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Abstract

Background: Severe hand, foot, and mouth disease (HFMD) is a common childhood illness caused by various
enteroviruses. The disease has imposed increased burden on children younger than 5 years old. We aimed to
determine the epidemiology, CNS complication, and etiology among severe HFMD patients, in Jiangsu, China.

Methods: Epidemiological, clinical, and laboratory data of severe HFMD cases were extracted from 2009 to 2015.
The CNS complication, annually severe illness rates, mortality rates, severity-PICU admission rates, severity-
hospitalization rates, and so on were analyzed to assess the disease burden of severe HFMD. All analyses were
stratified by time, region, population, CNS involvement and serotypes. The VP1 gene from EV-A71, CV-A16, CV-A6,
CV-A10 and other enteroviruses isolates was amplified. Phylogenetic analysis was performed using MEGA5.0.

Results: Seven thousand nine hundred ninety-four severe HFMD cases were reported, of them, 7224 cases were
inpatients, 611 were PICU inpatients, and 68 were fatal. The average severe illness rate, mortality rate, severity
−fatality rate, severity-PICU admission rate, and severity-hospitalization rate were 14.54, 0.12,8506, 76,430, and
903,700 per 1 million, respectively. The severe illness rate was the highest in the 12–23 months age group, and the
greatest mortality rate was in the 6–11 months age group. Geographical difference in severe illness rate and
mortality were found. Patients infected with EV-A71 were at a higher proportion in different CNS involvement even
death. EV-A71, CV-A16 and other enteroviruses accounted for 79.14, 6.49, and 14.47%, respectively. A total of 14
non-EV-A71/ CV-A16 genotypes including CV-A2, CV-A4, CV-A 6, CV-A9, CV-A10, CV-B1, CV-B2, CV-B3, CV-B4, CV-B5,
E-6, E-7, E-18, and EV-C96 were identified. Phylogentic analyses demonstrated that EV-A71 strains belonged to
subgenotype C4a, while CV-A16 strains belonged to sub-genotype B1a and sub-genotype B1b of genotype B1. CV-
A6 strains were assigned to genogroup F, and CV-A10 strains belonged to genogroup D.

Conclusions: Future mitigation policies should take into account the age, region heterogeneities, CNS conditions
and serotype of disease. Additional a more rigorous study between the mild and severe HFMD should be
warranted to elucidate the difference epidemiology, pathogen spectrum and immunity patterns and to optimize
interventions in the following study.
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Background
Hand, foot, and mouth disease (HFMD) is a common
childhood disorder that typically presents as a brief, febrile
illness characterized by the association of fever, skin erup-
tions on hands and feet, and vesicles in the mouth. The
majority of HFMD cases are mild or typically asymptom-
atic, but severe and potentially life-threatening central
nervous system (CNS) complication such as encephalitis,
meningitis, acute flaccid paralysis (AFP), myocarditis, and
pulmonary edema have also been reported [1–3]. Severe
HFMD outbreaks with fatal cardio-pulmonary and neuro-
logic complications have increasingly occurred in the
Asian-Pacific region since 1997 and have attracted atten-
tion from many countries [4–9].
Various enteroviruses (EVs) could cause HFMD, including

human Enterovirus A 71 (EV-A71), EV-A76, EV-A89,
EV-A90, EV-A91, EV-A92, EV-A 114, Coxsackievirus A16
(CV-A16), CV-A6, CV-A10, CV-A12, CV-A14, CV-A21,
CV-A22, Coxsackievirus B1 (CV-B1), CV-B2, CV-B3,
CV-B4, CV-B5,Echovirus 3 (E-3), E-6, E-7, E-9, E-11, E-13,
E-16, and E-30 [10–15]. Among them, EV-A71 is the dom-
inant pathogen causing severe HFMD manifesting neuro-
logical complication [16–18]. Besides, HFMD outbreaks
with severe cases caused by other EVs such as CV-A6 and
CV-A10 have been increasingly identified [19], highlighting
the importance of non-EV-A71/CV-A16 EVs and the neces-
sity of surveillance of aetiological agents of severe HFMD.
In the past decade, countries in the Asia-Pacific region

have experienced the increasing occurrence of HFMD out-
breaks. However, these reports were mostly descriptive
[20–22], the indicator of incidence was mostly used to as-
sess all HFMD disease burden,with very few exceptions that
assessed severity. In the present study, we used the CNS
complication composition, multiple epidemiological evalu-
ation indicators such as severe illness rates, mortality,
severity-PICU(Paediatric Intensive Care Unit) admission
rates,,severity-hospitalization rates, to conduct a compre-
hensive assessment the severity of HFMD disease. In
addition, we used phylogenetic analysis to determine the
molecular epidemiology of EV-A71, CV-A16,CV-A6, and
CV-A10. Virus isolation and DNA sequencing of PCR
products of VP1 and the 5′ non-translated region were also
performed to identify the serotype of the non-EV-A71/
CV-A16/CV-A6/CV-A10 EVs. Our results will not only
serve as a prevaccination baseline against which future in-
terventions comparedand but also provide a better under-
standing of the viral etiology of severe HFMD and the
scientific basic for developing EV-A71/CV-A16/CV-A6
vaccines or multivalent vaccines in the further.

