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Abstract Hand, foot, and mouth disease (HFMD) is a
common childhood illness that is caused by enteroviruses,
and the prevalence of HFMD in China and around the
world has resulted in a huge disease burden. Since 2010,
the HFMD incidence has been the highest among infec-
tious diseases in Suzhou, China. To investigate the epi-
demical, features, etiological characteristics, and clinical
characteristics of HFMD in Suzhou City, East China, from
2011 to 2014. We retrospectively analyzed HFMD epi-
demiological data in Suzhou from 2011 to 2014. A total of
80,723 outpatients in the city of Suzhou were diagnosed
with HFMD, including 1,846 severe cases. There were
2,387 (3.0 %) laboratory-confirmed cases, 807 of which
exhibited severe symptoms. All analyses were stratified by
age, disease severity, laboratory confirmation status, and
enterovirus subtype. From 2011 to 2014, HFMD mainly
affected children aged 1-3, and boys were more affected
than girls. The highest peak incidences of HFMD occurred
in May or June from 2011 to 2014, and lower peak inci-
dences were observed from November to December and in
districts with higher humidity. Enterovirus 71 and cox-
sackievirus A16 were the predominant viral genotypes in
Suzhou in 2011 to 2012 and 2014, and the severe cases
mainly correlated with EV71 subtypes. In 2013, other EVs

< J Shan
jun_shan21 @sina.com

Department of Microbiology, Suzhou Center for Disease
Control and Prevention, Suzhou, Jiangsu, China

Department of Acute Infectious Disease Control and
Prevention, Jiangsu Provincial Center for Disease Prevention
and Control, Nanjing 210009, China

School of Life Sciences, Shandong University of
Technology, Zibo, Shandong, China

were dominant. The proportion of patients with severe
disease decreased significantly, and the VP1 capsid pro-
teins of EV71 and CA16 from severe and mild cases were
nearly identical. This study shows that it is time to start
monitoring EVs in China and that we should accelerate
vaccine research and develop public-health interventions
for the control and prevention of HFMD, all of which will
play an important role in the prevention of HFMD.

Introduction

Hand, foot, and mouth disease (HFMD) is a common,
communicable disease of global concern that usually
affects children under the age of five. Clinical symptoms
are typically mild and self-limiting, but rarely, patients may
also develop neurological complications, such as
encephalomyelitis, aseptic meningitis, and acute flaccid
paralysis, and die within a few days [1, 2]. HFMD is caused
by a group of viruses belonging to the genus Enterovirus.
Of these, enterovirus 71 (EV71) and coxsackievirus A16
(CA16) are the most common causative pathogens [3, 4],
but several other human enteroviruses (EVs), including
coxsackieviruses CA2, CA4-CA7, CA10, CA12, and CB1-
CBS, can also cause the disease. Liu et al. [5] reported that
the percentages of EV71, CA16, and other EVs isolated
from HFMD survivors in Shanghai, Jiangsu, Hubei, Hunan,
and Ningxia, China, were 43.44, 22.17, and 34.38 %,
respectively; the percentages of EV71, CA16, and other
EVs isolated from fatal HFMD cases were 90.22, 8.07, and
1.09 %, respectively, from 2008 to 2014.

In the past three decades, multiple, severe HFMD out-
breaks have been documented throughout the world,
especially in the Asia-Pacific region. HFMD has become a
significant public health challenge throughout China since
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an EV7l-caused HFMD outbreak in Fuyang, China,
resulted in a large number of infected children. A total of
6,049 HFMD cases were reported, of which 3,023 (50 %)
were hospitalized, 353 (6 %) were severe, and 22 (0.4 %)
were fatal. Meanwhile, China immediately launched an
emergency response strategy, including establishing a
national HFMD supervision system in which HFMD was
included in the notifiable class C infectious disease cate-
gory and requiring that any HFMD case in China should be
reported to the National Notifiable Disease Reporting
System (NNDRS) [5-7]. Sporadic cases are reported
directly to the NNDRS by a doctor. For an HFMD out-
break, Chinese Centers for Disease Control and Prevention
(CDC) researchers will immediately arrange for patient
segregation. According to the NNDRS, HFMD had the
highest incidence among notifiable infectious diseases, and
a total of 1,071,7283 HFMD cases including 3,046 fatali-
ties and 490,923 laboratory-confirmed cases were reported
to the NNDRS from 2008 to June 2014 in mainland China
[5]. The sharp rise in the number of severe HFMD cases
has adversely affected the health of children in China.

