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Abstract

Background The introduction of the Enterovirus A71 (EV-A71) vaccine in China in 2016 has led to a considerable decline
in severe hand, foot, and mouth disease (HFMD) cases, with mild outpatient instances now representing the majority

of HFMD cases in the country. Nevertheless, epidemiological investigations concerning mild outpatient cases remain
scarce, resulting in inadequate descriptions of their clinical, etiological, and epidemiological characteristics. Our study
aimed to analyze the clinical, etiological, and epidemiological characteristics of HFMD outpatients in Chengdu from 2019
to 2022 while identifying potential risk factors associated with the progression of outpatients requiring hospitalization.

Methods A retrospective study was conducted to summarize the clinical, etiological, and epidemiological character-
istics of outpatient HFMD cases in Chengdu from 2019 to 2022. Risk factors associated with progression to hospitaliza-
tion of HFMD outpatients were evaluated using binomial logistic regression analysis.

Results The study included 1,073 coxsackievirus A6 (CVA6), coxsackievirus A10 (CVA10), and coxsackievirus A16
(CVA16) HFMD nucleic acid test-positive outpatients. Among these, only 45 outpatients (4.19%) progressed to hospi-
talization. The median ages for CVA6, CVA10, and CVA16 infections were 25.23, 28.13, and 38.45 months, respectively
(P<0.001). CVA6 (76.51%, 821/1,073) has become the main serotype among outpatients in Chengdu, with the pro-
portions from the second half of 2019 to 2022 being 45.59%, 95.17%, 77.67% and 80.71% respectively. EV-A71 cases
even disappeared. Patients infected with CVA10 had a significantly higher likelihood of hospitalization (P<0.05),
while the presence of oral rash served as a protective factor (P<0.05).

Conclusions Our study highlights the critical need for enhanced surveillance of multiple HFMD pathogens, predomi-
nantly caused by the prevalent serotype CVA6. Clinically, enhanced surveillance of CVA10 is imperative to mitigate
the hospitalization rate associated with HFMD.
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Introduction

Hand, foot, and mouth disease (HFMD) is a globally
recognized infectious disease primarily affecting chil-
dren under the age of five, posing a significant threat
to children’s health [1-4]. Clinical images of typical
HFMD patients are shown in Fig S1. Approximately
twenty different enterovirus serotypes are responsible
for HFMD, with enterovirus A71 (EV-A71), coxsacki-
evirus A16 (CVA16), and coxsackievirus A6 (CVAG6)
being the most prevalent causative pathogens [5, 6].
The introduction of the EV-A71 vaccine in China in
2016 has led to substantial shifts in the pathogenic
spectrum of HFMD [7]. Since the widespread vaccina-
tion of school-age with the EV-A71 vaccine in 2016,
severe HFMD cases have significantly decreased in
China [8]. However, the prevalence of HFMD caused
by other serotypes remains high in China [9]. The total
cumulative number of reported cases between 2019
and 2022 reached approximately 4.03 million, with an
incidence rate of 96.0823/100,000 population in 2021 (
http://www.nhc.gov.cn/). Accessed 1 April 2023. Mild
cases, predominantly caused by CVA6, CVA16, and
coxsackievirus A10 (CVA10), have become the domi-
nant form of HFMD in China [10, 11].

The latent infection rate of human enteroviruses
(HEVs) in healthy people in China is high [12], most
patients with enterovirus infection are mild or asymp-
tomatic, and outpatient cases account for a relatively
high proportion of HFMD, which is an important fac-
tor in the transmission of HFMD. Therefore, mild out-
patient cases are at a critical stage in preventing and
controlling the spread of the disease [12]. Nonetheless,
a large number of previous studies of HFMD focus on
hospitalized patients with severe and critical disease
[13-15]. In addition, epidemiological studies investigat-
ing mild outpatient cases are relatively limited, and the
epidemiology, clinical symptoms, and etiology are not
well described in terms of milder HEMD [4].

Given that most current HFMD patients are out-
patients. In this study, we examined the clinical, etio-
logic, and epidemiological characteristics of HFMD
outpatients in Chengdu from 2019 to 2022, including,
and identified potential risk factors associated with the
progression of outpatient outcomes requiring hospi-
talization. This study contributes to the development
of effective prevention and control measures for mild
cases and provides evidence for further implementation
of HFMD immunization programs.

