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Abstract
For a long time, hand, foot and mouth disease (HFMD) was seen as a mild viral infection characterized by typical clinical
manifestations that spontaneously resolved in a few days without complications. In the past two decades, HFMD has received
new attention because of evidence that this disease could have clinical, epidemiological and aetiological characteristics quite
different from those initially thought. In contrast to previous beliefs, it has been clarified that HFMD can be associated with
complications, leading to severe neurological sequelae and, rarely, to death. This finding has led to an enormous number of
studies that have indicated that several viruses in addition to those known to be causes of HFMD could be associated with the
development of disease. Moreover, it was found that if some viruses were more common in some geographic areas, frequent
modification of the molecular epidemiology of the infecting strains could lead to outbreaks caused by infectious agents signif-
icantly different from those previously circulating. Vaccines able to confer protection against the most common aetiologic agents
in a given country have been developed. However, simultaneous circulation of more than one causative virus and modification of
the molecular epidemiology of infectious agents make preparations based on a single agent relatively inadequate. Vaccines with
multiple components are a possible solution. However, several problems concerning their development must be solved before
adequate prevention of severe cases of HFMD can be achieved.

Introduction

Hand, foot and mouth disease (HFMD) was first described
in 1948 [1]. For a long time, no particular attention was
paid to this disease because it was seen as a mild viral
infection characterized by typical clinical manifestations
that spontaneously resolved in a few days without compli-
cations. In the past two decades, HFMD has received new
attention because of evidence that this disease could have
clinical, epidemiological and aetiological characteristics
quite different from those initially thought. There is evi-
dence that a substantial number of cases could have atyp-
ical manifestations [2]. Moreover, several outbreaks of
HFMD, involving millions of children, particularly in the

Western Pacific Region, have been described [3].
Furthermore, there is evidence that some enteroviruses
(EVs), already known as causes of very severe diseases,
could be the aetiologic agents of HFMD [4]. Severe neu-
rologic and cardiorespiratory problems have been associ-
ated with HFMD, which in some cases, could result in
death [5]. Thus, research on HFMD has significantly in-
creased, and attempts have been made to develop drugs [6]
and vaccines [7] against the EVs associated with the most
severe cases of HFMD. In recent years, knowledge on
HFMD has significantly increased. The main aim of this
paper is to discuss the most recent literature pertaining to
HFMD, emphasizing epidemiology, characteristics of
aetiologic agents and vaccine development.

Epidemiology

HFMD epidemiology only receives attention in regions where
the disease is endemic and a number of severe cases have
occurred. The Western Pacific World Health Organization
(WHO) Region is the best example. In most of the countries
included in this area, specific surveillance systems have been
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activated, and in some cases, notification of health authorities
regarding disease has become mandatory. For example, in
China, the country with the highest number of inhabitants
and with one of the most advanced surveillance systems,
HFMD has been categorized as a notifiable disease since
2008, and characteristics of infectious agents are continuously
monitored [8]. During the period from May 2008 to
June 2014, a total of 10,717,283 HFMD cases were reported
in China, with 3046 deaths and a fatality rate of 0.03%.
Among survivors, morbidity increased from 37.6/100,000 in
2008 to 139.6/100,000 in 2013 and peaked in 2012 at 166.8/
100,000 [8]. More than 90% of the cases were diagnosed in
children < 5 years of age.Mortality was higher among those ≤
2 years old; 84.02% of the deaths occurred in this age group,
indicating that susceptibility and severity of HFMD are asso-
ciated with age [9]. Among other potentially associated fac-
tors, sex was not found to be associated with susceptibility but
was found to be associated with disease severity. Infection
rates are similar in males and females [10, 11], but males are
more likely to develop symptoms, to have diffuse infections
and to need medical assistance [12–15]. Moreover, poor hy-
giene and social contacts are associated with the development
of HFMD [16]. Finally, in some cases, meteorological factors
such as high temperature and humidity have been associated
with HFMD susceptibility. It was found that in temperate re-
gions of Asia, HFMD is more common during the late spring
and early summer [17–21], whereas in tropical and subtropical
Asia, outbreaks typically occur in the late spring and fall
[22–25]. However, in other Asian regions, such as Thailand
[26], Vietnam [27], Malaysia [28] and Singapore [29], an as-
sociation with temperature and humidity cannot be demon-
strated, and outbreaks occur throughout the year.

