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Background: Hand, foot and mouth disease (HFMD) is classically defined 
as a childhood fever accompanied by a rash with vesicles or erosions of 
the oral mucosa, hands, feet and sometimes the buttocks. Severe neuro-
logical complications are associated with enterovirus 71 outbreaks in Asia. 
Recently, it has been suggested that HFMD is related to coxsackie virus 
A6 (CV-A6) when there is an atypical rash. The objective of the study is 
to determine the dermatological pattern of HFMD and to identify the virus 
serotypes associated with a specific dermatological pattern.
Methods: A prospective, cross-sectional study was conducted in 7 pedi-
atric dermatology units in France from March 2010 to February 2012. All 
children with clinically suspected diagnosis of HFMD were included. Clini-
cal data were collected and swabs from the nasopharynx and vesicles were 
taken for reverse transcription polymerase chain reaction and genotyping. 
Only children with confirmed HFMD—defined by clinical diagnosis of 
HFMD and positive enterovirus polymerase chain reaction results—were 
included for analysis.
Results: One hundred and four children consulted for suspected HFMD, 
including 89 (mean age: 25.7 months; sex ratio M/F 1.54) with confirmed 
HFMD. Seventy-eight (87.6%) had skin lesions on sites other than hand, 
feet and mouth. Thirty-seven (41.5%) had 5 or more anatomical sites 
involved (hand, feet and mouth, buttocks, legs, arms and trunk) consid-
ered as widespread exanthema. Widespread vesicular exanthema was 
observed with both CV-A6 and CV-A16. Peri-oral rash was associated with  
CV-A6 (P < 0.001).
Conclusions: HFMD has a clinical spectrum ranging from classical to gen-
eralized vesicular exanthema. Generalized and atypical exanthema were 
observed with both CV-A6 and CV-A16 infections. CV-A6 is associated 
with peri-oral rash.

Key Words: human enterovirus, coxsackie virus, hand, foot, and mouth dis-
ease, vesicular exanthema

(Pediatr Infect Dis J 2014;33:e92–e98)

Hand, foot and mouth disease (HFMD) is caused by certain 
human enteroviruses (EV). Clinical signs are usually benign 

except those related to enterovirus 71 (EV-71) associated with sig-
nificant morbidity and mortality in children.1 The typical clinical 
manifestations of HFMD include fever accompanied by vesicles 
or erosions limited to the oral mucosa, hands, feet and sometimes 
the buttocks. However, according to the few clinical studies per-
formed,2–4 typical anatomical sites vary. Other dermatological man-
ifestations such as peri-oral rash and onychomadesis have also been 
reported.5–7 Recently, it has been suggested that HFMD related to 
coxsackie virus A6 (CV-A6) has a more intense and widespread 
rash.8–13 This atypical HFMD manifestation could be mistaken for 
other infections.12 Clinical studies of HFMD describing dermato-
logical manifestations are rare. They have been conducted mainly 
in an epidemic context, related to 1 serotype and are based mainly 
on retrospective dermatological assessment. The purpose of this 
study was to describe the dermatological features of HFMD, not in 
an epidemic context, and to identify the potential clinical specifici-
ties associated with the virus serotypes.

PATIENTS AND METHODS
This cross-sectional study was conducted from March 1, 

2010, to February 28, 2012, in 7 pediatric dermatological units 
in France (Unité de Dermatologie Infectiologie, CHI Fréjus Saint 
Raphaël; Unité de Dermatologie Pédiatrique, CHU Bordeaux; Ser-
vice de Pédiatrie, CHG Grasse; Service de Dermatologie, CHU 
Nice; Unité de Dermatologie Pédiatrique, CHU Lyon sud; Service 
de Dermatologie, CHU Tours and Service de Dermatologie, CHU 
Rennes).

Inclusion Criteria
All patients aged <18 years who were seen for suspected 

HFMD were enrolled in the study. Informed consent was obtained 
from accompanying parents. HFMD was suspected on the basis of 
the clinical diagnosis of an experienced clinician and defined by the 
presence of papulo-vesicular lesions in at least 2 classical anatomi-
cal sites, namely hand, foot and mouth (HFM). All suspected cases 
submitted nasopharyngeal swabs (Σ-virocult, Corsham, Wiltshire, 
England) and vesicular fluid swabs, when possible. These swabs 
were used for virological analysis. A case was confirmed as HFMD 
when the enterovirus polymerase chain reaction (PCR) was positive 
on at least 1 swab.