Materials and methods

Definition

Laboratory-confirmed HFMD cases were diagnosed
based on positive results for enterovirus detected by
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quantitative reverse transcription PCR (RT-qPCR). The
admission criteria for hospitalization of HFMD outpa-
tients aligned with the warning indicators for disease
deterioration and critical condition outlined in the
Chinese guidelines for HEMD diagnosis and treatment
(2018 edition) [16].

Study population

Throat swabs were collected from all outpatients on the
day of the clinic, and RT-qPCR testing was performed
within 24 h. All patients were tested for EV-A71,
CVA1l6, CVA6, and CVAI10 serotypes using a com-
mercial RT-qPCR Kit for confirmation of diagnosis. A
total of 1,232 HFMD patients who tested positive for
EV-A71, CVA6, CVA10, or CVA16 nucleic acids in
Chengdu were enrolled from May 1, 2019 to December
31, 2022. After excluding patients with other confound-
ing diseases (such as other childhood exanthematous
diseases, encephalitis or meningitis caused by other
viruses, poliomyelitis, patients with underlying dis-
eases, etc.) and patients with insufficient information,
1,073 outpatients included in the study (Fig. 1).

Data collection

We utilized a data abstraction form developed from a
previous study [17] to extract essential clinical informa-
tion from the clinical electronic medical record system
of West China Second University Hospital, Sichuan
University from May 1, 2019 to December 31, 2022. The
extracted data encompassed key elements, including
enterovirus serotypes, baseline characteristics, severity
of illness during hospitalization, treatment regimens,
and outcomes. Trained researchers performed the data
extraction from the electronic medical records.

Statistical analysis

Quantitative variables were tested for normal (Gauss-
ian) distribution using the Shapiro—Wilk normality
test, and all variables displayed a nonnormal distribu-
tion in this study. Nonnormally distributed continuous
variables were expressed as the median (25th percen-
tile (Py5), 75th percentile (P,5)) and compared across
groups by the Mann—Whitney U test or Kruskal-Wal-
lis rank sum test. Nonnormal discrete variables were
represented by means (minimum, maximum) and were
subjected to Fisher’s exact probability test. Categorical
variables were expressed as counts (n) and percentages
(%) and compared across groups using the Chi-square
test or Fisher’s exact probability test, as appropriate.
Binomial logistic regression analysis was employed to
analyze the risk factors influencing the clinical out-
comes of outpatient HFMD cases. Established and
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Fig. 1 Flowchartillustrating the enrolled outpatients during the study period (from 1 May 2019 to 10 December 2022)

evaluated a predictive model for the progression of out-
patients with HFMD to inpatients using the Receiver
Operating Characteristic (ROC) curve. All data were
collected using Epidata (version 3.1, EpiData Asso-
ciation) and processed using Excel 2019 (version 2310,
Microsoft). Statistical data analysis was conducted with
SPSS (version 27, IBM). All statistical tests reported
two-sided P values; P<0.05 was considered significant.

Results

Patients and characteristics

During the study period from May 2019 to December
2022, a total of 1,073 HFEMD outpatients were included
in this study, all of whom were confirmed positive for
CVA6, CVA10, or CVA16 through nucleic acid testing. It
is worth noting that no case of EV-A71 was detected dur-
ing the same period and no deaths. Among those, only 45
outpatients (4.19%) progressed to hospitalization, while
1,028 patients (95.81%) did not require hospitalization.

For clinical symptoms, 846 cases (78.84%) reported fever
symptoms, 433 cases (40.25%) experienced Hyperpy-
rexia, and 1,062 cases (98.97%) of outpatients had rash
symptoms. Oral rash was the most common, accounting
for 1,008 cases (93.94%) (Table 1).