Methods
Case definitions
In this study, the clinical diagnosis of HFMD followed
the criteria issued by National Health and Family

Planning Commission of the People’s Republic of China.
A probable severe case of HFMD was defined as if pre-
senting of symptoms/signs of HFMD at least one of the
following neurological complications: aseptic meningitis,
encephalitis, encephalomyelitis, acute flaccid paralysi-
s(AFP), autonomic nervous system dysregulation, or car-
diopulmonary complications (pulmonary oedema,
pulmonary haemorrhage, or cardiorespiratory failure).
The diagnosis of above neurological complications were
based on the guide to clinical management and public
health response for HFMD by World Health
Organization [23] (http://apps.who.int/iris/handle/
10665/207490). The clinical criteria for diagnosis and
notification of severe HFMD were made available to all
medical practitioners [24]. A confirmed case was defined
as a probable case with laboratory evidence of entero-
virus infection detected by real-time reverse transcrip-
tion PCR (real-time RT-PCR) (ie: EV-A71, CV-A16, or
other non-EV-A71/CV-A16)in stool samples, throat and
rectal swabs .

Epidemiological, clinical information and specimen
collection
A total of 7994 probable and confirmed severe cases
were reported online to the China center for disease
control and prevention (CDC) within 24 h after diagno-
sis with, a standardized questionnaire of severe HFMD
including demographic, epidemiological, and clinical in-
formation collected. According to the HFMD Monitor-
ing Technology Plan in China, throat swabs, rectal
swabs, or stool specimens were collected from every se-
vere and fatal case. All samples were transported to the
laboratory using a cold chain (under 0 °C) within 24 h
and stored in − 80 °C for testing within 1month.

RNA extraction and real-time RT-PCR
Total RNA was extracted from 50 μl of above samples
using 5 ×MagMAXTM − 96 Viral Isolation Kit (Ambion,
USA) according to the manufacturer’s instructions. The
real-time RT-PCR was performed to detect the presence
of the universal sequence of enterovirus and the specific
sequences of EV-A71, CV-A16, CV-A6 or CV-A10 were
detected with commercial kit (JC20302 and JC20205,
BioPerfectus technologiens, Jiangsu, China) according to
the manufacturer’s protocols.

Virus isolation and sequencing
EV-A71, CV-A16, CV-A6, CV-A10 and non-EV-A71/
CV-A16/CV-A6/CV-A10 RNA positive samples were in-
oculated into human rhabdomyosarcoma (RD) cell lines
in Minimum essential medium(MEM) supplemented
with 10% fetal bovine serum (FBS), 100 IU of penicillin,
and 100 μg of streptomycin, and cultured at 37 °C for 5
to7 days. The culture medium and cells were collected
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when cytopathic effect (CPE) was observed. The entire
VP1 genes of the EV-A71 and CV-A16 stains isolated
were amplified by RT-PCR using in-house primers that
flanked the VP1 gene: EV-A71-VP1-F: 5`- TATAATAGC
ACTAGCGGCAGC-3`(nucleotides 2360-2381 nt), and
EV-A71-VP1-R: 5’-AGTAAGTCGCGAGAGCTGTCTT
C-3′(nucleotides 3420-3443 nt); CV-A16-VP1-F: 5`-AG
GTACTACACCCAGTGGTCAG-3′(nucleotides 2030-2
052 nt), and CV-A16-VP1-R: 5`-GCAAGGTGCCGATT
CACTACCCT-3′(nucleotides 3400-3423 nt). The partial
VP1 genes of the CV-A6 and CV-A10 stains isolated were
amplified by RT-PCR using primers: CV-A6-VP1-F: 5′-
GGCACCCAAGCTCTCACGTG -3′(nucleotides 754-
773 nt),and CV-A6-VP1-R: 5`- TTAGGGCGGTTAAG
ACTGGA -3`(nucleotides 2245-2264 nt); CV-A10-VP1-F:
5`-CCAGCACTGACAGCAGYNGARAYNGG-3′(nu-
cleotides 2602–2627 nt), and CV-A10-VP1-R: 5`-TACT
GGACCACCTGGNGGNAYRWACAT-3′(nucleotides
2951-2977 nt). RT-PCR reactions were performed using
one-step RT-PCR kit (QIAGEN, Germany). The cycling
conditions included RT step at 50 °C for 30min, initial de-
naturation at 95 °C for 15min, followed by 34 cycles of
danturation at 95 °C for 30s, annealing at 52 °C for 45 s,
and extension at 72 °C for 90s. A final extension at 72 °C
for 10min was also included. Negative controls replaced
template by sterile water. The 5′ non-translated region of
non-EV-A71/CV-A16/CV-A6/CV-A10 enterovirus (nu-
cleotides 160-610 nt) was amplified using the RT-PCR one
step kit for the Serotype determination of Enterovirus
(GenTouch, Beijing, China) according to the manufac-
turer’s protocols, and then primers 292 and 222 for the
VP1 region were used for further genotyping as described
previously. The primers used for VP1 region of
non-EV-A71/CV-A16/ CV-A6/CV-A10 enterovirus were
as follows: 229: 5`-CICCIGGIGGIAYRWACAT-3`;
292:5`-MIGCIGYIGARACNGG-3 [25]. Amplified prod-
ucts were electrophoresed on 1.5% (w/v) agarose gel and
visualized by UV/ethidium bromide. RT-PCR products
were sent to Sangon Biotech Co., Ltd. (Shanghai, China)
for DNA sequencing using an automated ABI 3730 DNA
sequence (Thermo Fisher Scientific, Waltham, MA, USA).

