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Objectives: Staphylococcal scalded skin syndrome (4S), a blistering dermatosis caused by exfoliative toxins from Staphy-
lococcus aureus, occurs frequently in patients with atopic dermatitis (AD). However, association between 4S and AD has
not rarely been reported. We investigated the characteristics of 4S according to AD status.
Methods: The study included 146 children with 4S who visited Busan St. Mary’s Hospital from 2007–2018. Clinical fea-
tures were analyzed from medical records and pictures, and 4S was classified as localized or generalized. We also retro-
spectively investigated the preceding conditions and test results related to AD.
Results: Among 146 patients with 4S, median age was 2.0 years, and 35 (24.0%) had AD. Since 2007, the incidence of
both 4S and AD have increased, without obvious seasonal patterns. Generalized and localized disease occurred in 90 and
56 patients, respectively. Twenty-four of 35 patients with AD (68.6%) and 32 of 111 (28.8%) without AD had localized
disease. Significant differences were observed between the groups (P = 0.000). Among those with AD, the most common
preceding condition was skin infection or unknown (45.2%); however, respiratory disease was the most common (47.9%)
among patients without AD. Eosinophil levels were higher in the AD group (P = 0.002), and there were no statistically
significant differences in total immunoglobulin E (IgE), Dermatophagoides farinae (Df IgE), egg-white IgE, and culture
results between the groups.
Conclusions: Localized 4S frequently occurred without preceding conditions in children with AD and usually arose from
skin infection compared to generalized 4S.

Key Words: Atopic dermatitis, Staphylococcal scalded skin syndrome, Staphylococcus aureus

Staphylococcal scalded skin syndrome (4S),
caused by epidermolytic toxin and exfoliative
toxins A and B produced by Staphylococcus au-
reus, is a major pathogen of pyogenic skin in-
fection that binds to Desmoglein-1 through
blood circulation, severing the connection be-
tween skin and causing skin exfoliation. It is
characterized by scarlet fever-like tender ery-

thema, which may occur in patients younger
than 5 years of age, with symptoms such as sag-
ging, fever, irritability, and which typically de-
velops in the flexures, eyes, nose, and mouth.
4S is accompanied by blisters, erosions, and
skin exfoliation and is classified as localized or
generalized subtypes depending on the presence
or absence of Nikolsky sign and the range of af-
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fected skin surface area.1 The preceding condi-
tion is primarily respiratory diseases but the con-
dition may include conjunctival, umbilical, skin,
or digestive diseases. Recently, the incidence of
4S in Korea has been increasing and there are re-
ports that it is often accompanied by AD.2,3

Atopic dermatitis (AD) is a common chronic
skin disease and the presence of the S. aureus is
frequently detected on skin affected with AD.
This study was conducted in children with 4S
visiting a single medical institution over the past
12 years and aimed to investigate the character-
istics associated with the development of 4S in AD.

MATERIALS AND METHODS

Subjects
The study included 146 children diagnosed with

4S who visited Busan St. Mary’s Hospital in Jan.
2007 – Dec. 2018. 

Methods 
We retrospectively reviewed the medical

records, photographs, and test results of the pa-
tients and examined the presence of AD; preced-
ing conditions before 4S onset such as
respiratory disease, skin infection like impetigo,
newborn, etc; and the total immunoglobulin E
(IgE), specific IgE, and eosinophil counts related
to AD status and severity.4,5 Depending on the
clinical features of 4S, the patients were classi-
fied as having either the generalized or localized
subtype. The generalized subtype was defined as
the presence of systemic tender erythema and

blister except for the mucous membranes, posi-
tivity for Nikolsky sign, and involvement of
more than 30% of the whole body area. The lo-
calized subtype had tender erythema and blister
in characteristic locations such as the flexures,
eyes and, mouth; Nikolsky sign negativity, and
involvement of less than 30% of the whole body
area.1 Several Pediatric allergy respiratory sub-
specialists diagnosed and classified skin lesions
in characteristic locations with tender erythema,
blisters, and skin exfoliation. 
In culture tests, specimens were collected from

throat, and skin lesions around the mouth and
eyes of 4S patients using a cotton swab by med-
ical staff wearing gloves. The specimens were
placed in transport medium, transferred to a lab-
oratory, inoculated into a blood agar medium,
and cultured at 35°C in 3–5% CO2 for 24 hours.
When characteristic colonies were observed, S.
aureus was directly identified using catalase and
coagulase tests or by automated identification
method using a VITEC2 instrument (Biomérius-
inc, Durham, North Carolina, USA). The cul-
tures were inoculated with the identified bacteria
coated on an 87 × 15 mm petri dish.

