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Abstract

Background: Hand, foot and mouth disease (HFMD) remains an important
public health problem in China. Many studies on the epidemiological charac-
teristics of HFMD have been reported, but studies in North Sichuan region
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have been neglected. Methods: HFMD-related enterovirus infected cases were
clinically confirmed and underwent real-time RT-PCR (rRT-PCR) from May
2018 to October 2023 in Guangyuan Central Hospital. Results: During 2018-
2023, other EV (437 cases, 81.08%) was the most predominant serotype fol-
lowed by CV-A16 (94 cases, 17.44%), EV-A71 (8 cases, 1.48%) was the least
predominant serotype. Peak infections occurred in July and October. There
were no significant differences in gender, age and serotypes. HFMD was con-
centrated in children under 47 months of age, with the highest incidence in
children aged 12 - 23 months and the highest proportion of other EV infec-
tions in the whole age group. COVID-19 did not cause significant changes in
gender, age and serotype. Overall, there was a significant increase in the pro-
portion of children aged 12 - 23 months infected with CV-A16, and an in-
crease in the proportion of children aged over 36 months infected with other
EVs. Conclusions: The incidence of HFMD caused by EV-A71 has decreased
significantly, and other EVs have become the main pathogens of HFMD in
North Sichuan region in recent years. In the prevention and control of CV-A1l6,
more attention should be paid to children aged 12 - 23 months and the domi-
nant serotype should be closely monitored. Our study highlights the impor-
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tance of developing of new diagnostic reagents and vaccines for the preven-
tion and control of enterovirus infection. This study for the first time pro-
vides insights into district interventions to local conditions.

Keywords

Enterovirus, HFMD, Epidemiology, Clinical Characteristics

1. Introduction

Hand, foot and mouth disease (HFMD) is a common infectious disease in child-
ren under 5 years of age, characterized by rash on the hands and feet, low-grade
fever and oral herpes [1] [2]. It was first detected in Europe in 1957 and nowa-
days appears in many parts of the world [3]. HFMD is caused by a variety of
human enteroviruses (EVs) and spreads primarily by fecal-oral transmission,
respiratory droplets, and skin-to-skin contact [4]. Although most HFMD are
mild and self-limiting, a small percentage of cases can rapidly progress to neu-
rological and systemic complications, in which the condition worsens and even
leads to death [5] [6].

There are more than 20 types of HFMD-associated EVs who are non-envelope
positive single stranded RNA viruses and belong to the small RNA virus family
[7]. Meanwhile, the types of HFMD-associated viruses are increasing. In 2022, a
tomato influenza virus with HFMD symptoms was first detected in India, which
is suspected to be a new enterovirus [8]. Based on a survey of all HFMD-associated
EVs in China from 2008 to 2012, 90% of the viruses were EV-A71 and CVA16, as
well as echovirus (Echo). Among them, EV-A71 infection resulted in a high
proportion of severe cases [9] [10].

It is reported that vaccination of EV-A71 could reduce the proportion of se-
vere illness and death in HFMD, thereby reducing the disease burden of patients
[11]. In China, the first inactivated EV-A71 vaccine for prevention of severe
HFMD was approved in 2016. Subsequently, significant preventive effects on
EV-A71 associated HFMD were observed by clinical trials [12]. However, the
monovalent vaccine of EV-A71 has limited protection to against other EVs [13],
which resulted in a changing of causative spectrum of HFMD and a increasing of
the incidence rate of HFMD such as CV-A16 in recent years [14]. Therefore, it is
necessary to develop a broad-spectrum HFMD vaccine. Recent studies have
demonstrated that combination vaccination against HEMD is more effective and
safe [15], and the polyvalent HFMD vaccines against multiple enteroviruses are
under continuous development [16] [17].