Phylogenetic analysis
The genetic identity of each PCR product was first de-
termined by comparison with the reference strains in
GenBank (US National Center for Biotechnology Infor-
mation, NCBI), and the sequences were submitted to
GenBank under accession numbers MH491075-M
H491166. Multiple sequence alignment of the entire
VP1 nucleotide sequences (891 bp) of the EV-A71 and
CV-A16 stains and partial genes of the CV-A6 (759 bp)
and CV-A10 (300 bp) were performed using Clustal W
program. Phylogenetic trees were conducted in MEGA
5.0 using the neighbor-joining method in Maximum

Composite Likehood model, accompanied by bootstrap
analyses with 1000 replicates [26, 27]. Reference se-
quences representing EV-A71, CV-A16, CV-A6 and
CV-A10 have downloaded from NCBI database and sub-
jected to phylogenetic analysis together with our isolates.

Space-time scan statistic
A retrospective space-time scan statistic was utilized to
detect clustering of severe HFMD using the SaTScanTM
software (http://www.satscan.org/,version 9.4, Boston,
MA, USA) with a discrete Poisson model during the
study. In this approach, the spatial aspect was governed
by the circular scan window, which constitutes the bot-
tom of a cylinder, whose height corresponds to the time
dimension. The spatial size of scanning window was lim-
ited to 20% of the total at-risk population and the length
of time limited to 3 months. The number of Monte
Carlo replications was set at 999. The null hypothesis
was that the disease risk inside the window was the same
as outside the window, while the alternative hypothesis
were that the risk was elevated inside the window com-
pared with the outside. For each window, a log likeli-
hood ratio (LLR) was calculated and a p-value estimated
through Monte Carlo simulation. The window with the
maximum LLR was defined as the primary cluster, other
windows with statistically significant LLRs were consid-
ered as the secondary clusters.

Statistical analysis
The severe illness rate was defined as the number of se-
vere cases divided by the total number of the population,
while the mortality rate was defined as the number of
fatal cases divided by total number of the population.
The case-severity rate was calculated as the number of
severe cases divided by the total number of HFMD
cases. The severity−fatality rates, severity-PICU admis-
sion rates, and severity-hospitalization rates were defined
as the number of deaths, number of severe cases admit-
ted to PICU, and number of hospitalized severe cases di-
vided by the total number of severe cases, respectively.
Demographic data were collected from the Scientific
Data Sharing Center of Public Health (http://
www.phsciencedata.cn/Share/index.jsp). We estimated
95% Confidence Intervals (CIs) with Poisson methods.
The correlation coefficients was utilized to analyze the
above parameters, and the EV-A71 proportion, calculated
using EV-A71 positive cases was divided by all mild and
severe laboratory-confirmed cases. We calculated the time
distribution from onset to the initial visits, time distribu-
tion from onset to the diagnosis of severe HFMD, time
distribution from onset to the hospitalization of severe
HFMD by years, geographic districts and genotypes. All
statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS; version 17.0). We used
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the chi-square test for analyzing categorical data. The ac-
cepted level of significance for all analyses was P < 0.05.