In Europe and America, the incidence of HFMD is not
continuously monitored. Surveillance for EV infection occurs
in several countries through passive systems that rely on vol-
untary participation from laboratories and collect information
regarding hospitalized patients generally suffering from se-
vere diseases [30]. These systems are designed to monitor
EV circulation and the association between viral strains and
severe disease rather than the incidence of the different EV-
related diseases. Only outbreaks of HFMD characterized by a
large number of severe cases are monitored, and the frequency
of reports is greatly influenced by increased awareness and
demand for testing during outbreak periods. A more sensitive
method has been adopted in France; in 2010, France imple-
mented a sentinel surveillance system run by paediatricians in
ambulatory care settings that was effective in detecting
HFMD outbreaks and the associated EV serotypes. This sys-
tem was initially limited to a small geographic area [31] but
has been extended to cover all of France [32]. However, even
the most effective surveillance methods do not allow for the
evaluat ion of the t rue epidemiology of HFMD.
Underreporting is the rule because a substantial number of

HFMD cases have atypical manifestations and are not correct-
ly diagnosed.

Aetiology

HFMD is a disease caused by EVs from a genus of positive-
sense single-stranded RNA virus members of the
Picornaviridae family that, on the basis of genetic character-
istics, are divided into four species (EV-A, EV-B, EV-C and
EV-D). Each of these species includes several types [33].
Types responsible for HFMD belong to species A in more
than 90% of cases [31]. The remaining cases were mainly
due to coxsackievirus (CV)-B2 and CV-B5 until a few years
ago [34]. However, recently, CV-B3 has been on the rise and
has caused several outbreaks of HFMD in China and in
neighbouring countries [35].

For many years, EV-A71 and CV-A16 were the most com-
mon causes of HFMD outbreaks worldwide [36–38].
However, recently, CV-A6 and CV-A10 have partially re-
placed EV-A71 and CV-A16 as the main pathogens associated
with HFMD. Several outbreaks of HFMD due to these emerg-
ing viruses have been described in Asia, America and Europe
since 2010 [39–47].

Phylogenetic studies of the different EVs identified during
HFMD outbreaks have shown that EV-A71 strains can be
divided into three different genotypes, A, B and C, and 11
sub-genotypes, each defined with a number. Most outbreaks
were due to genotypes B and C or to a mixture of these geno-
types. However, infecting sub-genotypes significantly dif-
fered among outbreaks, indicating sequential inter-genotype
shifts. In some outbreaks, two or more sub-genotypes have
simultaneously circulated, which led to recombination
favouring the emergence of new genotypes that became the
causes of new outbreaks. Typical in this regard is the recom-
bination between EV-A71 C2 and CV-A8 that was the cause
of the emergence of genotype B4, responsible for epidemics in
Japan, Taiwan and other countries [48]. In Malaysia, epi-
demics were due to B4 and C1 during 1998–2000; B4, B5,
and C1 during 2002–2003 and C1 and B5 during 2005–2006.
In Singapore, the B3, B4 and B5 sub-genotypes were predom-
inant during 1997–1999, 2000–2003 and in 2006–2008, re-
spectively [49]. In other Asian countries, sub-genotype C was
the most common. In China, sub-genotype C4, particularly
variant C4a, was by far the most frequently detected [50]. In
Europe, sub-genotype C1 was common until 2005 but was
replaced by C2 after 2007 [51]. Moreover, cases of EV-A71
C4 HFMD have recently been described, suggesting the in-
troduction of this sub-genotype from Asia [52].

CV-A16 has been classified into genotypes A and B.
Genotype B was divided into B1 and B2 and again subdivided
into B1a, B1b, B1c, B2a, B2b and B2c [53]. B1a and B1b
have been the predominant genotypes reported in China and
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neighbouring regions, including Taiwan, Japan, Vietnam,
Thailand, Malaysia and Australia [54].