Suzhou borders Shanghai, and it covers an area of
8,488.42 square kilometers, of which the plains account for
55 % of the total area. The city has a thriving economy, a
well-established transportation system, and a population of
approximately 10.6 million. It also has a large burden of
HFMD. From 2011 to 2014, a total of 80,723 probable
cases of HFMD were diagnosed in Suzhou, 1,846 of which
were severe. As a result, controlling the spread of HFMD
has become an important public health issue in Suzhou. To
eliminate HFMD, it is important to understand HFMD
epidemiology, and genetic analyses are useful to document
viral transmission pathways and to gather information that
can aid in the control of HFMD. In this study, we inves-
tigated the epidemiological features and molecular epi-
demiology of HFMD in Suzhou from 2011 to 2014 to
provide information to help guide the development of
effective prevention and control measures in the city of
Suzhou.

Materials and methods
Case definitions

According to the guidelines of the Prevention and Control
of HFMD issued by the CDC (2009 Edition) (http://www.
chinacdc.cn/jkzt/crb/szkb/jszl_2275/200906/t20090612_
24707.htm), HFMD is categorized as follows: if a doctor
diagnoses a patient as having a small rash on the hands,
feet, mouth, or buttocks, with or without fever, the patient
is defined as a suspected HFMD case. Patients appearing
with any neurologic or cardiopulmonary complications are
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classified as severe HFMD cases, while the rest are clas-
sified as mild cases.

If a clinical specimen, including a throat swab or stool
sample that was collected by medical workers, tested
positive for EV71, CA16, or other EVs by real-time
polymerase chain reaction (PCR) and virus isolation, the
case was defined as HFMD.

Source of epidemiological data

All HFMD cases in China must be reported, and workers at
the local hospitals must input the information into the
NNDRS database within 24 h. Information is collected
using a standardized form that includes basic demographic
information (sex, date of birth, and address), case classifi-
cation (probable or confirmed), severity (mild or severe),
death status, date of symptom onset, date of diagnosis, date
of death (if applicable), and virus type (EV71, CA16, or
other EV) for confirmed cases.

Specimen collection

According to the HFMD Monitoring Technology Plan in
Jiangsu province, in each district of Suzhou city, for mild
cases, at least five specimens are collected per month,
while all of the severe cases are sampled, including a throat
swab or stool sample, which is transported to our labora-
tory using a cold chain (under O °C) within 24 h, and all of
the samples are stored at —80 °C and tested within 1
month.

Detection of viral RNA from specimens

Viral RNA was extracted from 200 pl of clinical specimens
using a QIAamp Viral RNA Mini Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions.
The RNA from each sample was examined using a com-
mercially available real-time PCR kit (Diagnostic Kit for
Human Enterovirus, EV71, and CA16, Jiangsu Shuoshi
Biological Technology Co., Ltd., Taizhou, China) accord-
ing to the manufacturer’s protocols. Test results were
classified into four categories: EV negative, EV71 positive,
CA16 positive, or positive for another EV without further
serotype identification.

