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Background. The cutaneous manifestations of human enterovirus (HEV) infection are usually limited, such as

hand-foot-mouth disease. By comparison, Stevens-Johnson syndrome (SJS) is a life-threatening severe cutaneous

adverse reaction (SCAR), mainly caused by drugs. During the HEV outbreaks in 2010–2012 in Taiwan, we identified

21 patients who developed widespread blistering mucocutaneous reactions without any suspected drug causality.

Methods. We screened possible pathogen(s) for detecting human herpes virus (HHV1–HHV7), HEV, orMyco-

plasma pneumoniae infections using throat swab virus cultures, real-time PCR, DNA sequencing, immunochemis-

try and electron microscopy analyses.

Results. Coxsackievirus A6 (CVA6) DNA was identified in the blistering skin lesions in 6 of 21 patients. Cyto-

toxic T lymphocytes and natural killer cells expressing granulysin predominantly infiltrated into the skin lesions,

sharing the histopathological features with SJS. Intact CVA6 viral particles were identified in the blister fluids and

skin lesions by electron microscopy. The phylogenetic analysis of the viral genome showed the CVA6 DNA se-

quence sharing higher similarity (97.6%–98.1%) to CVA6 strains reported from Finland at 2008.

Conclusions. This study identifies a new variant of CVA6 as the causative agent for severe mucocutaneous blis-

tering reactions mimicking SCAR. An awareness of this unusual presentation of HEV infection is needed in the epi-

demic area.

Keywords. coxsackievirus A6; hand-foot-mouth disease; severe cutaneous adverse reactions; granulysin.

Human enteroviruses (HEV) are common pathogens

that can cause a wide range of clinical manifesta-

tions, including nonspecific febrile illness, exanthema,

respiratory infections, enteritis, aseptic meningitis, en-

cephalitis, myocarditis, and even death [1]. Among

HEV, coxsackieviruses, echoviruses, and enterovirus

type 71 are frequent causes for cutaneous symptoms [2,

3]. A typical cutaneous manifestation for HEV infec-

tion is hand-foot-mouth disease (HFMD), character-

ized by multiple small papulovesicles on hands, feet,

mouth, tongue, buttocks, and oral ulcers accompanied

by fever. It is usually self-limiting, and one can recover

within 4–6 days [4, 5]. HFMD and herpangina are

common contagious diseases in children, and most of

the patients were <4 years of age [6, 7]. Child patients

infected with CVA16, CVA6, or enterovirus 71 mostly
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presented as HFMD [8, 9]. CVA6 was identified as a primary

pathogen associated with HFMD during a nationwide outbreak

in Finland in 2008 [9]. By comparison, the main clinical pre-

sentation for the CVA6 outbreaks in northern Taiwan between

2004 and 2009 was herpangina, and HFMD only accounted for

12.8% [10].

Comparing with HFMD, Stevens-Johnson syndrome (SJS) is

a life-threatening severe cutaneous adverse reaction, mainly

caused by drugs or medications [11, 12]. SJS and its related dis-

order, toxic epidermal necrolysis (TEN), principally involve the

activation of cytotoxic T lymphocytes (CTLs) and natural killer

(NK) cells [13]. Our recent study shows that granulysin, a cyto-

toxic protein produced by CTLs or NK cells, is the key mediator

for disseminated keratinocyte deaths resulting in blistering skin

lesions or skin detachment in SJS/TEN [14]. The characteristic

features of SJS include a rapid development of blistering exan-

thema and target-like lesions accompanied by mucosal involve-

ment and skin detachment [15–18]. Though with a low

incidence, SJS may progress to TEN and is potentially fatal. The

survivors of SJS/TEN frequently suffer from permanent com-

plications, such as eye sequelae [11]. Drugs are assumed or

identified as the main cause of SJS/TEN in most cases [17, 18],

but Mycoplasma pneumoniae and Herpes simplex virus infec-

tions are documented causes alongside rare cases in which the

etiology remains unknown [19–21]. There are still about 20%

cases without an identified causality [17, 18, 22].

During the HEV outbreaks from 2010 to 2012 in Taiwan, we

identified 21 patients who presented unusual widespread mu-

cocutaneous bullous reactions without the administration of

any suspected offending drugs. We detected CVA6 virus DNA

and the intact viral particles in the skin lesions of 6 patients

with widespread blistering reactions. Further virus genome se-

quencing identified a novel variant of CVA6 that may explain

the unusual cutaneous presentations and immune reactions.

