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SUMMARY

We retrospectively analysed the epidemiological data of all hand, foot, and mouth disease
(HFMD) cases from the largest paediatric infectious diseases centre in Shanghai between 2007
and 2010. A total of 28 058 outpatients were diagnosed with HFMD, of which 3948 (14-07 %)
were hospitalized, 730 (2:60 %) had complications with neurological disorders and pulmonary
oedema/haemorrhage, and 11 (0-04 %) died. The peak season was the summer months. Boys were
more affected than girls. Since 2008, the major population group affected has shifted from native
Shanghainese children attending preschool to migrant children and younger children cared for at
home. Children aged 14 years constituted 82-27 % of cases. EV-A71 was tested in clinical
samples taken from severe cases in 2009 and 2010, and from most inpatients in 2010. EV-A71 was
positive in 99-17% and 86-31 % of severe cases, respectively in 2009 and 2010. All 12 cases with
pulmonary oedema or haemorrhage were infected with EV-A71. Ten (90-90%) of 11 fatal cases
were attributable to EV-A71 infection. In 2010, EV-A71-positive cases accounted for 54-12% of
inpatients. The dominant circulation of EV-A71 led to the outbreak of HFMD and occurrence of

severe and fatal cases.
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INTRODUCTION

Hand, foot, and mouth disease (HFMD) is a common
infectious disease that occurs in children aged <5 years
and has been reported to be prevalent worldwide after
its first description [1, 2]. Large-scale outbreaks have
occurred and caused death and neurological sequelae
in Malaysia, Taiwan, Singapore, and recently in
mainland China [3-7], which has become a growing
public health concern throughout South East Asia.
HFMD is caused by enterovirus infection. Coxsackie
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virus A16 (CV-A16) and enterovirus A71 (EV-A71)
are the major causative agents of HFMD [2, 8, 9].
Enterovirus is a genus of the Picornavirus family,
characterized by a single positive-strand genomic
RNA. Based on molecular and biological properties
of the viruses, human enterovirus is currently desig-
nated as four species (A—D), including more than 80
serotypes [10, 11]. Both EV-A71 and CV-A16 belong
to human enterovirus A. EV-A71 has often been linked
with outbreaks of severe neurological diseases and
HFMD complicated by fatal outcome such as lethal
central nervous system (CNS) disorders and cardio-
pulmonary collapse [2, 12]. Currently, no vaccine
or effective drug against EV-A71 are available for
human use. Thus, epidemiological surveillance of
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HFMD and EV-A71 infection is important in order
to understand the emerging trend of this disease and
to take the correct and timely public health interven-
tions to prevent the outbreak.

In May 2008, HFMD was included into the noti-
fiable class C infectious diseases category in China
because of its large-scale epidemic, beginning first in
Fuyang and resulting in the deaths of many children.
Since then, it has been observed that the periodic
outbreak of HFMD occurs annually with increasing
morbidity and mortality in recent years. During
2008-2010, a total of 3419149 cases and 1384 fatal
cases attributable to HFMD were reported officially
in China. HFMD has now become one of the leading
causes of child death and a public health priority
in China [13]. In fact, there were several regional
outbreaks of HFMD in the 1980s in Tianjin caused by
CV-A16, and in 2000 and 2007 in Shandong caused
by EV-A71 [14-16]. Since 2007, it has been mandatory
to report cases of HFMD to Shanghai Municipal
Center for Disease Control and Prevention (CDC).
Accumulating reported cases across Shanghai ex-
ceeded 40000 during 2007-2010, with about 30% of
reported HFMD cases from our hospital. This study
retrospectively analyses the epidemiology of HFMD
cases brought to our hospital for treatment during the
past 4 years.

METHODS
Patients and definition of clinical diseases

All HFMD cases in this study were reported to
Shanghai CDC on the ground of clinical diagnosis at
the Children’s Hospital of Fudan University between
2007 and 2010. Our hospital hosts the largest-scale
dedicated HFMD clinics and wards in Shanghai. At
least 90 % of hospitalized HFMD cases were treated
in our hospital.

