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Abstract

Introduction: Coxsackievirus A10 (CVA10) is a non-enveloped, positive-sense single-stranded RNA virus classified within the Enterovirus
genus in the Picornaviridae family. It is among the pathogens that can cause hand, foot and mouth disease. This study aimed to analyze the
temporal and spatial distribution of CVA10 in China to understand its epidemiological characteristics of CVA10.

Methodology: We collected the VP1 sequences of CVA10 from January 1, 2004, to December 31, 2019, from the GenBank database and
created the global map using MapChart. We selected 56 known CVA10 genotype sequences. Then, MEGA6.06 was used to construct a
phylogenetic tree with the collected gene sequences and the known reference sequences for comparative analysis to assess the distribution of
CVAL10 genotypes in different countries between 2004 and 2019.

Results: CVA10 has been widely detected or reported globally. In China, the prevalent genotype of CVA10 was mainly genotype B before
2008 and genotype C after 2009. In other countries, the prevalence of genotype D was dominant, followed by genotypes C and F, and the
prevalence of CVA10 varied from continent to continent.

Conclusions: Monitoring CVA10 genotypes or evolutionary branches should be strengthened, and the study of epidemic genotype
characteristics should be enhanced. This will serve as a basis for further research and development of monovalent CVA10 or polyvalent

vaccines designed for effective disease prevention.
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Introduction

Coxsackievirus A10 (CVA10) is a non-enveloped,
positive-sense, single-stranded RNA virus belonging to
the Enterovirus genus in the Picornaviridae family [1].
The capsid of CVAI10 is composed of four structure
proteins (VP1-4). VP4 is situated on the inner side of
the mature virus particle, whereas VP1-VP3 are
positioned on the outer side of the mature virus.
Therefore, the antigenic determinant of the virus is
mainly positioned on VP1~VP3. At present, the
genotyping standard in the Enterovirus genus is not
clear. This is because the complete coding region of
VP1 contains many important neutralizing antigenicity
sites, and the genotypes between the two sequencing
windows usually have the same classification. Thus,
VP1 is generally used as the basis for Enterovirus
subtype typing [2,3]. Moreover, CVA10 is one of the

pathogens that can cause hand, foot and mouth disease
(HFMD) [4].

HFMD is a common infectious disease that affects
early childhood and is caused by enteroviruses. It can
be transmitted through the faecal-oral transmission,
respiratory tract, and other modes of transmission [5,6].
Preschoolers are most susceptible to this infection [7].
In general, most patients present with fever, macular
papules, or small rashes on the skin and mucous
membranes of their hands, feet, and mouth. These
symptoms usually subside and disappear within a week.
However, HFMD can also cause severe diseases such
as meningitis, which can cause damage to body
functions and even lead to death [6,8,9].

HFMD has become a serious public health issue
globally, especially in Asia. In China, Enterovirus-A71
(EV-A71) and CVA16 are the most common viruses
causing HFMD, but the prevalence of CVA10 has also
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increased in recent years [1]. The CVA10 isolates were
reported as the main pathogens responsible for
herpangina (HA) outbreaks in Aichi Prefecture in 2005
and Kanagawa Prefecture in 2007 in Japan [10]. In
2008, a global epidemic of HFMD emerged, caused by
CVA6 and CVA10, with the main symptom being
onychomadesis in Finland [11]. Since 2008, HFMD has
been prevalent in most areas of China, with reported
cases of CVAI1O0 infections occurring throughout the
country [12]. An epidemic of HFMD was reported in
Guangzhou from 2010 to 2012 [13]. An analysis of the
data of patients with HFMD in Shanghai from 2012 to
2013 revealed that CVA10 accounted for 7.5% of cases
[14]. CVAI10 became the pathogen with the highest
prevalence rate of 52.8% in the HFMD outbreak in
Wuhan. The epidemiological data suggested that the
pathogen spectrum of HFMD in China is changing
gradually. The infection rates of EV-A71 and CVA16
showed a declining trend, while CVAG6 exhibited an
increasing trend. Meanwhile, the infection rate of
CVA10 was also increasing with small outbreaks
[1,15,16]. EV-A71 and CVA16 usually have similar
clinical manifestations, but CVAI0 can lead to
onychomadesis, HA, and other fatal complications such
as neuromyelitis [17].

To understand the epidemiological characteristics
of CVAI10, we analyzed the temporal and spatial
distribution of CVA10 in China. We also analyzed the
annual genotype distribution and amino acid mutation
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of CVAIO0 for further study based on the VPI1 region,
providing a basis for preventing and treating HFMD.

