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ABSTRACT

Objective: A correlation between the intensity of S. aureus colonization and skin inflammation has been demonstrated. 30-60% of S. 
aureus bacteria in patients with atopic dermatitis (AD) generate exotoxins, specifically superantigen-like enterotoxins A-B-C-D and 
toxic shock syndrome toxin-1. This study aimed to determine the role of serum staphylococcal enterotoxin A (SEA) and staphylococcal 
enterotoxin B (SEB)-specific IgE antibodies in children with AD. 

Materials and Methods: Forty-four children with AD, 30 with allergic respiratory disease (ARD) without AD, and 25 nonatopic healthy 
children were included in this study. AD cases were diagnosed according to Hanifin and Rajka criteria. The severity of AD was evaluated 
by the “Eczema Area and Severity Index”. Serum total IgE (tIgE), SEA-specific IgE and SEB-specific IgE levels were analyzed in all 
children.  

Results: Serum tIgE levels were significantly elevated in children with ARD without AD compared to children with AD and healthy 
children (p=0.041). However, there was no significant difference in the levels and the rates of positive SEA-specific IgE and SEB-specific 
IgE for children with AD, children with ARD without AD, and healthy children. A significantly positive correlation was detected between 
the EASI scores and SEA-IgE levels in children with AD (p=0.002).  

Conclusion: Although the role of SEA in the pathogenesis of AD through IgE-mediated mechanisms is not fully known, the data in 
our study seems to provide support to the role of SEA on the severity of AD. To conclude, adding antistaphylococcal treatment to anti-
inflammatory therapy may be helpful in obtaining an effective clinical response in children with moderate to severe AD.   
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INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing inflam-
matory skin disease that is intensely pruritic. It is the most 
common skin disease in infancy and childhood and fre-
quently coexists with asthma and allergic rhinitis (1-3). 

The diagnosis of AD is made clinically and is based on 
historical features, morphology and distribution of skin 
lesions, and associated clinical signs. One of the earliest 
and most recognized sets of diagnostic criteria is the Hani-
fin and Rajka Criteria that is useful for the diagnosis of AD 
in hospital-based and experimental studies (4-6).

The pathogenesis of AD consists of a complex interac-
tion between several factors such as genetics, skin barrier 
defects, impairment in immune response, and environ-
mental factors such as allergens and exposure to microor-
ganisms (7,8). 

Recent studies have emphasized the role of S. aureus 
in the pathogenesis of AD. While 60-100% of AD patients 
have colonization of S. aureus in the skin, healthy con-
trols show a rate of up to 30%. It was also shown that nasal 
colonization of S. aureus in infants is associated with AD 
(9-14). Alsterholm et al. (15) have demonstrated that 71% 
of patients were colonized with S. aureus on lesional skin, 
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and 90% of them were colonized on non-lesional skin. 
Tomczak et al. (11) have reported that the skin coloniza-
tion rate of S. aureus was 45% in children with AD, and 
the nasal carriage rate was 47%. In a study from Turkey, 
Uysal et al. (16) have reported that the nasal S. aureus colo-
nization rate was 32.8% in children with AD, while it was 
14.2% in healthy children. In recent studies, S. aureus col-
onization was associated with exacerbation and severity of 
AD (16-18). It is commonly accepted that S. aureus plays 
a role in AD; however, its role in promoting the disease is 
still debated. S. aureus produces enterotoxins with supe-
rantigenic character such as staphylococcal enterotoxins 
A-D (SEA-D) and the toxic shock syndrome toxin, over-
stimulating the Th lymphocytes (9,11,18-21). It has been 
emphasized in the literature that especially SEA and SEB 
play a role in the exacerbation of AD (20-23). In a meta-
analysis that included twenty-six studies, Wit et al. (24) 
have reported that the prevalence of IgE against SEA and 
SEB was higher in patients with AD.

The aim of this study was to compare SEA and SEB-
specific IgE levels between children with AD, children 
with allergic respiratory disease (ARD) without AD, and 
nonatopic healthy children, and thus to determine the role 
of S. aureus enterotoxins in AD pathogenesis.