HFMD is characterized by oral vesicular exan-
thema/ulcers plus vesicular lesions on the hands,
and/or feet, and/or buttocks. A case was defined as
severe if HFMD was accompanied with the occur-
rence of at least one of the following complications:
aseptic meningitis, encephalitis, acute flaccid paralysis,
pulmonary oedema or haemorrhage, cardiopul-
monary collapse or myocarditis. All diagnostic criteria
of clinical complications refer to the disease definition
as described previously in Taiwan [17, 18]. Cerebro-
spinal fluid (CSF) pleocytosis was defined as a white
blood cell count >10 x 10% cells/l in a CSF sample if a
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patient was aged >1 month, which is a little different
from the Taiwanese criteria. Encephalitis was diag-
nosed by a disturbance in the level of consciousness
such as drowsiness or coma plus CSF pleocytosis.
The criteria for hospitalization included one of the
following conditions: 3 days of persistent fever, re-
current vomiting, altered consciousness (lethargy or
drowsiness or coma), neck stiffness, startle, myoclonic
jerk, seizure, tachypenia, Occasionally, some patients
were admitted to wards after strong parental request.

Identification of EV-A71 and CV-A16

The virological surveillance for severe (clinically con-
firmed or highly suspected) and lethal cases has been
in operation since 2009 by Shanghai CDC. Once a
patient was confirmed as being severe enough or
highly suspected of being very ill, a stool sample and
throat swab were collected and sent to the CDC ref-
erence laboratory for enterovirus detection. In 2009,
120 (69-36 %) out of 173 severe cases were tested for
enterovirus; 84 inpatients with no complications had
virus detected in clinical samples at the CDC labora-
tory, since these 84 cases were excluded from having
neurological disorders but were highly suspected of
being severe on admission. From May 2010 onwards,
EV-A71 and CV-A16 were routinely detected in our
clinical virology laboratory. Moreover, it was man-
datory for clinicians to send clinical samples from
severe cases (in terms of clinical situation) to the CDC
laboratory for virus identification. Altogether in 2010,
1506 (74:37%) of 2025 inpatients were tested for
EV-A71 and CV-A16, and 431 (97-07 %) out of 444
severe cases were tested for enterovirus. In addition,
413 CSF specimens from inpatients with CNS in-
volvement were tested for EV-A71 and CV-A16 in
our hospital virology laboratory in 2010.

A commercial licensed kit (Da An Gene Co. Ltd,
lot no.: Cox Al16 YZB-0354-2009, EV-A71 YZB-
0356-2009) was recommended by China CDC for de-
tection of EV-A71 and CV-A16 for clinical samples in
the CDC laboratory and hospital virology laboratory.
The detection method is based on one-step real-time
RT-PCR assay. The detection sensitivity of the kit is
1 x 10® p.f.u/ml. A specimen is considered positive for
virus if reaction growth curves cross the threshold line
within 35-1 cycles.

Statistics

Statistical analysis was performed using SPSS version
11.5 software (SPSS Inc., USA). The y? test was used
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Table 1. Case distribution and demographic characteristics of reported HFMD cases in the Children’s Hospital
of Fudan University, Shanghai

2007 2008
(1=2393) (n=5179)
n (%) n (%)

2009
(n="1475)
n (%)

2010
(n=13011)
n (%)

2007-2010
(n1=28058)
n (%)

Number of inpatients

26 (1-09 %)

454 (8-77 %)

Number of severe cases 2 (0-08 %) 111 (214 %)
Number of fatal cases 0(0%) 0(0%)
Gender
Male 1419 (59-30 %) 3147 (60-76 %)
Female 974 (40-70 %) 2032 (39-24 %)
Identification
Local children 1963 (82:03 %) 2510 (48-46 %)
Migrant children 430 (17-97 %) 2669 (51-54 %)

Form of child care

Home care 923 (38:57 %) 3005 (58:02 %)
Kindergarten care 1403 (58:63 %) 1930 (37-27 %)
School care 67 (2:80%) 244 (471 %)