Methodology
Sequence acquisition of VPI region

All the VP1 gene sequences of CVAI10 isolated
between January 1, 2004, and December 31, 2019, were
retrieved and downloaded from the GenBank database,
and the global map was created using MapChart
(www.mapchart.net). Further, 2190 isolates of CVA10
were collected globally, and 56 reference sequences
were chosen for genotype analyses.

Reference sequences chosen for the VPI region

Generally, the nucleotide sequence of the VP1 gene
is 894 bp, and CVAI10 can be classified into seven
genotypes: A, B, C, D, E, F, and G, based on a
nucleotide difference rate between genotypes greater
than 15%. However, some studies believed that CVA10
could be classified into nine genotypes, such as A, B,
C,D, E, F, G, H, and I, with an average group distance
between 14.5% and 24.6% based on the 239 bp VPI
gene [4]. Relevant reference sequences were selected
based on the nine-genotypes classification method
(Figure 1B).

Phylogenetic analysis of VPI region
Because the VP1 sequences of CV-A10 obtained
from the GenBank database were not all complete, only

Figure 1. Distribution of CVA10 in the world and phylogenetic analysis of reference sequences.

T8 GQ214173 CVAI0 H4S0F/SDICHN2008/CAI0 ")
S ' IN896784 CVAI0 TW/NHRI9T?4/08
JN639891 CVALD MIOMS
KC834877 CVAID SHFDI 1-34/SHCHN2011

080134
[ ABSO8060 CVAI I4/YN'CHN2010/CAI0
ol [ LCI24117 CVA10 20154076-Sapparo-2015Aug. C
_LMEI&HKCVAIOC\/AI(HOIN’ 2011
KMBI6549 CVAI0 CVA10-10081-2011

KX430800 CVAI0 CVAIDVNM/2014 -
ABI62727 CVAIOP-2206/CA10/Kanagawa2003
AB162728 CVAIOP-221 l 3
ABI67986 CVA10 03-150N]

AB119640 CVAL0 CAW’OO*! levshlm:JP’DS E
GU248485 CVALD SVK02326

GU248490 CVAL0 RUS01/15724
JN255588 CVAL0 CAF-OMB-06-062
JX307651 CVAL0 T08-235

ABI19638 CVAI0 CAI0/800387 Hiroshima.JPA00
AB119639 CVAID CAI0/80004 Hiroshima JP/01
IN034210 CVAID CV-AIO/GERMANY2006323 ]
KC934150 CVAID Haly2012KM1227365
ABI8I7 CYAD CAIUOkiaws79201
4105 CVAID 20114157-Sapporo-201 Ll
LEL205 CVAID 0114155 Sappar 01 Ll
o HEST2357 CVAIO CFISShI6 FRALD D
KMBI6537 CVAID CVAI0-10035-2011
KMS16350 CVALD CVAID-101642012
KRIS5980 CVAI0 SPo
o[ HES72969 CVALD CFIS0040 FRATD
I GU248502 CVALD FINOS Wed0A
' FR796483 CVAID forESPUIS4602 -
'AFO81300 CVALD Kowalik
% GU218191 CVAI0 EGYOTE1 16K36374

uu
—

Crasted win mapenat net

—
[

A) Distribution of CVA10 in the world; B) Reference sequences for genotype analyses and phylogenetic analysis.
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the VP1 sequences containing the core (239 bp) were
retained to construct the phylogenetic tree to better
study the evolution of CV-A10 in China and the global
epidemic trend. Sequence alignment was performed
using MAFFT with the default settings, and
phylogenetic trees were generated using the Neighbor-
Joining method with 1000 bootstrap resamplings of the
alignment data sets and visualized using the program
MEGAG6.06 [18].

Results
Global distribution of CV-A10

CVAI10 has exhibited a global presence, with a high
prevalence in China, followed by Russia, India, France,
and Spain. Sporadic outbreaks have been recorded in
other countries, such as the United States, Australia,
and the United Kingdom (Figure 1A). The phylogenetic
tree based on the VP1 region of 56 reference sequences
is depicted in Figure 1B to prove the appropriate
selection of reference sequences.

