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metric mean total IgE levels were signifi cantly elevated 
in patients with AR+AHR and BA, but not in those with 
AR only. BA patients had higher geometric mean values 
of SEA- and SEB-specifi c IgE than AR only and AR+AHR 
patients. Logistic regression revealed that AR/BA only 
was more associated with sensitization to SEA/SEB 
(odds ratio 6.57) than AD only and AR/BA+AD (odds ratio 
2.44 and 1.72).  Conclusions:  Atopic status after sensitiza-
tion to SEA/SEB was more closely associated with BA 
than with other airway allergy, implying that SEA/SEB 
may play a role in exacerbating airway allergy and in-
creasing the risk of allergic airway disease. Our study 
suggests that staphylococcal enterotoxins play a promi-
nent role in the pathogenesis of allergic airway disease 
as well as AD. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

  Staphylococcus aureus -derived enterotoxins (SAEs) 
are superantigens that possess potent stimulatory activity 
for T lymphocytes. SAEs cross-link the V �  chain of the
T cell receptor with major histocompatibility complex 
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  Abstract 
  Background:  The association between staphylococcal 
enterotoxins and atopic dermatitis (AD) is well character-
ized. We aim to evaluate the association between sensi-
tization to staphylococcal enterotoxin A (SEA) and/or B 
(SEB) and the development of allergic airway disease. 
 Methods:  Two hundred and seventy-four patients were 
grouped into allergic rhinitis (AR) and/or bronchial asth-
ma (BA) only, AD only and AR/BA+AD. The AR/BA only 
group was further divided into AR only, AR and airway 
hyperresponsiveness (AR+AHR) and BA. The allergen-
specifi c and total immunoglobulin E (IgE) antibodies 
were determined by the CAP system. The associations 
of sensitization to SEA/SEB with allergic airway disease 
were analyzed by logistic regression analysis.  Results:  
The overall rate of sensitization to SEA/SEB was 25.7%, 
whereas the rate of the AD only group (45.5%) was sig-
nifi cantly higher than that of the AR/BA only group 
(24.5%,  �  2  = 8.1). After sensitization to SEA/SEB, the geo-
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class II molecules on accessory or target T cells outside 
the peptide-binding groove area  [1] . SAEs are a family of 
structurally related, heat-stable proteins comprising sev-
eral major serologic types; among these are 5 prototypic 
SAEs (types A through E) and toxic shock syndrome tox-
in 1. These SAEs have activity related to that of both im-
munomodulatory and proinfl ammatory effecter cell 
types; therefore, they may have an important role in the 
pathogenesis of chronic infl ammatory diseases, such as 
atopic eczema/dermatitis syndrome, rhinitis, nasal pol-
yposis and possibly asthma  [2] . 

 Unlike atopic dermatitis (AD),  S. aureus  and its supe-
rantigens are not well studied in terms of their role in al-
lergic airway disease. In individuals with asthma and in 
those allergic to house dust mites  (Dermatophagoides 
pteronyssinus)  or birch pollen,  S. aureus  can induce the 
release of histamine from leukocytes  [3, 4] . Among pa-
tients with poorly controlled asthma, samples obtained 
during bronchoalveolar lavage show signifi cantly in-
creased expression of T cell receptor V � 8+ T cells, sug-
gesting that staphylococcal superantigens are potential 
triggers of T cell activation  [5] . Animal studies have 
shown that staphylococcal enterotoxin B (SEB) triggers 
the recruitment of several proinfl ammatory cells and cy-
tokines associated with increased airway responsiveness 
 [6] . 

  S. aureus  is one of the predominant bacteria in the na-
sal airways, and its superantigen may aggravate peren-
nial allergic rhinitis (AR)  [7] . Approximately 25–33% of 
patients with AR are sensitized to staphylococcal entero-
toxin A (SEA) and/or SEB  [8] . In patients with allergy to 
house dust mites as well as persistent AR and/or bron-
chial asthma (BA), 9.1% have SEA-specifi c immunoglob-
ulin E (IgE), 15.1% have SEB-specifi c IgE and 24.24% 
have both  [9] . IgE antibodies to SAEs are more common 
in patients with severe asthma than in those with mild 
asthma, suggesting a relationship between the presence of 
IgE antibody to SAEs and the severity of asthma  [10] . 

 We aimed to evaluate the association between specifi c 
sensitization to SEA and/or SEB and allergic airway dis-
ease and to draw a parallel with this relationship in AD, 
in comparison with sensitization to other aeroallergens. 

 Methods 

 Study Groups 
 From May to September 2004, 425 subjects with physician-re-

ferred or self-reported symptoms of allergic disease came to the 
outpatient department of our hospital. We excluded patients with 
an uncertain diagnosis, those without available data from aeroal-

lergen sensitization tests and those with infection (bacterial, viral, 
fungal and parasite), systemic disease (malignancy, immunodefi -
ciency) or conditions (except AD) associated with unusually high 
serum IgE levels (e.g., Kimura disease, allergic bronchopulmonary 
mycosis, hyper-IgE syndrome, Netherton syndrome). Therefore, 
we retrospectively reviewed the charts of 327 subjects who had un-
dergone allergen sensitization tests for various allergens by using 
the CAP system. 

 Fifty-three cases (16.2%) whose condition did not meet the clin-
ical and laboratory criteria for allergic disease formed the group of 
nonallergic controls. Patients without positive allergic laboratory 
testing results but with severe, persisting or recurrent possible al-
lergic symptoms and with a need for continuous pharmacological 
treatment and a positive family history of allergy were excluded 
from the control group. 

