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Abstract 

Objectives This study aims to investigate molecular epidemiology and clinical characteristics of enterovirus asso-
ciated hand-foot-mouth disease (HFMD) in Chengdu, China, 2013–2022. Monitoring the molecular epidemiology 
and clinical features of HFMD for up to 10 years may provide some ideas for future protection and control measures.

Methods We conducted a retrospective analysis of the medical records of all patients with laboratory-confirmed 
HFMD-related enterovirus infection at the West China Second University Hospital from January 2013 to December 
2022. We described the characteristics in serotype, age, sex distribution and hospitalization of enterovirus infection 
cases using data analysis and graphic description.

Results A total of 29,861 laboratory-confirmed cases of HFMD-related enterovirus infection were reported from 2013 
to 2022. There was a significant reduction in the number and proportion of EV-A71 cases after 2016, from 1713 
cases (13.60%) in 2013–2015 to 150 cases (1.83%) in 2017–2019. During the COVID-19 pandemic, EV-A71 cases 
even disappeared. The proportion of CV-A16 cases decreased from 13.96% in 2013–2015 to 10.84% in 2017–2019 
and then to 4.54% in 2020–2022. Other (non-EV-A71 and non-CV-A16) serotypes accounted for 95.45% during 2020–
2022, with CV-A6 accounting for 50.39% and CV-A10 accounting for 10.81%. Thus, CV-A6 and CV-A10 became 
the main prevalent serotypes. Furthermore, There was no significant difference in the enterovirus prevalence rate 
between males and females. The hospitalization rate of EV-A71 patients was higher that of other serotypes. In general, 
the proportion of HFMD hospitalizations caused by other pathogens except for EV-A71, CV-A16, CV-A10 and CV-A16 
was second only to that caused by EV-A71. The proportion of children over 4 years old infected with enterovirus 
increased.

Conclusion The incidence of HFMD associated with enterovirus infection has decreased significantly and CV-A6 
has been the main pathogen of HFMD in Chengdu area in recent years. The potential for additional hospitalizations 
for other untested enterovirus serotypes suggested that attention should also be paid to the harms of infections 
with unknown enterovirus serotypes. Children with HFMD were older. The development of new diagnostic reagents 
and vaccines may play an important role in the prevention and control of enterovirus infection.
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Introduction
Hand-foot-and-mouth disease (HFMD) is a highly con-
tagious viral infection that is primarily characterized 
by fever, rash on the hands and feet, and blisters in the 
mouth. The disease is caused by a variety of enteroviruses 
(EVs), which are mainly transmitted through the fecal–
oral route, respiratory tract, or contact with cutaneous 
lesions [1]. HFMD primarily affects children under the 
age of 5 and has a higher incidence during the summer 
and autumn months in temperate regions. In tropical 
regions, the disease is prevalent year-round [2]. HFMD 
has a high prevalence worldwide, especially in the Asia–
Pacific region [3]. While most cases of HFMD are mild 
and self-limiting, some cases can progress rapidly and 
result in severe central nervous system (CNS) complica-
tions. In such cases, the disease can deteriorate dramati-
cally, leading to cardiopulmonary failure and even death 
[4]. For instance, enterovirus 71 (EV-A71) can cause 
serious neuropathology and cardiopulmonary complica-
tions, such as aseptic meningitis, acute flaccid paralysis, 
brainstem encephalitis, fatal myocarditis, and pulmonary 
edema, which can ultimately lead to death [5]. Vaccina-
tion to prevent Enterovirus 71 infection is key to reduc-
ing severe cases and deaths from HFMD, and easing the 
burden of the disease [6]. In recent years, several inac-
tivated and live attenuated EV-A71 vaccines have been 
developed and licensed in China. These vaccines have 
been shown to be safe and effective in clinical trials, and 
have been implemented in national immunization pro-
grams to control and prevent HFMD outbreaks. The 
inactivated EV-A71 vaccine has been demonstrated to be 
effective in reducing the incidence of EV-A71-associated 
diseases, including severe neurological complications, in 
young children [7]. The domestic EV-A71 vaccine was 
launched in Chengdu in August 2016. The more data 
after the introduction of the EV-A71 vaccination should 
be showed in Chengdu area to help HFMD prevention 
and control.

HFMD is caused by more than 20 types of EVs, which 
are a genus of positive-sense single-straned RNA viruses 
in the family Picornaviridae [8]. Of all HFMD-associated 
enteroviruses, 90% belong to coxsackievirus (CV) group 
A. Among them, EV-A71 and coxsackievirus A16 (CV-
A16) are the two main serotypes responsible for HFMD 
[9]. Over the past decade, the majority of EV71-associ-
ated HFMD outbreaks occurred in China among the 
Asia–Pacific countries [10]. Recent epidemic analysis has 
shown that CV-A6 has replaced CV-A16 and EV-A71 
as the leading epidemic serotypes in many provinces of 
China [11]. This demonstrates that CV-A6 is a major 
cause of HFMD in patients after the launch of EV-A71 
vaccination in Chengdu [12]. However, there is currently 
a lack of systematic data to simultaneously evaluate the 

molecular epidemiology and clinical characteristics of 
HFMD in Chengdu after the EV71 vaccination and the 
COVID-19 pandemic.