The CV-A6 strains can be classified into genotypes A–
F. Genotypes A, B and E were identified in India, Japan
and the USA, whereas genotypes C and D were detected in
Japan and China. Genotype F has been detected more re-
cently, mainly in China [55]. However, genetic characteri-
zation of CV-A6 variants clearly indicates that more re-
cently detected strains are derived from recombination of
previously circulating groups [56].

Four genotypes (A–D) of CV-A10 were identified, and for
each of these genotypes, a number of sub-genotypes were
detected. In China, genotype B was common until 2008.
Later, genotype C emerged. During the same period, this ge-
notype was found in Spain and France [57]. Initially, sub-
genotypes 1 and 2 were the most frequent, whereas during
2012, lineages 3 and 4 became more common [58].

However, during several outbreaks, the co-circulation of
different viral genotypes and sub-genotypes frequently oc-
curred. Recombination between circulating strains or sponta-
neous mutations of the viral genome can explain variations in
the molecular epidemiology of viruses causing HFMD.
Moreover, genetic changes may cause different antigenic
properties of sub-genotypes and favour new infections in pa-
tients who have already suffered from HFMD.

Clinical manifestations

Some of the EV infections that can cause HFMD are asymp-
tomatic. However, the true incidence of asymptomatic infec-
tions is not known. Few studies have assessed asymptomatic
infections, and the studies that have been conducted have
frequently used debatable methodology. Moreover, differ-
ences in the virulence of EVs can influence symptom and sign
development. However, on the basis of data collected during
two prospective studies conducted during a large epidemic of
EV-A71 infection, it was concluded that when this EV is cir-
culating, approximately 30% of initially negative subjects se-
roconvert but do not have any clinical manifestations. This
finding suggests that approximately one third of infections
remain asymptomatic [59, 60]. The incubation period is
thought to be 3–5 days, but qualified sources to confirm this
estimate are lacking [3]. Recently collected data seem to indi-
cate that the incubation periodmay be different in the different
paediatric ages. An evaluation of symptom onset and sick
absence dates of students diagnosed with HFMD found that
the median incubation periods were 4.4 (95% confidence in-
terval [CI] 3.8–5.1) days, 4.7 (95% CI 4.5–5.1) days and 5.7
(95% CI 4.6–7.0) days for children in kindergarten, primary
school and secondary school, respectively. More accurate hy-
giene practices were considered the main reason for the longer
incubation period for older children [61].

Symptomatic patients are mainly children < 5 years old.
However, adults, particularly those living with infected chil-
dren, can suffer from HFMD. During epidemics of EV-A6
infection described in Finland [62] and the USA [39], approx-
imately 30% of cases occurred in adults. Patients with classic
HFMD have low-grade fever with malaise associated with a
maculopapular rash or blisters on the hands, soles and but-
tocks and painful ulcerative lesions of the throat, mouth and
tongue. Fever usually subsides within 48 h, and cutaneous and
mucosal lesions disappear in no more than 7–10 days.
However, it is relatively common for a patient to exhibit only
one or two of these symptoms [63]. Moreover, atypical cuta-
neous manifestations can occur. Several reports indicate that
the emergence of skin lesions with unusual morphology or
extent is associated with CV-A6 and, to a lesser extent, with
CV-A16, although which virus causes the most relevant man-
ifestations has not been precisely determined [45, 64–66]. In a
study by Mathes et al., specifically planned to characterize
atypical cutaneous presentations in the CVA6-associated
North American enterovirus outbreak of 2011–2012, it was
found that typical skin lesions in areas not traditionally in-
volved were detectable in more than 60% of the 80 enrolled
patients [64]. Moreover, in 55% of children, the eruption was
accentuated in areas of previous or active atopic dermatitis.
Haemorrhagic or purpuric lesions and an eruption similar to
Gianotti-Crosti disease were observed in 17 and 37% of the
cases, respectively. Finally, 52% of patients presented with
desquamation of their palms or soles 1 to 3 weeks after the
initial disease presentation. Generalized vesicular exanthema
was reported by Hubiche et al. [66]. Lesions resembling ec-
zema herpeticum or chickenpox were described by Sinclair
et al. [45]. Superficial crusted erosions and vesicles symmet-
rically distributed in the perioral region, in the perianal region,
and on the dorsum of the hands were reported by Flet et al.
[65]. A late complication of HFMD involves nails. Several
days after the onset of traditional HFMD manifestations (up
to 40 days), regardless of the EV [67], nail shedding can occur
[68]. In other cases, Beau’s lines and onychomadesis can de-
velop. Transient nail matrix arrest is considered to be the main
reason for this phenomenon [69]. The isolation of EV in nail
fragments seems to indicate that these lesions directly depend
on viral replication [70].