MATERIALS ANDMETHODS

Patient Recruitment

From June 2010 to July 2012, we enrolled 21 young patients with

mucocutaneous bullous reactions diagnosed as SJS without the

administration of suspected offending drugs from Chang Gung

Memorial Hospital, Cathay General Hospital, and Chung Shan

Hospital in Taiwan. The study was approved by the institution-

al review board (IRB) of each studying site, and informed con-

sents were obtained from all of the participants or their parents

or guardians. We complied with the human experimentation

guidelines of Taiwan Department of Health with regard to

patient consent for the conduct of clinical research.

Diagnosis of SJS was made by clinical presentation and/or

histopathology findings as the criteria previously established by

international experts in the field of drug-induced skin reac-

tions, the Registry of Severe Cutaneous Adverse Reactions

(RegiSCAR) consortium [15]. SJS is characterized by a rapidly

developing blistering exanthema of purpuric macules and

target-like lesions accompanied by mucosal involvement with

skin detachment of <10% of the body surface area (BSA). All of

the 21 patients have epidermal detachment involving <10% of

total body surface area (TBSA). We collected clinical speci-

mens, including throat swabs, skin biopsies, blister fluids/

blister cells, peripheral blood mononuclear cells (PBMCs) and

serum, for laboratory examinations. The blister fluids from

burn patients were used as the controls.

Viral Culture and Virus DNA Detection in Clinical Samples

Clinical specimens from throat swabs were inoculated with 4

cell lines, including the Rhesus monkey kidney (RhMK) cells,

human rhabdomyosarcoma (RD) cells, human embryonic lung

fibroblasts (MRC-5), and rhesus monkey kidney epithelial cells

(LLC-MK-2). The infected cells were maintained in minimal

essential media (MEM) containing 1% penicillin-streptomycin

(Gibco, Grand Island, NY) with 2% fetal calf serum (FCS,

Gibco, Grand Island, NY) at 35°C. All cultures were observed

daily for examination of cytopathic effect (CPE).

We extracted the total virus nucleic acids from clinical samples

by the viral RNA extraction miniprep system kit (Viogene, Sun-

nyvale, CA). For HEV detection, complementary DNA (cDNA)

was generated through reverse transcription reaction by using M-

MLV reverse transcriptase (ReverTra Ace; Toyobo, Osaka, Japan)

with random primers. We performed real-time PCR for HEV de-

tection by amplifying the 5′ untranslated region (UTR) (forward

primer: 5′-CAAGCACTTCTGTNWCCCGG-3′; reverse primer:

5′-GAAACACTGGACACCCAAAGTAGT-3′) [23]. For HHV1-

7 virus andMycoplasma pneumoniae detection, we adapted real-

time PCR protocols of the previous studies [23–25].We processed

appropriate negative and positive controls in each PCR to exclude

any contamination and to establish the specificity of primer-

directed amplification.

Histopathology, Immunohistochemistry, and

Immunofluorescence Staining of Skin Lesions and Blister Cells

The skin specimens were alcohol-formalin-acetic acid fixed and

paraffin-embedded and subjected to the hematoxylin and eosin

(H&E) staining. For histopathology, the paraffin in the sections

was dissolved, and dewaxed in xylene solution and a gradient of

ethanol. The specimen was hematoxylin staining for 3 minutes

and rinsed with running water, 1% hydrochloric acid alcohol, and

then water rinsing. The counter stain was done by eosin staining

for 30 seconds, followed by water rinsing, then dehydration in

ethanol solutions. The staining was then made transparent with 2

changes of xylene, then mounted with neutral gum and dried.

For immunohistochemistry analyses on the skin biopsies, we

incubated the sections with the monoclonal antibodies against

CD3, CD4, CD8, CD20, CD56 (BD Biosciences), granulysin

(RB-1; MBL international corporation), CD1a (marker of

CVA6 Causing Severe Cutaneous Reactions • JID 2013:208 (15 December) • 1969

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

rtic
le

/2
0
8
/1

2
/1

9
6
8
/2

1
9
2
6
1
2
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



dendritic cells), and S100 (Dako, Glostrup, Denmark). Sections

of skin lesions were subjected to the immunoperoxidase tech-

nique (DAB Detection Kit, Invitrogen).