In conclusion, this study provides a comprehen-
sive analysis of the molecular epidemiology and clini-
cal characteristics of HFMD-associated enterovirus 
infections in Chengdu from 2013 to 2022. Our findings 
revealed significant changes in the viral spectrum and 
clinical features during two crucial periods—the intro-
duction of the EV-A71 vaccine and the COVID-19 pan-
demic. Specifically, the incidence of EV-A71 almost 
disappeared, and the number and proportion of CV-A16 
cases decreased in recent years. Furthermore, the total 
number of enterovirus infections declined significantly, 
and CV-A6 emerged as the leading pathogen, surpass-
ing both CV-A10 and CV-A16. The hospitalization rate 
of EV-A71 patients was higher that of other serotypes. 
In general, the proportion of HFMD hospitalizations 
caused by other pathogens except for EV-A71, CV-A16, 
CV-A10 and CV-A16 was second only to that caused by 
EV-A71. These findings provide essential information for 
monitoring the HFMD-associated enterovirus spectrum 
and epidemiological trends for the development of effec-
tive vaccines against EV-A71, CV-A16, CV-A6, CV-A10 
and unknown enterovirus serotypes, which maybe more 
harmful.

Methods
Study subjects
We conducted a retrospective analysis of patient records 
of all cases with laboratory-confirmed Enterovirus Infec-
tions (EI) at West China Second University Hospital from 
2013 to 2022. The etiological data including age, gender, 
diagnosis and hospitalization were collected. The study 
protocol was approved by the Clinical Research Ethics 
Committee of West China Second University Hospital, 
Sichuan University. Due to the nature of retrospective 
studies, informed consent from individual patients is 
waived.

Case definition
The diagnosis of HFMD was established based on cur-
rent epidemiology, clinical manifestation and virological 
investigation in accordance with the Chinese guidelines 
for the diagnosis and treatment of HFMD (2018 edi-
tion) [13]. In this study, we included all suspected and 
combined cases of HFMD, including those diagnosed 
with herpetic angina and other highly suspected or lab-
oratory-confirmed EV infections, due to the overlapping 
clinical symptoms and similar etiology to HFMD. All 
laboratory-confirmed EV-positive cases were included 
in the analyses of this study, except for the positive rate 
of enterovirus, which was calculated as the number of 
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laboratory-confirmed EV-positive cases in a specific 
time period compared to the number of possible cases of 
HFMD in that time period. For the sake of consistency 
and ease of interpretation, all collected laboratory-con-
firmed EV-positive cases were uniformly considered as 
HFMD cases.

Specimen collection
Specimens, including stool, anal swab and throat swab, 
were collected from patients and immediately sent to 
the laboratory in sterile sampling tubes at 0–4 °C. These 
specimens were stored for no more than 24 h at – 20 °C 
before testing.

Laboratory detection
Enterovirus RNA was extracted using the Virus RNA 
Extraction Reagent (DAAN GENE, China) following 
the manufacturer’s instruction. The ABI Prism 7500 
real-time fuorescence quantitative polymerase chain 
reaction system (ThermoFisher, USA) was utilized for 
detecting and analyzing universal enteroviruses includ-
ing all unclassified serotypes that cause HFMD, EV-A71, 
CV-A16, CV-A6 and CV-A10. Sansure nucleic acid test 
kits (Sansure Biotech, China) were used to detect enter-
ovirus universal types, EV-A71, and CV-A16 from 2013 
to 2022. From June 1st, 2019 to November 31st, 2022, 
DAAN nucleic acid test kits (DAAN GENE, China) were 
employed to detect CV-A6 and CV-A10. The specimen 
results were determined to be positive or negative follow-
ing the instructions of the respective kits.

Hospitalization
We gathered hospitalization data on laboratory-con-
firmed positive patients with EV infection. Patients 
exhibiting symptoms such as persistent high fever, 
impaired mental state, drowsiness, weak suction, hyper-
excitability, headache, vomiting, irritability, limb tremors, 
muscle weakness, and neck stiffness were admitted to the 
hospital for treatment.

Statistical analysis
We included all cases in the analysis and stratified 
them by age group: 0–11  months, 12–23  months, 
24–35  months, 36–47  months, 48–59  months, 
60–71 months, 72–83 months, 84 months and older. We 
also stratified the data by enterovirus serotype. To ana-
lyze changes in the epidemiology and clinical characteris-
tics of HFMD, we stratified the data by two stages: before 
versus after the introduction of the EV-A71 vaccine in 
2016 and before versus after the COVID-19 pandemic in 
2020.

The epidemiological and clinical characteristics of the 
HFMD were analyzed using descriptive methods. The 

correlation between the monthly number of cases and 
the monthly enterovirus positive rate was evaluated using 
the Pearson rank test. The differences in epidemiological 
and clinical characteristics of the HFMD between 2013–
2015 and 2017–2019 or 2017–2019 and 2020–2022 were 
assessed using the nonparametric χ2 test or Mann Whit-
ney U test. A value of P < 0.05 was considered significant. 
Statistical analyses were performed using GraphPad 
Prism 8.0 and SPSS software 19.0, and graphical repre-
sentations were generated using GraphPad Prism 8.0.

Results
Overall distribution of enteroviruses in 2013–2022
To study the prevalence of enteroviruses in Chengdu, we 
conducted a serial of analyses on laboratory-confirmed 
enterovirus infections caused by CV-A16, EV-A71, 
CV-A6, CV-A10 and other EVs during 2013–2022. In 
total, 29,861 laboratory-confirmed cases of enterovirus 
infection were reported from 2013 to 2022 (Fig. 1A). As 
shown in the statistical plot of enterovirus infections per 
year (Fig.  2A), the annual total number of HFMD cases 
showed a trend of initially increasing and then decreas-
ing, reaching its peak in 2016 and its lowest point in 
2022. Following the introduction of the EV-A71 vaccine 
in 2016, the total number of enterovirus infections in 
2017 was half of that in 2016. The changes in the num-
bers of EV71 and other infections were consistent with 
the total number of enterovirus infections. Although the 
number of CV-A16 infections also showed an overall 
downward trend, the lowest infection level was observed 
in 2020. The annual positive rate of enterovirus infection 
from 2013 to 2019 was significantly higher than that from 
2020 to 2022.