Virus isolation

Specimens for virus isolation and culture were obtained
from 332 samples that were positive by real-time PCR for
CA16 or EV71 and whose cycle threshold (Ct) number
(defined as the number of cycles for the fluorescence signal
to cross the detection threshold) was less than 25. Human
rhabdomyosarcoma (RD) cells (susceptible to EV71 and
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CA16) or human epithelial cell type 2 (Hep-2) cells (sus-
ceptible to other EVs) were grown for 7 days in Roswell
Park Memorial Institute (RPMI)-1640 medium supple-
mented with HEPES (0.238 g per 100 ml), NaHCO; (0.3 g
per 100 ml), 8 % fetal bovine serum (Invitrogen, Carlsbad,
CA, USA), and 0.30 U of streptomycin per ml. The cells
were harvested when the cytopathic effect (CPE) was
visible over at least 50-75 % of the cell layer. Sixty-five
blind passages were performed for those cultures that did
not exhibit CPE after 7 days. The medium from the
infected cells was harvested using a pipette and stored
immediately at —70 °C [8, 9].

Sequencing

The detection method was based on a one-step reverse
transcription (RT)-PCR assay. The VP1 gene, which
encodes the viral coat protein, of 31 of the EV71 and CA16
isolates, representing 18.8 % of the strains that were
obtained from the virus cultures, was sequenced. The
complete VP1 gene sequences from the 31 isolates were
amplified by one-step RT-PCR. RT-PCR products were
sent to Sangon Biotech Co., Ltd. (Shanghai, China) for
DNA sequencing using an automated ABI 3730 DNA
sequencer (Thermo Fisher Scientific, Waltham, MA,
USA)[10]. The primers used for EV71-VP1 were as fol-
lows: forward, 5’-TATAATAGCACTAGCGGCAGC-3’;
reverse, 5’-AGTAAGTCGCGAGAGCTGTCTTC-3". The
primers used for CA16-VP1 were as follows: forward, 5’-
AGGTACTACACCCAGTGGTCAG-3’; reverse, 5’-
GCAAGGTGCCGATTCACTACCCT-3". The sequences
obtained in this study have been deposited in the GenBank
database under the accession numbers KT327132—
KT327162.

Phylogenetic analysis

To construct a phylogenetic tree, different genotypes of
EV71and CA16 reference strain sequences were obtained
from the GenBank database at the National Center for
Biotechnology Information. A total of 136 EV71 and CA16
sequences (including the 31 sequences generated in the
present study), representing 75 regions throughout the
world, were analyzed to determine the evolution of the
viruses in the city of Suzhou. The sequences obtained in
this study were screened using the online Basic Local
Alignment Search Tool (BLAST) (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) to search for the most similar sequences.
Multiple sequence alignments were performed using the
ClustalW program. The robustness of the groupings was
assessed using bootstrap resampling of 1,000 replicates,
and phylogenetic trees were visualized with the MEGA 5.0
program.

Statistical analysis

All statistical analyses were performed using SPSS version
11.5 software (SPSS Inc., Chicago, IL, USA). Categorical
variables were compared using the chi-squared test. All
statistical tests were two-sided, and a difference with a P-
value less than 0.05 was considered significant. Population
statistics for Suzhou were obtained from the Suzhou
Bureau of Public Security. Data on reported HFMD cases
and deaths were obtained from the Suzhou CDC and the
NNDRS of the Chinese CDC. Epidemiologic data were
analyzed using Microsoft Excel.

Results
Epidemiological features
Demographic characteristics

A total of 80,723 HFMD cases in the city of Suzhou were
reported to the NNDRS from January 2011 to December
2014, including 1,846 severe cases. Although there were
more than 2,200 fatalities reported to the NNDRS from
2011 to 2014 in mainland China, there was no fatal cases in
Suzhou. The average incidence rate of HFMD from 2011 to
2014 was 190.22 per 100,000. The incidence of HFMD
was high in 2011, decreased in 2012-2013 (153.90 per
100,000), and emerged as a pandemic in 2014 (250.39 per
100,000). Among these cases, 49,065 were males and
31,719 were females, with an average male-to-female ratio
of 1.54 (range: 1.49 to 1.62). The annual average incidence
in males (231.71 per 100,000) was higher than that in
females (149.78 per 100,000), and this difference was
statistically significant (y’= 3794.991, p < 0.0001). The
majority of cases detected had mild to moderate symptoms
(97.68 %, 78,853/80,723); the remaining cases (2.32 %)
were classed as severe. The majority (65.76 %) of the cases
occurred in children who did not attend school. The per-
centage of cases among children who attended a kinder-
garten or another school was 29.94 % and 5.71 %,
respectively (Table 1).