Temporal patterns of enterovirus serotypes
A total of 1,073 outpatients with HFMD were con-
firmed by nucleic acid testing. The annual incidence of
HFMD remained relatively stable over the study period.
The main peak of HFMD outpatients occurred between
March and August, persisting until September in
2019, 2021, and 2022 (Fig. 2a). A similar peak was also
observed from September to November (Fig. 2b). How-
ever, in 2020, there was only one peak observed (Fig. 2a).
What’s more, a decline in the number of outpatient cases
of HFMD was observed from 2021 to 2022 (Fig. 2a).
From 2019 to 2022, CVA6 had the highest preva-
lence in 2021, with noticeable monthly fluctuations. In
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Table 1 Characteristics of 1,073 outpatients with HFMD in Chengdu, China, 2019-2022
Total (n=1,073) Did not progress to Progressed to P-Value
hospitalization (n=1,028) hospitalization (n=45)
Sex
Male 636(59.27%) 606(95.28%) 30 (4.72%) 0.012°
Female 437(40.73%) 422(96.57%) 15(3.43%)
Age (months) 22(15~36) 22(15~36) 19(14~34) 0.28°
Serum type
CVA6 821(76.51%) 796(96.95%) 25(3.05%) <0.001°
CVA10 107(9.97%) 90(84.11%) 17(15.89%)
CVA16 145(13.52%) 142(97.93%) 3(2.07%)
TIOC (days) 1.48(0~22) 147(0~22) 1.77(0~11) <0.01¢
TICA (days) NA NA 1.31(0~5) NA
TIOA (days) NA NA 7.28(0~42) NA
Clinical manifestations
Fever 846(78.84%) 804(95.04%) 42(4.96%) 0.022°
Hyperpyrexia (>397C) 433(40.25%) 407(94.00%) 26(6.00%) 0.007°
Rash 1,062(98.97%) 972 (91.53%) 40 (3.77%) 0.005¢
Site of rash
Oral 1,008(93.94%) 972 (96.43%) 36(3.57%) 0.012°
Hand 878 (81.83%) 852 (97.04%) 26(2.96%) <0.001°
Foot 704 (65.61%) 677 (96.16%) 27(3.84%) 0.909°
Buttocks 463 (43.15%) 443 (95.68%) 20(4.3%) 0.706°
Trunk 7 (20.22%) 204 (94.01%) 13(5.99%) 0.126°
Lower limbs 270 (25.16%) 248 (91.85%) 22(8.15%) <0.001°
Upper limbs 208 (19.38%) 196 (94.23%) 12(5.77%) 0.194°
Face 231 (21.53%) 218 (94.37%) 13(5.63%) 0.199°
Blood results
White blood cell count(10°/L) 10.30(8.10~13.10) 10.30(8.20~13.10) 9.40(7.05~13.10) 0.204°
Neutrophil (%) 55.30(41.35~65.10) 55.40(42.40~65.10) 50.40(33.05~71.20) 0437°
Lymphocyte (%) 32.00(23.20~45.30) 32.00(23.35~44.80) 36.70(17.10~50.00) 0.646°
Neutrophil count (10%/L) 5.68(3.58~8.29) 5.78(3.69~8.24) 4.98(2.45 ~886) 0.276°
Monocyte count (10°/L) 1.03(0.76~1.35) 1.04(0.77 ~1.36) 0.88(0.67 ~1.26) 0.018°
Lymphocyte count (10°/L) 3.23(2.37~4.29) 3.26(240~4.31) 2. 80(2 00~3. 94) 0.125°
Eosinophil count (10°/L) 0.09(0.03~0.21) 0.09(0.03~0.20) 11(0.02~0.26) 0.943°
C-reactive protein (mg/L) 12.50(4.80 ~ 24.60) 12.70(5.10~24.98) 450(0 80~21.35) 0.007°

All the data indicated in bold are values of P<0.05 that are considered statistically significant.

CV Coxsackievirus, TIOC time interval from onset to clinic, TICA time interval from clinic visit to admission, TIOA time interval from onset to admission, NA not

applicable.
2 Chi-square test, ® Mann-Whitney U test, © Fisher's exact probability test.

contrast, CVA16 had its peak prevalence in 2019, while
CVA10 had its highest prevalence in 2021, but with fewer
monthly fluctuations (Fig. 2c). CVA6 predominantly
occurred from September to December, while the CVA10
and CVA16 were more prevalent from May to August
(Fig. 2¢). In fact, CVA6 also had a higher number of cases
from May to August than CVA10 and CVAL16, it was the
sudden large number of CVA6-related cases arising from
September to December 2020 that caused the peak inci-
dence months shift.