Statistics
Cross tabulation analysis was performed using

IBM SPSS version 16.0, and Pearson chi-square
tests or Fisher’s exact tests were used for com-
parison of categorical variables. Continuous vari-
ables were analyzed by Mann-Whitney test.
P-values less than 0.05 were considered statisti-
cally significant.
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RESULTS

Of the 146 patients diagnosed with 4S during
the study period, 35 (24.0%) were diagnosed
with AD and 69 (47.3%) were male. The median
ages of patients with and without AD were 2.8
and 2.4 years, respectively, the difference was
not statistically significant (P = 0.252). There
were five newborns within one month from birth,
and they are all generalized subtypes and was
classified as non-AD because of diagnostic un-
certainty of AD. There was no difference in 4S
occurrence according to sex, and the difference
with and without AD was also not statistically
significant (P = 0.859).

Annual and seasonal distribution
There were fewer than 10 pediatric patients with

4S per year from 2007–2011; the number of pa-
tients has exceeded 10 since 2012. 2017 had the
highest number of patients (29 patients). The
numbers of pediatric patients with AD has also
increased accordingly (Fig. 1).

Regarding the monthly distributions of cases,
there were many patients in the winter months of
December (18 patients), January (11 patients),
and February (19 patients); fewer cases in the
spring months of March (11 patients), April (8
patients), May (5 patients), and June (6 patients);
and increasing number between summer and be-
fore winter in July (15 patients), August (13 pa-
tients), September (16 patients), October (15
patients), and November (9 patients). From sum-
mer to winter, the onset of 4S was increased
compared to spring, but the onset of 4S in AD

patients was sporadic across the year but a con-
stant ratio was maintained apart from June and
December (Fig. 2).

Differences in 4S subtypes
A total of 56 (38.4%) and 90 (61.6%) patients

had localized and generalized subtypes, respec-
tively. Of 35 patients with AD, 24 (68.6%) cor-
responded to localized subtype and 11 (31.4%)
to generalized subtype. Of 111 patients without
AD, 32 were localized subtype (28.8%) and 79
were generalized subtype (71.2%). The AD pa-
tients had more cases with localized subtypes
than the patients without AD, and the differences
was statistically significant (P = 0.000).

Differences in culture findings
In throat culture, S. aureus was detected in 47

patients (32.2%). Among AD patients, S. aureus
was detected in 8 (22.9%) of 35 patients Among
patients without AD, S. aureus was detected in
39 (35.1%) of 111. There was no statistically sig-
nificant difference in these rates of detection (P
= 0.216).
In skin culture, S. aureus was detected in 97 pa-

tients (66.4%), more than were detected by throat
culture. In AD patients, S. aureus was detected
in 27 (77.1%) of 35 patients. In patients without
AD, S. aureus was detected in 70 (63.1%) of 111
patients. There was no statistically significant
difference in these rates of detection (P = 0.142).

Differences in preceding conditions
The most common preceding condition was res-

piratory disease, which was present in 70
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Fig. 1. Yearly distribution of the patients with staphylococcal scalded skin syndrome
between 2007 and 2018 

Fig. 2. Monthly distribution of the patients with staphylococcal scalded skin syndrome
between 2007 and 2018 
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(47.9%) patients, including 11 (31.4%) of 35 AD
patients and 59 of 111 (53.2%) patients without
AD. Significantly fewer AD patients had respi-
ratory disease as an preceding condition (P =
0.033).
The second most common preceding condition

was the occurrence of skin lesions in character-
istic sites and skin condition or unknown preced-
ing condition were reported in 66 patients
(45.2%), including 23 (65.7%) of 35 AD patients
and 43 (38.7%) of 111 patients without AD, a sta-
tistically significant difference (P = 0.006) (Table 1).

Except for 10 patients whose preceding condi-
tion were digestive diseases (5 patients) or new-
born (5 patients), Patients without respiratory
diseases were included in the same category. Be-
cause the first symptom of 4S was skin lesions
around the mouth and eyes and was ambiguous,
it was difficult to distinguish from skin diseases

such as impetigo.

Differences in total IgE, specific IgE, and
eosinophils

There were no statistically significant differ-
ences in total IgE, Dermatophagoides farinae
(Df)-specific IgE, or egg-white-specific IgE lev-
els (P = 0.562, P = 0.727, and P = 0.385, respec-
tively). However, there was a significant
difference between groups in eosinophil counts,
with mean concentrations of 617 cells/µL in AD
patients and 387 cells/µL in patients without AD
(P = 0.002) (Table 2).

