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Abstract 

Background: Hand, foot, and mouth disease (HFMD) is a common reportable infectious disease that is highly 
contagious among children in China. This study aimed to characterize the epidemics of HFMD and the serotypes of 
enterovirus (EV) after the introduction of EV-A71 vaccines in Shanghai, a city in Eastern China.

Results: A total of 2271 HFMD cases were recruited in this study from May 2017 through October 2020. Among these 
cases, a male-to-female ratio of 1.6:1 was observed, and the cases were mainly in 1–4 years old (63.1%). Children of all 
ages had a relatively similar time span between the onset of HFMD and the initial medical visit (P = 0.5192). The cases 
were reported year-round with peaks in the summer (2018 and 2019) and fall (2017), which was consistent with previ-
ous epidemics of the reported HFMD cases in the Shanghai municipality. Among the specimens that tested positive 
for EV (n = 1855), CV-A6 was predominantly detected (71.1%), followed by CV-A16 (14.2%) and EV-A71 (7.0%). Notably, 
the number of HFMD cases infected with EV-A71 increased in 2019. Furthermore, 9.2% of the cases had comorbidities, 
mostly convulsion, bronchopneumonia, and pneumonia; however, they were not correlated with the EV serotypes. 
In addition, 31.2% (709/2271) of the cases were vaccinated with EV-A71 vaccines. The time span differed significantly 
between the time of vaccination and the onset of the disease across the groups based on whether the onset was 
before or after vaccination (P < 0.001).

Conclusions: CV-A6 is the predominant EV serotype in the epidemic of HFMD in Shanghai; in addition, CV-A16 
and EV-A71 may be moderately prevalent. The changing trends in the presence of EV serotypes contributes to the 
periodicity of the HFMD epidemic. In addition, the minority of HFMD cases may have comorbidities, regardless of the 
EV serotype. The use of the EV-A71 vaccine has affected the HFMD epidemic. And serotype-specific protection by the 
EV-A71 vaccine may promote vaccination in children infected with EV-A71 compared to those infected with non-EV-
A71 serotypes, which would further change the epidemic scenario of HFMD.
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Introduction
Hand, foot and mouth disease (HFMD) was first 
described in 1948. It is an infectious disease, which 
affects mostly children, and it occurs in preschool chil-
dren under 5 years old [1]. In recent years, according 

to the report of the Chinese Center for Disease Con-
trol and Prevention, the average annual incidence rate 
in China has been 139/100,000; the mortality rate has 
been decreasing year by year. It is at the top of category 
C infectious diseases in China [2]. In the past 10 years, 
the incidence rate in the Asia-Pacific region has been 
increasing [3–8], and China is the main endemic area of 
HFMD. It has become an urgent issue of both regional 
and global public health.

The clinical symptoms of HFMD mainly include mild 
disease due to the herpes virus, and symptoms can be 
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present such as ulcers on the skin or mucous mem-
brane of the hands, feet, oral cavity and other parts of 
the body, as well as other systemic symptoms such as 
fever, fatigue, and anorexia. Most of the cases are self-
limiting and can be cured within a week with a good 
prognosis [9]. In addition, some cases of infections with 
enteroviruses (EVs) that can cause HFMD only mani-
fest with a rash or herpetic angina. A very small num-
ber of children can develop severe illness within a short 
amount of time, with circulatory, respiratory and cen-
tral nervous system complications [10].

EVs are classified as type A, B, C, D, etc. Among 
them, 116 serotypes mainly infect humans, and at least 
23 serotypes are currently known to cause HFMD [11]. 
In mainland China, between 2009 and 2016, 70% of 
severe HFMD cases and 90% of HFMD-related deaths 
were caused by EV-A71 [12–14]. The HFMD vaccines 
currently on the market are all EV-A71 vaccines that 
were approved in December 2015 and December 2016 
and are produced by several Chinese companies. The 
genotypes of the vaccine strains are all C4a genotypes 
[15, 16].

Therefore, this study is based on the suspected and 
confirmed cases of HFMD in children admitted to 
Shanghai Children’s Hospital, describes the epide-
miological distribution characteristics, analyzes the 
changes in the composition of EV serotypes, and com-
pares the main clinical symptoms and comorbidities. 
This study also evaluates the data regarding the EV-A71 
vaccination, to analyze the changing characteristics of 
HFMD in the post-EV-A71 vaccination era.