Age and sex. The age of the 80,723 HFMD cases ranged
from 1 month to 51 years. Although the whole-population
incidence rate of HFMD was 190.22 per 100,000, the
average incidence rate was 5,909.85 per 100,000 in the
population aged <5 years, which accounted for 94.99 %
(76,677) of the cases; 46,574 patients were boys and
30,103 were girls. Boys had a significantly higher inci-
dence rate compared with that of girls (3’=2647.11, P <
0.01). The highest peak incidence occurred in the 1- to
3-year-old group, accounting for 72.3 % of all HFMD
cases (Table 1).
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Table 1 Numbers of reported hand, foot, and mouth disease cases by gender, residence, age group, and year
Variable 2011 2012 2013 2014 Total

HFMD Reported Cases (incidence rate/105)
Whole population 19017 (180.26)
17864 (5974.66)

545 (2.87 %)

0- to 5-year-old population
Severe cases

(Percent of all cases)

Mild cases

(Percent of all cases)
Gender

Males (incidence rate/105)

18472 (97.13 %)

11763 (223.66)

Females (incidence rate/105) 7254 (137.93)

18852 (176.36)
18784 (5763.40)
545 (2.89 %)

18307 (97.11 %)

11459 215.11)

7392 (138.76)
Gender ratio 1.62 1.55

16334 (153.9)
15447 (4446.28)
223 (1.36 %)

26520 (250.38)
24582 (6474.62)
557 (2.10 %)

80723 (190.223)
76677 (5664.74)
1846 (2.32 %)

16111 (98.64 %)

25963 (97.90 %) 78853 (97.68 %)

9941 (187.76) 15902 (300.29) 49065 (231.70)
6415 (121.16) 10658 (201.27) 31719 (149.79)
1.55 1.49 1.55
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Fig. 1 HFMD cases and monthly distribution of severe cases in Suzhou city from 2011 to 2014

Seasonality. Although HFMD cases occurred throughout
the year, the incidence rate of HFMD varied across each
year and each month. Fluctuations in 2011 and 2012 were
more obvious, with a large peak in May and June and a
small peak in November and December. However, the
large peak lasted from April to July, the small peak lasted
from November to January in 2013, and the large and small
peaks formed one continuous peak from April to December
in 2014. Although there was a longer period of high inci-
dence in 2013 and 2014, the proportion of severe cases was
lower. From 2011 to 2014, there was a peak of severe cases
in May of every year. In addition, there was a higher peak
incidence of severe HFMD cases in August and September
in 2011 and 2012 (Fig. 1).

Location distribution. Clear differences in the annual
HFMD incidence in different districts within the city of
Suzhou were observed. From 2011 to 2013, the incidence in
Suzhou as a whole decreased, except for the Wujiang and
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Taicang districts. However, in 2014, the HFMD incidence
in all districts in Suzhou peaked. In 2011, the highest
incidences were in Zhangjiagang and the Singapore indus-
trial park, but from 2012 to 2014, the highest incidences
were in Wujiang and Taicang, while the lowest incidence
rate from 2011 to 2014 was in Kunshan (Fig. 2).
Laboratory detection. Among the 80,723 reported HFMD
cases, 2,387 (3.0 %) were laboratory-confirmed, including
807 severe cases and 1,580 mild cases. Among the 807
severe cases confirmed by laboratory tests, EV71, CA16,
and other EVs accounted for 78.9, 8.6, and 12.5 %,
respectively, of the cases. Among the 1,580 mild samples
confirmed by laboratory tests, EV71, CA16, and other EVs
accounted for 25.3, 35.3, and 39.4 %, respectively, of the
cases. EV71 was the major agent in 2011 and 2012, while the
other EVs were predominant in every month of 2013, and
EV71 and CA16 were the predominant viral genotypes in
2014. The predominance of EV71 varied substantially by
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Fig. 3 Etiological composition of laboratory-confirmed cases and severe rates in Suzhou city from 2011 to 2014