Age (years)

<05 13 (0-54 %) 29 (0-56 %)
0-5-09 86 (3:59 %) 277 (535 %)
1-1-9 412 (1722%) 1330 (25:68 %)
2-29 560 (23-40%) 1127 (2176 %)
3-39 573 (23:94%) 1055 (20-37 %)
4-4-9 360 (1504 %) 566 (10-93 %)
5-59 223 (9-32 %) 359 (6:93 %)
>6 166 (6:94 %) 436 (3-42 %)

1443 (1930 %)
173 (231 %)
6 (0-08 %)

4633 (6198 %)
2842 (38-02 %)

2285 (30-57 %)
5190 (69-43 %)

4853 (64:92%)
2427 (32:47%)
195 (2:61 %)

46 (0-62 %)
520 (6:96 %)
2338 (31:28 %)
1782 (23-84 %)
1370 (18-33 %)
778 (10-41 %)
351 (470 %)
290 (3-88 %)

2025 (15-56 %)
444 (3-41 %)
5(0:04 %)

8007 (61-54 %)
5004 (38-46 %)

3844 (29-54 %)
9167 (70-46 %)

7847 (60-31 %)
4788 (3680 %)
376 (2:89 %)

72 (0-55%)
764 (5-87 %)
3709 (28-51 %)
3096 (23-80 %)
2529 (19-44 %)
1497 (11-51 %)
756 (5-81 %)
588 (4:52%)

3948 (14-07 %)
730 (2-60 %)
11 (0-04 %)

17206 (61-32%)
10852 (38-68 %)

10602 (37-79 %)
17456 (62-21 %)

16628 (59-26 %)
10548 (37-59 %)
882 (3-14 %)

160 (0-57 %)
1647 (5-87 %)
7789 (27-76 %)
6565 (23-40 %)
5527 (1970 %)
3201 (11-41 %)
1689 (6:02 %)
1480 (5-27 %)

Percentages in parentheses indicate a proportion in the total number of a corresponding year.

for proportional data. Age comparison was analysed
using the Mann—Whitney U test. A difference with a
P value <0-05 was considered as significant.

RESULTS

Trend and seasonality of HFMD epidemic in
Shanghai

There were a total 28 058 cases with HFMD reported
to CDC in our hospital, of whom 3948 (14-07 %) were
admitted to the isolation wards for treatment, 730
(2:60%) were severe and 11 (0-04%) died from
HFMD. The fatality of severe cases was 1-51%
(11/730). The numbers of HFMD cases increased
markedly year on year (Table 1).

HFMD was prevalent throughout a year in
Shanghai and peaked between May and July during
summertime (Fig. 1). In 2010 when the largest-scale
outbreak of HFMD occurred in Shanghai, the peak
season was in April, 1 month earlier than that seen in
previous years. In August, the activity of HFMD fell
sharply. However, a second smaller and unusual
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epidemic wave of HFMD was observed in middle
autumn and winter of 2009, just preceding the largest-
scale outbreak of HFMD in 2010. The numbers of
hospitalized cases and severe cases were parallel with
the peak of HFMD (shown in Figs 1 and 2).

Demographic characteristics of HFMD

Of 28058 children with HFMD, 61-32% (17206)
were boys and 38-68 % (10852) were girls (male-
to-female ratio 1-6:1), and the male predominance
was found in each year. In total, local Shanghainese
children accounted for 37-79 % (10602) and migrant
children accounted for 62:21% (17456). The pro-
portion of susceptible population varied with year. In
2007, local children constituted 82-03 % of total cases;
moreover, the majority (58-63 %) of outpatients were
children attending kindergarten. However in 2008,
most children affected shifted to migrant children and
children cared for at home (see Table 1) and this trend
was more marked in 2009 and 2010. In addition, of
10602 local children with HFMD, children cared for
at home and institutionalized children were 4074
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Fig. 1. Monthly numbers of outpatients with HFMD reported to Shanghai Municipal CDC at the Children’s Hospital of

Fudan University, 2007-2010.
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Fig. 2. Monthly numbers of inpatients and severe cases with HFMD from the Children’s Hospital of Fudan University,

2007-2010.