Result
Epidemiology and disease burden of severe HFMD cases
in Jiangsu province from 2009 to 2015
Time distribution
759,691 probable cases of HFMD were reported to the
National Noticeable Disease Reporting System (NNDRS)
in Jiangsu province during 2009–2015, of which 7994
were severe cases. Among severe cases, 7224(90.4%) cases
were inpatients, 611 (7.6%) cases were PICU patients, and
68 (0.9%) were fatal. The average severe illness rate, mor-
tality rate, severity−fatality rate, severity-PICU admission
rate, and severity-hospitalization rate were 14.54, 0.12,
8506, 76,430, and 903,700 per 1 million, respectively. Dur-
ing the seven years period, There were two most severe
outbreaks of HFMD in 2011 and 2014 with a severe illness
rate of 25.97/1 million and 20.73/1 million, respectively
(Fig.1, Additional file 1: Table S1). Responding to the mor-
tality rates, severity−fatality rates, and case−fatality rates
showed a gradual decline from 2010 to 2015. However,
the severity-PICU admission rates were relatively lower in
2009 (33,990/ 1 million) and 2010 (44,220/1 million),
compared with that of 60,210/ 1 million~ 167,300/ 1 mil-
lion in the following 5 years. The severity-hospitalization
rate kept steady at about 903,700/ 1 million during the
whole study period of 7 years. In addition, when the
monthly proportion of HFMD cases associated with
EV-A71 increased, the severe illness rate, mortality rate,

case-severity rate, severity−fatality rate, and case−fatality
rate increased accordingly (r values ranged from 0.423 to
0.644, with p values < 0.001).

Regional distribution and spatiotemporal cluster analysis
Five spatiotemporal clusters of total severe cases were
detected by space-time scan statistical analysis, including
one primary cluster and four secondary clusters. The
most likely clusters, covering 18 country townships, con-
sisted of 611 severe cases and were located in the south-
ern regions from May to July in 2012, with a relative risk
(RR) of 11.48. The secondary clusters were mainly gath-
ered in the northern regions. The first secondary clusters
was located in northern region from April to June in
2011 with a RR of 44.92 (Fig. 2), with only one country
township affected. The different variables were all statisti-
cally significant by geographic regions. Cities of southern
regions including Suzhou, Wuxi, Changzhou, Nanjing,
and Zhenjiang usually had the highest severe illness rates,
case-severity rates and severity-hospitalization rates, but
with the lowest severity−fatality rates and severity-PICU
admission rates. Cities of northern regions including Yan-
cheng, Huai’an, Suqian and Lianyungang demonstrated
the greatest mortality rates, severity−fatality rates, case−fa-
tality rates and severity-PICU admission rates (Table 1).
There was no significant difference among the pathogens
in the above three regions (χ2 = 8.740, p = 0.068), with
EV-A71 accounting for 79.05, 83.44, 79.13% in the south-
ern, central, and northern regions, respectively.

Fig. 1 Monthly distribution of number of severe HFMD by week of illness onset during 2009–2015 in Jiangsu province
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Population distribution
The severity of the diseases and deaths were inversely re-
lated to age. The median age of all severe cases was 24
months (IQR:16–39months). Most severe cases occurred
in children younger than 5 years old. The highest severe
illness rate of 502.1/1 million appeared in the 12 to 23
months age group, while the rate for the 24–35months
age group, for 36–47months age group, for 48–59months
age group, and over 60months age group were 304.4/1
million, 222.6/1 million 114.8/1 million, and 0.93/1 mil-
lion, respectively. Similarly, the 6–11months age group
was associated with the greatest mortality rate,
severity-fatality rate and case-fatality rate, while the risk of
death decreased as the age increased in the older age
group. However, no fatal case of HFMD was found in

infants younger than 6months. The severity-PICU admis-
sion rate also decreased as age increasing, demonstrating
a peak rate in infants aged younger than 11months age
group. The severity-hospitalization rates remained rela-
tively steady among different age groups, and no signifi-
cant difference was observed (Table 1). Patients infected
with EV-A71 were at higher risk for severe even death
compared with those infected with CV-A16 and other EVs
(Fig. 3b–e). The risk of hospitalization in severe cases was
basically consistent among different age groups and sero-
types of virus (Fig. 3f). During the 7-year study period, the
severe illness rate, mortality, and case-fatality rate were all
significantly higher in males than in females. However, no
significant difference was found among the severity-fatal-
ity rates, case-fatality rates, severity-PICU admission rates,

Fig. 2 Spatiotemporal clusters of severe HFMD during 2009–2015 in Jiangsu province
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and severity-hospitalization rates (Table 1), and also no sig-
nificant difference was found between gender and geno-
types (χ2 = 0.571, p = 0.752), with EV-A71 accounting for
79.59% in male and 78.59% in female.

The time interval of onset-to-initial visits, onset-to-
diagnosis, and onset-to-hospitalization
The median time interval from onset to the first clinic
visit was 0.0 days (IQR 0.0–1.0 days), 3.0 days (IQR 2.0–
4.0 days) from onset to diagnosis of severe HFMD, and
2.0 days (IQR1.0–3.0 days) from onset to hospitalization.