month, as it had a peak incidence from April to September of
every year, while CA16 or other EVs had peak incidences
from October to March of the following year (Fig. 3).

Phylogenetic analysis of the VP1 genes of EV71
and CA16

One hundred sixty-five strains were obtained from virus
isolation experiments, 105 of which were EV71 strains and
60 of which were CA16 strains. Of the 165 strains, 20 %

were taken as representatives for VP1 gene sequencing.
Thirty-one complete VP1 gene sequences from 21 EV71
strains and 10 CA16 strains were amplified and sequenced,
and their VP1 nucleotide sequences were 891 bp, encoding
297 amino acids. The VPI nucleotide and amino acid
sequence identities of the 21 EV71 strains ranged from
94.7 t0 99.9 % and from 98.3 to 100.0 %, respectively. The
VPI nucleotide and amino acid sequence identities of the
10 CAL16 isolates ranged from 96.4 to 99.9 % and from
99.3 to 99.7 %, respectively.
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To characterize the EV71 strains circulating in Suzhou,
we retrieved the sequences of EV71 genotypes and sub-
types from GenBank, including representative sequences of
the A, B1, B2, B3, B4, B5, Cl1, C2, C3, and C4 subtype
strains. After comparison, all of the 21 EV71 strains iso-
lated from Suzhou clustered exclusively in genotype C4,
subtype C4a, and they were similar to EV71 sequences
isolated from other provinces in mainland China. The
phylogenetic tree shows that the EV71 strains of Suzhou
formed three clusters. The strains isolated from 2011 to
2013 formed one cluster, and they have a close genetic
relationship to 117-HZ- CHN-2011 (JX103503) strain that
was isolated in Huizhou. The strains isolated in 2014
formed two clusters, which have a close genetic relation-
ship to strains 265-GD-CHN-2009 (JF519702) (isolated in
Guangdong) and MH704-SHH-CHN-2012 (JQ766172)
(isolated in Shanghai), respectively (Fig. 4). Similarly, we
retrieved the sequences of CA16 genotypes and subtypes
from GenBank, including representative sequences of the
A, Bla, B1b, and B2 subtype strains. After comparison, all
10 CA16 strains isolated from Suzhou clustered exclu-
sively in genotype B1, subtype B1b, and they were similar
to CA16 sequences isolated from other provinces in
mainland China. The phylogenetic tree shows that the
CAL16 strains of Suzhou formed three clusters. The strains
isolated in 2011 formed one cluster and had a close genetic
relationship to the 21-TJ-CHN-2010 (JX455099) strain that
was isolated in Tianjin. The strains isolated from 2012 to
2014 formed one cluster and had a close genetic relation-
ship to the 213a-XM-CHN-2010 (JX127259) strain, and
the two strains isolated in 2014 formed a cluster and had a
close genetic relationship to the EV-1-SHX-CHN-2011
(JN582179) strain (Fig. 5).

The phylogenetic dendrogram was constructed using the
neighbor-joining method based on the 891-bp complete
VP1 sequence of the 21 EV71 strains isolated in this study.
Strains indicated by filled circles (@) and triangles (A) are
EV71 strains that were isolated from mild and severe cases,
respectively.

The phylogenetic dendrogram was constructed using the
neighbor-joining method based on the 891-bp complete
VP1 sequence of the 10 CVAI16 strains isolated in this
study. Strains indicated by filled circles (@) and triangles
(A) are CVAL16 strains that were isolated from mild and
severe cases, respectively.