In addition, the time of incidence peak and the epidemiological cycle of
HFMD varies considerably according to the latitude of the region, but the onset
of the disease is mainly concentrated in warmer climates. Seasonal differences
are related to local precipitation, sunshine duration, temperature and air pres-

sure, a single climatic factor is not sufficient to explain the seasonal complexity
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of HFMD incidence across the country. Geographic variability in incidence
based on seasonal factors was not significantly correlated with climatic and de-
mographic factors. Therefore, understanding the regional epidemiological cha-
racteristics of HFMD incidence is important for diagnosis, treatment and pre-
vention [18].

This study provides a comprehensive analysis of the molecular epidemiology
and clinical characteristics of HFMD-associated EVs infections in north Sichuan
region from 2018-2023. We examined the changes in the incidence of different
types of HFMD, and analyzed the differences caused by the gender of patients
and their regions. These results provide valuable information for monitoring the
prevalence spectrum and epidemiologic trends of HFMD-associated enterovi-
ruses in this area. Furthermore, this study analyzed the distribution of HFMD in
northern Sichuan area and documented the epidemiological dynamics of HFMD
in this region, which facilitates the optimization of HFMD interventions and al-
so provides a reference for the development of effective vaccines against the pa-

thogenic enteroviruses.

2. Materials and Methods
2.1. Definitions

The diagnosis of HFMD was established based on current epidemiology, clinical
manifestation and virological test as described in the Chinese guidelines (2018
edition) [19]. HEMD cases were defined with EV positive which was detected by

real time reverse-transcription polymerase chain reaction (rRT-PCR).

2.2. Study Setting

All cases at Guangyuan Central Hospital from 2018 to 2023 were first screened
for HFMD on the basis of clinical symptoms according to the guidelines as de-
scribed above. And then, HFMD nucleic acid testing was performed on patients
with clinical suspicion or clinical diagnosis of HFMD. Cases without HFMD
nucleic acid test results will be excluded from the study. A retrospective analysis
of patient records of all labor confirmed enterovirus infection cases were per-
formed. The etiological data such as age, gender, and serotypes of virus were col-
lected. The study protocol was approved by the Clinical Research Ethics Com-

mittee of Guangyuan central hospital.

2.3. Data Collection

Throat swabs collected from all patients with clinical suspicion or clinical diag-
nosis of HFMD were sent to the laboratory in sterile sample tubes at 0 - 4°C to
perform the rRT-PCR test immediately. Those samples which couldn’t be de-
tected timely were stored at —20°C for no more than 24 hours. The RNA samples
were extracted using RNA nucleic acid Extraction Reagent (Tianlong Xian, Chi-
na) according to the manufacturer’s instruction. All samples were tested for
EV-A71 and CV-A16 serotypes using a commercial rRT-PCR Kit (Mole BioS-
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cience Co, Ltd, Jiangsu, China) following the protocol of the manufacturer’s in-

struction.

2.4. Statistical Analysis

The numeric variables were tested for normal distribution using the Shapi-
ro-Wilk normality test firstly, and nonnormally distributed variables were pre-
sented using the median (25th percentile (P25), 75th percentile (P75)). Compar-
isons between the two groups were made using the Manny-Whitney U test and
Comparisons between the three or more groups were made using Kruskal-Wallis
rank sum test. Categorical variables were presented as counts (n) and percen-
tages (%) and the statistical analysis were performed using Chi-square test or
Fisher’s precision probability test. A p value of 0.05 or less was considered sta-

tistically significant. All the data were analyzed using SPSS 25.0.

3. Results

3.1. Basic Characteristics of the Patients

A series of analysis were conducted to study the overall distribution of enterovi-
ruses in North Sichuan region, focusing on clinical-confirmed enterovirus infec-
tions caused by CV-A16, EV-A71, and other EVs from 2018 to 2023. A total of
599 cases (348 males and 251 females) were enrolled in the analysis, of whom
539 cases showed positive results for the enterovirus nucleic acid test. Of 539
positive cases, 102 cases suffered from single enterovirus, such as EV-A71 (8,
1.48%) or CV-A16 (94, 17.44%). Other EVs (437, 81.08%) were the predominant
serotype. The relevant results were displayed in the flowchart (Figure 1), the
median age (P25-P75) for the different serotypes were listed in table (Table 1),

respectively.