However, the most severe complications of HFMD involve
the central nervous system (CNS). Aseptic meningitis, acute
flaccid paralysis and encephalomyelitis with or without mus-
cle weakness are the most common CNS complications.
When the brainstem is damaged, autonomic dysregulation,
pulmonary oedema and myocardial impairment leading to
death can occur [71]. Patients may recover, but in most cases,
survivors develop neurological sequelae such as cognitive and
motor disorders [72, 73]. CNS damage is almost exclusively
associated with EV-A71 [74, 75], but during recent epidemics,
CNS involvement has been found to be associated with 3.6 to

Eur J Clin Microbiol Infect Dis (2018) 37:391–398 393



18.2% of EV-A6 HFMD cases, and isolated cases due to other
viruses have been reported [40, 76–78]. All genotypes and
sub-genotypes have been associated with CNS involvement,
but for some of them, such as C4 in China, and B3 and B4 in
other Asian countries, reports of severe cases have been more
common [79]. In Europe, C1 virus was the most common until
2005 but was replaced by C2 after 2007 [51]. However, in
2016, an outbreak of severe EV-A71 disease was described in
Spain, and most of the cases were due to the C1 sub-genotype
[80]. In India and Africa, D, E and F are the predominant
genotypes [81].

The global prevalence of severe CNS involvement in
HFMD is unknown. However, data from China’s surveillance
system on over 7.2 million cases of HFMD during the period
from 2008 to 2012 indicate that the rate of severe neurological
or cardiovascular problems was 1.1% [82]. Persistent high
fever, increased neutrophil count, male gender, young age
and absence of mouth and skin lesions have been found to
be risk factors for severe HFMD disease [4, 82]. Moreover,
genetics could play a role, as several single-nucleotide poly-
morphisms of some chemokines such as motif chemokine
ligand (CCL)-2, chemokine ligand (CXCL)-10, interleukin
(IL)-8, IL-10 and interferon (INF)-γ, have been found to be
associated with both susceptibility and severity of EV-A71
infection in the Chinese population [83, 84]. It has been sug-
gested that the potentially negative evolution of brainstem
encephalitis is related to the strong systemic and CNS inflam-
matory response that, together with excessive catecholamine
secretion, accompanies CNS infection and leads to
cardiotoxicity and pulmonary oedema [85]. A number of pro-
inflammatory cytokines and chemokines have been detected
in significant concentrations in the plasma and/or cerebrospi-
nal fluid (CSF) of patients with brainstem encephalitis [86].
Recently, Shang et al. reported that the plasma expression
levels of chemokines IL-8, RANTES, monocyte
chemoattractant protein (MCP)-1, and IFN-γ-induced protein
(IP)-10 and cytokines IL-4, IL-12, IL-18, tumor necrosis fac-
tor (TNF)-α and IFN-γ were significantly higher in patients
with severe HFMD than in patients with mild HFMD and a
control group (p < 0.01) [87]. Moreover, all of these proteins,
with the exception of IL-8, were significantly higher in EV-
A71-positive patients than in EV-A71-negative patients.
These findings seem to indicate that monitoring of cytokines
and chemokines in serum or CSF during significantly symp-
tomatic HFMD cases could be useful for identifying subjects
at risk of life-threatening disease.