CVAG6 was found to be the prevailing serotype in out-

patients, with the proportions from the second half of
2019 to 2022 being 45.59%, 95.17%, 77.67%, and 80.71%
respectively. In 2019, CVA16 had the highest propor-
tion at 39.21%. However, its proportion dropped signif-
icantly in the following years (2020-2022), registering
percentages of 0.38%, 7.44%, and 17.26%, respectively
(Table S1). CVA10 accounted for a high proportion in
2019 and 2021, 15.20% and 14.89%, respectively, com-
pared to a small proportion of 4.45% and 2.03% in 2020
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Fig. 2 Distribution of enterovirus genotypes over the study period. a Serotype distribution of Enteroviruses positive HFMD outpatients in Chengdu,
China, 2019-2022. b Monthly distribution of enterovirus serotypes of HFMD outpatients in Chengdu, China, 2019-2022. ¢ Monthly distribution
of HFMD related to CVA6, CVA10, and CVA16 in Chengdu, China, 2019-2022. d Annual serotype distribution of HFMD outpatients in Chengdu,

China, 2019-2022

and 2022 (Fig. 2d). Pathogen distribution of HFMD
outpatients from May 2019 to December 2022 is shown
in supplementary Table S1.

Age distribution of outpatients with HFMD

The analysis of age distribution revealed that children
under 5 years old accounted for over 93.20% of HFMD
outpatients. Specifically, among the outpatients, the

largest age group was represented by 1- to 2-year-olds,
accounting for 41.93%, followed by 2- to 3-year-olds
(20.41%) and 3- to 5-year-olds (19.01%). Notably, chil-
dren under 1 year old accounted for 11.83% of outpa-
tients, while those over 5 years old constituted only 6.80%
of outpatients (Table 2). The age distribution of 45 inpa-
tients progressing from outpatients with HEMD is shown
in supplementary Fig S2.
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Distribution among outpatients with HFMD of different sex
and age groups

From 2017 to 2022, among the 1,073 outpatient cases,
821 (76.51%) patients were infected with CVA6, 145
(13.52%) were positive for CVA16, and only 107 (9.97%)
were positive for CVA10 (Table 1). There were differ-
ences in sex distribution among the three serotypes,
with ratios of 1.49 for CVA6, 1.02 for CVA10, and 1.69
for CVA16. Of all male patients (n=636), 77.20% (491
out of 636), 8.49% (54 out of 636), and 14.31% (91 out of
636) were caused by CVA6, CVA10, and CVAL16, respec-
tively. Interestingly, there was no significant difference
in sex distribution among patients with a single HFMD
infection (P>0.05). Age distribution analysis revealed
statistically significant differences among patients with
different serotypes (P<0.001). The median age of all
patients was 22.00 months (Table 1). The median ages for
CVA6, CVA10, and CVA16 infections were 25.23, 28.13,
and 38.45 months, respectively. It is worth noting that
patients with HFMD caused by CVA6 were younger than
those caused by the other two serotypes, with a median
age of 25.23 months (15.00, 33.00) (Table 2).

Factors associated with progression to hospitalization
Forty-five (4.19%) outpatients progressed to inpatients.
Outpatient cases with different follow-up outcomes
exhibited marked differences in demographic character-
istics, clinical features, and laboratory test results. Nota-
bly, outpatients who did not progress to hospitalization
were more likely to display oral and hand rashes as well as
elevated monocyte counts and C-reactive protein levels
(P<0.05). Correspondingly, outpatients who progressed
to hospitalization had a longer time interval from onset
to clinic and were more likely to develop fever, hyper-
thermia, and lower limbs rashes (P<0.05) (Table 1). The
distribution of serotypes among outpatients with differ-
ent outcomes is shown in supplementary Fig S3.