Discussion
This study reports the occurrence of HFMD in the city of
Suzhou from 2011 to 2014; although there were 1,846

severe cases in Suzhou from 2011 to 2014, there were no
fatal cases, perhaps because of a higher level of medical
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care, access to convenient transportation, and timely and
effective treatment that resulted from the successful
implementation of the policy of “early detection, early
diagnosis, and early treatment”. Of the 80,723 cases, most
were in children under the age of five (95.0 %) (Table 1),
which is similar to previously reported domestic and for-
eign studies [11-14]. We found that the morbidity of
HFMD in infants under the age of 1 was lower than that of
children aged 1-5. It is possible that infants under the age
of 1 have maternal antibodies against the virus and have
less exposure to HFMD, thereby lessening their chance of
infection [15, 16].

In the present study, children under the age of 3
accounted for 72.3 % of the total number of HFMD cases,
and unschooled children accounted for 65.76 % of the total
HFMD incidence, probably because of their low immunity
resulting in poor self-protection and making it difficult to
manage the health of such children [17, 18]. Boys acquired
more HFMD infections than girls, perhaps because boys
are more active and have poorer health habits, thereby
increasing their chance of infection [19, 20].

HFMD epidemics have been shown to be significantly
related to high temperatures in Japan and China [21-23].
Consistent with this, we found that there was a high peak
incidence from May to July of 2011-2014 in Suzhou
(Fig. 1). Suzhou has a subtropical monsoon marine cli-
mate, with four distinct seasons, and this period coincides
with high temperatures. However, in 2013-2014, the inci-
dence was maintained at a higher level throughout the
entire year, and seasonal fluctuations, as were observed in
2011-2012, were not obvious. Whether this was related to
high levels of air pollution is worth exploring. Because
Suzhou has experienced more air particle pollution since
2013, this could lead viruses to adsorb to particulate matter,
thereby enabling their long-term persistence. Further
research is needed to investigate this question.

In addition to temperature, humidity has also been cor-
related with HFMD activity in Japan and in Shandong and
Guangdong provinces of China [21-23]. The present study
is agreement with these results. In the Suzhou area,
Wujiang and Taicang, which are located next to Tai Lake
and the Yangtze River, respectively, have higher relative
humidities than Kunshan, which is farthest from the water.
The highest incidences of HFMD occurred in Wujiang and
Taicang from 2012 to 2014, while the lowest incidence rate
from 2011 to 2014 occurred in Kunshan (Fig. 2).

According to a number of previously reported studies in
China [24-27], EV71 infections led to an epidemic of
severe cases, while CA16 infections led to the prevalence
of mild cases. We found that when severe cases were
prevalent, EV71 was isolated frequently, and when mild
cases were prevalent, CA16 and other EV strains were
isolated frequently. Compared with previous monitoring
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Fig. 5 Phylogenetic tree based on the complete VP1 sequences of Suzhou CVAI16 isolates and reference strains
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results, the proportion of other EV strains tended to
increase yearly from 2011 to 2014. In 2013, other EVs
were dominant, and the proportion of patients with severe
disease significantly decreased. We have tested more than
300 specimens of EVs, more than 50 % of which were
CAG. These results we will be discussed in a future article
(data not shown) (Fig. 3).

EV71 molecular epidemiological studies based on the
analysis of virus sequences began in 1995 [28]. Now,
EV71 molecular epidemiology is mainly concerned with
the VP1 gene, VP4 gene mutations, and the 5’ untrans-
lated region. Of these, the VP1 gene has the greatest
research value, and molecular epidemiological studies of
CA16 are mainly concentrated on the capsid protein VPI.
This is because (1) the VPI1 protein is the major factor in
terms of virus neutralization, as it directly determines
viral antigenicity[29], and (2) the genetic diversity of the
VP1 gene completely corresponds to the viral serotype;
therefore, it not only can be used to classify different EV
serotypes, but it can also be used to classify different
small RNA viruses.