The median time from onset to death of severe HFMD
cases was 5.0 days (IQR3.0–7.0 days), 1.0 days (IQR0.0–
3.0 days) for the diagnosis of severe HFMD to death. The
time interval from onset to the initial visits was longer in
2009 and 2010 compared with the following 5 years, and
the time interval from onset to the hospitalization of se-
vere HFMD was longer in northern region than that in
southern region and central region. Significant differences
were found in the time intervals from onset to initial visit-
s,onset to diagnosis, and onset to hospitalization by differ-
ent years, regions, and viral genotypes(p < 0.05)(Table 2).

Fig. 3 Age distribution and clinical severity of laboratory-confirmed cases of severe HFMD in Jiangsu province, 2009–2015. (a) Age distribution
oflaboratory-confirmed severe cases. (b) Risk of fatality in cases by age group and serotype of virus. (c) Risk of severe illness in cases by age group
and serotype of virus. (d) Risk of fatality in severe cases by age group and serotype of virus. (e) Risk of PICU admission in severe cases by age
group and serotype of virus. (f) Risk of hospitalization in severe cases by age group and serotype of virus
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Central nervous system complications by different serotype
of virus
Among the 3510 laboratory-confirmed severe cases,
3469 patients survived after treatment. Of the sur-
vived patients, 1314(37.44%) were diagnosed with
aseptic meningitis, 2092(59.60%) with encephalitis, 40
(1.14%) with encephalomyelitis, 11(0.31%) with pul-
monary oedema/ haemorrhage, 3 (0.09%) with acute
flaccid paralysis, 3 (0.09%) with brainstem encephal-
itis, and 6(0.18%) with cardio-respiratory failure.
Patients infected with EV-A71 were at higher propor-
tion in different CNS involvements and even deaths
related to severe cases (Table 3).

Pathogen spectrum of severe HFMD cases
Among 3510laboratory confirmed severe HFMD cases,
with 2783(79.29%), 225(6.41%), and 502(14.30%) associ-
ated with EV-A71, CV-A16, and other EVs, respectively.
Of the 3221 hospitalized severe HFMD cases confirmed
by laboratory testing, EV-A71, CV-A16 and other EVs
accounted for 79.14, 6.49, and 14.47%, respectively. Of
the 336 laboratory-confirmed severe HFMD cases admit-
ted to PICU, EV-A71, CV-A16, and other EVs accounted
for 83.63, 3.57, and 12.80%, respectively. Of the 41 fatal
cases confirmed by laboratory testing, EV-A71 and other
EVs accounted for 95.12 and 4.88%, respectively. Fur-
thermore, a total of 14 genotypes were identified by

Table 2 The time interval of severe HFMD by different years and regions. Days(IQR)

Variables Time from onset to the first clinic visits Time from onset to diagnosis
of severe HFMD

Time from onset to the hospitalization
of severe HFMD

Year

2009 2.0(0.0–1.0) 2.0(1.0–4.0) 3.0(2.0–3.0)

2010 1.0(0.0–1.0) 3.0(2.0–4.0) 2.0(2.0–3.0)

2011 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

2012 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–4.0)

2013 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

2014 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

2015 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

District

South-region 0.0(0.00–1.00) 3.0(1.0–4.0) 2.0(1.0–3.0)

Central-region 1.0(0.0–1.00) 3.0(2.00–4.0) 2.00(1.0–4.00)

North-region 0.0(0.0–1.0) 3.0(2.0–5.0) 3.00(1.0–4.0)

Pathogen

EV71 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

CVA16 0.0(0.0–1.0) 2.0(1.5–4.0) 2.0(1.0–3.0)

Other enteroviruses 0.0(0.0–1.0) 3.0(2.0–4.0) 2.0(1.0–3.0)

Table 3 Detailed numbers of cases showing each type of neurological complication associated with different serotype of virus of
severe HFMD (N = 3510) a

CNSb complications EV-A71 CV-A16 Other EVs Total x2 p

aseptic meningitis(Survivors) 1088(31.40) 95(2.71) 131(3.73) 1314(37.44) 54.47 0.000

encephalitis(Survivors) 1604(45.70) 125(3.56) 363(10.34) 2092(59.60)

Encephalomyelitis(Survivors) 33(0.94) 3(0.09) 4(0.11) 40(1.14)

Pulmonary oedema/ haemorrhage 10(0.28) 0(0.00) 1(0.03) 11(0.31)

Acute flaccid paralysis(Survivors) 2(0.06) 0(0.00) 1(0.03) 3(0.09)