Results
Epidemiological characteristics of HFMD
From May 2017 to October 2020, a total of 2271 HFMD 
cases were collected in this study. As shown in Fig.  1, 
HFMD occurred all year round. The number of cases 
began to increase in March and reached a peak in 
June. The distribution of cases did not show an obvious 
bimodal distribution. At the same time, we compared 
the number of HFMD cases reported in the same period 
in Shanghai. The peak incidence in 2017 was October-
November. Since cases were collected in May, this may 
have had a certain influence on the data in the first inci-
dence peak in 2017. The distribution of the number of 
cases in 2018 was similar to that in Shanghai, with the 
incidence peak in June-August and after September the 
cases started to have a downward trend. The seasonal 
distribution of the number of cases in 2019 was also simi-
lar to the distribution in Shanghai, with two incidence 
peaks in June-August and September-October. In 2020, 
the number of cases was smaller from not collecting case 
numbers due to the coronavirus disease 2019 (COVID-
19) pandemic, and cases started to be collected again in 
September.

Among the cases of HFMD collected in this study, there 
were 1,400 males (61.6%) and 871 females (38.4%), with a 
male-to-female ratio of 1.6:1. Of all the patients included, 
the youngest was 1 day old, and the oldest was 15 years 
old. The age distribution of patients was mainly concen-
trated between 1 and 4 years old (63.1%, 1433/2271). 
Children aged 1–2  years (29.5%) and children aged 3–4 
years (17.0%) had the highest prevalence.

Fig. 1 Number of hand, foot, and mouth disease cases collected in present study and in Shanghai from 2017 through 2020
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A total of 2271 feces, serum and throat swab speci-
mens were collected, and 1855 cases were positive for EV 
(81.7%). The main detected serotype in the samples was 
CV-A6 (71.1%, 1319/1855), followed by CV-A16 (14.2%, 
263/1855) and EV-A71 (7.0%, 130/1855). In addition, the 
samples also included CV-A10 (n = 49), CV-A2 (n = 11), 
CV-A4 (n = 14), CV-A5, (n = 1) CV-A12 (n = 1) and 
RV- C (n = 4). A total of 12 cases had coinfection with 
two EVs, mainly CV-A16 with CV-A6 and EV-A71 with 
CV-A6.

From 2017 to 2020, CV-A6 accounted for the highest 
proportion of all pathogens detected (Fig. 2). CV-A6 was 
the predominant serotype found during the high detec-
tion months of EV-positive cases from 2017 to 2018, and 
the number of positive CV-A16 cases increased from 
February to May 2018. EV-A71 was involved with a sub-
stantial increase in cases from January to July 2019 com-
pared with previous years, and the proportion of CV-A16 
increased from July to August.

Clinical and medical characteristics of HFMD
Among all the cases collected in the present study, 1929 
cases (85.0%) were diagnosed as HFMD, while 230 cases 
(10.1%) were diagnosed as herpetic angina. One case 
was diagnosed as both HFMD and herpetic angina. 
Some cases were comorbid with other diagnoses (9.2%) 
(Table  1), mostly including febrile convulsions, convul-
sions, bronchopneumonia, pneumonia, and bronchitis. 
These complications were mainly concentrated in the 
respiratory system (2.6%), digestive system (0.4%) and 
central nervous system (4.5%). There were no cases that 
resulted in death. A total of 24 cases were judged to be 
severe, with comorbidities mainly including digestive 
system (37.5%, 9/24) and central nervous system (20.8%, 
5/24) disorders. Comorbidities that occurred during 
the same time as the clinical diagnosis were evaluated. 

Different types of comorbidities (including infectious 
diseases, digestive comorbidities, nervous system comor-
bidities, respiratory comorbidities and others) were 
nonsignificantly correlated with the pathogen sero-
types (P = 0.689), but all were significantly related to age 
(P < 0.001).

From 2017 to 2020, the average time from onset to 
the initial visit for HFMD collected in this study was 
1.79 days, while the median was 1 day, and the minimum 
was zero, which means that the medical visit occurred 
on the same day as the onset. Meanwhile, the maximum 
was 33 days. The number of patients who went to a doc-
tor 1 day after the onset of illness was the largest (45.1%) 
group, followed by patients who went 2 days after the 
onset (23.2%). The number of patients who went to a doc-
tor within 3 days of the onset accounted for 90.3% of the 
total number of cases. Children of all ages had a relatively 
similar time span between the onset of HFMD and medi-
cal visits (P = 0.5192), although younger children did not 
have a significantly longer time span > 6 days (Fig. 3).