To better understand the risk factors influencing the
progression to hospitalization of HFMD outpatients, we
conducted a binomial logistic regression analysis using
the variables outlined in Table 3. According to the analy-
sis, patients with the CVA10 viral genotype were signifi-
cantly associated with an increased risk of progression
(OR: 6.273, 95% CI: 1.663-23.655, P=0.007), while the
presence of an oral rash was associated with protec-
tion from progression (OR: 0.231, 95% CI: 0.101-0.532,
P=0.001). Other variables, including the CVA6 geno-
type, sex, fever, hyperpyrexia, and rash on the lower
limbs, did not show significant associations with out-
patient outcomes risk (Table 3). We plotted the receiver
operating characteristic curve (ROC) and analyzed the
joint indicators of specificity and sensitivity (Fig S4). The
results showed that the area under the curve (AUC) for
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these joint indicators was 0.762, with a 95% confidence
interval of 0.692-0.832, indicating statistical significance.
It is worth noting that at the maximum Youden index, the
sensitivity was 0.778 and the specificity was 0.611.

Discussion

This study presents a comprehensive investigation into
the epidemiology, etiology, and clinical features of HFMD
outpatient cases caused by CVA6, CVA10, and CVA16
serotypes in the Chengdu, 2019-2022, thereby address-
ing a gap in epidemiological research on mild outpatient
cases. We observed that CVA6 (76.51%, 821/1,073) has
become the main serotype in recent years. Moreover,
some outpatient cases were at high risk of progressing to
severe hospitalization, with CVA10-induced cases posing
the highest risk. These findings contribute valuable infor-
mation to HFMD clinical practice, facilitating improved
prevention and treatment outcomes.

Our study discovered that the monthly peak incidence
of HFMD in 2019, 2021, and 2022 primarily occurred
from March to August, aligning with previous studies
conducted in other Chinese provinces [18-22]. How-
ever, the monthly peak incidence in 2020 spanned Sep-
tember to November because of the absence of HFMD
case admissions from April to June as well as February
of that year. This observation might be attributed to the
strict prevention and control measures implemented in
Chengdu, China, during the COVID-19 pandemic, which
reduced social gatherings and consequently the transmis-
sion of HEMD.

Moreover, the monthly distribution of CVA10 and
CVA16 serotypes in HFMD outpatient cases predomi-
nantly occurred from May to August. Conversely, the
monthly distribution of the CVA®6 serotype demonstrated
more significant fluctuations, which were dispersed
throughout all months. It is noteworthy that during
2020, patients induced by CVA6 (95.17%, 256/269) were
primarily concentrated from September to December,
analogous to another study focusing on hospitalized
cases in Chengdu, China [23]. Substantial differences in
the median age of patients infected with CVA6, CVA10,
and CVAl6 were observed, with CVAe6-associated
HFMD patients being younger than those affected by
other serotypes and exhibiting a median (Py;, P,5) age of
25.23 months (15.00, 33.00). The findings of our study
underscore the significance of prioritizing the prevention
and control of HFMD caused by distinct pathogens based
on monthly and seasonal patterns, while concurrently
formulating personalized vaccination strategies accord-
ing to age and gender disparities.

Our study did not identify any HFMD cases caused
by EV-A71, and the proportion of outpatient cases
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Table 3 Binomial logistic regression analysis of factors associated with the progression of hospitalized patients with HFMD in

Chengdu, China, 2019-2022

Total (n) B S.E Wald df P-value OR 95% Cl
Lower Upper

Virus genotype

CVA6 821 0.049 0.648 0.006 1 0.940 1.050 0.295 3.738

CVA10 107 1.836 0.677 7.351 1 0.007 6.273 1.663 23.655
Demographic characteristics

Sex 636 0.384 0337 1.296 1 0.255 1.468 0.758 2.841
Clinical manifestations

Fever 846 0.841 0.656 1.646 1 0.199 2320 0.642 8.387

Hyperpyrexia 433 0482 0.342 1.982 1 0.159 1.619 0.828 3.168
Site of rash

Oral 1008 -1.464 0425 11.868 1 0.001 0.231 0.101 0.532

Lower limbs 270 0314 0.359 0.764 1 0.382 1.368 0.677 2.764

Constant 1073 -3.529 0.842 17.558 1 0.000 0.029 - -

All the data indicated in bold are values of P < 0.05 that are considered statistically significant. B, Regression coefficient; S.E, Standard error; Wald, Wald statistic; df,