Brainstem encephalitis(Survivors) 3(0.09) 1(0.03) 0(0.00) 3(0.09)

Cardiorespiratory failure(Survivors) 4(0.11) 2(0.06) 0(0.00) 6(0.17)

Death 39(1.11) 0(0.00) 2(0.06) 41(1.17)

Total 2783(79.29) 225(6.41) 502(14.30) 3510(100.00)
aData outside the parentheses are the number of severe HFMD cases, data in parentheses are % (n/N)
bCNS: Central nervous system
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sequencing in 49 patients who were infected with other
EVs (9.76%, 49/502) from 2012 to 2015. The most prevalent
genotype was CV-A6(42.9%, 21/49), followed by
CV-B3(12.2%,6/49), CV-A10(10.2%, 5/49), EV-C96(6.1%,3/
49), E-7(4.1%,2/49), etc. (Fig. 4). The results indicated that
various EVs circulated and caused severe HFMD cases in
Jiangsu province.

Phylogenetic analysis of the VP1 genes of EV-A71, CV-A16,
CV-A6, and CV-A10
To characterize the EV-A71, CV-A16, CV-A6 and
CV-A10 strains circulating in Jiangsu province and in-
vestigate their genetic origin, we analyzed the VP1 genes
of viruses isolated from clinically diagnosed with severe
HFMD patients’ specimens. A total of 47 EV-A71 strains
(isolated from 43 severe-survivors and 4 deaths), 19
CV-A16 strains, 21 CV-A6 strains, and 5 CV-A10
strains were isolated. The nucleotide sequences of
EV-A71 isolates in our study were closely related to each
other, sharing 91.7 to 100.0% nucleotide identity and
corresponding to 98.5 to 100.0% amino acid identity.
The 145E of VP1 was a predominant form in both se-
vere and fatal cases. A similar analysis from CV-A16 iso-
lates showed 87.9 to 100.0% nucleotide identity,

corresponding to a 99.0 to 100.0% amino acid identity.
The nucleotide and amino acid identities in severe
CV-A6 strains were 91.1–100.0% and 97.1–100.0%, while
the nucleotide and amino acid identities in CV-A10 were
92.0–100.0% and 99.0–100.0%, respectively.
A total of 75 EV-A71 strains, 38 CV-A16 strains, 47

CV-A6 strains, and 33 CV-A10 strains were used for
phylogenetic analyses. All 47 EV-A71 strains from
Jiangsu Province clustered exclusively to genotype C,
subtype 4a (C4a) (Fig. 5). The 19 nucleotide sequences
of CV-A16 were closest in the B1 gene subtype,
belonged to clusters B1a and B1b (Fig. 6). 21 CV-A6 iso-
lates in this study from 2012 to 2015 were all located in
cluster G (Fig. 7), 5 CV-A1 isolates were all located in
cluster D (Fig. 8).

Discussion
In this study, we found the severe illness rates peaked
periodically with an increase in 2011 and 2014, suggest-
ing that severe HFMD epidemics presented a periodic
circulation every 2–3 years, which was in consistent with
the previous reports in Malaysia and Singapore [28, 29].
The mortality and severity-fatality rates presented with
decreasing tendency during the study period. However,

Fig. 4 The genotypes of non-EV-A71/CV-A16 enteroviruses identified in severe HFMD patients
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the severity-PICU admission rates increased from 2009
to 2013 and peaked in 2013, and then maintained at a
high level in 2014 and 2015. The severity-hospitalization
rates remained steady. This phenomenon may due to
the following reasons: Firstly, EV-A71 infection is more

commonly associated with severe HFMD cases and fatal-
ities, but the annual incidence of EV-A71 seroconversion
is no more than 10% with an accumulation of suscep-
tible young children, which allowing an accumulation of
the susceptible individuals [30]. Another possible reason

Fig. 5 Phylogenetic tree based on the complete VP1 sequences of Jiangsu EV-A71 isolates and reference strains of severe and fatal HFMD cases.
(Strains indicated by red solid triangle indicated the severe cases, Red solid diamond indicated the fatal cases in this study, EV-A71 strains isolated
from severe cases and fatal cases in other cities were indicated by a blue solid triangle and a blue solid diamond, respectively)
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is that the designation of specific hospitals for treatment
of severe cases has implemented since 2010. The third
reason is attributed to the medical service response, such
as clinical monitoring for the early detection and inter-
vention of severe cases. Besides, guidelines have been
developed for the treatment of severe HFMD cases, and

PICU guideline has also been established and strength-
ened. Furthermore, the mortality of HFMD in our study
was higher than that reported in mainland China from
2008 to 2014 [30], which may indicate a more severe
prevalence of HFMD in Jiangsu Province. However, ac-
cording to Xueyong Huang’s report, the number of