Global distribution of CV-A10 genotypes

A phylogenetic tree was constructed based on the
VP1 nucleic acid sequences of 423 isolates from other
countries and 56 reference sequences of CVA10. The
analysis results indicated that in other countries, the
prevalence of genotype D was dominant, followed by
genotypes C and F. Additionally, the prevalence of
CVAI10 varied from continent to continent. In other
Asian countries except China, the prevalence of CVA10
was dominated by genotype F, with genotype C as the
second most common, followed by genotypes D, E, H,
and I (genotype F: 88 isolates, genotype C: 74 isolates,
genotype D: 38 isolates, genotype E: 19 isolates,
genotype H: 9 isolates, and genotype I: 1 isolate).
Genotype F was prevalent in Bangladesh, Georgia,
India, and other countries, whereas genotype D was
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prevalent in Japan and Cyprus, and genotype E was
more prevalent in Mongolia and Tajikistan. In Vietnam,
Thailand, and the Philippines, genotype C was
dominant, similar to China. Besides Asia and Europe,
the other continents presented fewer CVA10 isolates. In
Africa, genotypes C, E, and F were more prevalent,
while genotypes D, G, and I were less frequent. These
results were illustrated in Figure 2.

In Europe, the most prevalent genotype of CVA10
was D, followed by genotype C, with the occasional
presence genotypes E, H, B, and F (genotype D: 103
isolates, genotype C: 41 isolates, genotype E: 3 isolates,
genotype H: 3 isolates, genotype B: 1 isolate, and
genotype F: 1 isolate). In Denmark, Finland, France,
Greece, Italy, Lithuania, the United Kingdom, and
Russia genotype D was predominant. However, in the
Netherlands, Slovakia, and Spain genotype C was the
most prevalent. Besides Asia and Europe, fewer virus
isolates were isolated from the other continents. In
South America, the isolated genotype of CVA10 was D.
North America was dominated by genotype C, followed
by genotypes D and G isolated occasionally. In
Australia, genotype B was the dominant isolate. The
Kowalik isolate from the United States in 1950 was the
only representation of genotype A. These results are
shown in Figure 3.

Distribution of CV-A10 genotype in different years in
China

A total of 1767 isolates of CVA10 were collected
from the GenBank database of mainland China from
January 1, 2004, to December 31, 2019. Subsequently,
1501 viruses in China with complete VP1 sequences
were screened and retained for further study.

The temporal and geographical distribution of
CVA10 in China showed that before 2008, CVA10 was
sporadic in a few regions and provinces, with a small

Figure 2. Distribution of CVA10 genotypes in Africa and Asia (except China).
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Figure 3. Distribution of CVA10 genotypes in South America, North America, Oceania and Europe.
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number of cases. The number of cases started
increasing in 2009. After 2014, it showed an increasing
and then decreasing yearly trend (Figure 4A).
Subsequently, a phylogenetic tree was constructed
based on the VPI nucleic acid sequences of 1501
isolates from China and 56 reference sequences of
CVAI10. The analysis results revealed that genotype C
was dominant, followed by genotype B, and genotypes
D, F, and G were occasionally present among these
CVAIO isolates. The genotype distribution of 1350
CVAI10 isolates in different years did not show
precisely the same pattern. Six isolates isolated from
China were all genotypes B before 2008. Genotypes C
appeared, accompanied by genotypes F and G in 2008,
and one isolate belonging to genotype G was isolated in
2009. In 2011, genotype B disappeared, and the
prevailing body began to change to genotype C, a new
genotype D appeared in that year. Genotype C became

the most common prevalent isolate of CVA10 between
2012 and 2019. These findings were presented in Figure
4B.

Discussion

The prevalence of HFMD in China is mainly caused
by EV-A71 and CVA16. However, CVA6 and CVA10
outbreaks have reportedly increased in recent years [6].
Some studies have found that both CVA10 and EV-A71
can cause serious complications, accounting for a
higher proportion of severe cases of HFMD. This
suggests that CVA10 may be a new pathogen causing
severe HFMD and needs urgent attention for its
prevention and treatment [1].

Based on the perspective of epidemiology, the
prevention of infectious diseases is generally based on
three aspects: the source of infection, the route of
transmission, and the susceptible population. This

Figure 4. The number of CVA10 isolates and genotypes in China every year.
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approach also applies to the prevention of CVA10. At
present, vaccines are mainly used for prevention
purposes. In 2015, the inactivated Enterovirus vaccine
was approved for marketing, but this vaccine had no
preventive effects against other enteroviruses causing
HFMD except EV-A71 [19]. Therefore, it is imperative
to accelerate the research on other Enterovirus
vaccines, and the study of multivalent vaccines
focusing on EV-A71, CVA16, CVAG6, and CVAI10 is of
great significance in preventing HFMD [20,21].