For immunofluoscence analyses on the blister cells, the

blister cells were incubated with GolgiStop (BD Biosciences),

fixed with Cytofix/Cytoperm solution (BD Biosciences) for 20

minutes at 4°C. Then, the cells on slides were incubated with

distinct fluorochromes labeled monoclonal antibodies against

human CD8, CD56, or granulysin. The antibodies were labeled

with fluorescein isothiocyanate (FITC), or R-phycoerythrin

(PE). The cells were examined by the confocal microscopy

(Olympus FV1000).

Enzyme-linked Immunosorbent Assay (ELISA) for Granulysin

Level Measurement

The levels of granulysin in the blister fluids of patients and the

burn control subjects were measured as described elsewhere

[14]. Briefly, the plates (Nunc) were coated with 2 µg/mL RB-1

monoclonal antibody (MBL International Corporation) in

sterile phosphate-buffered saline (PBS) overnight at room tem-

perature. The nonspecific sites on the plates were blocked with

1% bovine serum albumin in washing buffer (PBS containing

0.1% Tween-20) and serially reacted at room temperature with

the following materials, with washing steps between each reac-

tion: samples or standards in blocking buffer for 2 hours, 1 µg/

mL of biotinylated RC-8 MAb (recognizing granulysin epi-

topes) in blocking buffer for 1 hour, and 2 µg/mL of horserad-

ish peroxidase-conjugated streptavidin (R&D system) in

washing buffer. The plates were finally incubated with substrate

solution containing H2O2 and tetramethylbenzidine (R&D

system) for 5–10 minutes. Then, the optical density of each well

was determined by using a microplate reader set to 620 nm.

Samples were performed in triplicate. The assay sensitivity for

granulysin was 2.5 ng/mL.

Electron Microscopy

Visualization of virus particles from skin biopsies and blister

fluids was acquired by transmission electron microscopy (TEM)

on high magnification (X4K, X30K, and X50K). Skin samples

from the skin lesions were cut into small pieces and ground in

PBS in a microcentrifugal tube, then prepared for negative stain-

ing (2% phosphotungstic acid) and observed in a JEM 1010

electron microscope ( JEOL USA Inc., Peabody, MA).

Virus Nucleotide Acids Sequencing and Phylogenetic Tree

Analysis

The virus RNA was extracted from the blister fluids and the

cDNAwas synthesized by M-MLV reverse transcriptase (Rever-

Tra Ace; Toyobo, Osaka, Japan) using pan-enterovirus primer

-(5′-AAGCAGTGGTATCAACGCAGAGTACT(30)VN-3′, where

V is G, A, or C and N is any nucleotide). We used a consensus

primer (5′-GTTTTCCCAGTCACGACTGGTATCARACDAA-

3′) of human enterovirus A (HEV-A) VP1 gene, which encoded

the viral capsid and KOD-PLUS DNA polymerase (Toyobo,

Osaka, Japan) for PCR and cDNA sequencing. The virus nucle-

otide sequences were subjected to Blast analysis (NCBI),

showing high similarity to the human CVA6. We further

performed sequencing experiment for determining CVA6 5′-

untranslated genomic region [26].We constructed phylogenetic

tree based on 377 nucleotide long partial VP1 sequence (nucle-

otide [nt] 2930 to nt 3306) of our viral sequence data using a

neighbor-joining method and the Kimura 2-parameter distance

model by a MEGA version 4 software with 1000 replications of

bootstrap analyses [27].

RESULTS

Clinical Features and Identification of CVA6 DNA From the

Blistering Skin Lesions

We obtained the throat swab samples, skin biopsies, or skin

blister fluids from 21 patients with widespread mucocutaneous

blistering reactions. We screened possible pathogen for detect-

ing of the infections of human herpes virus (HHV1–HHV7),

Mycoplasma pneumoniae, or HEV using throat swab virus cul-

tures and real-time PCR. CVA6 DNA sequence was identified

in the blistering skin lesions of 6 patients by real-time PCR and

sequencing experiments (Table 1). No Mycoplasma pneumoniae

or HHV1–HHV7 DNA amplicons was detected in the samples

of the 6 patients (Table 1). CVA6 was isolated by a direct throat

swab viral culture of 2 patients (Table 1). The clinical cutaneous

manifestations of the 6 patients were multiple to widespread

central purpuric atypical target-like lesions on limbs, faces, and

trunks in the early stage and then progressed to large blisters

with purpuric bases at the maximal stage with mild to moderate

lip erosions (Figure 1, and Supplementary Figure 1).