(38-43 %) and 6528 (61-57 %), respectively. Of 17456
migrant children with HFMD there were 12554
(71-92%) cared for at home and 4902 (28-08 %) cared
for in an institution. The incidences of HFMD in in-
stitutional care and home-care settings between local
and migrant children were statistically significant
(x*=3064-544, P=0-000).

Of 28058 patients aged between 22 days and
16 years, 23082 (82-27 %) were young children aged
1-4 years. The proportion of 1-year-old children was
largest, accounting for 29-67 % of total cases, except
in 2007 when the 1-year-old group constituted 17-22 %
of all cases (Table 1). There was an obvious upward
trend in the numbers of children aged 1 year by year.

Characteristics of severe and fatal HFMD cases

Of the total 730 severe cases, 711 were confirmed
as having complications of aseptic meningitis or
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encephalitis, six had encephalitis combined with acute
flaccid paralysis, three cases had encephalitis com-
bined with pulmonary oedema/haemorrhage, one
CV-Al6-infected child died without a definite death
cause, and nine cases were complicated by pulmonary
oedema/haemorrhage. The nine cases with pulmon-
ary oedema/haemorrhage were too critical to have
lumbar puncture performed for CSF test; however,
they met a clinical diagnostic criterion of encephalitis
since they all manifested with fever, drowsiness or
coma, vomiting, convulsion, tremor, myoclonic jerk,
and limb weakness in various combinations. The tem-
poral distribution of severe HFMD cases was parallel
to the peak of HFMD epidemics (Figs 1, 2). With
one exception, all very critical pulmonary oedema/
haemorrhage cases occurred between April and July
during the HFMD epidemic.

The mean age of the 730 severe cases was 28 months
(range 3 months to 12 years). The proportions of age
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Table 2. Detection of EV-A71 and CV-A16 in inpatients with HFMD, 2009-2010

EV-A7l1-positive CV-Al6-positive Untyped
n (%) n (0/0) n (0/0)
2009
Severe group (n=120) 119 (99-17 %) 1 (0-83%) 0(0%)
Fatal group (n=16) 5(83:33%) 1 (1667 %) 0(0%)

Uncomplicated group (n=84%) 43 (51-19%)
2010
Severe group (n=4317)
Fatal group (n=5)

Uncomplicated group (n=1075%)

372 (8631 %)
5(100 %)
448 (41-67%)

31 (36:90 %)

9 (209 %)
0 (0%)
207 (19-26 %)

12 (14-29 %)

51 (11-83%)
0 (0%)
424 (39-44 %)

Percentages in parentheses indicate the proportion in the same group. Severe group included fatal group.

* Two cases were infected with EV-A71 and CV-Al6.
T One case was infected with EV-A71 and CV-AlS6.
1 Four cases were infected with EV-A71 and CV-Al6.

groups in children aged <0-5 year, 0-5-0-9 year,
1 year, 2 years, 3 years, 4 years, 5 years and =6 years
were 0-14% (1), 5:77% (42), 31-73% (233), 25-41%
(185), 19:51% (142), 10-:23% (73), 3-57% (26) and
3-85% (28), respectively. Of 730 severe cases, 473
(64:79 %) were boys and 257 were (35:21 %) girls. The
incidences of severe HFMD in males and females
were 2:75% (473/17206) and 2-37 % (257/10852), re-
spectively. There was no statistical difference between
the two groups (x*>=3-808, P=0:051). The 730 severe
cases comprised 522 (71-51 %) migrant children and
208 (28-49 %) local children. The incidences of severe
HFMD in migrant children and local children were
3-00% (522/17396) and 1-95% (208/10662), respect-
ively. There was statistical significance in the two
groups (y*=28-751, P=0-000).