Clinical Assessment
All patients were examined by a senior pediatric der-

matologist among the authors. The disease history and clinical 
findings were recorded on a standardized form (Appendix 1). 
To assess the severity of the skin lesion, a clinical score ranging 
from 2 to 7 was given according to the number of anatomical 
sites involved (mouth, peri-oral, hands, feet, buttocks, trunk, 
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legs, arms). Children with lesions at 5 or more anatomical sites 
were considered to have widespread exanthema. After obtain-
ing oral consent, photographs of clinical lesions were taken. 
These were analyzed by 2 dermatologists (T.H. and P.D.G.) to 
validate the clinical assessment and identify potential atypical 
manifestations.

Virological Analysis
Swabs from nasopharyngeal secretions and skin vesicle 

fluid were sent to the National Reference Laboratory Center 
for Enterovirus (Lyon, France) for analysis. Only EV detection 
was performed using real-time reverse transcription PCR using 
the Smart EV assay (Cepheid) on the Smart Cycler 2. For geno-
typing, the partial VP1 coding sequence was determined using 
the nested PCR assay described by Nix et al14 and compared 
with homologous sequences by Blast and phylogenetic analy-
sis. When different serotypes were identified from nasopharyn-
geal and skin vesicle samples, the serotype identified from the 
vesicle sample was considered to be responsible for HFMD  
symptoms.

Ethics
Oral informed consent was obtained from accompanying 

parents. Approval by the institutional and ethical review board was 
requested. However, we found that approval by the institutional 
and ethical review board is not required for observational studies 
in France.

Statistical Analysis
Discrete variables were expressed as counts (percentage), 

continuous variables were expressed as means ± standard devia-
tion. Variations between groups were evaluated using analysis of 
variance (T test) for age, temperature and clinical score. Differ-
ences for discrete variables (clinical characteristics) were analyzed 
using the χ2 test or Fisher’s exact test. P ≤ 0.05 was considered to 
be statistically significant.

RESULTS
From March 1, 2010, to February 28, 2012, 104 children 

were enrolled from 7 dermatological pediatric units (Fréjus: n = 43; 
Bordeaux: n = 31; Grasse: n=14; Lyon, n = 6; Nice: n = 6, Tours: 
n = 3 and Rennes: n = 1). EV detection was positive in 89 (85.6%) 
patients. Their mean age was 25.7 months (range: 3–216 months) 
and M/F sex ratio was 1.54 (Table 1).

Clinical Manifestations
Only the EV-positive patients were included. Fifty-nine 

patients (66.3 %) had skin lesions in the 3 bastion areas (HFM). 
However, 78 children (87.6%) had skin lesions elsewhere. The areas 
involved were mainly the buttocks (67.4%), legs (56.2%), arms 
(25.8%) and trunk (20.2%; Table 1). None had lesions on the scalp. 
Thirty-seven children (41.5%) with confirmed HFMD had 5 or more 
anatomical sites involved and 11 (12.3%) had only 2 sites (Fig. 1). 
The average number of anatomical sites involved was 4.5 (Table 1).

TABLE 1. Clinical Characteristics of the 89 Confirmed HFMD

Enterovirus 
Positive (n = 89)

Enterovirus Serotypes

CV-A6 (n = 42) CV-A16 (28) P value* CV-A10 (n = 4) EV-71 (n = 2) Others (6)
Untypables  

(n = 7)

