,57
DI20198H BAFM 89.96~98.55  90,42~96.42  88.66~97.76  89.81~97.23  88,67~96.89  90.91~97.98  83.82~96.97  78,65~98.13  80.30~100 76.50~96,36 79,80~96,18
M 97.10~100 97.70~100 88.66~100 96,13~98.96  95.33~99.33  90.91~97.98  82.89~85.25  94,38~98.88  95.46~100  95.63~100  96.32~99,57
INOGOH BB 89.96~98.55  90.42~96.42  88.66~97.76  89.81~97.11  88.67~96,89  90.91~97.98  83.99~97.16  78,65~98.13  80.30~100  76.50~96.36  79,80~96.18
IR 97.10~100 97.70~100 88.66~100 96,11~98.94  95.33~99.33 94,95~100 97.26~99.70  94.38~98.88  95.46~100  95.63~100  96.32~99,57
IN00ISH B 89.96~98.55  90,42~96.42  88.66~97.76  96.11~98,94  88,67~96.89  90.91~97.98  83.99~97.16  78,65~98.13  80.30~100 76.50~96,36 79,80~96,18
FER  97.10~100 97.70~100 88, 66~100 96, 11~98,94  95.33~99.33 94, 95~100 97,26~99.70  94,38~98.88  95.46~100  95.63~100  96.32~99,57
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%5 CVB5VP1

&4 CVB5 VP1 FHIEEE A-D BHZHFRIEEES
Table 4 Nucleotide genetic distances between genotypes A-D
of CVBS VP1 gene sequences

ErYespii

Genotype A B ¢ b
A 0.017 0.017 0.022
B 0.212 0.014 0.020
C 0.218 0.194 0.019
D 0.281 0. 264 0.262

¥ (Note) : BHA R 7 M R #fE 1% (Ttalic numbers are standard errors) ,

FIEEE A-DAXFINER HWARBERE

Table 5 Year,location,and quantity information of genotypes A-D related sequences of CVB5 VP1 gene

A B C D
. 1=} H L .V L H El; 3 E H I:l/» . E H . /‘, w
au R BRI e REORE ey RE ORI gy REORE
Continent " > e Sequence v > e Sequence ! > e Sequence v > e Sequence
Earliest Latest mb Earliest  Latest mb Earliest Latest mb Earliest Latest mb
record Record namber record Record number record Record number record Record number
R 1983 2011 27 1998 2020 383 1972 2018 28
el 1998 2001 2 1970 2006 36 1996 2015 84 1973 2019 271
JeEM 2009 2009 1 2015 2019 8 1970 2019 25
KU 2007 2007 1 1991 2017 14
LB 2017 2017 1 2007 2016 38

TE (Note) : K PH I 4 B

WX FEHEF UL E G R LA gl A VP & G kAL W 8 51 4 #fE ( The order of continents is sorted alpha-

betically in English. The present statistical results are based on the sequences included in the VP1 phylogenetic tree in this study) ,
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Fig. 2 Phylogenetic tree based on CVB5 VP1 gene sequences
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