EV‑A71 vaccination status
In this study, the EV-A71 vaccination information of 
760 cases was obtained through matching. A total of 
709 cases had detailed information of the complete 
vaccination, while the remaining 51 cases had only 
received the first dose. Comparing the vaccination and 
the onset time, the onset-vaccination time spans were 
separated into three types: onset before vaccination, 
onset during the vaccination process and onset after 
vaccination. Among the 528 cases onset after full vacci-
nation, there were 1.5% (8/528) severe cases. The eight 
cases did not comorbid with central nervous system 
disorders. Among the 76 cases onset after incomplete 
vaccination (including 25 cases not completing the 
progress of immunization and 51 cases completing), 

Fig. 2 Distribution of serotypes of hand, foot, and mouth disease cases collected from 2017 through 2020
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there were all mild cases. A total of 156 cases had onset 
before vaccination, with 1.3% (2/156) severe cases, 
including one severe case with central nervous system 
disorders.

In the present study, we eventually found 5.7% 
(130/2271) cases to be EV-A71 positive, with one severe 
case. Among cases onset after at least one-dose vac-
cination, the percentage of EV-A71 positive cases was 
6.1% (37/604), while the percentage among cases onset 
before vaccination was 6.4% (10/156).

Due to the small number of cases with disease onset 
occurring between the first and second vaccination, 

only patients with an onset before and after vaccina-
tion cases were considered. The specific distribution is 
shown in Fig. 4; the serotype distribution of case onset 
after vaccination is shown in Fig. 5. There was a signifi-
cant difference in the time span between the onset and 
the closest vaccination time between the groups before 
and after vaccination (P < 0.001). The average onset-vac-
cination time spans (Table 2) were not significantly dif-
ferent between the two statuses. The average time span 
of the 35 EV-A71 positive cases onset after full vaccina-
tion was 383.0 ± 242.8 days, while 322.6 ± 248.9 days of 
other serotypes positive cases. There was no significant 
different (P = 0.177).

Table 1 Clinical diagnoses and disease types of cases collected in present study

a Digestive system diseases: diarrhea, abdominal pain, gastrointestinal dysfunction, acute gastritis and acute gastroenteritis
b Other nervous system diseases: epilepsy, viral encephalitis, meningitis and facial paralysis
c Other infectious diseases: acute upper respiratory tract infection, infectious fever, infectious diarrhea, oral ulcer, oral herpes, mumps, urinary tract infection, 
bronchitis and chickenpox
d Other diseases: acute respiratory infection, thrombocytopenia, traumatic brain injury syndrome, viral skin disease, bronchopneumonia, congenital heart disease, 
infectious fever, acute upper respiratory tract infection, influenza, dermatitis, angioedema, vehicular accident, febrile convulsion, abnormal pulmonary function, 
abnormal myocardial enzymes, non-Hodgkin lymphoma, intrahepatic cholangitis, Acute suppurative tonsillitis, urinary tract infection, conjunctivitis, cervical 
lymphadenitis, benign myositis of the lower extremities, ulcerative stomatitis, thrush, influenza B flow, sepsis, anemia, eczema, premature ventricular contractions, 
idiopathic thrombocytopenic purpura, chest pain waiting for examination, language development disorders, moderate anemia, thrombocytopenia, bronchitis, 
congenital heart disease, Congenital upper limb malformation, congenital lower limb malformation, hemangioma, cryptorchidism, congenital heart disease and 
bacteremia
e Among the collected cases, 4 cases were diagnosed as medical consultation and physical examination

Clinical diagnosis Number of cases Percentage (%)