This study showed that genotype B has been a
dominant factor of CVAI10 infection in China since
2004. In 2008, genotype C began to appear and
gradually increased. Genotype C became the dominant
genotype in China by 2009, whereas other genotypes
only appeared occasionally. Different from mainland
China, the prevalent genotype in Taiwan was mainly
genotype C, with a certain proportion of genotypes B,
D, and G. The analysis revealed that in other countries,
the prevalence of genotypes D was dominant, followed
by genotypes C and F, and the prevalence of CVA10
varied from continent to continent. This implies that
continuous monitoring of CVA10 is essential for the
timely detection of changes in virus type or subtype.
Such monitoring helps control the prevalence of
CVAI10 and carry out the corresponding preventive
measures. The epidemic CVAIO isolate in China is
evolving and is significantly different from that in other
countries. Therefore, the designs of vaccine specific to
varying subtypes in different countries are more
effective in preventing diseases.

In conclusion, HFMD 1is a serious threat to the
physical and mental health of people, especially
children, among which CVA10 has gradually become a
viral infection factor of HFMD in China. This study
analyzed the genotypes and amino acid mutations based
on the VP1 region of CVA10 to further understand its
main epidemic characteristics and provide a reference
basis for treating HFMD and preparing vaccines in
China. It is also suggested that monitoring of CVA10
genotypes or evolutionary branches should be
strengthened, and the study of epidemic genotype
characteristics should be increased. This will provide
the basis for the research and development of
monovalent or polyvalent CVA10 vaccines suitable for
China.

J Infect Dev Ctries 2024; 18(7):1118-1123.

Acknowledgements

Wang Hua and Shen Hong Xing designed the study. Wang
Hua wrote the paper. Hu Chuan Jie, Chen Shengjie, and Mao
Lingxiang analyzed the data. Chen Guo Qing and Wang Wen
Hong reviewed and edited the manuscript. All authors read
and approved of the manuscript.

This work was supported by the National Natural Science
Foundation of China (No. 81971945).

References

1. BianL, Gao F, Mao Q, Sun S, Wu X, Liu S, Yang X, Liang Z
(2019) Hand, foot, and mouth disease associated with
coxsackievirus A10: more serious than it seems. Expert Rev
Anti Infect Ther 17: 233-242. doi:
10.1080/14787210.2019.1585242.

2. Brown BA, Pallansch MA (1995) Complete nucleotide
sequence of enterovirus 71 is distinct from poliovirus. Virus
Res 39: 195-205. doi: 10.1016/0168-1702(95)00087-9.

3. CuiY,PengR, Song H, Tong Z, Qu X, Liu S, Zhao X, Chai Y,
Wang P, Gao GF, Qi J (2020) Molecular basis of
Coxsackievirus A10 entry using the two-in-one attachment and
uncoating receptor KRM1. Proc Natl Acad Sci U S A 117:
18711-18718. doi: 10.1073/pnas.2005341117.

4. JiT,Guo Y, Huang W, ShiY, XuY, Tong W, Yao W, Tan Z,
Zeng H, Ma J, Zhao H, Han T, Zhang Y, Yan D, Yang Q, Zhu
S, Zhang Y, Xu W (2018) The emerging sub-genotype C2 of
coxsackievirus A10 associated with hand, foot and mouth
disease extensively circulating in mainland of China. Sci Rep
8:13357. doi: 10.1038/s41598-018-31616-x.

5. Saguil A, Kane SF, Lauters R, Mercado MG (2019) Hand-foot-
and-mouth disease: rapid evidence review. Am Fam Physician
100: 408-414.

6. Kimmis BD, Downing C, Tyring S (2018) Hand-foot-and-
mouth disease caused by coxsackievirus A6 on the rise. Cutis
102: 353-356.

7.  Huang J, Liao Q, Ooi MH, Cowling BJ, Chang Z, Wu P, Liu
F,LiY, Luo L, Yu S, Yu H, Wei S (2018) Epidemiology of
recurrent hand, foot and mouth disease, China, 2008-2015.
Emerg Infect Dis 24: 432-442. doi: 10.3201/eid2403.171303.

8. MuZ, Wang B, Zhang X, Gao X, Qin B, Zhao Z, Cui S (2013)
Crystal structure of 2A proteinase from hand, foot and mouth
disease virus. J Mol Biol 425: 4530-4543. doi:
10.1016/j.jmb.2013.08.016.

9. Chang YK, Chen KH, Chen KT (2018) Hand, foot and mouth
disease and herpangina caused by enterovirus A71 infections:
a review of enterovirus A71 molecular epidemiology,
pathogenesis, and current vaccine development. Rev Inst Med
Trop Sao Paulo 60: ¢70. doi: 10.1590/51678-9946201860070.