Clinically confirmed HFMD cases with rRT-PCR
results between May 21, 2018 and Oct 1, 2023
(n=599)

l

HFMD cases positive for EVs
between May 21, 2018 and Oct 1, 2023

(n=539)
EV-A71 CV-A16 Other EVs
(n=8) (n=94) (n=437)

Figure 1. Flowchart illustrating the enrolled HFMD cases during the study
period (from 21 May 2018 to 1 October 2023).
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Table 1. Serotype distribution among single EV-infected HFMD cases in different gender

groups.
Serot Total Male Sex Female MER M (IQR)
erotypes
P (n=539)  (n=311)  (n=228)
EV-A71 8 (1.48) 4(1.29) 4(1.75) 1 26.5
’ ) ) (15.25 - 41.5)
35
CV-Al6 94 (17.44) 57 (18.33) 37 (16.23) 1.54
(14.25 - 45.5)
17.5
Other EVs 437 (81.08) 250 (80.38) 187 (82.02) 1.34
11.28 - 21.75)
P-Value 0.643a 0.048b

Notes: EV, enterovirus; CV, Coxsackievirus; MFR: Male to Female ratio, a Fisher’s preci-
sion probability test; b Kruskal-Wallis rank sum test.

3.2. Overall Distribution of Enteroviruses in 2018-2023

Among the 599 HFMD cases, 60 (10.02%) were negative for enteroviruses
nucleic acid test. As shown in Figure 2(A), the annual statistical chart of entero-
virus infections indicated that from 2018 to 2019, the total number of cases of
HFMD increased from 67 cases to 126 cases. Then number of cases stabilized at
127 cases in 2020. Following this, the number of HFMD cases decreased sharply
from 2021 to 2022, with 55 cases in 2021 and 38 cases in 2022. However, the
number of cases of HFMD increased rapidly in 2023, reaching a peak of 186 cas-
es. Among all enteroviruses detected from 2018 to 2023, the number of CV-A16
(94 cases) and other EVs (437 cases) shared a similar trend to the total number
of cases, while the number of EV-A71 (8 cases) decreased year by year, even with
no EV-A71 cases detected in 2023.

Figure 2(B) and Figure 2(D) showed that other EV's accounted for the majority
of the total number of cases, with annual proportions of 86.54%, 77.68%, 74.78%,
85.71%, 97.22%, and 81.14%, respectively. During 2018 to 2023, the proportion of
cases infected with EV-A71 decreased from more than 5% in 2018 to less than 1%
in 2020, then it increased to 2% in 2021, no EV-A71 cases were detected between
2022 and 2023. While the proportion of cases infected with CV-A16 continued to
increase from 2018 to 2020, with a peak of 24.35% in 2020, following this, it de-
clined in 2021 and 2022, falling to a minimum of 3% in 2022, and then, it recov-
ered to 18.86% in 2023 and this was similarity to 19.64% in 2019. It is noteworthy
that the serotype in April 2019 and February 2021 were only CV-A16.

To further analyze the monthly characteristics of enterovirus infection from
2018 to 2023, as shown in Figure 2(C), three main peaks were observed in
2019,2020 and 2023: from May to August, from September to November and
from July to September, respectively. HFMD occurred mainly in July and Octo-
ber (Figure 3(B)). Due to the impact of the COVID-19 pandemic, few cases
were recorded from January to July in 2020 and from November to December in
2022 (Figure 2(C), Figure 2(D)). In addition, no cases of CV-A1l6 infection
were detected from August to November 2018 and from July to December 2021
and 2022 (Figure 2(D)).

DOI: 10.4236/aim.2024.146023

321 Advances in Microbiology


https://doi.org/10.4236/aim.2024.146023

Z.Xuetal.