Age (months) 25.7 (26.3) 22.8 (13.8) 28,6 (38.8) 0.37 46.7 (51.7) 28,5 (17.7) 14.0 (3.1) 28.1 (12.9)
Male female ratio 1.54 1.2 3 0.86 1 0 2 1,3
Epidemic context 36 (40.4) 21 (50) 11(39.3) 0.62 3 (75) 0 1 (16.6) 2 (28.5)
Within family 20 (22.5) 8 (19.0) 6(21.4) 0.80 3 (75) 0 1 (16.6) 2 (28.5)
School day care 19 (21.3) 13 (30.9) 5(17.9) 0.22 0 0 0 0 (0)
Fever at enrollment 37.7 (1.0) 37.8 (1.0) 37.4 (0.8) 0.11 37.6 (1.5) 38.4 (2.0) 38.0 (0.9) 38.2 (1.3)
Cutaneous signs
  Hands 81 (91.0) 3 (85.7) 26 (92.8) 0.30 4 (100) 2 (100) 6 (100) 7 (100)
  Foot 73 (82.0) 33 (78.5) 24 (85.7) 0.45 4 (100) 2 (100) 4 (66.6) 6 (85,7)
  Buttock 65 (73.0) 34 (80.9) 20 (71.4) 0.35 3 (75.0) 0 (0.0) 4 (66.6) 4 (57.1)
  Oral ulcer 62 (69.7) 28 (66.6) 22 (78.6) 0.28 4 (100) 2 (100) 2 (33.3) 4 (57.1)
  Legs 54 (60.7) 29 (69.0) 19 (67.8) 0.91 1 (25.0) 1 (50.0) 0 (0.0) 4 (57.1)
  Peri-oral 46 (51.7) 29 (69.4) 5 (17.8) <0.001 3 (75.0) 1 (50.0) 3 (50.0) 5 (71.4)
  Arm 27 (33.3) 14 (33.3) 11 (39.3) 0.61 1 (25.0) 0 (0.0) 0 (0.0) 1 (14.3)
  Trunc 20 (22.5) 11 (26.2) 6 (21.4) 0.65 0 (0.0) 0 (0.0) 2 (33.3) 1 (14.3)
  Clinical score 4.5 (1.4) 4.7 (1.3) 4.7 (1.6) 1.0 4.25 (0.5) 3.5 (0.7) 3.1 (0.7) 4.1 (1.7)
Others clinical signs
  Odynophagia 12 (13.5) 7 (16.6)) 4 (14,3) 0.53 1 (25) 1 (1) 0 (0) 0 (0)
  Digestives signs 10 (11.2) 5 (11.9) 5 (17.8) 0.52 0 (0) 0 (0) 0 (0) 0 (0)
  Respiratory sign 5 (5.6) 4 (9.5) 1 (3.6) 0.33 0 (0) 0 (0) 0 (0) 0 (0)
  Rhinitis 15 (16.8) 5 (11.9) 9 (32.1) 0.038  0 (0) 0 (0) 0 (0) 1 (14.3)
  Pharyngitis 8 (9.0) 2 (4.7) 5 (17.8) 0.085 0 (0) 0 (0) 0 (0) 1 (14.3)
  Encephalitis 1 (1.1) 0 (0) 1 (3.5) 0.40 0 (0) 0 (0) 0 (0) 0 (0)
Hospitalization 16 (17.9) 9 (21.4) 3 (10.7) 0.20 1 (25) 1 (50) 1 (16.6) 1 (14.3)
  Odynophagia 9 5 2 1 1 0 0
  Hyperthermia 3 1 0 0 0 1 1
  Neurological signs† 1 1 1 0 0 0 0
  Vomissements 1 1 0 0 0 0 0
  Skin severity 1 1 0 0 0 0 0

Data are mean (standard deviation) for age, fever and clinical score, discrete variable are expressed as count (%). Clinical score correspond to the mean number of anatonomical 
sites involved (mouth or peri-oral, hands, feet, buttock, trunk, legs, arms)

*Significant variation between CV6-A6 and CV-A16 groups were evaluated using analysis of variance for age, temperature, clinical score and χ2 test or Fisher’s exact test for 
discrete variable (clinical characteristics).

†One child with febrile seizure and 1 with psychomotor retardation and aphasia regressive in 24 hours.
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* The anatomical sites are hand, foot, mouth or perioral, buttock, trunk, legs, arms
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FIGURE 1. Distribution of cases according to the number of anatomical sites involved.
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FIGURE 2. Clinical photographs of patients: A1–3) generalized HFMD related to CV-A16 in a 13-month-old boy; B) 
generalized HFMD related to CV-A6 in a 12-month-old boy; C) grouped vesicles in a 23-month-old boy with HFMD related 
to CV-A16 and D) grouped vesicles in an 18-year-old boy with HFMD related to CV-A6
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Eighty-six children (96.6%) had vesicles and 34 (38.2%) had 
papules or superficial crusts. Thirty-one (34.8%) had both vesicles 
and crusts and none had purpuric petechial rash. Photographs of the 
dermatological lesions were taken and analyzed for 47 (52.8%) con-
firmed HFMD. The photographic analysis showed that vesicles were 
surrounded by erythema and between 1 and 5 mm in size. Vesicles 
were either isolated or grouped in large patches (Figs. 2 and 3). Eight 
patients (17%) had grouped vesicles. These grouped vesicles were 
related to eczema coxsackium in 2 patients. These patients had med-
ical history of atopic dermatitis and the grouped vesicles were con-
centrated on atopic dermatitis bastion areas (Fig. 3B). The 6 others 
patients were not considered to have eczema coxsackium, because 
there was no atopic dermatitis and skin lesions were concentrated 
outside the classical atopic dermatitis bastion areas (Fig. 2A, C, D).