Hand, foot, and mouth disease 1729 76.1

Herpetic angina 198 8.7

Rash 78 3.4

Hand, foot, and mouth disease and herpetic angina 1 0.0

Hand, foot, and mouth disease and febrile convulsion 47 2.1

Hand, foot, and mouth disease and convulsion 30 1.3

Hand, foot, and mouth disease and bronchopneumonia 26 1.1

Hand, foot, and mouth disease and pneumonia 21 0.9

Hand, foot, and mouth disease and bronchitis 19 0.8

Hand, foot, and mouth disease and digestive system  diseasesa 8 0.4

Hand, foot, and mouth disease and infective fever 4 0.2

Hand, foot, and mouth disease and acute upper respiratory infections 3 0.1

Hand, foot, and mouth disease and other nervous system  diseasesb 6 0.3

Herpetic angina and rash 4 0.2

Herpetic angina and febrile convulsion 7 0.3

Herpetic angina and convulsion 7 0.3

Herpetic angina & bronchopneumonia 1 0.0

Herpetic angina & infective fever 1 0.0

Herpetic angina & digestive system  diseasesa 1 0.0

Rash and acute upper respiratory infections 2 0.1

Rash and bronchitis 2 0.1

Other infectious  diseasesc 27 1.2

Hand, foot, and mouth disease/herpetic angina and other  diseasesd 45 2.0

Total 2267 99.8e
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Discussion
This study found that the seasonal distribution of HFMD 
in Shanghai may be affected by the different epidemic 
serotypes from 2017 to 2020. The obvious incidence 
peak was mainly caused by the incidence fluctuation of 
CV-A6. Previous studies have shown that HFMD has 
obvious seasonality, and there are generally two peaks of 
incidence each year, namely, the main peak in the spring 
and summer and the secondary peak in the autumn [17]. 

Studies have also shown that the half-year periodicity 
of HFMD was in South China, while the single peak in 
June appeared in North China annually [1]. However, in 
this study, bimodal and unimodal periodicities occurred 
in different years. We found that the peak was higher in 
the autumn of 2017 (September-November), while the 
summer peak (June-August) was mainly seen in 2018. 
Due to the impact of the COVID-19 pandemic, cases 
were only collected in September and October 2020. 

Fig. 3 The time span between onset of hand, foot, and mouth disease and medical visit

Fig. 4 Onset-vaccination time spans grouped by age groups
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The distribution and trends may be different, so we did 
not discuss them here. After further exploring the spec-
trum of serotypes, it was found that the main difference 
between 2017 and 2018 was the peak of CV-A16 in the 
summer. In 2019, the peak of EV-A71 appeared around 
May, and the peak of CV-A16 appeared in March-April 
and July August. The change in the serotype spectrum 
might be due to interference caused by changing pre-
dominant pathogenic EV serotypes and the launch of the 
EV-A71 vaccine, which complicates the HFMD perio-
dicity. It was reported that the annual peak of CA-V16 
appeared earlier than that of other enteroviruses [1]. The 
change in the serotype and the immunity gained from an 
infection with HFMD might be related to the periodic 
epidemic [18]. Since 2013, the proportion of EV-A71 
serotypes among the pathogens of HFMD has declined 
in Shanghai and other provinces of China [19–23]. Based 
on this data, further studies are needed to distinguish 
the contribution of the EV-A71 vaccine and natural 

epidemics to the changing epidemic characteristics of 
HFMD.

The proportion of male children in this study was 
slightly higher than that of females. Studies have con-
firmed that the infection rates in males and females were 
similar, but males were more likely to have symptoms, 
more likely to have diffuse infections and more likely to 
need medical assistance [24, 25]. This study also included 
a small number of cases that had herpetic angina. The 
early clinical manifestations of some children with 
HFMD were similar to the symptoms of herpetic angina, 
and the two overlapped in etiology, which was easily con-
fused in clinical diagnosis [26]. Furthermore, some cases 
were comorbid with other symptoms (9.2%), mainly in 
the respiratory, digestive and central nervous systems. 
Although our study did not find a correlation between the 
serotypes and comorbidities, since severe HFMD often 
leads to more serious disease outcomes, further research 
may provide evidence for preventive strategies. In addi-
tion, in this study, patients with HFMD had an average 
of 1.79 days from onset to treatment. The findings of 
the Chinese Center for Disease Control and Prevention 
showed that the time span between onset and diagnosis 
of severe cases had a significant impact on whether the 
patient died [27], prompting patients and their parents to 
have a medical visit as soon as possible after the onset, 
especially those with severe manifestations.

Since Shanghai began to vaccinate the EV-A71 vac-
cine in 2017, studies have shown that the efficacy of 
the vaccine against EV-A71-related HFMD was simi-
lar in children aged 6–23 months and in children aged 
24–71 months [28]. The proportions of serotypes in each 
age group in the study were also basically similar. Our 
study found that the age of patients at vaccination was 
concentrated between the ages of 6 months to 2 years, 
and the onset-vaccination time span of the lower age 
groups was longer among the cases which had their dis-
ease onset before vaccination, especially in patients less 
than 6 months of age. This was presumed to be related 
to the age restriction for vaccination; the time span was 
longer in the upper age group among the cases which had 
disease onset after vaccination, which may be related to 
the average vaccination age in present study. The present 
study and the previous studies found that EV-A71 is no 
longer the most predominant HFMD serotype in Chinese 
mainland, and we can affirm the efficacy of the vaccina-
tion in controlling EV-A71 epidemic, although there are 
still EV-A71 positive cases. However, we could not find 
the evidence of cross immunity across genotypes of EV.