DISCUSSION

4S is caused by exfoliative toxins secreted by
S. aureus.6 In children, due to kidney immaturity,

Values are presented as number (%). 
+, Positive

(n = 146)

Mean Age (yr)
Sex
Male (%)
Female (%)
4S type
Localized (%)
Generalized (%)
Culture +
Throat (%)
Skin (%)
Preceding condition
Respiratory (%)
Skin or Unknown (%)

AD (n = 35)

2.8

17(48.6)
18(51.4)

24(68.6)
11(31.4)

8 (22.9)
27 (77.1)

11 (31.4)
23 (65.7)

Non-AD (n = 111)

2.4

52(46.8)
59(53.2)

32 (28.8)
79 (71.2)

39 (35.1)
70 (63.1)

59 (53.2)
43 (38.7)

P-value

0.252
0.859

0.000

0.216
0.142

0.033
0.006

Table 1. Comparison of age, sex, 4S type, culture results and preceding condition between AD and non-AD pa
tients with staphylococcal scalded skin syndrome
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the exfoliative toxin A, B produced by S. aureus
is not excreted smoothly and antibody produc-
tion is low; thus, 4S appears to be more common
in children than in adults.7,8

Although it is a relatively rare infectious dis-
ease, contrary to the trend of decreasing inci-
dence of bacterial diseases due to improvement
in public hygiene and environment along with
development in medicine, the incidence of 4S is
steadily increasing not only in Korea but also in
other countries,2,9-11 for reasons that are not
clearly understood. 4S usually occurs in the au-
tumn and winter months when the incidence of
respiratory infections is increased12,13 and in this
study also, it increased from July and decreased
only after March. The seasonal changes in AD
patients were not significant and consistently oc-
curred at a constant rate throughout the year.

In 2004, Kang et al.,14 reported that 64.0% and
36% of patients had generalized and localized
subtypes, respectively, comparable to the 61.1%
and 38.9%, respectively, observed in the present
study. Although respiratory infection is reported
to be the most common preceding condition,12,13

for localized subtype, skin conditions such as im-

petigo have been reported in multiple cases by
Hubiche et al.,15 Bae et al.,16 Elias et al.,17 and in
other domestic studies. 

S. aureus is a major pathogen of hospital- and
community-acquired infections. It forms colonies
in the mucous membranes of the nose, eyes,
mouth, and flexures in 35–40% of normal peo-
ple.18 In addition, more than 90% of colony for-
mation is confirmed in the presence of skin
conditions such as AD. This is related to the im-
pairment of innate immunity observed in AD,
leading to tissue invasion and cell damage, even-
tually causing chronicization and symptom ag-
gravation. It was thought that AD patients were
partially immune to exfoliative toxins and had
antibodies through previous S. aureus exposure
and therefore developed the minor or localized
form of 4S.19 However, the association of local-
ized 4S and AD had rarely been reported. A bet-
ter understanding of mechanism may contribute
to the development of improved therapeutic
strategies for this complex disease.

Also, an increased number of eosinophils was
observed in 4S patients with AD, a finding con-
sistent with reports that eosinophil number is an

Values are presented as mean ± SD
Df, dermatophagoides farinae

Total IgE (U/mL)
Df IgE (kUA/L)
Egg-white IgE (kUA/L)
Eosinophil (cells/uL)

AD

182.9 ± 408.6
10.6 ± 28.1
1.3 ± 3.9
617.3 ± 526.0

Non-AD

134.7 ± 253.0
8.4 ± 25.9
0.6 ± 1.6
389.2 ± 305.3

P-value

0.562
0.727
0.385
0.002

Table 2. Comparison of laboratory finding between AD and non-AD patients with staphylococcal scalded skin 
syndrome
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indicator of the severity of acute phase and the
positive correlation with the severity of skin
symptoms in AD.5,20 However, as total and spe-
cific IgE levels did not differ, eosinophils may
play an additional role in the development of 4S
in AD patients.
The strength of this study is that the number of

pediatric patients is larger than those of previous
studies and, thus, it demonstrates the specificity
of 4S in AD patients. However, this retrospective
study relied on medical records and photographs
and many elements of 4S and preceding condi-
tion were subjecting and diagnosed according to
the clinical findings. It is important to distinguish
between impetigo caused by S. aureus and tender
erythema. Impetigo has no tender erythema, skin
exfoliation, and spread of the toxin by blood cir-
culation. In the present study, but it was challeng-
ing to distinguish between impetigo and 4S
because the mean age of the patients was 2 years
and tenderness was difficult to judge. These as-
pects should be improved and supplemented in a
future prospective study. 

In conclusion, 4S, which commonly develops
in pediatric patients with AD, mainly occurred as
the localized subtype and there were many cases
in which the preceding conditions were unclear
or with skin condition as the first symptom. This
pattern differs from other cases of 4S in which
respiratory diseases were the preceding condi-
tions and showed the generalized subtype. Addi-
tional studies involving toxins such as exfoliative
toxins and antibodies against them, which were
not covered in this study, could help to clarify the
association between AD and 4S.
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