Nondermatological manifestations are summarized in 
Table 1. A total of 16 children (17.9%) were hospitalized. Ten were 
hospitalized because of low fluid intake associated with either 
odynophagia (n = 9) or vomiting (n = 1). Three were hospitalized 
due to poorly tolerated high fever and 1 because of extensive skin 
lesions. Two showed neurological signs: 1 child with febrile sei-
zure and another with psychomotor retardation and aphasia which 
regressed within 24 hours. All children had favourable outcomes.

The comparison of the clinical characteristics of the patients 
did not show any significant difference between PCR-positive and 
PCR-negative patients.

Genotypes
Genotyping was successful for 82 (92.1%) patients. Nine 

serotypes were identified (Fig. 4). CV-A6 and CV-A16 were 
identified in 42 (51.2%) and 28 (34.1 %) cases, respectively. The 
other EV identified were CV-A 10 (n = 4), EV-71 (n = 2), CV-A9  
(n = 2), CV-A8 (n = 1), CV-B2 (n = 1), CV-B3 (n = 1) and E-9 (n = 1).

Comparison Between Genotypes and Clinical 
Forms

Comparisons of clinical characteristics according to sero-
types were analyzed for only CV-A6 and CV-A16 groups (Table 1). 
The mean number of anatomical sites involved was 4.7 for CV-A6 
and CV-A16 infections (P = 1; Table 1). The distribution of 
cases according to the number of anatomical sites involved and 
genotype is shown in Figure 1. The percentages of CV-A6- and 
 CV-A16-related cases with 5 or more anatomical sites involved 
were 41.6% and 46.4%, respectively (P = 0.49; Fig. 1). Peri-oral 
rash was more frequent in CV-A6 infections than in CV-A16 infec-
tions (P < 0.001).

Eczema coxsackium was related to CV-A6 (Fig. 2B) in 
1 case but the genotype could not be determined for the other. 
The 6 other cases with grouped vesicles were related to CV-A6  
(n = 4) and CV-A16 (n = 2) infections. The proportion of patients 
with grouped vesicles was 20.8% in CV-A6 and 15.4% CV-A16 
infections (P = 1.0).

E

(b)(a)

(c)

(d)

(e)

FIGURE 3. A) Peri-oral rash in an 18-month-old boy with CV-A6 HFMD; B) eczema coxsackium related to CV-A6 infection 
in a 28-month-old boy; C,D) plantar and palmar vesicles with pseudo-petechial lesions (arrow) related to CV-A16 (C) and 
CV-A6 (D) infections.
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DISCUSSION
This study is based on solid prospective clinical and 

virological data, because all 89 diagnoses were confirmed 
virologically and 82 isolates were genotyped. This is the first 
long-term prospective dermatological study conducted that 
includes several outbreaks related to different serotypes. Most 
recent studies have been retrospective and conducted dur-
ing an epidemic or with few cases confirmed by virological  
analysis.8–12

This study shows that HFMD is often presented as a diffuse 
vesicular rash: 37 children (41.5%) had lesions in at least 5 ana-
tomical sites and were considered to have widespread exanthema. 
HFMD patients may also present only a few lesions, 12% of the 
patients had skin lesions on only 2 bastion areas (HFM). This study 
shows that HFMD may be characterized by a wide clinical spec-
trum ranging from localized vesicles to widespread vesicular exan-
thema. This result underlines that diffuse vesicular rash should not 
exclude a diagnosis of HFMD.

Widespread vesicular exanthema has recently been reported 
in an American retrospective study.12 Such a generalized exanthema 
could be confused with other childhood vesicular exanthemas such 
as varicella. As with varicella, the elementary lesion is a vesicle 
followed later by a crust. More than one-third of the children in our 
study (35%) had both vesicles and crusts showing different stages 
in the evolution of lesions (Fig. 2B). However, we found some spe-
cific features of HFMD: first, the scalp was not involved and sec-
ond, skin lesions were present in all bastion areas (HFM) or at least 
in 2 for 66% and 100%, respectively.