MATERIALS and METHODS

Study Subjects

This prospective cross-sectional study was conducted 
at the Pediatric Allergy Department between June 2005 
and October 2006. The cases included in this study were 
aged between 3 months and 17 years. The study group 
consisted of three groups: Forty-four children with AD as 
group I, thirty children with ARD without AD as group 
II, and twenty-five healthy children without a history of 
recurrent infection or allergy selected as controls as group 
III. Atopic dermatitis was diagnosed by a pediatric aller-
gist according to the criteria defined by Hanifin and Rajka, 
including detailed clinical history and physical examina-
tion (4). The severity of AD was assessed according to the 
“Eczema Area and Severity Index” (EASI) (25). Patients 
with a diagnosis of allergic rhinitis and/or asthma were 
included in the ARD group. There was no difference for 
age and gender between the groups. Patients with a sys-
temic or local infection or an immune deficiency were 
excluded. 

Determination of tIgE and SEA/SEB- Specific IgE 
Levels and the AlaTOP Panel

Four cc blood samples were taken into the biochemistry 
tube to determine the tIgE, SEA-IgE, and SEB-IgE levels in 
all children on admission. Blood samples were centrifuged 
at 4000 rpm and placed in 2 cc Eppendorf tubes and then 
stored at -20 degrees for a maximum of 6 months until 
they were examined. Samples were frozen not later than 
one hour of collection. 

In all children, the tIgE levels were measured by chemi-
luminescent immunoassay (CIA) (Immulite 1000, DPC, 
Los Angeles, USA) with a 300 µl serum sample and a 
40-minute incubation period. tIgE positivity was defined 
as tIgE levels over the cut-off levels according to the age 
(26). 

In all children, serum total SEA- specific IgE and SEB- 
specific IgE levels were measured by chemiluminescent 
immunoassay (CIA), (Immulite 2000 Allergy; Diagnostic 
Products Corp., Los Angeles, USA), with a 300 µl serum 
sample and a 70-minute incubation period. Results over 
the detection limit of >0.35 kU/l was defined as SEA/SEB-
specific IgE positivity.

In children with AD and ARD, the inhalant screen-
ing allergens (AlaTOP) panel was measured by chemilu-
minescent immunoassay (CIA), (Immulite 2000 Allergy; 
Diagnostic Product Corporation DPC, Los Angeles, CA, 
USA). The AlaTOP test comprises inhalant allergens from 
12 sources: house dust mite (Dermatophagoides pteron-
yssinus), cat dander epithelium, dog dander epithelium, 
Bermuda grass, timothy grass, Penicillium notatum, Alter-
naria tenuis, birch tree, Japanese cedar tree, common 
ragweed (Ambrosia artemisiifolia), English plantain, and 
Parietaria officinalis. The AlaTOP test is designed for 
qualitative detection of serum specific IgE antibodies to 
inhalant allergens. It was defined as positive or negative.

Statistical Analysis

Statistical analysis of the data was evaluated with the 
SPSS-22 (Chicago, II, USA) program. The compatibility of 
the continuous variables with the normal distribution was 
analyzed by the Kolmogorov-Smirnov test. Normally dis-
tributed continuous variables were given as mean ± stand-
ard deviation (SD), non-normally distributed continuous 
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2005/038) before the study was started. The study was con-
ducted in accordance with the principles set forth in the 
Helsinki Declaration. Written informed consent was taken 
from the legal guardians of the children. 

RESULTS

Demographic and Clinical Findings

Ninety-nine children were included in this study. Of 
the forty-four children of Group I, 29 (69.5%) were male; 
of the 30 children of Group II, 19 (63.3%) were male; and 
of the 25 children of Group III, 14 (56%) were male. The 
mean age and standard deviations for age of the children 
of Group I, II and III were 5.40±4.36, 6.52±3.30, and 
5.02±4.38 years, respectively. There was no difference in 
terms of sex and age among the groups (p=0.507, p=0.372, 
respectively).

In 16 (36.4%) of the children in Group I, symptoms 
of AD had started before the age of 1 year. The clinical 
characteristics of the patients with AD are demonstrated 
in Table I.