Four patients received only supportive treatments, and 2 pa-

tients received systemic corticosteroids (Table 1). All 6 patients

recovered within 1–3 weeks without complications. The mean

hospitalization duration of the patients was 14 ± 4.43 days,

which is significantly longer than that of the outbreaks of

HFMD caused by CVA6 in Taiwan in 2004–2007 (mean dura-

tion, 4.21 ± 0.11 days) [10].

Predominant CTLs and NK Cells Expressing Granulysin in

Blistering Skin Lesions

The histopathological findings showed an extensive epidermal

necrosis and keratinocyte dyskeratosis resulting in separation of

the epidermis from the underlying dermis with blister forma-

tion and inflammatory cells infiltrations (Figure 2, Supplemen-

tary Figure 2). Immunohistochemistry staining of skin lesions

showed the predominate infiltration of CD8+ T cells, CD56+ NK/

natural killerT (NKT)cells, andgranulysinexpression in theepider-

mis (Figure 2, Supplementary Figure 2). The immunofluorescent

microscopy study further confirmed that the majority of blister

cells were composed of CD8+ CTL or CD56+ NK/NKT cells
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Table 1. Clinical Manifestations and Laboratory Findings in Patients With CVA6 Infection-induced Severe Cutaneous Reactions

Case

no.

Age/

Sex

Distribution of

Blistering Lesions

Systemic

symptoms

Internal

Organ

Involve-

ment

Drug Exposure

Before the

Cutaneous

Reactions

HE Stain on

Skin Biopsies

IHC Stain on

Skin Biopsies

IF Stain on

Blister Cells

Throat

Swab

Virus

Culture

Skin

Samples

for Viral

Genome

Detection

PCR and

Sequen-

cing for

HEV

PCR

for

HHV

1–7

Treatment and

outcome

Disease

duration

(days)

1 3/F Face, lips, 4 limbs,
trunk, palms/soles,
buttock

Fever, diarrhea No Antihistaminesa Full thickness of
epidermal
necrosis

CD8, CD56
dominant, GNLY

(+)

CD8, CD56,
GNLY (+++)

CVA6 Blister fluids CVA6 (−) Systemic
corticosteroid

21

2 2/F Lips, palms/soles,
buttock

Fever, sore
throat

No No Many dyskeratic
cells in

epidermis

CD8 (+), CD56
(+) GNLY (+)

ND (−) Blister fluids CVA6 (−) Supportive care 14

3 5/M Lips, lower limbs,
palms/soles

Fever, sore
throat

No No ND ND ND (−) Blister fluids CVA6 (−) Supportive care 14

4 6/M Palms/soles, lips Fever, sore
throat

No No ND ND ND (−) Blister fluids CVA6 (−) Supportive care 7

5 4/M Face, lips, four limbs,
trunk, palms/soles,
buttocks

No fever, sore
throat
abdominal
pain,
vomiting

No No Partial
epidermal
necrosis

CD8, CD56
dominant, GNLY

(+)

ND (−) Blister fluids CVA6 (−) Supportive care 14

6 10/M Face, lips, four limbs,
trunk, palms/soles,
buttock

Fever, sore
throat

No Acetaminophen,
antihistaminesa

Partial
epidermal
necrosisb

CD8 dominant,
CD56 (+), GNLY

(+)

CD8, CD56,
GNLY (+++)

CVA6 Skin biopsy CVA6 (−) Systemic
corticosteroid

14

Abbreviations: (+), positive; (−): negative; CVA6, Coxsackievirus A6; F, female; GNLY, granulysin; HE, hematoxylin and eosin stain; HHV, human herpes virus; IF, immunofluorescence stain; IHC, immunohistochemistry
stain; M, male; ND, not determined.
a Patients had exposed to the same medications before and after the CVA6 infection episode.
b The biopsies were obtained from a regeneration stage.
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expressing granulysin (Figure 3, Supplementary Figure 3). We

found about 45%–78% of the blister cells expressed CD8, CD56,

or granulysin protein (Figure 3J). Moreover, the levels of

granulysin highly increased (573 ± 41 ng/mL, n = 3) in the blister

fluid of our patients, when compared to that of burn lesions

(26 ± 3 ng/mL, n = 10).

Figure 1. Clinical presentations of patients. A–D, Representative pictures showing mild lip erosions, generalized painful SJS-like blisters, and atypical

target lesions on 4 limbs and trunk (case 1). E, A representative picture showing SJS-like painful blisters on palms and soles (case 6). F, A picture showing

EM-like target lesions on lower limbs (case 5). Abbreviations: EM, erythema multiforme; SJS, Stevens-Johnson syndrome.