The elementary skin lesion in HFMD is usually a vesicle sur-
rounded by erythema. However, in our study, atypical skin lesions were 
observed. Eight children (17%) had grouped vesicles leading to large 
erythematous patches of vesicles on the buttocks or thighs (Fig. 2A, C, 
D). This clinical characteristic has rarely been reported.8,9,13 Grouped 
vesicles can also be observed in eczema coxsackium, but this diag-
nosis was ruled out because of the absence of atopic dermatitis and 
other acantholytic dermatoses.12 Furthermore, in eczema coxsackium, 

104 patients with clinically suspected 
HFMD enrolled in the study  

Clinical  form  filled 

AND 

Naso-pharyngeal and skin vesicle 
swab for RT-PCR enterovirus 

Negative RT-PCR enterovirus : 
n=15

15 patients excluded for clinical 
analysis  

Positive RT-PCR enterovirus:
n=89 

89 confirmed HFMD included for 
clinical analysis and genotyping 

Genotyping: n=89 (%)  

CV-A6: n=42 (47.2) 

CV-A16: n=28 (31.4) 

CV-A10: n= 4 (4.5) 

EV-71: n=2 (2.2) 

CV-A9: n=2 (2.2) 

CV-A8: n=1 (1.1) 

CV-B2: n=1 (1.1) 

CV-B3: n=1 (1.1) 

E-9: n=1 (1.1) 

Non typable: n= 7 (7.8) 

FIGURE 4. Inclusion criteria and serotypes identified by genotyping in confirmed HFMD cases.
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vesicles are concentrated on classical atopic dermatitis bastion areas 
(Fig. 3B). All our patients with large vesicular plaques or eczema 
coxsackium could have been confused with other conditions, mainly 
herpetic infections, but all HFMD patients had typical lesions also 
located over HFM. Petechial purpura has been reported in HFMD and 
could also lead to misdiagnosis. We did not observe any petechial pur-
pura. Vesicles on the palms and soles can be deeper in the epidermis 
giving a clinical aspect of erythematous maculopapules or petechial 
purpura (Fig. 3C, D). It is important to distinguish these HFMD skin 
lesions from those of true petechial rash seen with other benign viral 
infections, such as parvovirus B19 infection.15

According to several retrospective studies conducted dur-
ing recent CV-A6 outbreaks, HFMD related to this serotype may 
have a more severe or atypical rash.8–13 However, in our study, 
such widespread vesicular rash was observed with both CV-A16 
and CV-A6. It was not possible to distinguish between infections 
related to CV-A6, CV-A16 and other serotypes based on clinical 
severity assessment (Table 1, Fig. 1). Another atypical dermato-
logical pattern concerned grouped vesicles (Fig. 2 A, C, D). This 
characteristic was found with both CV-A6 (20.8 %) and CV-A16 
(15.4%). This clinical characteristic, described as vesicullobullous 
lesion, has been reported to be associated with CV-A6.12 The only 
significant difference we found was the predominance of peri-oral 
rash with CV-A6 infection (CV-A6: 69.4%; CV-A16: 17.8%; P < 
0.001). This was higher than that reported in 2 retrospective stud-
ies conducted in Taiwan (22%) and in the United States (41%).8,9 
HFMD related to EV-71 infection has been associated in Asia with 
a high rate of morbidity and mortality. All our cases had favourable 
outcomes. The 3 main serotypes, CV-A6, CV-A16 and CV-A10, 
isolated in our study confirm the circulation of different serotypes 
in Europe between 2008 and 2012 and might explain the absence of 
severe cases in our study.16–19

The main limitation of this study was recruitment that was 
based on a hospital network of mostly secondary or tertiary pediat-
ric dermatological centers. This might have led to overestimation of 
the frequency of the generalized form of HFMD.

The dermatological signs of HFMD range from classical to 
generalized vesicular rash and may include atypical skin lesions. 
Generalized vesicular exanthema was observed with CV-A6 and 
CV-A16. Although peri-oral rash suggests CV-A6 infection, atypi-
cal dermatological lesions are not exclusive to this serotype.
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APPENDIX
APPENDIX 1. English translation of the form used to record clinical findings