Laboratory Findings

The AlaTOP results were compared between Group 
I and II. They were significantly higher in Group II 
(p<0.001). Total IgE levels, enterotoxin A-B specific IgE 
levels, tIgE and specific IgE positivity were compared 
between Group I, II and III. There was the only a sig-
nificant difference in the tIgE levels between the groups 
(p=0.041) (Table II).

variables as median (minimum, maximum), and categori-
cal variables as percentage (%). One-Way ANOVA and 
Kruskal-Wallis tests were used for the analysis of numeric 
variables, and the Chi-Square test was used for the analysis 
of categorical variables. Spearman correlation coefficient 
was used for the association between variables. p< 0.05 was 
considered significant.

Approval was obtained from the local university Ethics 
Committee (approval date: 24.03.2005, approval number: 

Table II: Laboratory finding of children in the study groups.

Group I (n=44) Group II (n=30) Group III (n=25) P
Total IgE IU/ml* 49.75 (1.6-2000) 117.5 (6.7-2000) 38.3 (1-374) 0.041k

SEA-IgE KU/l* 0.1 (0.1-3.97) 0.1 (0.1-1.35) 0.1 (0.1-0.15) 0.402k

SEB-IgE KU/l* 0.1 (0.1-100) 0.1 (0.1-2.20) 0.1 (0.1-0.79) 0.109k

AlaTOP (+)** 5 (11.4%) 16 (53.3%) - < 0.001#

Total IgE positivity** 23 (52.3%) 17 (56.7%) 10 (40%) 0.446#

SEA-IgE ≥ 0.35KU/l** 3 (6.8%) 4 (13.3%) 0 0.157#

SEB-IgE ≥ 0.35KU/l** 7 (15.9%) 6 (20%) 1 (4%) 0.214#

SEA and SEB-IgE ≥ 0.35KU/l** 2 (4.5%) 3 (10%) 0 0.236#

SEA and/or SEBIgE ≥ 0.35KU/l** 8 (18.2%) 7 (23.3%) 1 (4%) 0.442#

Group I: Children with AD, Group II: Children with ARD without AD. Group III: Healthy children  

*Median (minimum-maximum)  **number (positive rate) kKruskal-Wallis test #Chi-Square test (Fischer exact test when< 5) 
SEA-IgE: Staphylococcal enterotoxin A-specific IgE, SEB-IgE: Staphylococcal enterotoxin B-specific IgE

Table I: Clinical features of patients with atopic dermatitis

n (%)
EASI 

Mild (1.1-7)
Moderate (7.1-21)
Severe (21.1-50)

33 (75)
9 (20.5)
2 (4.5)

Stage of the lesions
Acute
Subacute
Chronic

6 (13.6)
15 (34.1)
23 (52.3)

Characteristic of the lesions
Erosion
Lichenification
Pruritus
Erythema
Incrustation
Infiltration
Discharge
Impetigo 
Furuncles

39 (88.6)
38 (86.4)
34 (77.3)
32 (72.7)
32 (72.7)
28 (63.6)

2 (4.5)
2 (4.5)
1 (2.3)

EASI: Eczema Area and Severity Index
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play a major role in the pathogenesis of the disease. On the 
other hand, a meta-analysis conducted by Muluk et al. (9) 
has demonstrated that SEA and SEB play a role not only 
in the course of atopic dermatitis, but also allergic rhinitis 
and asthma. In another previous study, Ide et al. (28) have 
found that the ratio of SEA/SEB - specific IgE positivity 
was 33.6% in all patients with AD. In a recent study, Tom-
czak et al. (11) have reported the percentage of positive 
SEA-sIgE, SEB-sIgE, and SEA-sIgE or SEB-sIgE values as 
32.8%, 32.8%, and 41% , respectively in patients with AD. 