200 7 ——CV-Al6 [ Jcv-a16 [ EV-A71 [_]Other EVs
——EV-A71 o
180 1 —— Other EVs ;
Total
160 4
8 140 a"& 087
£ =
s 120 IS
Q
s @ 0.6
3 100 4 s
£~
(=]
£ 50 £
4 840'4_
60 13
a
40 |
02
20 4 e—
0 -
T T T T T T 00 ] T T T T T
2018 2019 2020 2021 2022 2023 2018 2019 2020 2021 2022 2023
Year Year
C < D r 100
= 9 CJEv-an - 100 [Jcv-at6 A EV-A71 [_JOther EVs -~ -+ Total .
s [ dcv-ale 4 1.0 190
1 [C_]other Evs =
S i Total i L L 30
= 0.8 3
e }g 70 E
8 = =
E.o 2 5 - 60 %
So a. LELSST [ g
o Ee S a &
e @ 5} Pes
o Y =1 ©
22 15} - 40
g 5 i L 2
5 2 0.4 L] il __E
z3 § : B H - 30 2
Z ] || I i
s
3 0.2 H H H 20
L mly : 8 HH H
= s i | NN ] | THECE 0
=) 0-0»IIIIII»III‘IIIIIII-IIlIII.I.I>IIIiVIIII-I4IIIIII.I.‘IIIII0
5EEEE8EAREER 2883858555555 88585855555 5853458
Year

Figure 2. Overall distribution of enteroviruses. A: The yearly distribution of all HEMD cases in 2018-2023. B: The yearly
proportion of all HEMD cases in 2018-2023. C: The monthly distribution of all HFMD cases in 2018-2023. D: The monthly
proportion of all HFMD cases in 2018-2023. EV-A71: Enterovirus 71; CV-A16: Coxsackievirus A16; Other EVs: Not including

EV-A71 and CV-Al6.

The bar chart in Figure 3(B) showed that the EV-A71 predominantly distri-
buted in June and July. Additionally, the proportion of CV-A16 infections was
low compared to the overall total, accounting for approximately 15% of all posi-
tive cases.

3.3. Gender and Age Characteristics of Patients with Different
Serotypes of Enterovirus Infection

To gain insights into clinical characteristics of cases infected with different sero-
types, the relative analyses were conducted. Our study showed that the median
age of CV-Alé6-infected patients (35 months) was older than EV-A71-infected
patients (26.5 months) and other EVs-infected patients (17.5 months), and with
no significant difference (P = 0.048) in age composition (Table 1). The ratio of
male to female for EV-A71, CV-A16 and other EVs were 1, 1.54 and 1.34, re-
spectively. For the gender, there were more males (311 cases) than females (228
cases) among the total of positive HFMD cases. Among the different serotypes,
there were more males (57 for CV-A16 and 250 for other EVs) than females (37
for CV-A16 and 187 for other EVs), except for EV-A71, where the number of
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males and females was the same, with 4 cases (Figure 3(A)). Whereas no signif-
icant difference was observed (P = 0.648) (Table 1). As shown in Table 2, the
number of HFMD cases in different age groups dropped from 194 cases (12 - 23
months), 110 cases (24 - 35 months), 96 cases (36 - 47 months), 78 cases (<12
months) to 61cases (>48 months). Of all the positive cases, other EVs account
the highest proportions in different age groups, with proportions of 88.46% (<12
months), 83.5% (12 - 23 months), 76.36% (24 - 35 months), 71.88% (36 - 47
months) and 86.88% (>48 months), respectively. Unlike other EVs and CV-A1l6,
EV-A71 had the lowest proportions throughout whole age groups, decreasing
from 1.82% (<12 months) to 1.04% (36 - 47 months), and there were very few
cases of EV-A71 infections under 60 months of age (8 cases). The proportion of
CV-A16 was 10 or even 20 times higher than that of EV-A71. The age distribu-
tion of CV-Al6-infected cases were similar, ranging from 12 - 23 months, 24 -
35 months and 36 - 47 months, respectively (Figure 3(C), Figure 3(D)). No
significant difference (P = 0.074) between age groups and serotypes was found
(Table 2).
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Figure 3. Clinical characteristics of HFMD cases in 2018-2023. A: The sex distribution of other EVs EV-A71 CV-Als,
respectively. B: The monthly serotype distribution of enteroviruses positive HFMD cases. C: The age distribution of other EVs,
EV-A71, CV-AlS6, respectively. D: The age proportion of other EVs, EV-A71, CV-A16, respectively.
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Table 2. Serotype distribution among EV-infected HFMD cases in different age groups.