Prevention and treatment

Currently, no approved specific antiviral treatment for HFMD
is available. Mild cases are managed with symptomatic mea-
sures. Steroids should be avoided because their administration

has been found to be associated with an increased risk of
severe HFMD development [88]. To treat severe infections,
the use of immunoglobulins (IVIG) has been suggested based
on evidence of a possible significant benefit through the re-
duction of the associated CNS inflammatory response. Wang
et al. reported that in children with EV71-related brainstem
encephalitis complicated by autonomic nervous system dys-
function and pulmonary oedema, the administration of IVIG
led to a significant reduction of plasma levels of IFN-γ, IL-6,
IL-8, IL-10 and IL-13 [86]. However, the systematic use of
IVIG has been debated. First, in vitro studies have found that
the IgG3 fraction of human IVIG, in contrast to the IgG 1 and
2 subclasses, does not have neutralizing activity but enhances
EV-A71 infection [89]. Moreover, considering the large num-
ber of EV types and subtypes that can cause HFMD, it is
possible that IVIGs do not contain adequate quantities of an-
tibodies able to neutralize the infecting agent. To at least par-
tially overcome these limitations, monoclonal antibodies have
been suggested. However, studies of monoclonal antibodies
are just beginning, and although these studies are promising,
we are far from having effective preparations [90]. Similar
conclusions can be drawn for drugs. Molecules that inhibit
viral entry into cells such as suramin [91] or reduce viral
replication such as rupintrivir [92] and kaempferol [93] have
been investigated. However, only in vitro and experimental
studies are available.

Therefore, vaccines remain the best solution to combat
HFMD. Several candidate vaccines have been developed
[94, 95]. Initially, inactivated whole-virus aluminium-adju-
vant vaccines were prepared based on the strain that was con-
sidered to be the most important cause of severe HFMD in
each region. Therefore, EV-A71 vaccine development has
progressed the fastest; strain C4a was used in China, and the
B3 and B4 strains were used in Singapore and Taiwan, respec-
tively [96]. In China, three companies (Chinese Academy of
Medical Sciences, Sinovac and Vigoo Biological Company)
produced EV-A71 C4a vaccines. All have been tested in ran-
domized clinical trials involving several thousands of infants
and young children and all were found to be immunogenic,
safe and capable of conferring protection in most of the vac-
cinated individuals [97–101]. Thus, China’s Food and Drug
Administration had licensed all of these preparations for use in
humans. Two doses 28 days apart were suggested [95].
However, the analysis of clinical trial data has led to the con-
clusion that protection is limited in duration and that the ad-
ministration of a third dose can prolong protection for at least
2 years [95]. In a study enrolling 10,077 participants, in which
three doses of the EV71 C4a vaccine were administered at 6,
12 and 18months, an overall efficacy of 94.7% (95%CI 87.8–
97.6) for 2 years was demonstrated [100]. The importance of
persistent high levels of specific antibody titres is clearly sug-
gested by the evidence that protection is considerably longer
when vaccinated subjects achieve a neutralizing antibody titre
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higher than 1/16–1/32, the values frequently achievedwith the
suggested schedule. Zhu et al. reported that for children with a
negative baseline of EV71 antibody titres, an antibody level of
26.6 U/mL (1:30) was estimated to provide at least 50% pro-
tection for 12 months, and an antibody level of 36.2 U/mL
(1:42)may be needed to achieve a 50% protection level for the
population for 24 months [102].