In the study performed by Morishita et al. (29), the 
positivity rate of SEA- and/or SEB-specific IgE was report-
ed as 71.7% in 149 patients with AD between age of 1-73 
years. When they compared AD patients with control 
groups that included patients with nonatopic skin disease 
and healthy subjects, they showed that specific IgE anti-
bodies for SEA and/or SEB were significantly higher in AD 
patients. Additionally, researchers investigated the rela-
tionship between AD and staphylococcal enterotoxins by 
detecting the enterotoxins of S. aureus by genotyping anal-
ysis. Na et al. (30) mentioned that the most common toxin 
gene identified in AD patients was SEA. It was detected 
alone in 52.6% of patients and together with TSST in 
42.1%. In a recent study, Ogonowska et al. (21) have noted 
that the most common gene detection in S. aureus isolated 
from AD patients was SEC. In addition, they determined 
that the SEA gene was more frequent in patients with AD, 
while SEB genes more frequent in nonatopic patients. 
On the other hand, Blicharz et al. (31) have identified the 
rate of presence of SEA on lesional skin as 7%, and SEB 
as 2.3%, while the rate of  staphylococcal enterotoxin-like 
superantigen X(selX) was 53.5%. In addition, they noticed 
there was a positive correlation between the number of 
superantigens detected on lesional skin and the severity of 
the disease (31).

In our study, there was no significant difference 
between the groups in terms of the serum SEA/SEB-spe-
cific IgE positivity rate. The fact that 75% of the patients 
in Group I were mild AD cases led to the conclusion that 
the SEA/SEB IgE positivity was not significantly high in 
this group.

Nomura et al. (32) found that serum SEB-specific IgE 
antibodies were significantly higher in patients with severe 
AD than those with mild and moderate AD in their study. 
In addition, levels of serum anti-SEB-specific IgE were sig-
nificantly higher in the cases with severe AD than in the 

Spearman’s correlation test was performed to show 
the association between serum specific SEA/SEB- specific 
IgE levels and the EASI score. There was a significant cor-
relation between the EASI score and serum SEA-specific 
IgE levels (Spearman’s r=0.46, p=0,002). However, no sig-
nificant correlation was detected between the EASI score 
and serum SEB-specific IgE levels (Spearman’s r=-0.05, 
p=0.974).

DISCUSSION

The pathogenesis of AD is not completely explained, 
although it is the most common inflammatory skin dis-
ease. In previous studies, the role of Staphylococcal enter-
otoxins on the pathogenesis of AD was mentioned. In this 
study, we demonstrated a positive correlation between 
the EASI score and SEA-specific IgE levels. Therefore, we 
thought that SEA might play an IgE-mediated role on the 
clinical severity of AD. 

In their study Lin et al. (27) have reported that serum 
tIgE levels in cases with AD (60 cases) were statistically 
higher than cases with ARD without AD (55 cases) and 
the healthy group (24 cases). Comparing the cases of ARD 
without AD and the healthy group, they found that serum 
tIgE levels in cases of ARD without AD were statistically 
higher than the healthy group. Comparing the median 
serum tIgE levels of Group I, II, and III in our study, we 
found that the serum tIgE levels in group II were statisti-
cally significantly higher than group I and III, unlike Lin 
et al.’s (27) study. This result may be due to the fact that 
the sensitivity to inhalant allergens in the patients with 
ARD was found to be higher than the patients with AD in 
our study. On the other hand, Lin et al. (27) have found 
no difference in terms of sensitivity to inhalant allergens 
between the patients with AD and the patients with ARD.

Lin et al. (27) have shown that serum SEA- specific IgE 
and SEB-specific IgE levels and positivity rate were signifi-
cantly higher in AD cases compared to ARD cases with-
out AD and non-atopic cases in their study. Also, it was 
reported that there was no significant difference between 
serum SEA- and SEB-specific IgE levels and positivity 
rates among children with AD who had or did not have 
a previous skin infection. In addition, they detected no 
significant difference in terms of serum SEA-specific IgE 
and SEB-specific IgE levels and positivity rates between 
ARD cases without AD and non-atopic cases. With these 
findings, they suggested that serum SEA-specific IgE and 
SEB-specific IgE antibodies could be specific for AD and 
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and severe AD patients should be conducted in order to 
determine the role of SEA-specific IgE and SEB-specific 
IgE in the pathogenesis of AD.