1972 • JID 2013:208 (15 December) • Chung et al
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Identification of Viral Particles in the Skin Lesions and Blister

Fluids

By transmission electron microscopy, we found numerous

intact viral particles in both skin lesions and in the blister fluids

(Figure 4). The virus particles can be seen around the cells (red

blood cells [RBC], macrophages, and Langerhans cells) or in

the blister fluids (Figure 4). Our data revealed that the skin

lesions and blisters contained intact viral particles.

Viral Genome Sequencing and Phylogenetic Analysis Revealed

a New CVA6 Variant

The NCBI BLAST analysis of amplified DNA sequence from

blister fluids of skin lesions showed that the etiological agent

was highly similar to human coxsackievirus A6 (CVA6) and

was confirmed as CVA6 by 5′ untranslated region of viral

genome sequencing. We constructed the phylogenetic tree

based on 377 nucleotide long partial VP1 sequence (nt 2930–

3306) using a neighbor-joining method and the Kimura 2-

parameter distance model by MEGA version 4 software with

1000 replications of bootstrap analyses [27]. The results of the

phylogenetic analysis (Figure 5) showed that the nucleotide se-

quence of our CVA6 isolates (TW/1537/2011, GenBank

accession no. JN582001) shares higher similarity (97.6%–

98.1%) to that of CVA6 strains found in Finland at 2008 than

that of Taiwan isolates (Taiwan 2004–2007; 92%–93.6%), or the

Gdula strain in the United States, 1949 (CA-V6/Gdula

AF081297; 85.1%; (Figure 5). The nonstructural region se-

quence showed <80% homology to the Gdula strain and had

83% of the homology of the Coxsackievirus A16 (nt 3358–

5091), 85% to enterovirus 71, Coxsackievirus A2 and A4 (nt

5092–7350), suggesting that there may be an enormous evolu-

tionary change in the CVA6 genome in recent years.

DISCUSSION

SJS is mainly caused by drugs and less common by infectious

pathogens, such as Mycoplasma pneumoniae and Herpes

simplex virus [11, 21, 28]. HEV had not been recognized to as-

sociate with SJS [19–21]. By comparison, erythema multiforme

major (EMM) is mainly caused by viruses, which usually in-

volves palms and soles and the patients’ rapid healing without

sequelae. In this study, we identified a new variant of CVA6

infection in the young patients with unusual manifestations

of widespread blisters arising on erythematous to purpuric

Figure 2. Histophathological characterization of the infiltrated immune cells in the skin lesions of the patients. A–D, I–P, The representative images

showed separated dermo-epidermal junction and blister formation from the skin biopsies of case 1 (A–D ) and case 5 (I–P ). E–H, The histopathological

images of a nonblistering skin lesion from case 1. Hematoxylin-eosin (HE) staining (A, I, magnification: 40×; B, E, J : 100×). Immunohistochemical staining

showed many infiltrated cells expressed CD8 (a marker for cytotoxic T lymphocytes, C, F, K : 100×; L : 400×), and CD56 (a marker for NK cells or NKT cells,

D, G ,M : 100×; N : 400×), but only a few of cells expressed CD20 (a marker for B cells, H : 100×). Granulysin protein was detected in the epidermis (granuly-

sin, O, magnification: 100×, P : 400×). Abbreviations: NK, natural killer; NKT, natural killer T cells.
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Figure 3. Expression of CD8, CD56, and granulysin in the blister cells from the skin lesions of the patients. A–I, Immunofluorescence staining of CD8 (A

and D ), CD56 (B and H ), granulysin protein (E and G ), and merged images with DAPI staining (C, F, and I ). The images were obtained from the sample of

case 1. Bar = 10 µm. J, Percentages of cells expressing the cell markers (CD8, CD56) or granulysin protein detected by confocal microscopy fields analysis

on the blister cells of case 1 and case 6. Abbreviation: DAPI, diamidino-2-phenylindole.
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macules with irregular shape and size distributed over limbs and

trunks and accompanied by mucous membrane erosions. This is

the first report to our knowledge of HEV-induced widespread

mucocutaneous blistering reactions. The clinical presentation,

histopathology, and causative agent in this study are different

from previous studies on CVA6 [10, 29].