Cases that developed the onset after vaccination were 
classified as EV-A71, CV-A16, CV-A6, CV-A10, CV-A2, 
CV-A4, RV-C serotypes and other serotypes. In this 
study, patients infected with EV-A71 received post onset 

Fig. 5 Distribution of serotypes of hand, foot, and mouth disease 
cases onset after vaccination

Table 2 Average time spans of cases onset before and after 
vaccination

a  The average time span between onset and closet vaccination time

Vaccination‑onset 
status

Serotype Proportion (%) Average time 
span (days)a

Onset after vaccination All tested – 326.6

Onset after vaccination EV-A71 6.6 (35/528) 383.0

Onset before vaccination All tested – 152.0

Onset before vaccination EV-A71 6.9 (9/130) 116.8
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vaccination earlier than patients with other serotypes, 
probably due to the specific protectivity of the vaccine for 
this serotype. The proportion of cases still infected with 
the EV-A71 serotype after vaccination was lower, but the 
average time span between vaccination and onset was 
shorter than the vaccine protection period, which was 
proven to be more than 2 years [29]. It may be that the 
individual has milder symptoms after vaccination and is 
not inclined to seek medical treatment. The study found 
that patients who completed the full vaccination were 
less likely to have central nervous system comorbidities, 
while the small sample size limited this result to allow for 
a better statistical test. It is worth noting that although 
the number of cases of EV-A71 infection was small after 
two doses of the EV-A71 vaccine, it is necessary to arouse 
public health concern about infection and comorbidity 
after vaccination considering the limited number of cases 
included in this study. The results of this study showed 
that there was a small increase in cases of the EV-A71 
serotype in 2019. This may indicate that although 
EV-A71 is not currently the main serotype of HFMD, 
we should consider its recurrent trends. For more severe 
clinical symptoms, children need to be vaccinated with 
the EV-A71 vaccine to avoid an epidemic. This study 
and previous studies have found that there were mul-
tiple infections of HFMD, and there were even cases of 
infection with the EV-A71 type and then subsequent 
infections with other types such as CV-A16 [30], which 
indicates that more scientific research efforts are urgently 
needed in the development of multivalent vaccines.

Some limitations are present in the current study. First, 
the sample size collected by the study was small. How-
ever, the trend of cases collected in this study in the past 
4 years was broadly consistent with the trend of reported 
cases in Shanghai. The detection of all serotypes of EV 
in this study was more accurate than the reported data 
that only required the detection of EV-A71, CV-A16 and 
other serotypes, which can reflect the seasonal trend of 
the predominant serotypes. Second, approximately 10% 
of the cases collected in this study had herpetic angina, 
and this is currently not a legally reported infectious 
disease in China. However, its pathogenic spectrum 
(also CV-A6) might have a certain impact on the over-
all observation results. However, according to the diag-
nostic guidelines of HFMD in China, some of these cases 
with an overlapping etiology can also be diagnosed as 
HFMD. In fact, the diagnostic difference between the 
two may not be clear. Third, we have not sequenced the 
EV-A71 positive specimens in this study. It results in dis-
ability to confirm the genotypes of EV-A71 and raises the 
question of assessing the efficacy of vaccines on different 
genotypes. In addition, in the present study, we consid-
ered all acquired diagnoses as comorbidities of HFMD. It 

may not accurately reflect the actual situation of HFMD 
comorbidity in this study. There may be recall bias in the 
study due to caregivers’ memory regarding the date of 
onset.

Conclusions
This study found that CV-A6 was the predominant 
serotype in the epidemic of HFMD in Shanghai, while 
CV-A16 and EV-A71 might be moderately prevalent, 
which shaped the periodicity between 2017 and 2019. In 
addition, less than 10% of HFMD cases had comorbidi-
ties, regardless of the serotype. The immunization pro-
gram for EV-A71 vaccines has affected the prevalence of 
HFMD. However, the characteristics of EV-A71 vaccina-
tion differed across the age groups of children. Serotype-
specific protection by the EV-A71 vaccine might promote 
vaccination for children infected with EV-A71 compared 
to those infected with non-EV-A71 serotypes, which 
would change the scenario of HFMD. Further strength-
ening EV-A71 vaccination and the development of multi-
valent vaccines are warranted.

Methods
Study participants
A total of 2271 patients with HFMD in Children’s Hos-
pital of Shanghai were included from 2017 to 2020. The 
diagnosis of HFMD was made after comprehensively 
considering the epidemiological history, clinical mani-
festations and etiological examinations. The diagnosis 
of all cases complied with the Chinese guidelines for the 
diagnosis and treatment of hand, foot and mouth disease 
[2]. Meanwhile, the reported cases of HFMD in Shang-
hai were collected, and the epidemic data were from the 
Shanghai Municipal Health Commission.