Age Group Months
Serot <12 12-23 24 - 35 36-47 =48 P-Val
ero [ - - -value
P (n=96) (n=61)
(n=78) (n=194) (n=110)

1 3 2 1 1
EV-A71 0.072
(1.28) (1.55) (1.82) (1.04) (1.64)
8 29 24 26 7
CV-Al6

(10.26) (14.95) (21.82) (27.08) (11.48)

69 162 84 69 53

Other EVs (88.46)  (83.50)  (76.36)  (71.88)  (86.88)

Notes: Fisher’s precision probability test; EV, Enterovirus; CV, Coxsackievirus; other EVs,
No-EV-A71 and No-CV-A16 enterovirus.

3.4. Changes in Molecular Epidemiological and Clinical
Characteristics of HFMD in Northern Sichuan
Region in Different Periods of Time

COVID-19 caused a pandemic since the end year of 2019, to assess the effect of
COVID-19 on HFMD, the period was divided into three subperiods: 2018-2019,
2020-2022, and 2023, and the results were presented in Table 3 and Table 4.
Our study revealed that COVID-19 did not cause the significant changes in
gender, age and serotypes. However, the number of HEMD cases varied slightly
among all cases that tested positive for enterovirus nucleic acid, with 164 (2018-
2019), 200 (2020-2022) and 175 (2023) cases. There was a slight decrease in the
male to female ratio of 1.52, 1.27 and 1.33, respectively. The median age for the
three subperiods was 24 months, 21 months and 28 months respectively. The
proportion of EV-A71 peaked at 3.66% before COVID-19 (2020-2022), then
dropped to 1% during the subperiod and was not even observed in 2023. In
contrast, the proportion of CV-A16 increased slightly while the proportion of
other EVs remained stable at around 80%. During the 2023 subperiod, there was
an increase of about 5 % in cases older than 36 months compared with the sub-
period (2020-2022). However, the proportion of children under 12 months of
age decreased by 6 % compared with subperiod (2020-2022) (Table 3). To fur-
ther analyze the effect of COVID-19 on the age distribution in the different se-
rotypes. We analyzed the age variation of different serotypes in the subperiods;
for EV-A71, there were 6 cases in the subperiod (2018-2019), only 2 cases in the
subperiod (2020-2022), and 1 case each in 12-23 months and >48 months. For
CV-AlS6, in contrast to the decrease in the proportion of children aged under 12
months decreased from 11.54% (2018-2019) to 2.5% (2020-2022), with no cases
found in 2023, there was an increase in the proportion of children aged over 12
months by about 5% - 30%. For other EVs, the proportion of cases older than 36
months was trending upwards, at about 6%, except for cases aged 12 - 23 months,
where there was an increase of about 10% in the comparison between 2023 and
2020-2022.
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Table 3. Characteristic changes of HFMD cases in 2018-2019, 2020-2022, 2023 of North

Sichuan region.

Characteristics 2018-2019 2020-2022 2023 P1-Value P2-Value
(n = 164) (n = 200) (n=175)
Gender n(%) 0.401a 0.824a
Male 99 (60.37) 112 (56) 100 (57.14)
Female 65 (39.63) 88 (44) 75 (42.86)
MEFR 1.52 1.27 1.33
h?;;l:ﬁfje 24(16-38) 21(13-35) 28(15-42)  0584b  0.795b
Nﬁgnet fr:(l;) 0388a  0.la
<12 21 (12.80) 36 (18) 21 (12)
12-23 58 (35.37) 79 (39.5) 57 (32.57)
24 - 35 40 (24.39) 36 (18) 34 (19.43)
36 - 47 27 (16.46) 31 (15.5) 38 (21.71)
248 18 (10.98) 18 (9) 25 (14.29)
Serotypes, n (%) 0.238¢ 0.582¢
EV-A71 6 (3.66) 2(1) 0 (0)
CV-A16 26 (15.85) 35 (17.5) 33 (18.86)
OtherEVs 132 (80.49) 163 (81.5) 142 (81.14)