Degrees of freedom; OR, odds ratio; Cl, confidence interval.

progressing to hospitalization was relatively small (4.19%,
45/1,073). As the patients in this study were all from the
period following the large-scale promotion of the inac-
tivated EV-A71 vaccine in China starting in 2016 [8], we
speculate that widespread vaccination with the inactivated
EV-A71 vaccine may have played a role in reducing both
proportions of EV-A71 associated cases and severe HFMD
cases. However, further research is necessary to establish
a more definitive and direct link between the EV-A71 vac-
cine and its impact in reducing severe cases. In line with
previous research in other Chinese provinces [20, 24, 25],
our study demonstrated that CVA6 has emerged as the
prevailing serotype in Chengdu’s HFMD outpatient cases,
with CVA16 and CVA10 potentially being moderately
prevalent serotypes. This finding highlights the urgent
need for the development of multivalent vaccines to pre-
vent and control emerging enterovirus infections.

Our research concluded that patients with CVA10
genotype infection were more likely to progress to hos-
pitalization, consistent with the findings of Liu et al. of
outpatients [26]. Nevertheless, a study in Zunyi, China,
focusing on hospitalized cases, reported that the inci-
dence of high fever and severe infection was higher with
CVA2, CVAS5, and CVA6 [27], suggesting that further
evidence regarding the relationship between viral geno-
types and HFMD severity is needed. It is necessary to
explore the underlying biological mechanisms.

In this study, we observed that outpatient cases that
did not progress to hospitalization were more likely to
exhibit oral and hand rashes (P<0.05), aligning with
recent research on severe HFMD in Guangxi, China, and
a previous study of inpatients and outpatients in southern

Vietnam [4, 28]. We also found that the presence of oral
rashes was associated with a reduced risk of hospitali-
zation, similar to a study in Chongqing, China, which
focused on hospitalized cases, implying that the presence
of vesicles on the mouth or cheeks might act as a protec-
tive factor [29]. The presence of oral rashes may indicate an
active local immune response [30]. However, the extent to
which this response influences viral replication and disease
progression in HEMD is not well-established and warrants
further investigation. Besides, the presence of a rash in the
mouth or other areas of the body may also motivate par-
ents to bring their children to the doctor for active medi-
cal treatment, and doctors may be able to diagnose it more
easily, thus reducing the risk of severe HFMD and reducing
the risk of hospitalization. Prior studies have also identified
breastfeeding, early diagnosis, and heightened vigilance as
protective factors against severe HFMD mortality [14, 31].
These findings can help clinicians assess case risks during
treatment, leading to more effective treatment strategies.
Further research should focus on investigating these fac-
tors in larger samples and broader contexts to better guide
prevention and intervention strategies.

This study had some limitations. First, only typing of
four main HFMD viruses (EV-A71, CVA6, CVA10, and
CVA16) in the hospital may limit the generalizability of
the study results for other enterovirus serotypes. How-
ever, these serotypes are the most frequently identified
causes of HFMD worldwide and are accountable for the
majority of severe cases and fatalities, thereby making
them of particular clinical importance. Future research
may benefit from a more expansive focus that includes
a broader range of enteroviruses. Second, the strict



Xia et al. BMC Public Health (2024) 24:3427

prevention and control measures implemented in China
during the COVID-19 pandemic may have motivated an
underestimation of the incidence of HFMD outpatient
cases. Third, there was a potential for bias because of
asymptomatic patients may not seek hospital-based care,
inherently constraining the completeness of our datasets.
Lastly, because the data originated from a single medi-
cal institution, the study results may not be generalizable
to the entire region. Further multi-center studies would
help validate and generalize our findings.

Conclusions

This study offers crucial insights into the epidemiologi-
cal, etiological, and clinical features of HFMD outpatient
cases induced by multiple viral serotypes, providing valu-
able reference information for public health departments
in the prevention and control of HFMD, and laying the
groundwork for the development of future multivalent
vaccines. Vigilant monitoring of mild HFMD cases in
outpatients, predominantly caused by the prevalent sero-
type CVAS®, is crucial for outbreak prevention. Clinically,
enhanced surveillance of CVA10 is imperative to mitigate
the hospitalization rates associated with HFMD.
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