According to the evolutionary tree of the VP1 nucleotide
sequence, EV71 is divided into three separate genetic
types: A, B, and C. The A genotype is the prototype for the
EV71 strain, and it contains only one strain, BrCr-USA-70;
genotypes B and C can be further divided into five sub-
types: B1, B2, B3, B4, and B5 and C1, C2, C3, C4, and CS5,
respectively, and the C4 can be divided into subtypes C4a
and C4b [30]. Nucleotide sequence differences within the
same genotype are less than 12 % [31]. Data show that the
EV71 population in mainland China in the past 10 years is
mainly divided into two classes. From 1998 to 2004, EV71
isolates from Guangdong and Shanghai belonged to the
C4b subtype. After 2004, they were gradually replaced by
the C4a subtype. During the past five years, subtype C4a
has become the major EV71 epidemic strain in mainland
China [32]. Since March 2008, most regions of China have
had varying degrees of HFMD outbreaks, and the EV71
C4a subtype has been isolated repeatedly [4, 33]. This
shows that after 2008 in mainland China, the C4a gene
subtype may have become more widely distributed. The
phylogenetic tree of the 21 EV71 strains that were isolated
in this study showed that all of the EV71 strains in Suzhou
in 2011-2014 were of the C4a subtype, and they might
have originated from EV71 strains from Shanghai and
Guangdong (Fig. 4).

In China, Li et al. [34] analyzed CA16 isolates in
Shenzhen from 1999 to 2004. Based on the evolution of
VP1, CA16 strains can be divided into A, B, and C
genotypes, and nucleotide sequence differences between
the B and C genotype range from 5.8 % to 11 %. In 2007,
Perera et al. [35] analyzed 52 CA16 strains that were iso-
lated over 10 years in five countries in the Asia-Pacific

region. They divided CA16 strains into A and B genotypes,
and genotype B was divided into the B1 and B2 subtypes.
They demonstrated that the B and C genotypes reported by
Li et al. are identical to their B1 and B2 subtypes.

In the city of Suzhou, which is located in the south
of Jiangsu province, Shan et al. [36] found that two Bl
branches, Bla and B1b, existed simultaneously and circu-
lated in 2012, and they suggested that the B1b genotype
has an evolutionary advantage. In the present study, we
selected sequences of 47 CA16 strains from GenBank that
represent strains that were isolated from different countries
in different years, and compared them with the Suzhou
isolates. Our results showed that the VP1 region of the 10
CA16 Suzhou strains had highly homologous nucleotide
and amino acid sequences, all belonging to the B1b branch
of the B1 subtype, which is consistent with a report in areas
of Jiangsu province by Shan et al. (Fig. 5).

Based on the Suzhou HFMD monitoring results from
2011-2014, future work should focus on the prevention
of HFMD infections. As the proportion of other EV
strains tends to increase yearly, and the epidemiological
information regarding the other EVs is limited, it is the
time to start monitoring other EVs in China. Vaccination
also remains the most significant and effective way to
control disease. On December 4, 2015, China’s State
Food and Drugs Administration approved the production
of inactivated EV71 vaccines from human diploid cells.
A phase III clinical trial of 12,000 subjects showed that
an inactivated EV71 vaccine provided 97.3 % protection
against HFMD and that there were no adverse reactions
related to the vaccine. Once the use of this EV71 vaccine
increases, it will reduce the number of severe HFMD
cases and the incidence of HFMD caused by EV71. In
view of the fact that other EVs, some of which were
especially dominant in 2013, also account for a certain
proportion of HFMD cases and can also cause severe
HFMD, accelerating the development of vaccines against
CA16 and other pathogens will play a an important role
in the prevention of HFMD. In addition, we should
popularize health education for young children and par-
ents to promote good health-related behaviors, cut off the
transmission source, and curb the spread of epidemics.
These are economical and effective ways to reduce the
risk of HFMD.
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