Other enteroviruses: No-EV-A71 andNo-CV-A16 enterovirus; P1 value: the data in 2018-
2019 compared with 2020-2022; P2 value: the data in 2020-2022 compared with 2023; a,
Chi-square test; b means Mann Whitney U test was used for statistical analysis. ¢, Fisher’s
precision probability test.

Table 4. The age distribution of different serotypes in 2018-2019, 2020-2022, 2023 of
north Sichuan region.

2018-2019 2020-2022 2023

P1-Val P2-Val
(n=164)  (n=200) (n=175) aue aue

EV-A71
Age group 0.786> i
Month n (%)
<12 1(16.67) 0(0) -
12 -23 2(33.33) 1(50) -
24 -35 2(33.33) 0(0) -
36 - 47 1(16.67) 0(0) .
>48 0(0) 1(50) .
CV-Al6
Age group 0.542° 0.246"
Month n (%)
<12 3(11.54) 5(2.5) 0(0)
12-23 6(23.08) 11(5.5) 12(36.36)
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Continued
24-35 6 (23.08) 9 (4.5) 9(27.27)
36 - 47 7 (26.92) 9 (4.5) 10 (30.30)
>48 4 (15.38) 1(0.5) 2 (6.06)
Other EVs
Age group 0.39° 0.142°
Month n(%)
<12 17 (12.88) 31 (19.02) 21 (14.79)
12-23 50 (37.88) 67 (41.10) 45 (31.69)
24 -35 32(2424)  27(16.56) 25 (17.61)
36 - 47 19 (14.39) 22 (13.50) 28 (19.72)
>48 14 (10.61) 16 (9.82) 23 (16.20)

Other enteroviruses: No-EV-A71 and No-CV-A16 enterovirus; P1 value: the data in
2018-2019 compared with 2020-2022; P2 value: the data during 2020-2022 compared with

« »

2023; a means Chi-square test; b, Fisher’s precision probability test, indicates that no

data of CV-A16 and EV-A71 were collected in 2023.

4. Discussion

This study described the epidemiologic features and clinical characteristics of
HEMD from 2018 to 2023 in north Sichuan region, which centered on Guan-
gyuan City, and involved the surrounding areas including south region of Gansu
and Shaanxi provinces, as well as Bazhong city which located at the southeast to
Guangyuan city. Guangyuan Central Hospital as the north Sichuan regional
medical centre has a separate branch for women and children and receives the
patients from above mentioned areas. In this study, clinically confirmed cases of
HFMD in Guangyuan central hospital from 2018 to 2023 were analyzed, includ-
ing age, gender, number of cases and laboratory results.

The total number of HFMD cases was first evaluated, which broadly showed a
slowly increasing trend from 2018 to 2023. In agreed with previous study [20],
the number of HFMD cases decreased sharply from 2020 to 2022, this may at-
tributed to the stringent respiratory protection measures adopted in the country
during the COVID-19 pandemic. The increasing trend in total number of HEMD
cases was contrasted to some other studies [21] [22], in which they demonstrat-
ed a decreasing trend from 2017 to 2022. This discrepancy may be due to an in-
complete data for several following reasons: first, no HFMD-related nucleic acid
testing was performed at our hospital prior to 2018; second, relative nucleic acid
testing was not performed on some of the HFMD cases; and finally, data were
temporarily missing from published HFMD-related studies in 2023 [21] [22] [23].
Generally, our findings indicated an increased incidence of HFMD in north Si-
chuan region.