Further analysis of monthly enterovirus infection char-
acteristics between 2013 and 2022 revealed that HFMD-
associated enterovirus infections occurred throughout 
the year except for March and April 2020, due to the 
impact of COVID-19 (Fig.  2B). Generally, enterovirus 
infections were seasonal, with two main infection peaks 
observed during 2013–2017, 2019, and 2021: one from 
April to July or August and another from September to 
December. However, only one peak of infection was 
observed in 2018, from May to October. Due to the 
impact of COVID-19, there was almost no enterovirus 
infection from February to June 2020, with infections 
peaking in October and November. In 2022, the peak 
of infection occurred in June and July, and few cases 
appeared in September and December. The monthly 
positive rate of enterovirus infection corresponded to 
the infection peak, with a high positive rate at the peak 
of infection and a low positive rate during the low peak 
of infection.
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Analysis of the proportion of serotypes of enterovirus 
infections revealed that the percentage of EV-A71 infec-
tions significantly decreased after 2017, and this infection 
was not observed between 2020 and 2022. The infection 

rate of CV-A16 was the lowest in 2020, at 0.82%. How-
ever, following the addition of CV-A6 and CV-A10 tests 
in our laboratory in 2019, it was discovered that the 
infection rate of CV-A6 in 2020 was as high as 60.66%, 

Fig. 1 Flowchart about the study. A Flowchart illustrating the enrolled HFMD cases during the study period from 2013 to 2022. B Flowchart 
illustrating the several directions of research
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and the infection rate remained elevated between 2021 
and 2022 (Fig. 2C).

Gender, age and hospitalization characteristics of patients 
with different serotypes of enterovirus infection
We conducted an analysis to gain insight into the clini-
cal characteristics of patients infected with EV-A71, 
CV-A16, CV-A6, and CV-A10. Our results revealed that 
there was no significant difference in the proportion of 
males and females infected with different serotypes and 
there were more male cases than female cases among 
population infected with different serotypes (Fig.  3A). 
Children aged 12–47 months were found to be the most 
susceptible to enterovirus infections, especially those 
aged 12–23  months. EV-A71 infected patients were 
mainly between 36 and 47 months of age, while the age 
range of CV-A16 infected patients was distributed almost 
equally among the 12–23, 24–35, and 36–47  months 
age groups. CV-A6 infected patients were mostly 
12–23  months old, accounting for 40.15% of CV-A6 
cases, whereas CV-A10 infected patients were also pre-
dominantly 12–23 months old, accounting for 30.35% of 
CV-A10 cases (Fig. 3B). The primary symptoms of both 
EV-A71 and CV-A16 were HFMD, accounting for 71.44% 
and 61.72% of cases, respectively. CV-A6 predominantly 
caused HFMD or herpes angina, accounting for 41.72% 
and 30.88% of cases, respectively. In contrast, CV-A10 
was primarily associated with herpetic angina, account-
ing for 51.21% of cases (Fig. 3C). Overall, we found that 
different serotypes of enterovirus in Chengdu displayed 
variation in the age and symptoms of infected individu-
als, but showed little variation in the gender of infected 
individuals throughout the 2013–2022 period.

We conducted a thorough analysis of the percent-
age of hospitalized patients who were infected with 
various serotypes of enterovirus between 2013 and 2022 
(Fig.  3D–E). Compared with other serotypes, the hos-
pitalization rate of EV-A71 infection was the highest, 
reaching 21.94% in 2013, and then decreased year by 
year. Overall, patients infected with CA-V10 had signifi-
cantly higher hospitalization rates than those infected 
with CA-V6, while patients infected with all subtypes 
except EV-A71, CV-A16, CV-A10, and CV-A16 had sig-
nificantly higher hospitalization rates than those infected 
with CA-V10. The proportion of male inpatients was 

slightly higher than that of non-inpatients (Fig. 3F). The 
proportion of hospitalized patients aged 0–23  months 
was slightly higher than that of non-hospitalized patients 
(Fig. 3G).

In addition, comparing the clinical features of enterovi-
rus positive and negative cases found that the two groups 
of cases of gender, age, hospitalization rate and major 
clinical symptoms had significant difference (Additional 
file  1: Table  S1). Compared with enterovirus negative 
cases, positive cases had more male ratio and lower hos-
pitalization rate. The age of positive cases was more con-
centrated between 12 and 47 months old, and the main 
clinical diagnosis of more than 73% of positive cases was 
HFMD or herpangina.

The changes in molecular epidemiology and clinical 
characteristics of hand‑foot‑mouth disease associated 
enterovirus infection in Chengdu at different periods
The period between 2013 and 2022 marked two signifi-
cant events, the introduction of the EV-A71 vaccine in 
2016 and the outbreak of the novel coronavirus towards 
the end of 2019. To provide a comparative analysis of the 
epidemiological and clinical characteristics of enterovi-
rus infection, we divided the period into three sub-peri-
ods: 2013–2015, 2017–2019, and 2020–2022 (Fig.  1B). 
The results of our analysis are presented in Table 1.

The total number of enterovirus cases demonstrated 
a significant decrease during the three analyzed peri-
ods: 2013–2015, 2017–2019, and 2020–2022. Specifi-
cally, the numbers and proportions of EV-A71 cases 
followed a consistent downward trend across all three 
periods, and the virus even disappeared at 2020–2022. 
Similarly, the numbers and proportions of CV-A16 cases 
decreased between 2013–2015 and 2017–2019, and then 
showed a further significant reduction in 2020–2022. 
Consequently, the proportion of other enterovirus cases 
increased to 95.45% at 2020–2022, with CV-A6 cases 
accounting for 50.39% of them. In conclusion, the preva-
lence of CV-A16 and EV-A71 cases decreased dramati-
cally, and CV-A6 became the dominant serotype during 
the 2020–2022 period.