The immune response elicited by the vaccines based on the
EV-A71 C4a strain seem to be able to confer broad cross-
protection against the B and C sub-genotypes [97–99, 103,
104]. However, these vaccines are not adequate to fully pro-
tect against EV-A71 genotype A strains [105]. Moreover, it is
not known whether these vaccines could be effective against
EV-A71 sub-genotypes that circulate in India and in Africa
because China’s vaccines were not tested in those geographic
areas. These vaccines are not effective against the CV-A16
and CV-A6 strains. Similar conclusions can be drawn for the
monovalent vaccines, including EV-A71 serotypes B3 and
B4, produced in Singapore and Taiwan. Thus, in areas where
CV-A16 and CV-A6 circulate alone or in association with EV-
A71 and are responsible for severe cases, these vaccines are
poorly effective. Monovalent vaccines against CV-A16 or
CV-A6 have similar limitations. To overcome these problems,
multivalent inactivated vaccines have been suggested and are
in development. Whole-virus aluminium-adjuvant bivalent
vaccines containing EV-A71 and CV-A16 have been tested
in mice. Protection against severe infection due to both virus-
es, without any immunologic interference, was demonstrated
[106, 107]. Moreover, anti-CV-A16 serum was found to be
able to neutralize both homologous and heterologous CV-A16
strains [107]. Finally, a trivalent vaccine containing EV-A71,
CV-A16 and CV-A6 strains has been tested in experimental
animals and has demonstrated adequate immune response and
protection [108].

Several other types of vaccines against HFMD are in de-
velopment. Recombinant proteins and synthetic peptides,
DNA vaccines and recombinant vector vaccines, live attenu-
ated vaccines and virus-like particle (VLP) vaccines have
been tested. Among these options, vaccines based on live
attenuated virus are very attractive because they are econom-
ical to manufacture and evoke high and persistent immune
responses with cellular and humoral immunity. However, to
fully develop these vaccines, adequate knowledge of viru-
lence determinants is needed to sufficiently attenuate viral
strains and avoid the risk of severe adverse events [81, 94,
96]. Several attempts in this regard have been made, and it is
likely than in the future strains with sufficient attenuation and
stability will be available for vaccine formulation [95]. VLP
vaccines are in more advanced stages of development. A CV-
A16 VLP vaccine was produced from recombinant
baculovirus-infected Sf9 cells. Both in vitro and in vivo stud-
ies have demonstrated the efficacy of this vaccine. Serum
from immunized animals neutralized both homologous and

heterologous CV-A16 strains. Moreover, mice were protected
against lethal doses of the virus [109]. Similar to the monova-
lent vaccine, a bivalent VPL vaccine containing both EV-A71
and CV-A16 was found to be effective against experimental
infections due to both viruses even if the infectious agents
belonged to different sub-genotypes [108].

However, independent of the type of vaccine, further stud-
ies are needed to develop an effective universal vaccine able to
confer long-term protection. The molecular epidemiology of
viruses that cause HFMD could be changed by the recombi-
nation between circulating genotypes and sub-genotypes.
Moreover, spontaneous mutations of the viral genome could
further modify virus circulation. Theoretically, immune es-
cape is possible because causative viruses can undergo a pro-
cess of antigenic evolution and mutants can be generated,
which can lead to poor protection against the sub-genotype
included in the vaccine and, in particular, against different
sub-genotype strains. The effect of significant modification
of the molecular epidemiology of HFMD viruses should be
studied because it can continuously modify vaccine efficacy.
Vaccines containing several viruses can, at least in part, over-
come this problem. However, the most effective combination
has not been established. Several aspects of the use of current-
ly available vaccines should be better defined to determine the
best schedule of administration, the correlate of protection, the
true duration of induced protection and whether a combination
of several viruses causes immunologic interference.

Conclusion

In contrast to previous beliefs, in the last 20 years, it has
been clarified that HFMD can be associated with severe
complications, leading to severe neurological sequelae
and, rarely, to death. This finding has led to an enormous
number of studies that have indicated that several viruses
in addition to those known to be causes of HFMD could be
associated with the development of disease. Moreover, it
was found that if some viruses were more common in some
geographic areas, frequent modification of the molecular
epidemiology of the infecting strains could lead to out-
breaks caused by infectious agents significantly different
from those previously circulating. Vaccines able to confer
protection against the most common aetiologic agents in a
given country have been developed. However, simulta-
neous circulation of more than one causative virus and
modification of the molecular epidemiology of infectious
agents make preparations based on a single agent relatively
inadequate. Vaccines with multiple components are a pos-
sible solution. However, several problems concerning their
development must be solved before adequate prevention of
severe cases of HFMD can be achieved.
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