To reduce the incidence of HFMD, the domestic EV-A71 vaccine was launched
in Sichuan province in August 2016. The number of cases of HFMD, the rate of

severe illnesses and the mortality rate of patients subsequently decreased [23]
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[24] [25], our data further confirmed the efficiency of vaccine and the EV-A71-
associated cases were even not detected in our laboratory from 2022 to 2023.
Additionally, consistent with other study [26], there was a trend of semi-annual
outbreaks of HFMD in studied area. The peak incidence of HFMD in our study
occurred in July and October, compared to from April to May and from No-
vember to December in study of Chengdu City, the central Sichuan region [27].
There are two possible reasons for this discrepancy: on one hand, seasonal
trends in HFMD are most affected by latitude [28] [29], our studied area is lo-
cated in the southern foothills of the Qinling Mountains, a transition zone be-
tween the north and the south climate, and at higher latitude 32.43° compared to
latitude 30.67° of Chengdu city, which give this region distinct climatic charac-
teristics; on the other hand, it is reported that meteorological factors, such as
temperature, rainfall, relative humidity and hours of sunshine, are positively
correlate with the incidence of HFMD [30], in our study, the peak of HFMD in-
fection was in July with a maximum temperature 27.9°C, when the maximum
temperature in Chengdu region was 30.6°C, which indicated that Chengdu
reached a temperature suitable for virus transmission earlier. Furthermore, there
were no diagnosed HFMD cases from January to May in 2023. This phenome-
non might be due to the new policies to relax a series of stringent measures by
Chinese government for the COVID-19 from November 2022, followed by en-
demic of respiratory syncytial virus and influenza virus from March to May in
2023, who dominated the endemic viruses at that time and were focused on in
the strategy of prevention and control in our region.

Long-term investigation in our study indicated a largest proportion of unclas-
sified serotypes in HFMD cases, more than 75 % compared with less than 25 %
of total for EV-A71 and CV-A16 serotypes together. Especially in 2023, CV-A16
serotype constituted approximately 20% of total types, while the EV-A71 sero-
type was not detected. CV-A6 serotype was reported as the major epidemiologic
agent of HFMD in recent years [18] [23]. According to our study, it further con-
firmed the altered dynamics of enteroviruses, other unclassified viruses that have
become the current major epidemic viruses. It suggests that there is an urgent
need for further molecular classification of enteroviruses and development of
multivalent vaccines to provide a more accurate basis for HFMD prevention. A
more detailed classification of enteroviruses could not only provide molecular
medical evidence for the diagnosis of HFMD, but also provide a basis for epide-
miological studies of HFMD and the development of vaccines. In addition,
clearly typed enterovirus and its molecular epidemiological characteristics pro-
vide the basis for precise prevention and control of HFMD.

The correlation between gender, age, number of cases and enterovirus sero-
types were analyzed to investigate clinical characteristics of HFMD patients. Our
study confirmed previous finding that there is no direct relationship between
patient gender and infectious enterovirus serotypes [25]. Additionally, a higher
transmissibility of HFMD in male than that in female was observed, which was

in line with previous finding [31]. It is well known that children under the age of
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60 months are the main victims of HFMD [27] [32]. In our study, HFMD mainly
affected the children under age of 47 months, in particular, the HFMD cases
over the age of 60 months were less than the HFMD cases of age between 48 and
59 months. These findings demonstrated that in our region, infection rates be-
gan to diminish after the age of 4 years, and it was more difficult to be infected
after the age of 5 years, which was in agreement with the report of a weak trans-
missibility in patients aged over 5 years old [33]. Further, our study indicated
that children between the ages of 12 and 23 months were the most susceptible to
HFMD, followed by those aged 24 - 47 months and 0 - 11 months respectively,
which supported previous findings [23] [33] and contrasted to that children
aged 2 years were found to be the most susceptible to HFMD [34]. In addition,
we found that children infected with CV-A16 were mainly concentrated in the
age group of 1 - 3 years, whereas children infected with EV-A71 were mainly
concentrated in the age group of 1 - 2 years. This difference may be due to cli-
matic and socio-economic differences in studied area [28]. As reported before
[31], the male-to-female ratio of EV-A71 was smaller than that of CV-A16 and
other EVs. This may be due to the fact that the different serotypes are more
transmissible in males than in females. Another possible explanation for this
difference is that the EV-A71 vaccination effectively protected children from this
virus regardless of gender, and the EV-A71 vaccination may change the epide-
miological characteristics of HFMD [35]. And this difference may be also related
to the fact that boys engage in more outdoor activities, which increases their risk
of infection compared to girls.