After the introduction of the EV-A71 vaccine and the 
outbreak of the novel coronavirus at the end of 2019, the 
age of HFMD patients tended to be older. The sex ratio of 
enterovirus-infected people remained consistent across 

Fig. 2 Overall distribution of enteroviruses in 2013–2022. A The yearly distribution of laboratory-confirmed HFMD cases in 2013–2022. 
B The monthly distribution of laboratory-confirmed HFMD cases in 2013–2022. C The yearly proportion of several common serotypes 
in laboratory-confirmed HFMD cases in 2013–2022. EVs: All enteroviruses caused HFMD; EV-A71: Enterovirus 71; CV-A16: Coxsackievirus A16; CV-A6: 
Coxsackievirus A6; CV-A10: Coxsackievirus A10; Other EVs 1: Not including EV-A71 and CV-A16; Other EVs 2: Not including EV-A71, CV-A16, CV-A6 
and CV-A10; Enterovirus positive rate: The number of laboratory-confirmed EV-positive cases compared to the number of possible HFMD cases

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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Fig. 3 Clinical characteristics of HFMD cases with several common serotypes in 2013–2022. A The sex distribution in cases of EVs, EV-A71, CV-A16, 
CV-A6, and CV-A10, respectively. B The age distribution in cases of EVs, EV-A71, CV-A16, CV-A6, and CV-A10, respectively. C The main diagnosis 
in cases of EVs, EV-A71, CV-A16, CV-A6, and CV-A10, respectively. D The hospitalization rate in cases of EVs, EV-A71, CV-A16, CV-A6, and CV-A10 each 
year from 2013 to 2022, respectively. E Overall hospitalization rates for EVs, EV-A71, CV-A16, CV-A6, and CV-A10 in 2013–2022. F Male to female ratio 
of HFMD inpatients and outpatients respectively, 2013–2022. G The age distribution of HFMD inpatients and outpatients respectively, 2013–2022
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the three periods. Our analysis revealed that the total 
age distribution differed between the three periods. In 
2017–2019, the proportion of patients aged 0–11 months 
and over 48 months increased compared to 2013–2015, 
while the proportion of patients aged 24–47  months 
decreased. In 2020–2022, the proportion of patients 
aged 0–11  months decreased compared to 2017–2019, 
while the proportions of patients aged over 48  months 
increased.

The age changes of patients with different serotypes of 
infection were further analyzed (Table  2). For patients 
infected by EV-A71 and CV-A16, the proportion of 
patients aged over 48  months increased significantly 
in 2017–2019 compared with 2013–2015, while there 
were reduced in the age group of 12–47  months. Dur-
ing 2020–2022 compared with 2017–2019, no signifi-
cant age changes were found in CV-A16 patients, except 
for patients 24–47 months and over 48 months old. For 
patients infected by other EV1s, only the proportion of 
patients aged 24–47 months decreased significantly dur-
ing 2017–2019 compared with 2013–2015, while there 
was a significant increase in the proportion of patients 
aged 0–11 months and over 48 months. Compared with 
2017–2019, the proportion of other EV1s patients under 
1  year old dropped dramatically during 2020–2022. 

Meanwhile, the proportion of other EV1s patients over 
48 months old continued to increase during 2020–2022 
compared with 2017–2019.

Compared to the period between 2013 and 2015, the 
hospitalization rate of patients with laboratory-con-
firmed enterovirus-positive infections continued to 
decline from 2017–2019 to 2020–2022 (Table  1). The 
hospitalization rate of patients with EV-A71 infection 
decreased significantly from 19.38% during the period 
from 2013 to 2015 to 6.00% during the period from 2017 
to 2019. Similarly, from 2013–2015 to 2017–2019, the 
hospitalization rates of patients infected with CA-V16 
and other serotypes also decreased. The hospitalization 
rate of patients infected with other serotypes decreased 
significantly from 2017–2019 to 2020–2022 (Table 2).

Discussion
This study described the molecular epidemiology and 
clinical features of HDMD-associated enterovirus in 
the Chengdu region, 2013–2022. Although the data in 
this study was limited to one hospital, a pediatric medi-
cal center in southwestern China, its medical data has 
been representative of Chengdu. The analysis was based 
on cases confirmed positive for enterovirus infection in 
the laboratory. There may be some deviation in analyzing 

Table 1 Characteristic changes of HFMD cases in 2013–2015, 2017–2019 and 2020–2022 of chengdu area

Other enterovirus l: No-EV-A71 andNo-CV-A16 enterovirus; Other enterovirus 2: No-EV-A71; No-CV-A16; N0-CV-A6 and No-CV-AlO entennirus; P1 value: the data in 
2017–2019 compared with 2013–2015; P2 value: the data in 2020–2022 compared with 2017–2019; ameans Chi-square test was used for statistical analysis; bmeans 
Mann Whitney U test was used for statistical analysis:"–" indicates that no data of CV-A6 and CV-A10 were collected during 2013–2019

Characteristics 2013–2015
(N = 12,599)

2017–2019
(N = 8216)

2020–2022
(N = 3348)

P1 value P2 value

Gender, n(%) 0.019a 0.334a

 Male 7317 (58.08) 4636 (56.43) 1922 (57.41)

 Female 5282 (41.92) 3580 (43.57) 1426 (42.59)