Most cases with CVA6 infections in the previous outbreaks

were presented as herpangina and only a few as HFMD [10,

30]. CVA6 was reported to be the pathogen associated with

HFMD during a nationwide outbreak in Finland in 2008, and a

recent epidemic in Boston, Massachusetts, in 2012 [9, 31, 32]. A

typical HFMD is small vesicular lesions localized on palms and

soles, which is distinct from the clinical presentation of SJS

with characteristics of widespread blistering atypical target

lesions and mucosal involvement [4, 5, 8, 15]. Herein we report-

ed 6 young patients infected with CVA6 who developed severe

skin reactions with blisters formation. Although the 6 patients

showed blistering skin lesions as SJS or EMM, most of them

had only mild erosions on the external part of their lips. These

patients did not have severe bleeding erosions on inner lips or

oral cavity mucosa involvement, which are usually seen in SJS or

EMM. This can be one of the important clues for differentiating

enterovirus-related severe blistering reactions from classic EMM

or SJS. We found the young patients had prolonged hospitalization

duration when compared with the data of the outbreaks of

HFMD caused by CVA6 in Taiwan in 2004–2007 [10].

The evolution of nucleotide sequence of CVA6 may lead to

the changes of virus characteristics and clinical features. In this

study, our virus phylogenetic analysis identified a new CVA6

variant from the subjects’ blistering skin samples; its nucleotide

sequence showed high homology with that of Finland (2008)

[31, 33] yet less similar to that of Taiwan (2004–2007) [10] or the

Gdula strain of the United States (1949) [26,33]. In addition, our

electron microscopy studies identified the intact viral particles in

skin lesions and blister fluids. There were reports showing HSV

DNA in the skin lesions of EMM [34, 35]. Whether the CVA6

viral particles in the blister fluids or skin lesions of the patients

possess the infectious ability needs more studies.

We previously reported that granulysin, a cytotoxic protein

produced by CTLs or NK/NKT cells, is the key mediator for

disseminated keratinocyte deaths resulting in blistering skin

lesions or skin detachment for SJS/TEN [14]. In this study, we

found numerous intact CVA6 viral particles in the skin blister-

ing tissues with predominant CTLs/NK/NKT cells expressing

granulysin, mimicking the histopathological features of severe

cutaneous adverse reactions (SCAR). These data indicate that

these virus antigens induce a strong immune reaction in the

epidermis, leading to the widespread mucocutaneous bullous

Figure 4. Transmission electron microscopy of the biopsies of skin lesions and the blister fluids. A–C, The red arrows indicate the virus particles in the

blistering skin lesions obtained from case 1. The virus particles can be seen around a red blood cell (A ) in a blood vessel, or around a macrophage (B ) in

the dermis. The virus particles aggregate to form a vesicle like structure in a Langerhans cell (C ) in the epidermis. D, The viral particles can be detected in

the blister fluid sample of case 1. The red letters in the panels represent the following: B, Birbeck granule in Langerhans’ cell; C, collage fiber; L, lysosome;

M, mitochondria; RBC, red blood cell. Bars: (A, C, and D ) = 100 nm, (B) = 500 nm.
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Figure 5. Phylogenetic analysis of coxsackievirus A6 DNA sequence. The 377 nucleotide long partial VP1 sequence (nt 2390–3306) of our CVA6 isolates

(TW/1537/2011, GenBank accession no. JN582001) was used for the phylogenetic analysis. Phylogenetic tree was constructed using a neighbor-joining

method and the Kimura 2-parameter distance model by MEGA version 4 software with 1000 replications of bootstrap analyses. CV-A16/G10 sequence

(GenBank accession no. U05876.1) was used as the out-group.

1976 • JID 2013:208 (15 December) • Chung et al
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reactions like SCAR. Similarly, rapid recruitment and activation

of CD8+ T cells and amplified inflammatory cascade were also

observed after herpes simplex virus type 1 skin infection [36].

In addition, our data suggest the new CVA6 variant might

induce a more intense immune reaction than the previous

CVA6 isolates associated with HFMD. Further studies are

needed to clarify the relationship between viral genome

changes and clinical presentations.

In conclusion, we identified a new CVA6 variant, which

causes severe mucocutaneous blistering reactions mainly medi-

ated by CTLs/NK/NKT cells expressing granulysin, mimicking

the histopathological features of SJS or EMM. An awareness of

the risk of this unusual presentation of HEV infections is

needed in epidemic areas.
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