Fig. 6 Phylogenetic tree based on the complete VP1 sequences of Jiangsu CV-A16 isolates and reference strains of severe HFMD cases. (Strains
indicated by red solid triangle are CVA-16 strains that were isolated from severe cases)
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Fig. 7 Phylogenetic tree based on the partial VP1 sequences of Jiangsu CV-A6 isolates and reference strains of severe HFMD cases
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severe and death cases (22,309 severe cases and 141
death) observed in Henan province from 2008 to 2013
were even higher [21]. Therefore, these data showed that
the prevalence of HFMD in different region of China
varied, which may be associated with the differences in
circulation of virus, population density, level of diagnosis
and treatment in different regions.
This study found that the severe illness rates and mor-

tality were much higher in the young children, especially
in the 6–23 months age group, which were similar to the
report of other studies in mainland China and Taiwan
[18, 20]. Thus, more concerns were needed to focus on
this age group. Relatively lower severe illness rates and
death risk were found in infants younger than 6months,
which were most likely due to the maternal antibodies
to be able to protect infants against severe outcomes of

infection [18, 31, 32]. Nevertheless, this age group was
at higher case-severity rates, PICU admission rates and
hospitalization rates. The youngest infants allowed to get
EV-A71 vaccine were those at age 6 months [33, 34],
which leaves young infants vulnerable. Future studies
may focus on the vaccination at birth and at 2, 3, or 4
months to optimize protection. Furthermore, clinical tri-
als showed that EV-A71 vaccines manufactured in China
were highly efficacious against EV-A71-associated
hospitalization and on HFMD with neurologic complica-
tions in infants and young children [34]. More surveil-
lance efforts on the characteristic of severe HFMD
should be made after inactivated EV-A71 whole virus
vaccine vaccination widespread in the future. In relation
to gender, males were at higher the severe illness rates
and mortality, which has also been observed in other

Fig. 8 Phylogenetic tree based on the partial VP1 sequences of Jiangsu CV-A10 isolates and reference strains of severe HFMD cases
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reports [20, 29]. However, the chance of progressing to
hospitalization, PICU admission, and even death was
identical, detailed study of host genetic level, host im-
mune status and/or behavior patterns would be needed
to clarify.
The time interval from onset to the first clinic visit

was longer in 2009 and 2010 than that in other years,
and the mortality and severity-fatality rates were also
relatively higher in the corresponding years. Further-
more, we found that the time interval from onset to the
hospitalization was the longest along with the elevated
death risk in northern region of Jiangsu, which indicated
that early recognition and timely intervention was the
keys to reduce acute morbidity and mortality associated
with severe presentation. In addition, southern regions
usually had the highest severe illness rates, case-severity
rates and severity-hospitalization rates, whereas north-
ern regions had the highest mortality rates,
severity-fatality rates, case-fatality rates and the
severity-PICU admission rates, which suggested that it
worthy of conducting a special research to understand
the underlying causes to employ more targeted control
strategies for this disease. Future mitigation policies
should take into account the region heterogeneities of
disease burden idendified.
Our study showed that it was more likely for EV-A71

infection than other enterovirus types to cause serious
CNS and EV-A71 usually led to encephalitis, pulmonary
oedema/ haemorrhage, circulation failure and death,
which was in line with other published studies on
EV-A71 infection [17, 20]. The involvement of different
parts of the CNS may lead to different outcomes includ-
ing neurologic and phychiatric effects [35]. Our research
results could probably help us master the severe clinical
symptom spectrum and the disease severity burden.
Previous studies showed that all known EV-A71

strains could be classified into three genotypes-A, B and
C [36]. Genotypes B and C are further divided into sub-
genotypes B1 to B5 and C1 to C5, respectively [5, 36],
the subgenotype C4 could be further divided into C4a
and C4b clusters [37]. According to the phylogenetic
analyses, Jiangsu isolates belonged to C4a cluster, which
was most closely related to the strains isolated in China
[30, 38], indicating far less variety in mainland China. By
contrast, changes in the predominant subgenogroup are
also observed at each epidemic wave in Taiwan and
Singapore [5], along with the different epidemic intensity
of HFMD [29, 39]. It was interesting to note that Chang
et al. reported the VP1-145E variants were mainly re-
sponsible for the development of neuropathogenesis in
EV-A71-infected individuals, which was also showed in
our study. Most study demonstrated the minority of
CV-A16 associated with severe HFMD, our study sup-
ported this observation, CV-A16 has been grouped into

genogroups A, B1a, B1b and B2 [40]. Our study revealed
co-circulation of B1a and B1b, the result was different
from the previous study, which was only identified as
B1b subgenogroup in 2012–2013 in Shanghai city, with
no significant variation from the strains isolated in other
areas of China [38, 41].
Diversities of serotypes of non-EV-A71 /CV-A16 en-