There were similarities between our findings and those of other studies in that
COVID-109 has little effect on the gender of HFMD cases and, in our study, no
significant changes were observed between different age groups, serotypes, and
subperiods [23]. Further analysis indicated a declining trend of the male-to-female
ratio of HFMD cases, which was also observed in previous study [27]. Although
the number of HFMD cases was higher in the 2020-2022 period than in the other
subperiods, the average number of cases per year was actually lower in this pe-
riod. The decrease in the number of HFMD cases may be due to the fact that
non-pharmacologic interventions targeting COVID-19 (e.g., wearing masks, im-
proving personal hand hygiene, and talking at arm’s length) reduced the number
of HFMD cases, as described in studies [36] [37] [38]. It is well known that
HFMD is mainly transmitted through close contact, and schools are the main
HFMD transmission sites. In the 2020-2022 period, Chinese government took a
series of strict measures to restrict mobility of personnel to prevent the trans-
mission of COVID-19 (e.g., close schools, work at home, and reduce the use of
public transportation), which significantly inhibited the spread of HFMD from
the transmission route and source. In addition, in post-epidemic period, Chinese
government took routine preventive and control measures, including wearing
masks, improving personal hand hygiene, and talking at social distancing, these
were effective methods for not only preventing the spread of COVID-19 but also
controlling the epidemic of HFMD.
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The differences in the characteristics of HFMD between years were evaluated
in our study. The proportion of children under 12 months of age with HFMD
was higher in 2020-2022 than in 2018-2019 and 2023. Further, we found evi-
dence that the EV-A71 vaccine was as effective as previously reported [39]. Al-
though a clear increasing trend in CV-A16 prevalence was observed in children
aged 12 - 47 months, and the highest CV-A16 prevalence was observed in child-
ren aged 12 - 23 months, no statistically significant differences were found. Nev-
ertheless, children aged 12 - 23 months should receive more attention. The slightly
higher prevalence of other enteroviral infections in children older than 36
months and younger than 12 months in our study further illustrated the impor-
tance of serologic typing of enteroviruses.

This study also has some limitations; first, the initial period of HFMD nucleic
acid testing was not sufficiently widespread in the clinic, resulting in a low num-
ber of cases completing nucleic acid testing; second, we used only throat swabs as
samples for HFMD nucleic acid testing, which carries the risk of false negatives;
third, the strict preventive and control policies during the Epidemic of COVID-19
resulted in a significant decrease in the number of HFMD cases during some
months, such as January-March 2023; fourth: only two serotypes, CV-A16 and
EV-A71, were detected in this study, and the serotypes of enteroviruses that ac-
counted for the predominant portion of the population were not further de-
tected, so this untyped portion of enteroviruses may have an important role in

HFMD prevention and treatment.

5. Conclusion

In summary, we for the first time analyzed the molecular epidemiology and
clinical characteristics of HFMD cases from 2018 to 2023 in North Sichuan re-
gion. HFMD will continue to be an important public health problem in this area.
Due to the EV-A71 vaccine, the predominant serotypes of HFMD in studied
area have changed dynamically. Therefore, more detailed molecular epidemi-
ologic analysis should be conducted to develop vaccination strategies. The op-
timal time for intervention needs to vary depending on the time of HFMD inci-
dence peak in different regions. Our study not only contributes to the preven-
tion and control of HFMD, but also to the subsequent application of HFMD

surveillance systems in North Sichuan region.
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