Conflict of Interest
The authors declare no conflict of interest.

Funding
This study was supported by a grant obtained from Trakya Uni-

versity Scientific Research Projects Committee (BAPKO Project 
No:686) 

Authorship Contributions
Concept: Mehtap Yazicioglu, Design: Mehtap Yazicioglu, Data 

collection or processing: Sema Yildirim, Sukran Ciftci Analysis 
or Interpretation: Sema Yildirim, Mehtap Yazicioglu, Literature 
search: Sema Yildirim, Writing: Sema Yildirim, Approval: Sema 
Yildirim.

REFERENCES

1.	 Mark B, Donald YML. Atopic Dermatitis. In: Middleton E, Ellis 
EF, Yunginger JW, Reed CE, Adkinson NF, Busse WW (edi-
tors). Allergy Principles and Practice. Fifth ed. St. Louis: Mosby; 
1998:1123-34. 

2.	 Leung DYM. Immunopathogenesis of atopic dermatitis. Immu-
nol Allergy Clin North Am 2002;22:73-90.

3.	 Leung DYM, Jain N, Leo HL. New concepts in the pathogenesis 
of atopic dermatitis. Curr Opin Immunol 2003;15:634-8. 

4.	 Hanifin JM Rajka G. Diagnostic features of atopic dermatitis. 
Acta Dermatol Venerol Stockh 1980;92:44-7.

5.	 Eichenfield LF, Tom WL, Chamlin SL, Feldman SR, Hanifin 
JM, Simpson EL, et al. Guidelines of care for the management of 
atopic dermatitis: section 1. Diagnosis and assessment of atopic 
dermatitis. J Am Acad Dermatol 2014;70(2):338-51.

6.	 Schultz Larsen F, Hanifin JM. Secular changes in the occurrence 
of atopic dermatitis. Acta Derm Venereol (Stockh) 1992;Suppl 
176:7-12. 

7.	 Ong PY, Leung DYM. Bacterial and viral infections in atopic 
dermatitis: a comprehensive review. Clin Rev Allergy Immunol 
2016;5:329-37. 

8.	 Leung DYM. Atopic dermatitis: New insights and opportu-
nities for therapeutic intervention. J Allergy Clin Immunol 
2000;105;860-76. 

9.	 Muluk NB, Altin F, Cingi C. Role of superantigens in allergic 
inflammation: Their relationship to allergic rhinitis, chronic rhi-
nosinusitis, asthma, and atopic dermatitis. Am J Rhinol Allergy 
2018;32(6):502-17. 

10.	 Kim J, Kim BE, Ahn K, Leung DYM. Interactions Between 
Atopic Dermatitis and Staphylococcus aureus Infection: Clinical 
Implications. Allergy Asthma Immunol Res 2019;11(5):593-603. 

cases with mild and moderate AD in cases under 7 seven 
years of age. Bunikowski et al. (33) have shown that the 
severity of the skin lesion in AD patients was correlated 
with SEA/SEB-specific IgE levels. Also, Ide et al. (28) have 
mentioned that the ratio of SEA/SEB-specific IgE positivity 
was higher in patients with severe AD than in patients with 
mild and moderate AD. Breuer et al. (34) have demon-
strated a correlation between the severity of the skin lesion 
and SEB-specific IgE positivity in adult patients with AD. 
However, they could not show the same relationship for 
serum SEA-specific IgE. As a result of these findings, they 
argued that SEB had higher immunogenicity than SEA in 
patients with AD. Tomczak et al. (11) have noticed that the 
patients with the highest SEA-sIgE and SEB-sIgE values 
had a more severe AD course. In contrast, Rojo et al. (35) 
have reported there was no significant association between 
serum SEA-sIgE and SEB-sIgE levels and the severity of 
the disease. In addition, Dahal et al. (17) and Na et al. (30) 
demonstrated a positive relation between S. aureus coloni-
zation and the severity of the disease. Similarly, Simpson 
et al. (36) have mentioned that patients with AD colonized 
with S. aureus on their skin had more severe disease.