teroviruses associated with severe HFMD were rarely re-
ported in other previous studies. Our findings suggested
that besides of EV-A71 and CV-A16, a total of 14 en-
terovirus genotypes were associated with severe HFMD
cases, and the higher detection rate of CV-A6 was found
in our study. In recent years, CV-A6 has caused some
outbreaks in Finland [42], Taiwan [43], the United States
[44], Japan [15], and China [45], while with the CV-A6
becoming another major pathogen of HFMD, patients
infected with CV-A6 had central nervous system (CNS)
involvement were also reported [13, 15, 45–47]. Previous
study reported CV-A6 infections attacked a broader
spectrum of skin sites, caused more profound tissue
damages [43], and the higher hospitalization rate [48]. In
our study, isolated strains from severe cases of CV-A6
were all located on the same cluster of the phylogenetic
tree, indicating that they shared the single ancestor and
were undistinguishable in Jiangsu province, perhaps due
to the the same genotype prevalent during the study
period. A descriptive study revealed that CV-A10 was
independently associated with higher risk of severe
HFMD [19]. Our study found all the severe CV-A10 iso-
lates belonged to genogroup D, which mainly included
isolates from mainland China [49]. Yang F found that
CV-A10 and CV-A4 in one severe case each [47].
CV-A2 and CV-A9 have also been associated with the
outbreaks of HFMD, and CV-A9 was one of the EVs that
may be associated with aseptic meningitis. CV-B1 was
the predominant enterovirus isolated in the USA among
young infants with severe disease in 2007 [50] and con-
tinued to be the most common serotype detected in
2008. CV-B2, CV-B3 and CV-B5, associated with neuro-
logical HFMD have also been reported [10, 51, 52].
CV-B4 was one of the highest rates of fatal outcome
(9.8‰) [53, 54], and also been isolated from a patient
with a fatal HFMD disease in China [55]. Most previous
reports of E-6 infections indicated that the virus mainly
causes the aseptic meningitis outbreak [56–59]. E-6 as-
sociated with HFMD has also been reported in China,
but without detail information about the clinical mani-
fiestion [14]. E-7 infection association with CNS mani-
festations of HFMD patients had been reported [60]. A
few reports showed E-18 associated with aseptic menin-
gitis outbreak [61, 62], while some reported E-18 was as-
sociated with some mild HFMD cases in Jiangsu
province [10]. In our study, E-18 was also found to be
associated with severe HFMD patients. EV-C96 has been
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isolated from patients with AFP and healthy individuals in
Yunnan, Guangdong, and Shandong province, [63–65]. In
this study, we firstly found EV-C96 infection was associated
with severe HFMD. Careful surveillance of clinical manifes-
tion, infectious agent activities and pathogenic features is
crucial in monitoring non-EV-A71/ CV-A16 virus infection
associated with severe HFMD of neurological complications.
While the HFMD vaccine was developed for EV-A71, these
pathogenic compositions of severe HFMD might affect fu-
ture vaccine development and clinical management.
This study has several limitations. Firstly, accessing to

and provision of health care and technical capacity var-
ied between and sometimes within different regions,
with no formal quality assurance or systematic audit for
disease surveillance. Secondly, the number of isolated
virus sequenced for EV-A71, CV-A16, non-EV-A71/
CV-A16 EVs of severe HFMD was small, therefore, viro-
logical surveillance data should be interpreted with cau-
tion. If more EVs isolated were routinely sequenced, we
might have a better understanding of the EVs of the
virus in severe HFMD. Thirdly, some severe neurological
illnesses caused by EV-A71 might have been missed by
using a strict HFMD case definition. Fourth, our study
was based on a descriptive analysis of surveillance data.
Thus, we can not identify the differences on epidemical
or etiological characteristics between the severe and mild
HFMD cases, which may need further studies..

Conclusions
In conclusion, this is the first study demonstrating the
comprehensive account of the burden, epidemiology,and
CNS complications in severe HFMD in Jiangsu Province,
China. The occurrence of severe HFMD in Jiangsu prov-
ince was closely related to time, age, and region distribu-
tion. Furthermore, EV-A71 infection conferred the most
serious risks of clinical severity and fatality. Additionally,
we showed that the dominant subtypes of EV-A71 was
C4a, the dominant subtypes of CV-A16 were B1a and
B1b, the dominant subtype of CV-A6 was G, and the
dominant subtype of CV-A10 was D. Finally, 12
non-EV-A71 /CV-A16/CV-A6/CV-A10 EVs associated
with severe HFMD were detected in Jiangsu province.
Further a more rigorous study of case control or cohort
design between mild and severe HFMD disease should
be badly needed to optimize the choice of interventions.
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