 Male Female 1.39 1.29 1.34

Median age, month (P25, P75) 26 (16–36) 25 (15–36) 25 (16–36) 0.331b  < 0.001b

Age group,month, n (%)  < 0.001a  < 0.001a

 0–11 1335 (10.60) 1069 (13.01) 372 (11.11)

 12–23 4329 (34.36) 2868 (34.91) 1170 (34.95)

 24–47 5658 (44.91) 3105 (37.79) 1201 (35.87)

 > 48 1277 (10.14) 1174 (14.29) 605 (18.07)

Serotypes, n (%)  < 0.001a  < 0.001a

 EV-A71 1713 (13.60) 150 (1.83) 0 (0)

 CV.A16 1759 (13.96) 891 (10.84) 152 (4.54)

 Other enterovirus 1 9127 (72.44) 7175 (87.33) 3196 (95.45)

 CV-A6 – – 1687 (50.39)

 CV-A10 – – 362 (10.81)

 Other enterovirus 2 – – 1147 (34.26)

In/outpatient, n (%)  < 0.001a 0.020a

 Inpatient 1061 (8.42) 390 (6.73) 126 (3.76)

 Outpatient 11,538 (91.58) 7826 (93.27) 3222 (96.24)
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the incidence of HFMD in Chengdu, but the number of 
cases confirmed positive for enterovirus infection in this 
study was greater than in Tang’s previous research [14], 
which covered the city’s data. Therefore, the analysis 
about the molecular epidemiology and clinical character-
istics of HFMD in this study was relatively reliable. The 
study presents the monthly distribution of lab-confirmed 
HFMD cases along with the patients’ age, gender, diag-
nostic information and hospitalization from 2013 to 
2022. Notably, the total number of HFMD cases reached 
its highest level in 2016, possibly due to the newly intro-
duced EV71 vaccine, which had not yet been widely 
adopted or had not had a chance to take effect. Conse-
quently, the HFMD-related enterovirus continued to 
spread extensively in 2016, leading to a sharp decrease 
in HFMD cases in 2017 due to the vaccine’s efficacy or 
increased attention for HFMD. Subsequently, the num-
ber of HFMD cases rose sharply in 2018, followed by a 
continuous decline until 2022. These trends are consist-
ent with those reported in other studies [13, 15, 16]. It is 

noteworthy that the number of HFMD cases remained 
low from 2020 to 2022, particularly from February to June 
2020 and from September to December 2022, mainly due 
to the strict control measures against COVID-19, which 
has reduced the chances of children coming into contact 
with infected or potentially infected children. Similar 
results were found in Song’s study [17]. This finding pro-
vides valuable evidence for future prevention and con-
trol of HFMD-related enterovirus infections. It should 
be noted that studies based on other articles have shown 
that total hospital admissions, particularly for less severe 
illnesses, have decreased during COVID-19 [18, 19]. This 
may result in a smaller number of HFMD cases being 
reported during the pandemic. Interestingly, we observed 
a correlation between the number of HFMD cases per 
month and the positive rate of enterovirus infection in 
that month. This indicates that the diagnosis was more 
effective during periods of high HFMD incidence, high-
lighting the need to enhance diagnostic capabilities dur-
ing periods of low incidence.

Table 2 The age distribution and hospitalization with different serotypes in 2013–2015, 2017–2019 and 2020–2022 of Chengdu area

Other enterovirus 1: No-EV-A71 and No-CY-A16 enterovirus; P1 value: the data in 2017–2019 compared with 2013–2015; P2 value: the data in 2020–2022 compared 
with 2017–2019; The chi-square test was used for all analysis in the Table 2

2013–2015 2017–2019 2020–2022 P1 value P2 value

EV-A71.N

 Age group, month n (%)  < 0.001 –

  0–11 99 (5.78) 12 (8.00) –

  12–23 434 (25.34) 27 (18.00) –

  24–47 893 (52.13) 58 (38.67) –

  > 48 287 (16.75) 53 (35.33) –

 In outpatient, n (%)

  Inpatient 332 (19.38) 9 (6.00) –

  Outpatient 1381 (80.62) 141 (94.00) –

CV-A16.N 1759 891 152

 Age group,month n (%)  < 0.001 0.225

  0–11 106 (6.03) 56 (6.29) 7 (4.61)

  12–23 457 (25.98) 193 (21.66) 31 (20.39)

  24–47 942 (53.55) 369 (41.41) 47 (30.92)

  ≥ 48 254 (14.44) 273 (3064) 67 (44.08)

In outpatient, n(%) 0.016 0.285

  Inpatient 84 (4.78) 25 (2.81) 2 (1.32)

  Outpatient 1675 (95.22) 866 (97.19) 150 (98.68)

Other enterovirus 1, N 9127 7175 3196

 Age group, month n (%)  < 0.001  < 0.001

 0–11 1130 (12.38) 1001 (13.95) 365 (11.42)

 12–23 3438 (37.67) 2648 (36.91)

 24–47 3823 (41.89) 2678 (37.32)

  > 48 736 (8.06) 848 (11.82)

 In outpatient, n(%)  < 0.001 0.016

  Inpatient 645 (7.07) 356 (4.96) 124 (3.88)