Among 12 critically severe cases with pulmonary
oedema/haemorrhage and one fatal case of unknown
cause, the ages ranged from 7 months to 63 months
with the median age of 22-5 months (mean age
25754+ 14:92 months). The age distribution was as
follows: <l-year group (n=1, 7-69 %), 1-year group
(n=35, 3846 %), 2-year group (n=35, 38-46%), 3-year
group (n=1,7-69 %) and 5-year group (n=1, 7-69 %).
There were seven (53-85%) boys and six (46-15%)
girls. Eleven (84-62 %) were migrant children and two
(15-38 %) were local children. Thirteen cases resided
in the suburban or rural areas and six (46:15 %) had
definite contact history.

Laboratory detection of EV-A71 and CV-Al6

During the period April-November 2009, it was
found that 99-2% of severe inpatients, 83:33% of
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deceased cases and 51:19% of uncomplicated in-
patients were confirmed with EV-A71 infection at the
CDC laboratory; only one severe case with meningitis
and one fatal case of unknown complication were
caused by CV-A16 infection; CV-A16 and other un-
typed enteroviruses accounted for 36:90% and
14-29%, respectively, of uncomplicated HFMD
inpatients (Table 2). Of 1506 inpatients with virus
detected in stool samples in 2010, 815 (54-12 %) were
EV-AT71 positive, 211 (14:01 %) were CV-A16 posi-
tive, five (0-33 %) were positive for both EV-A71 and
CV-Al6, and the remaining 475 (31-54 %) were nega-
tive for both EV-A71 and CV-A16 (Table 2). It was
observed that EV-A71 was a principal causative agent
responsible for 86-:08 % of severe HFMD cases and
100 % of death; minor severe cases were infected with
CV-A16 and untyped enterovirus which accounted
for 2-:32% and 11-83 %, respectively (Table 2). Based
on pathogen finding from 1506 cases, severe compli-
cations occurred in 45-37% (372/820) of EV-A71-
positive cases, 4:17% (9/216) of CV-Al6-positive
cases and 10-74 % (51/475) of cases with non-EV-A71
and non-CV-A16 infection (y*=277-861, P=0-000).
In the meantime, 413 severe cases with meningitis or
encephalitis also had virus detected in CSF, and only
six (1-44%) specimens were positive for EV-AT71.
Overall, in 12 children complicated with pulmonary
oedema or haemorrhage, EV-A71 was positive in
both fecal specimens and throat swabs, but EV-A71
was negative in CSF collected from three critically ill
cases.

The distribution of enterovirus types by month in
2010 is shown in Figure 3. A gradual decline in the
proportion of EV-A71 in inpatients was observed
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Fig. 3. Monthly distribution of EV-A71, CV-A16 and untyped enterovirus in hospitalized children with HFMD from the
Children’s Hospital of Fudan University, between May and December 2010.

from the peak month onwards. However, the posi-
tivity of EV-A71 tended to rise from September,
coinciding with the opening of the kindergarten.

DISCUSSION

Our data reveals that HFMD was epidemic annually
in Shanghai and the prevalence of HFMD has tended
to increase over the past 4 years; HFMD usually af-
fects younger children and most severe neurological
diseases and child death are caused by EV-A71 infec-
tion. The dominant circulation of EV-A71 gave rise to
the continuous outbreaks of HFMD in Shanghai. So
far, Shanghai has experienced an unprecedentedly
large outbreak of HFMD in 2010, and this pattern
is consistent with the nationwide trend released by
Chinese Ministry of Health. The largest-scale out-
break of HFMD in Taiwan appeared in 1998, and
afterwards the activity of HFMD was not higher than
that seen in 1998 [16, 17]. We postulate that the dis-
tinct epidemic model of HFMD in mainland China is
due to China’s highly dense and dynamic population
and vast geographical area.