Suspected cases of HFMD were defined as patients 
who had papules or vesicular rashes on the hands, feet, 
oral cavity or buttocks, with or without fever. Confirmed 
cases were defined as cases of EV infection (including 
EV-A71, CV-A16, CV-A6 and other serotypes) con-
firmed by laboratory evidence, such as RT-PCR, real-
time RT-PCR, or virus isolation. Because of the clinically 
overlapping symptoms and the similar etiology with 
HFMD, this study included all suspected and confirmed 
cases of HFMD, including cases diagnosed as herpes 
angina and other highly suspected or laboratory-detected 
cases of EV infection. For the convenience of explanation, 
we uniformly defined the collected cases as HFMD cases.

Data and specimen collection
The study collected basic information on the included 
patients, including sex, date of birth, date of onset, date 
of diagnosis, and the clinical diagnosis. At the same time, 
we used the patient number to match the vaccination 
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data from the Shanghai Municipal Immunization Plan-
ning Information System to obtain the date of EV-A71 
vaccination. Throat swabs, feces and serum specimens 
of children with HFMD were collected, transported at 
0–4 °C and stored at − 80 °C.

Laboratory detection
The Qiagen Viral RNA Extraction Kit (QIAGEN, Ger-
many) was used to extract viral RNA. The extraction 
process was carried out according to the manufacturer’s 
instructions. A CFX 96 real-time fluorescence quantita-
tive polymerase chain reaction system (BioRad, Hercules, 
CA, USA) was used to amplify the viral RNA and detect 
and analyze the fluorescence signals. In this study, EV 
universal primers were examined by using a Fluorescence 
Quantitative Polymerase Chain Reaction (qPCR) Kit 
(BioGerm, Shanghai, China). Those patients who were 
positive continued to be tested and classified as EV-A71, 
CV-A6, CV-A10, or CV-A16. The negative specimens 
continued to be detected by a Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) Kit (TAKARA, 
Japan) and were then sequenced to determine their sero-
types. When the Ct value was > 38 or if pathogens were 
not detected, the specimens were confirmed as negative. 
The specimens with an S-shaped amplification curve 
and a Ct value ≤ 35 were confirmed to be positive. If the 
amplification curve was S-shaped and if the Ct value was 
between 35 and 38, the experiment was repeated; then, 
if the amplification curve was still S-shaped and if the Ct 
value was between 35 and 38, it was judged as positive. 
Otherwise, it was negative.

Statistical analysis
We included all of the cases in the analysis and grouped 
the patients by age: less than 6 months, 6 months to 1 
year, 1–2, 2–3, 3–4, 4–5, 5–6 years and 6 years and older. 
Patients with HFMD, whether suspected or confirmed, 
were classified as severe if there were any neurological 
complications (aseptic meningitis, encephalitis, encepha-
lomyelitis, acute flaccid paralysis or autonomic nervous 
system disorders) and/or cardiopulmonary complica-
tions (pulmonary edema, pulmonary hemorrhage, or car-
diopulmonary failure); otherwise, they were classified 
as mild cases, as documented elsewhere [2]. We used 
descriptive methods to analyze the epidemiological and 
clinical characteristics of the HFMD. Spearman’s corre-
lation model was applied to test the correlation between 
the comorbidities and the pathogen serotypes, as well as 
the age groups. It was also used to test the correlation 
between the age group and the time span from onset to 
the initial visit. Wilks’ lambda of discriminant analysis 
was used to test the difference in the time spans among 
the groups based on the vaccination status. Student’s t 

was used to test the difference in the time span between 
EV-A71 cases and cases of other serotypes onset after 
vaccination. IBM SPSS 20.0 (IBM, Somers, NY, USA) and 
Stata 16.0 (Computing Resources Center, Santa Monica, 
CA, USA) were used for the statistical analysis, and a 
P < 0.05 indicated that the difference was statistically sig-
nificant. Excel 2016 (Microsoft, Redmond, WA, USA) 
and Stata 16.0 were used to draw statistical graphics.

Abbreviations
HFMD: Hand, foot, and mouth disease; EV: Enterovirus; COVID-19: Coronavirus 
disease 2019; qPCR: fluorescence quantitative polymerase chain reaction; RT-
PCR: Reverse transcription-polymerase chain reaction.