10. Sano T, Saito T, Kondo M, Watanabe S, Onoue Y, Konnai M,
Sato Y, Orihara N (2008) Enterovirus detection status of
patients with herpangina and hand, foot and mouth disease in
epidemic season 2007, Kanagawa Prefecture, Japan. Jpn J
Infect Dis 61: 162-163.

11. Osterback R, Vuorinen T, Linna M, Susi P, Hyypid T, Waris
M (2009) Coxsackievirus A6 and hand, foot, and mouth
disease, Finland. Emerg Infect Dis 15: 1485-1488. doi:
10.3201/eid1509.090438.

12. Chen M, He S, Yan Q, Xu X, Wu W, Ge S, Zhang S, Chen M,
Xia N (2017) Severe hand, foot and mouth disease associated
with Coxsackievirus A10 infections in Xiamen, China in 2015.
J Clin Virol 93: 20-24. doi: 10.1016/j.jcv.2017.05.011.

1122



Wang et al. — Molecular characteristics of the VP1 in CVA10

13.

14.

15.

16.

17.

18.

19.

Li T, Yang Z, DI B, Wang M (2014) Hand-foot-and-mouth
disease and weather factors in Guangzhou, southern China.
Epidemiol Infect 142: 1741-1750. doi:
10.1017/30950268813002938.

XuM, SulL, Cao L, Zhong H, Dong N, Xu J (2013) Enterovirus
genotypes causing hand foot and mouth disease in Shanghai,
China: a molecular epidemiological analysis. BMC Infect Dis
13:489. doi: 10.1186/1471-2334-13-489.

Aswathyraj S, Arunkumar G, Alidjinou EK, Hober D (2016)
Hand, foot and mouth disease (HFMD): emerging
epidemiology and the need for a vaccine strategy. Med
Microbiol Immunol 205: 397-407. doi: 10.1007/s00430-016-
0465-y.

Liu CC, Guo MS, Wu SR, Lin HY, Yang YT, Liu WC, Chow
YH, Shieh DB, Wang JR, Chong P (2016) Immunological and
biochemical characterizations of coxsackievirus A6 and A10
viral  particles.  Antiviral Res 129: 58-66. doi:
10.1016/j.antiviral.2016.02.008.

Gan XL, Zhang TD (2017) Onychomadesis after hand-foot-
and-mouth disease. CMAJ 189: E279. doi:
10.1503/cmaj.160388.

Hollingsworth PM, Ennos RA (2004) Neighbour joining trees,
dominant markers and population genetic structure. Heredity
(Edinb) 92: 490-498. doi: 10.1038/sj.hdy.6800445.

Mao QY, Wang Y, Bian L, Xu M, Liang Z (2016) EV71
vaccine, a new tool to control outbreaks of hand, foot and
mouth disease (HFMD). Expert Rev Vaccines 15: 599-606.
doi: 10.1586/14760584.2016.1138862.

20.

21.

J Infect Dev Ctries 2024; 18(7):1118-1123.

Mao Q, Wang Y, Yao X, Bian L, Wu X, Xu M, Liang Z (2014)
Coxsackievirus Al16: epidemiology, diagnosis, and vaccine.
Hum Vaccin Immunother 10: 360-367. doi: 10.4161/hv.27087.
Lim H, In HJ, Lee JA, Sik Yoo J, Lee SW, Chung GT, Choi
YK, Chung JK, Cho SJ, Lee JW (2018) The immunogenicity
and protection effect of an inactivated coxsackievirus A6, A10,
and Al16 vaccine against hand, foot, and mouth disease.
Vaccine 36: 3445-3452. doi: 10.1016/j.vaccine.2018.05.005.

Corresponding authors
Hongxing Shen

Department of Laboratory Medicine,
Medical School, Jiangsu University,
301 Xuefu Road, Zhenjiang,

Jiangsu 212013, China.

Tel: +86-18951286129

Fax: +86-0511-85038449

Email: hxshen@ujs.edu.cn

Lingxiang Mao

Affiliated Kunshan Hospital of Jiangsu University
Kunshan, 215300, P. R. China

Tel: +86-0512-57530744

Fax: +86-0512-57559009

Email: maolingxiang@aliyun.com

Conflict of interests: No conflict of interests is declared.

1123



	Introduction
	Methodology
	Sequence acquisition of VP1 region
	Reference sequences chosen for the VP1 region
	Phylogenetic analysis of VP1 region

	Results
	Global distribution of CV-A10
	Global distribution of CV-A10 genotypes
	Distribution of CV-A10 genotype in different years in China

	Discussion
	Acknowledgements
	References
	Corresponding authors