  Outpatient 8482 (92.93) 6819 (95.04) 3072 (96.12)
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Studies have reported that the EV-A71 vaccine plays a 
crucial role in reducing the number of HFMD cases and 
the severity rate and mortality rate caused by EV-A71 [7, 
8, 20–22]. Consistent with previous observations, our 
study found a significant decrease in the number, pro-
portion and hospitalization rate of HFMD cases infected 
with EV-A71 after the launch of the EV-A71 vaccine, with 
the virus even disappearing during the COVID-19 pan-
demic. It should be pointed out that not only the num-
ber of HFMD cases caused by EV-A71 has decreased, 
but also the total number of HFMD cases, indicating that 
in addition to the role of vaccines, other factors such as 
the improvement of people’s health awareness and the 
reduction of the spread of HFMD have also played an 
important role in reducing HFMD. Moreover, the num-
ber and proportion of cases caused by CV-A16 also sig-
nificantly reduced following the EV-A71 vaccination and 
during COVID-19 outbreaks. However, the proportion 
of HFMD cases caused by other EVs increased after the 
EV-A71 vaccination and during COVID-19 outbreaks. 
Subsequently, after the detections of CV-A6 and CV-A10 
were added in June 2019, we found that CV-A6 cases 
accounted for more than half of the total cases during 
COVID-19, making it the dominant serotype. Similarly, 
HFMD outbreaks by CV-A6 have been reported world-
wide in recent years, including in China [23]. While we 
cannot determine whether CV-A6 was the dominant 
pathogen in the Chengdu area before June 2019 due to 
the absence of a CV-A6 test, available data indirectly 
suggested that the development of a multivalent vac-
cine and appropriate public health interventions could 
help prevent and control enterovirus infection more 
effectively. A main limitation of this study was the lack 
of analysis on the vaccination status of patients with 
HFMD against EV-A71, which prevented direct con-
firmation of the effectiveness of the EV-A71 vaccine in 
preventing and controlling HFMD. However, based on 
other researches about the effect of the EV-A71 vaccine 
[14, 24], we can indirectly draw the conclusion from this 
study that the infection and hospitalization of EV-A71 
cases have decreased after 2016 in the Chengdu area. In 
future study, we hope that we can investigate how the 
molecular changes of EV-A71 virus after the available of 
its vaccine in 2016 when compared with without vaccine. 
Another limitation was that the study was a descriptive 
analysis, and we cannot explain the mechanism of epi-
demiological changes, such as why the number and pro-
portion of CV-A16 cases have also decreased, which may 
be related to the mutation avoidance mechanism of the 
virus itself. Of course, we hope that there will be oppor-
tunities in subsequent studies to figure out the reasons 
for the changes. Therefore, we believe that the use of the 
EV-A71 vaccine and control measures of COVID-19 have 

to some extent influenced the changes in the enterovirus 
profile of HFMD. It also needs to be discussed that hos-
pitalization rates of HFMD patients with CV-A16 and 
other EV1s were also reduced during 2017–2019 and 
during 2020–2022. Possible reasons for this include the 
people’s timely medical treatment and the improvement 
of medical technology, resulting in a decline in overall 
hospitalization rates. On the other hand, we also found 
hospitalization rates with other EV2s infection was sec-
ond high than that with EV-A71infection. So the more 
attention should be paid to other EV2s infection, which 
not include EV-A71, CV-A16, CV-A10 and CV-A16.

To further investigate the clinical characteristics of 
HFMD, we analyzed the gender, age, and disease diagno-
sis or signs of patients infected with different serotypes. 
Our analysis found that the gender of HFMD patients 
was not significantly affected by infection serotype, EV71 
vaccination [25] or COVID-19. However, the main diag-
nosis of enterovirus infection associated with HFMD 
varied among serotypes. HFMD was mainly diagnosed 
after enterovirus infection, represented by EV-A71 and 
CV-A16, while herpes angina was mainly diagnosed after 
CV-A10 infection. According to our age analysis of labo-
ratory-confirmed positive patients from 2013 to 2022, the 
age of HFMD patients was mainly under 5 years old, with 
the largest number between 12 and 23 months, followed 
by 24–47 months and 0–11 months. The age distribution 
of different serotypes was different, with the proportion 
of CV-A6 and CV-A10 patients under 2 years old being 
higher than that of EV-A71 and CV-A16 patients. This 
suggests that the age of CV-A6 and CV-A10 patients is 
younger than that of EV-A71 and CV-A16 patients. Addi-
tionally, we found the great difference in the clinical fea-
tures between enterovirus positive and negative cases. 
From the fact that the main symptoms of EV-negative 
cases were not HFMD or herpangina, it can be inferred 
that the majority of pathogens in EV-negative cases were 
not enterovirus.

During the period from 2017 to 2019, we found that 
the proportion of patients decreased significantly only 
between 24 and 35 months of age, while the proportion 
of patients younger than 1  year of age and 48  months 
and older increased significantly. This is different from 
several studies that reported a reduction in patients 
under 1 year of age after the launch of EV-A71 vaccine 
[25–27]. As our previous analysis found differences in 
age distribution among different serotypes, we specu-
lated that the increased proportion of patients under 
1  year old after EV-A71 vaccination might be due to 
the influence of other serotypes except EV-A71 on the 
age of infected patients. Indeed, our analysis revealed 
a significant increase in the proportion of patients 
under 1  year of age with other enterovirus infections 
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(non-EV-A71 and non-CV-A16) during 2017–2019. 
However, we also found that compared to 2013–2015 
when EV-A71 vaccine was not yet available, the pro-
portion of EV71 patients under 1  year old increased 
between 2017 and 2019, possibly due to the small num-
ber of EV71 patients infected during that period, lead-
ing to statistical error. Additionally, the reason for the 
data deviation may be that patients in this age group 
were more likely to be referred to superior hospitals 
like ours for diagnosis and treatment.