HFMD is prevalent year round and usually peaks
in the summer month. However, the peak season of
HFMD in the pandemic year of 2010 appeared in
advance, as early as April. High activity of HFMD
ends in August soon after the summer vacation. The
seasonality of HFMD seen in Shanghai is similar to
the national seasonal pattern [13]. The summer peak
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was also observed in Taiwan and Hong Kong [17, 19].
However, in subtropical areas such as Singapore and
Malaysia, the HFMD peak occurs usually in March
or May (Singapore) and between February and April
(Malaysia) [20, 21]. Seasonal variation in different
regions could be related to climate, as suggested by
some studies [22, 23]. Of particular note, a second
HFMD peak was prominent in Shanghai between
mid-autumn and winter in 2009, and subsequently the
largest outbreak of HFMD occurred in 2010. Thus,
we hypothesize that unusually high activity of HFMD
in autumn and winter could predict a large outbreak
in the following year. Ongoing monitoring of HFMD
is useful to understand the factors correlated with the
HFMD epidemic, which is important in allowing
public health authorities to take the corresponding
measures to control and mitigate the outbreak.

Our study showed that 81:93% of children with
HFMD and 86:71% of severe cases were aged
1-4 years, comprising the majority of reported cases.
In general, the age distribution of susceptible children
is similar to that observed in other Asian regions [17,
19-21]. Of note, children aged <2 years constituted
75% of severe cases in Taiwan, but only 37-64 %
of severe cases in Shanghai [17]. The reason for this
difference was that severe HFMD cases occurred in
infants much more commonly in Taiwan than in
Shanghai. A reasonable explanation of this phenom-
enon could be relevant to the levels of maternal anti-
body in infants. The seroepidemiology from Taiwan
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showed maternal antibody against EV-A71 declined
to almost undetectable levels by age 6 months [24]. In
Shanghai, the majority of severe HFMD cases were
caused by EV-A71. Dominant circulation of EV-A71
in recent years in Shanghai could boost maternal
EV-AT71-specific antibody, as a result, the titres of
antibody in infants could be at a higher level and
persist for longer. We have observed that the 1-year
age group was most susceptible to HFMD, account-
ing for about 30% of total cases since 2008. This
speculation needs further seroprevalence study.

We found that more boys were affected by HFMD
than girls. The male predominance was also found in
Taiwan, Singapore, Malaysia and Hong Kong and
other enterovirus infection reported by USA and
Spain [17, 19-21, 25, 26]. This may indicate that boys
are more susceptible to enterovirus. However, our
study does not show that boys are more likely to de-
velop severe complications than girls. Whether host
genetic background is linked with susceptibility of
HFMD and severe complications requires further in-
vestigation.

Interestingly, we observe that children cared for
locally in kindergarten constituted the majority of
HFMD cases in 2007 when HFMD was first officially
reported. However, since 2008, migrant children
have substantially outnumbered local children. In the
meantime, we observe that HFMD occurred more
often in children in local institutional care and in
migrant children cared for at home. The shift and
characteristics of affected population suggests: (1) the
outbreak of HFMD in Shanghai originated from the
kindergarten setting and spread widely throughout
the community. This pattern is similar to the trans-
mission mode of 2009 pandemic HINT influenza out-
break in Shanghainese children (Shanghai Municipal
CDC, personal communication). Although we do not
know the epidemiological data of HFMD prior to
2007, we reason that children living in Shanghai were
susceptible to HFMD in 2007; a large outbreak of
HFMD ensues once a sudden increase of disease at-
tack occurs in children in an institutionalized setting,
and moreover, spread of HFMD in non-childcare
centres is the main mode of transmission in Shanghai.
Based on the studies in Taiwan, transmission rates of
EV-A71-associated HFMD/herpangina in children
following household contact and non-family contact
were as high as 74 % and 69 %, respectively [27], and
the transmission rate of CA16 in children attending
preschool was 61:9% [28]. Only 29% of EV-A71-
seropositive preschool children develop HFMD/
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herpangina [27]. Hence, the high infectivity of EV-
A71 and high ratio of asymptomatic EV-A71 infection
pose a big challenge for infection and control. (2) The
constant outbreak of HFMD in Shanghai is relevant
to susceptible migrant children cared for at home.
Since the national outbreak of HFMD in May 2008,
the China Ministry of Health and local relevant
government agencies have initiated several measures
to control the outbreak of HFMD in institutional
setting. These actions include stringent disinfection
of toys and eating utensils, morning check, hand
hygiene, and isolation of symptomatic children for
2 weeks. From 2009 onwards, if clusters of two or
more HFMD cases in one class or ten cases in one
preschool/school within 1 week are reported, a field
investigation will be carried out and school/class
closure will be recommended. Evidently, the fact
that institutional HFMD cases decreased markedly
indicates that implementation of these strategies had
some impact on reducing the transmission of HFMD
in preschool children, and especially for local
Shanghainese children. In Singapore, the stringent
implementation of infection and control measures
prevents the outbreak of HFMD in the institutional
setting and to some extent decreases the attack rate
of HFMD, which also leads to more cases occurring
in children aged >5 years [21, 22]. Nevertheless,
public health policies have little effect on migrant
children cared for at home, who are usually from
families of low socioeconomic status and poor edu-
cational background, live in rural areas and crowded
areas with poor sanitation facilities, have poor
personal hygiene, and have more person-to-person
contact between siblings, neighbours and relatives,
and also more outdoor activity. Additionally, some
migrant children have one or more siblings. These
factors are correlated with the risk of contracting
HFMD [27, 29].