In our study, we found no significant difference when 
we compared mild AD cases, moderate-severe AD cas-
es, Group II, and Group III with each other in terms of 
serum the SEA/SEB-specific IgE levels and positivity rate. 
The reason may be related to the fact that the number 
of cases with moderate-severe AD (11 cases) is very low 
compared to the number of cases with mild AD (33 cases). 
On the other hand, we demonstrated a positive relation-
ship between serum SEA- specific IGE levels and the EASI 
score in patients with AD. This result shows a reasonable 
positive relationship between high serum SEA-specific 
IgE levels and disease severity, consequently showing the 
importance of S. aureus in AD pathogenesis. 

The most important limitation of our study was the 
small number of moderate and severe AD patients. On the 
other hand, the strong side of study is that it is a prospec-
tive study. 

In conclusion, this study suggests that staphylococcal 
exotoxins, particularly SEA, may contribute to exacerba-
tion of AD. In patients with moderate and severe AD, a 
more effective clinical response may be obtained by adding 
anti-staphylococcal therapy to anti-inflammatory therapy. 
We believe studies including a larger number of moderate 



40

S. Aureus in Atopic Dermatitis

Asthma Allergy Immunol 2024;22:35-40

25.	 Brar KK, Nicol NH, Boguniewicz M. Strategies for successful 
management of severe atopic dermatitis. J Allergy Clin Immu-
nol Pract 2019;7:1-16. 

26.	 Synder J. Immunology and Allergy. In: Hughes HK, Kahl LK 
(eds). The Harriet Lane Handbook. 21th ed. Philadelphia, PA; 
Elsevier, 2018:395-411.

27.	 Lin YT, Yang YH, Hwang YW, Tsai MJ, Tsao PN, Chiang BL. 
Comparison of serum specific IgE antibodies to staphylococcal 
enterotoxins between atopic children with and without atopic 
dermatitis. Allergy 2000;55:641-6. 

28.	 Ide F, Matsubara T, Kaneko M, Ichıyama T, Mukouyama T, 
Furukawa S. Staphylococcal enterotoxin-specific IgE antibodies 
in atopic dermatitis. Pediatr Int 2004;46:337-41.

29.	 Morishita Y, Tada J, Sato A, Toi Y, Kanzaki H, Akiyama H, et al. 
Possible influences of Staphylococcus aureus on atopic dermati-
tis-the colonizing features and effects of staphylococcal entero-
toxins. Clin Exp Allergy 1999;29:1110-7.

30.	 Na SY, Roh JY, Kim JM, Tamang MD, Lee JR. Analysis of coloni-
zation genotyping of the exotoxins of Staphylococcus aureus in 
patients with atopic dermatitis. Ann Dermatol 2012;24(4):413-9.

31.	 Blicharz L, Żochowski M, Szymanek-Majchrzak K, Czuwara J, 
Goldust M, Skowroński K, et al. Enterotoxin Gene Cluster and 
selX Are Associated with Atopic Dermatitis Severity-A Cross-
Sectional Molecular Study of Staphylococcus aureus Superanti-
gens. Cells 2022;11(23):3921.

32.	 Nomura I, Tanaka K, Tomita H, Katsunuma T, Ohya Y, Ikeda N, 
et al. Evaluation of the staphylococcal exotoxins and their spe-
cific IgE in childhood atopic dermatitis. J Allergy Clin Immunol 
1999;104:441-6. 

33.	 Bunikowski R, Mielke M, Skarabis H, Herz U, Bergmann RL, 
Whan U, et al. Prevalence and role of serum IgE antibodies 
to the Staphylococcus aureus-derived superantigens SEA and 
SEB in children with atopic dermatitis. J Allergy Clin Immunol 
1999;103:119-24. 

34.	 Breuer K, Wittmann M, Bösche B, Kapp A, Werfel T. Severe 
atopic dermatitis is associated with sensitization to staphylococ-
cal enterotoxin B. Allergy 2000;55:551-5.

35.	 Rojo A, Aguinaga A, Monecke S, Yuste JR, Gastaminza G, Espa-
na A. Staphylococcus aureus genomic pattern and atopic der-
matitis: may factors other than superantigens be involved. Eur J 
Clin Microbiol Infect Dis 2014;33:651-8.