Conclusion
There was great changes in the number, enterovirus 
serotypes, hospitalization rate and age of patients with 
HFMD in 2013–2022. The overall number of HFMD 
cases showed a decreasing trend, among which EV-A71 
infection almost disappeared, instead, CV-A6 infection 
accounted for more than 50%. The proportion of chil-
dren over 4 years old infected with enterovirus increased, 
suggesting that children with HFMD were older. The 
hospitalization rate of other unknown enterovirus sero-
type infections was second only to EV-A71, suggesting 
that we need to pay more attention to other unknown 
enterovirus serotypes. In the past 10  years, the pub-
lic’s awareness of prevention and control of HFMD has 
been continuously improved, which may has affected the 
spread of HFMD. EV-A71 vaccine has also been proved 
to play an unprecedented positive role in the prevention 
and control of HFMD. In addition, public prevention and 
control measures for the novel coronavirus have further 
suppressed the occurrence of HFMD. Based on these 
findings, future development of multivalent enterovirus 
vaccines based on monitoring the pathogen spectrum 
of HFMD and promoting the prevention of enterovirus 
infections through personal protective measures are of 
great importance to reduce the impact of HFMD on our 
health.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12985- 023- 02169-x.

Additional file 1. Comparison of clinical characteristics between enterovi-
rus positive and negative cases confirmed by PCR test.

Acknowledgements
We thank Professor Tai-Xiang Jiang (from Southwestern University of Finance 
and Economics) for his statistical support to the revised manuscript.

Author contributions
QY and GC conducted the experimental design. QY drafted the manuscript. 
GC helped to correct the manuscript. All authors detected and analyzed enter-
ovirus infection. QY and FL helped to compute and analyze the experimental 
data. QY, LC, TL, SL and JT helped to draw statistical graphics. All authors 

helped with the interpretation of the data, revised the manuscript critically, 
and approved the final manuscript.

Funding
This work was supported by Sichuan Science and Technology Program (Grant 
No. 2023YFS0186 to TL) and Xinya Research Foundation from West China 
Second University Hospital, Sichuan University (Grant No. KX200 to QY).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Clinical Research Ethics Commit-
tee of West China Second University Hospital, Sichuan University. Due to the 
nature of retrospective studies, informed consent from individual patients is 
waived.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Department of Laboratory Medicine, West China Second University Hospital, 
and Key Laboratory of Obstetric & Gynecologic and Pediatric Diseases 
and Birth Defects of Ministry of Education, Sichuan University, No. 20, Sec-
tion 3, Renmin South Road, Chengdu 610041, Sichuan, People’s Republic 
of China. 

Received: 21 July 2023   Accepted: 26 August 2023

References
 1. Cox B, Levent F. Hand, foot, and mouth disease. JAMA. 2018;320:2492.
 2. Li XW, Ni X, Qian SY, Wang Q, Jiang RM, Xu WB, Zhang YC, Yu GJ, Chen Q, 

Shang YX, Zhao CS, Yu H, Zhang T, Liu G, Deng HL, Gao J, Ran XG, Yang 
QZ, Xu BL, Huang XY, Wu XD, Bao YX, Chen YP, Chen ZH, Liu QQ, Lu GP, 
Liu CF, Wang RB, Zhang GL, Gu F, Xu HM, Li Y, Yang T. Chinese guidelines 
for the diagnosis and treatment of hand, foot and mouth disease (2018 
edition). World J Pediatr. 2018;14:437–47.

 3. Puenpa J, Wanlapakorn N, Vongpunsawad S, Poovorawan Y. The history 
of enterovirus A71 outbreaks and molecular epidemiology in the Asia-
Pacific region. J Biomed Sci. 2019;26:75.

 4. Yi Z, Pei S, Suo W, Wang X, Huang Z, Yi A, Wang B, He Z, Wang R, Li Y, Fan 
W, Huang X. Epidemiological characteristics, routine laboratory diagnosis, 
clinical signs and risk factors for hand, -foot -and -mouth disease: a 
systematic review and meta-analysis. PLoS ONE. 2022;17: e0267716.

 5. Nassef C, Ziemer C, Morrell DS. Hand-foot-and-mouth disease: a new look 
at a classic viral rash. Curr Opin Pediatr. 2015;27:486–91.

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

 7. Swain SK, Gadnayak A, Mohanty JN, Sarangi R, Das J. Does enterovirus 
71 urge for effective vaccine control strategies? Challenges and current 
opinion. Rev Med Virol. 2022;32: e2322.

 8. Zhang X, Zhang Y, Li H, Liu L. Hand-foot-and-mouth disease-associated 
enterovirus and the development of multivalent HFMD vaccines. Int J 
Mol Sci. 2022. https:// doi. org/ 10. 3390/ ijms2 40101 69.

 9. Esposito S, Principi N. Hand, foot and mouth disease: current knowledge 
on clinical manifestations, epidemiology, aetiology and prevention. Eur J 
Clin Microbiol Infect Dis. 2018;37:391–8.

 10. Swain SK, Panda S, Sahu BP, Sarangi R. Activation of host cellular signaling 
and mechanism of enterovirus 71 viral proteins associated with hand 
Foot and Mouth Disease. Viruses. 2022;14(10):2190.

https://doi.org/10.1186/s12985-023-02169-x
https://doi.org/10.1186/s12985-023-02169-x
https://doi.org/10.3390/ijms24010169


Page 12 of 12Yang et al. Virology Journal          (2023) 20:202 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 11. Sun Q, Li J, Wang R, Sun T, Zong Y, Wang C, Liu Y, Li X, Song Y, Zhang Y. 
Coxsackievirus A6 infection causes neurogenic pathogenesis in a neona-
tal murine model. Viruses. 2023. https:// doi. org/ 10. 3390/ v1502 0511.

 12. Song Y, Zhang Y, Han Z, Xu W, Xiao J, Wang X, Wang J, Yang J, Yu Q, Yu D, 
Chen J, Huang W, Li J, Xie T, Lu H, Ji T, Yang Q, Yan D, Zhu S, Xu W. Genetic 
recombination in fast-spreading coxsackievirus A6 variants: a potential 
role in evolution and pathogenicity. Virus Evol. 2020;6:veaa048.