EV-A71-associated HFMD was actually brought
to the attention of the public health agency in 2007,
when a HFMD outbreak occurred in Shandong
province and EV-A71 was identified as a leading
pathogen contributing to the HFMD epidemic [6]. In
2008, a national outbreak of HFMD originating from
Fuyang, Anhui province occurred and many fatal
cases were linked to the prevalence of EV-A71 alerted
by public health and social concerns [7]. We found
that EV-A71 was associated with almost all fatal
HFMD and >50% of child admission for HFMD
during 2009 and 2010. Based on virus examination in
clinical samples in 2010, EV-A71 was far more likely
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to cause severe neurological complications com-
pared to CV-Al6 and other types of enterovirus.
Nevertheless, EV-A71 was rarely detected in CSF
samples from cases involving CNS. Previous studies
have also shown that EV-A71 is difficult to detect in
CSF samples [30—-32]. Possible explanation could be a
lower amount of viral load in CSF, sensitivity of the
PCR assay, or different neuropathogenesis associated
with EV-A71. A study from our department reported
that EV-A71 was identified in 22 (46:81 %) of 47 fae-
cal samples from HFMD inpatients in 2008 [33]. The
above data reflect that the widespread and dominant
circulation of EV-A71 in children in Shanghai results
in a sustained outbreak of HFMD and severe diseases
over recent years. Previous studies from China re-
ported EV-A7l-associated HFMD occurred in
Shanghai in 2002 and in Shenzhen between 1999 and
2004; however, CA-A16 was a principal causative
agent at that time, when the ratio of EV-A71 to CV-
Al16 was 1:6 and 1:2-2 in Shanghai and Shenzhen,
respectively [34, 35]. On the basis of the epidemi-
ological data, an EV-A71 epidemic occurs cyclically
every 2 or 3 years in Malaysia and Japan [21, 36], and
HFMD has occurred in the UK periodically [37].
Whether this cyclical pattern of EV-A71 and HFMD
will be seen in Shanghai requires ongoing surveil-
lance. Despite the fact that EV-A71 is a major public
health concern in mainland China, attention should
be paid to other types of enterovirus as well because
56 % of all HFMD/herpangina-associated deaths in
Taiwan between 1998 and 2005 were related to non-
EV-A71 infection [38]. The limitation of our study is
that we failed to detect other serotypes of enterovirus
except EV-A71 and CV-A16 and monitor enterovirus
in outpatients with HFMD.

This study shows that HFMD will not be brought
under control even if public health measures are
taken rigorously for 3 years. Therefore, the HFMD
epidemic will remain in subsequent years and impose
a threat to child health before vaccination can be in-
troduced for children. Development of an effective
vaccine should be a priority in controlling HFMD
outbreaks and fatal outcomes. An ongoing HFMD
surveillance programme is needed for early warning
of outbreaks and taking correct decisions for con-
taining the outbreak, and for future vaccine develop-
ment.
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