36.	 Simpson EL, Villareal M, Jepson B, Rafaels N, David G, Hanifin 
J, et al. Patients with atopic dermatitis colonized with Staphylo-
coccus aureus have a distinct phenotype and endotype. J Inves-
tig Dermatol 2018;138:2224-33.

11.	 Tomczak H, Wrobel J, Jenerowicz D, Sadowska-Przytocka A, 
Wachal M, Adamski Z, et al. The role of Staphylococcus aureus 
in atopic dermatitis: Microbiological and immunological impli-
cations. Adv Dermatol. Alergol 2019;36(4):485-91. 

12.	 Lebon A, Labout JAM, Verbrugh HA, Jaddoe VWV, Hofman 
A, van Wamel WJB, et al. Role of Staphylococcus aureus nasal 
colonization in atopic dermatitis in infants: The Generation R 
Study. Arch Pediatr Adolesc Med 2009;163:745-9.

13.	 Breuer K, Kapp A, Werfel T. Bacterial infections and atopic der-
matitis. Allergy 2001;56:1034-41. 

14.	 Novak N, Bieber T and Leung DYM. Immune mechanisms lead-
ing to atopic dermatitis. J Allergy Clin Immunol 2003;112:128-
39. 

15.	 Alsterholm M, Strömbeck L, Ljung A, Karami N, Widjestam J, 
Gillstedt M, et al. Variation in Staphylococcus aureus Coloniza-
tion in relation to disease severity in Adults with Atopic Derma-
titis during a five monts follow up. Acta Derm Venereol 2017; 
97:802-7. 

16.	 Uysal P, Demir F, Turan N, Telli M, Özdemir N, Erge D. Staphy-
lococcus aureus Colonization and the Factors Affecting Colo-
nization in Children with Atopic Dermatitis. Asthma Allergy 
Immunol 2016;14:71-80.

17.	 Dahal A, Chang WC, Almasri C, Johansson E, Hurd M, Velasquez 
V, et al. Temporal relationships between Staphylococcus aureus 
colonization, filaggrin expression, and pediatric atopic dermati-
tis. Allergy 2023.

18.	 Edslev SM, Agner T, Andersen PS. Skin Microbiome in atopic 
Dermatitis. Acta Derm Venereol 2020;100:adv00164.

19.	 Hofer MF, Harbeck RJ, Schlievert PM, Leung DYM. Staphylo-
coccal toxins augment specific IgE responses by atopic patients 
exposed to allergen. J Invest Dermatol 1999;112:171-6. 

20.	 Taskapan MO and Kumar P. Role of superantigens in atopic 
dermatitis: from colonization to inflammation. Ann Allergy 
Asthma Immunol 2000;84:3-12. 

21.	 Ogonowska P, Szymczak K, Empel J, Urbas M, Wozniak-Paw-
likowska A, Baranska-Rybak W etal. Staphylococcus aureus from 
Atopic Dermatitis Patients: Its Genetic Structure and Suscepti-
bility to Phototreatment. Microbiol Spect 2023;11(3):e0459822.

22.	 Barranco P, Palao P, Ruiz I, Dominguez-Ortega J, Vila-Nadal G, 
Pola B, et al. Relationship between IgE mediated sensitization 
to Staphylococcus aureus Enterotoxin B, Asthma Severity, and 
Atopy. J Investig Allergol Clin Immunol 2021;31(2):170-3.

23.	 Gimenez-Rivera VA, Patel H, Dupuy FP, Allakhverdi Z, 
Bouchard C, Madrenas J. NOD2 agonism counter regulates 
Human type 2 T cell functions in peripheral blood mononuclear 
cell cultures: implications for atopic dermatitis. Biomolecules 
2023:13;369.

24.	 de Wit J, Totté JEE, van Buchem FJM, Pasmans SGMA. The 
prevalence of antibody responses against Staphylococcus aureus 
antigens in patients with atopic dermatitis: a systematic review 
and meta-analysis. Br J Dermatol 2018;178(6):1263-71. 