 13. Duan X, Zhang C, Wang X, Ren X, Peng H, Tang X, Zhang L, Chen Z, Ye Y, 
Zheng M, Zhong W, Chen X, Zeng Y, Yuan P, Long L. Molecular epidemiol-
ogy and clinical features of hand, foot and mouth disease requiring 
hospitalization after the use of enterovirus A71 inactivated vaccine in 
chengdu, China, 2017–2022: a descriptive study, Emerg. Microbes Infect. 
2022;11:2510–9.

 14. Tang XQ, Zhang LZ, Meng JT, Chen H, Cheng Y, Yuan P, Long L. Epidemio-
logical characteristics of hand, foot, and mouth disease and the effect of 
EV71 vaccination in Chengdu from 2012 to 2020. Sichuan Da Xue Xue 
Bao Yi Xue Ban. 2022;53:1074–80.

 15. Tong WB, Wu XQ, He M, Yang FJ, Jiang Y, Zhang G, Zeng PB. Epidemio-
logical and etiological characteristics of hand, foot, and mouth disease 
before and after introducing enterovirus 71 vaccines in Sichuan, China: a 
6-year retrospective study. Chin Med J. 2021;134:3017–9.

 16. Han Y, Chen Z, Zheng K, Li X, Kong J, Duan X, Xiao X, Guo B, Luan R, Long 
L. Epidemiology of hand, foot, and mouth disease before and after the 
introduction of enterovirus 71 vaccines in Chengdu, China, 2009–2018. 
Pediatr Infect Dis J. 2020;39:969–78.

 17. Song S, Wang P, Li J, Nie X, Liu L, Liu S, Yin X, Lin A. The indirect impact of 
control measures in COVID-19 pandemic on the incidence of other infec-
tious diseases in China. Public Health Pract. 2022;4: 100278.

 18. Muselli M, Cofini V, Mammarella L, Carmignani C, Fabiani L, Desideri G, 
Necozione S. The impact of COVID-19 pandemic on emergency services. 
Ann Ig. 2022;34:248–58.

 19. Paiva R, Martins C, Rodrigues F, Domingues M. Impact of COVID-19 on a 
paediatric emergency service. Eur J Pediatr. 2021;180:2571–9.

 20. Xiao J, Zhu Q, Yang F, Zeng S, Zhu Z, Gong D, Li Y, Zhang L, Li B, Zeng 
W, Li X, Rong Z, Hu J, He G, Sun J, Lu J, Liu T, Ma W, Sun L. The impact 
of enterovirus A71 vaccination program on hand, foot, and mouth 
disease in Guangdong, China: a longitudinal surveillance study. J Infect. 
2022;85:428–35.

 21. Li Y, Zhou Y, Cheng Y, Wu P, Zhou C, Cui P, Song C, Liang L, Wang F, Qiu 
Q, Guo C, Zeng M, Long L, Cowling BJ, Yu H. Effectiveness of EV-A71 
vaccination in prevention of paediatric hand, foot, and mouth disease 
associated with EV-A71 virus infection requiring hospitalisation in Henan, 
China, 2017–18: a test-negative case-control study, Lancet Child Adolesc. 
Health. 2019;3:697–704.

 22. Wu H, Xue M, Wu C, Lu Q, Ding Z, Wang X, Fu T, Yang K, Lin J. Trend of 
hand, foot, and mouth disease from 2010 to 2021 and estimation of 
the reduction in enterovirus 71 infection after vaccine use in Zhejiang 
Province, China. PLoS One. 2022;17: e0274421.

 23. Zhu P, Ji W, Li D, Li Z, Chen Y, Dai B, Han S, Chen S, Jin Y, Duan G. Current 
status of hand-foot-and-mouth disease. J Biomed Sci. 2023;30:15.

 24. Liyuan SU, Liangzhi Z, Yong YUE, Min HU, Zhimiao YU, Lin MA. Analysis of 
Prevention and Control Effect of EV71 Vaccine Against HFMD in Chengdu 
City. J Prevent Med Inf. 2020;36:531–8.

 25. Wang J, Jiang L, Zhang C, He W, Tan Y, Ning C. The changes in the epide-
miology of hand, foot, and mouth disease after the introduction of the 
EV-A71 vaccine. Vaccine. 2021;39:3319–23.

 26. Hu L, Maimaiti H, Zhou L, Gao J, Lu Y. Changing serotypes of hand, foot 
and mouth disease in Shanghai, 2017–2019. Gut Pathog. 2022;14:12.

 27. Hong J, Liu F, Qi H, Tu W, Ward MP, Ren M, Zhao Z, Su Q, Huang J, Chen X, 
Le J, Ren X, Hu Y, Cowling B, Li Z, Chang Z, Zhang Z. Changing epidemiol-
ogy of hand, foot, and mouth disease in China, 2013–2019: a population-
based study. Lancet Reg Health West Pac. 2022;20: 100370.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/v15020511

	Molecular epidemiology and clinical characteristics of enteroviruses associated HFMD in Chengdu, China, 2013–2022
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study subjects
	Case definition
	Specimen collection
	Laboratory detection
	Hospitalization
	Statistical analysis

	Results
	Overall distribution of enteroviruses in 2013–2022
	Gender, age and hospitalization characteristics of patients with different serotypes of enterovirus infection
	The changes in molecular epidemiology and clinical characteristics of hand-foot-mouth disease associated enterovirus infection in Chengdu at different periods

	Discussion
	Conclusion
	Anchor 21
	Acknowledgements
	References