Acknowledgements
We appreciate the support by the Children’s Hospital of Shanghai for case 
recruitment and specimen collection.

Authors’ contributions
YL and JG conceived of the study, analyzed data and critically reviewed the 
manuscript. LH analyzed data, drafted the manuscript, and formatted the 
manuscript. HM and LZ helped collect and sort data. LH and HM conducted 
the laboratory examination. All authors reviewed the final manuscript. All 
authors read and approved the final manuscript.

Funding
This work was supported by the Shanghai Three-year Action Plan (2020–2022) 
for Public Health (grant no. GWV-10.1-XK03). The funding organization had no 
role in the design and conduct of the study; collection, management, analysis, 
and interpretation of the data; preparation, review, or approval of the manu-
script; or decision to submit the manuscript for publication.

Availability of data and materials
The datasets generated during the current study are available from the cor-
responding author Dr. Yihan Lu on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the Fudan 
University School of Public Health (IRB00002408 & FWA00002399) under IRB 
#2018-03-0673. Requirement for informed consent was waived by the IRB 
because the data were kept confidential, de-identified, and were included as 
part of the normal diagnostic procedures.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 13 August 2021   Accepted: 10 March 2022

References
 1. Xing WJ, Liao QH, Viboud C, Zhang J, Sun JL, Wu JT, et al. Hand, foot, and 

mouth disease in China, 2008-12: an epidemiological study. Lancet Infect 
Dis. 2014;14(4):308–18.

 2. Li XW, Ni X, Qian SY, Wang Q, Jiang RM, Xu WB, et al. Chinese guidelines 
for the diagnosis and treatment of hand, foot and mouth disease (2018 
edition). World J Pediatr. 2018;14(5):437–47.

 3. Chatproedprai S, Theanboonlers A, Korkong S, Thongmee C, Wana-
nukul S, Poovorawan Y. Clinical and molecular characterization of 



Page 9 of 9Hu et al. Gut Pathogens           (2022) 14:12  

•
 
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: 

hand-foot-and-mouth disease in Thailand, 2008–2009. Jpn J Infect Dis. 
2010;63(4):229–33.

 4. Khanh TH, Sabanathan S, Thanh TT, Le PKT, Doorn HRV. Enterovirus 
71–associated hand, foot, and mouth disease, Southern Vietnam, 2011. 
Emerg Infect Dis. 2012;18(12):2002.

 5. Chua KB, Kasri AR. Hand foot and mouth disease due to enterovirus 71 in 
Malaysia. Virol Sin. 2011;26(4):221–8.

 6. Seiff A. Cambodia unravels cause of mystery illne. The Lancet. 
2012;380(9838):206.

 7. Ma E, Chan KC, Cheng P, Wong C. Diseases SKCJIJoI. The enterovirus 71 
epidemic in 2008—public health implications for Hong Kong. Int J Infect 
Dis. 2010;14(9):e775.

 8. Van Tu P, Thao NTT, Perera D, Truong KH, Tien NTK, Thuong TC, et al. Epi-
demiologic and virologic investigation of hand, foot, and mouth disease, 
southern Vietnam, 2005. Emerg Infect Dis. 2007;13(11):1733–41.

 9. Liu BY, Luo L, Yan SY, Wen TC, Bai WJ, Li HJ, et al. Clinical features for mild 
hand, foot and mouth disease in China. Plos One. 2015;10(8):e0135503.

 10. Long L, Xu L, Xiao Z, Hu S, Luo R, Wang H, et al. Neurological complica-
tions and risk factors of cardiopulmonary failure of EV-A71-related hand, 
foot and mouth disease. Sci Rep. 2016;6:23444.

 11. Tapparel C, Siegrist F, Petty TJ, Kaiser LJIG. Picornavirus and entero-
virus diversity with associated human diseases. Infect Genet Evol. 
2013;14:282–93.

 12. Dan S. Analysis of the clinical features and related factors in 331 cases of 
the critical hand-foot-mouth disease deaths. Guangxi Medical University; 
2015.

 13. Chen R, Di J, Wang Y, Hai D, Qiao Y, Wang C, et al. Epidemiological and 
etiological analysis of 290 cases of severe hand, foot, and mouth disease. 
J Pathogen Biol. 2016;11(01):71-3 + 8.

 14. Tan XJ, Huang XY, Zhu SL, Chen H, Yu QL, Wang HY, et al. The persistent 
circulation of enterovirus 71 in People’s Republic of China: causing 
emerging nationwide epidemics since 2008. Plos One. 2011;6(9):e25662.

 15. Zhu F, Xu W, Xia J, Liang Z, Liu Y, Zhang X, et al. Efficacy, safety, and 
immunogenicity of an enterovirus 71 vaccine in China. N Engl J Med. 
2014;370(9):818–28.

 16. Zhu FC, Meng FY, Li JX, Li XL, Mao QY, Tao H, et al. Efficacy, safety, and 
immunology of an inactivated alum-adjuvant enterovirus 71 vaccine 
in children in China: a multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet. 2013;381(9882):2024–32.

 17. Ling HY, Joacim R, Nawi N. One OEEJP. Short term effects of weather on 
hand, foot and mouth disease. PLos One. 2011;6(2):e16796.

 18. Jiang M, Fu J. Epidemiological characterisitics of hand, foot, and mouth 
disease in Jiujiang, 2009–2013. Mod Prev Med. 2015;42(11):1936–8.

 19. Ge Y, Zheng Y, Pan H, Mao S, Li Y, Xia A, et al. Epidemiological surveillance 
of hand, foot and mouth disease in Shanghai, 2010–2014. Zhonghua Er 
Ke Za Zhi. 2015;53(9):676–83.

 20. Weng YW, Chen W, Huang M, He WX, Zheng KC, Yan YS. Epidemiol-
ogy and etiology of hand, foot, and mouth disease in Fujian province, 
2008–2014. Arch Virol. 2017;162(2):535–42.

 21. Chen W, Weng YW, He WX, Zhang YJ, Yang XH, Meng H, et al. Molecular 
epidemiology of HFMD-associated pathogen coxsackievirus A6 in Fujian 
Province, 2011–2013. Bing Du Xue Bao. 2014;30(6):624–9.

 22. Lu J, Zeng H, Zheng H, Yi L, Guo X, Liu L, et al. Hand, foot and mouth 
disease in Guangdong, China, in 2013: new trends in the continuing 
epidemic. Clin Microbiol Infect. 2014;20(7):O442–5.

 23. Han JF, Xu S, Zhang Y, Zhu SY, Wu DL, Yang XD, et al. Hand, foot, and 
mouth disease outbreak caused by coxsackievirus A6, China, 2013. J 
Infect. 2014;69(3):303–5.

 24. Zeng M, Li YF, Wang XH, Lu GP, Shen HG, Yu H, et al. Epidemiology of 
hand, foot, and mouth disease in children in Shanghai 2007–2010. Epide-
miol Infect. 2012;140(6):1122–30.

 25. Wang Y, Feng Z, Yang Y, Self S, Gao Y, Longini IM, et al. Hand, foot, and 
mouth disease in China: patterns of spread and transmissibility. Epidemi-
ology. 2011;22(6):781–92.

 26. Yao X, Bian L-L, Lu W-W, Li J-X, Mao Q-Y, Wang Y-P, et al. Epidemiological 
and etiological characteristics of herpangina and hand foot mouth dis-
eases in Jiangsu, China, 2013–2014. Hum Vaccines Immunotherapeutics. 
2017;13(4):823–30.

 27. Zheng YM, Chang ZR, Jiang LL, Ji H, Chen GP, Luo P, et al. Severe cases 
with hand, foot and mouth disease: data based on national pilot hand, 

foot and mouth disease surveillance system. Zhonghua Liu Xing Bing 
Xue Za Zhi. 2017;38(6):759–62.

 28. Li R, Liu L, Mo Z, Wang X, Xia J, Liang Z, et al. An inactivated enterovirus 71 
vaccine in healthy children. N Engl J Med. 2014;370(9):829–37.

 29. Li JX, Song YF, Wang L, Zhang XF, Hu YS, Hu YM, et al. Two-year efficacy 
and immunogenicity of Sinovac Enterovirus 71 vaccine against hand, foot 
and mouth disease in children. Expert Rev Vaccines. 2016;15(1):129–37.

 30. Huang J, Liao Q, Ooi MH, Cowling BJ, Chang Z, Wu P, et al. Epidemiology 
of recurrent hand, foot and mouth disease, China, 2008–2015. Emerg 
Infect Dis. 2018;24(3):432–42.

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


	Changing serotypes of hand, foot and mouth disease in Shanghai, 2017–2019
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Results
	Epidemiological characteristics of HFMD
	Clinical and medical characteristics of HFMD
	EV-A71 vaccination status

	Discussion
	Conclusions
	Methods
	Study participants
	Data and specimen collection
	Laboratory detection
	Statistical analysis

	Acknowledgements
	References