 The remaining 274 subjects were divided into 3 groups accord-
ing to their diagnosis. Group 1, the AR/BA only group, included 
188 patients (57.5%) with AR and/or BA diagnosed on the basis of 
clinical symptoms and pulmonary function tests. AR was diag-
nosed if nasal itching, sneeze, watery rhinorrhea or nasal stiffness 
occurred at least twice and was induced by an IgE-mediated re-
sponse  [11] . Patients with concurrent AR and allergic conjunctivi-
tis were included. BA was defi ned as chronic infl ammation and 
increased airway hyperresponsiveness (AHR) that led to recurrent 
wheezing, breathlessness, chest tightness and coughing, particular-
ly at night or in the early morning  [12] . The baseline lung function 
test forced expiratory volume in 1 s (FEV 1 ) and peak expiratory 
fl ow rate were performed using a spirometry. Group 2, the AD only 
group, included 55 patients (16.8%) with atopic eczema/dermatitis 
syndrome  [13] . Group 3, the AR/BA+AD group, included 31 pa-
tients (9.5%) with concurrent AR/BA and AD. 

 The AR/BA only group was further divided into 3 subgroups: 
those with AR only (n = 134), those with AR+AHR (n  =  37) and 
those with BA (n  =  17). AHR was measured by methacholine chlo-
ride (Brantford, Canada) inhalation using the 2-min tidal breathing 
dosing protocol with a starting concentration of 0.0625 mg/ml  [14] . 
Subjects who had a decline in FEV 1  of 20% or more after 2 mg/ml 
or less methacholine were defi ned as having AHR. Subjects with 
AHR caused by smoking-induced chronic airway obstruction, con-
gestive heart failure, cystic fi brosis and infectious bronchitis were 
excluded. Patients with AR+AHR but without clinical asthma or 
symptoms such as wheeze and/or cough at resting state were in-
cluded in the AR+AHR subgroup. Patients with clinical asthma 
with or without AR were included in the BA subgroup. The baseline 
percent of predicted values of FEV 1  and peak expiratory fl ow rate 
(mean  8  SD) in BA patients were 91.1  8  21.4 and 79.5  8  20.3%, 
respectively. 

 Determination of Total and Allergen-Specifi c Serum IgE Levels 
 Levels of total serum IgE and allergen-specifi c serum IgE to 

aeroallergens were measured by using the CAP FEIA system (Phar-
macia, Uppsala, Sweden) according to the manufacturer’s instruc-
tions, and values were represented as mean  8  standard deviation. 
The assay was calibrated against the World Health Organization 
standard for total serum IgE, with a range of 0.35–100 kU/l for al-
lergen-specifi c IgE and 2–2,000 kU/l for total serum IgE. Titers 
were defi ned as being positive for sensitization when the observed 
allergen-specifi c serum IgE level was  6 0.35 kU/l. 
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 Statistical Analysis 
 IgE levels were statistically analyzed with a nonparametric 

Mann-Whitney U test. A  �  2  test was used to compare the rate of 
sensitization to SEA/SEB among groups. 

 Aeroallergens are grouped into 6 groups: SAEs (SEA, SEB), 
mites  (D. pteronyssinus, Dermatophagoides farinae, Blomeia tropi-
calis),  fungi  (Penicillium notatum, Aspergillus fumigatus, Candida 
albicans),  cockroaches, animal dander (cat, dog) and pollen (com-
mon ragweed, Bermuda grass). The association of allergen-specifi c 
IgE to these 6 groups with the risk of AR/BA, AD and concurrent 
AR/BA and AD were studied by means of logistic regression. 

 Patient sex, age and allergen-specifi c IgEs for the 6 groups of 
aeroallergens were included as categorical variables. Patients were 
stratifi ed according to sex and 10-year age groups. Female sex, age 
in the fi rst decade, IgE  ̂  150 kU/l and specifi c aeroallergen sensi-
tization of control subjects were considered a reference group for 
calculation. Odds ratios (ORs) and 95% confi dence intervals for the 
ORs were derived accordingly. Stepwise multiple logistic regression 
analysis was performed to evaluate the independent effects of sen-
sitization to allergens as a risk factor for the various disease groups. 
Adjustments were made for the effect of the following confounding 
variables: age, sex, total serum IgE value and any allergen sensitiv-
ity. p values  ̂  0.05 were regarded as indicating a statistically sig-
nifi cant difference. Collinearity was tested by examining the vari-
ance infl ation factor. The analyses were performed using the SAS 
software (SAS Institute Inc., N.C., USA). 

 Results 

 Demographic and Serologic Characteristics of 
Participants 
 The sex and age distributions of the 327 subjects were 

evenly matched, as shown in  table 1 , except that the AR/
BA+AD group was younger than the others (geometric 
mean: 13.0 years for control, 13.9 years for AR/BA only, 
12.6 years for AD only, 7.5 years for AR/BA+AD). 

 In  table 1 , the overall rate of sensitization to SEA and/
or SEB was 25.7% and the AD only group had a signifi -
cantly higher rate of sensitization than the AR/BA only 
group (45.5 vs. 24.5%,  �  2  = 8.1, p  =  0.005). 

 Effects of Total Serum IgE and Mite-Specifi c IgE 
Levels after Sensitization to SEA/SEB on All Disease 
Groups 
 The levels of total serum IgE,  D. pteronyssinus -spe-

cifi c and  D. farinae -specifi c IgE in those who were sensi-
tized to SEA/SEB were signifi cantly higher than the levels 
of those who were not sensitized ( table 2 ). 

Table 1. Demographic, serologic characteristics of the study population

Characteristics Total
(n = 327)

Control
(n = 53)

AR/BA only
(n = 188)

AD only
(n = 55)

AR/BA+AD
(n = 31)

Sex, F:M 166:161 30:23 92:96 30:25 14:17
Age group, %

0–10 years 65.8 71.7 64.4 56.4 80.7
11–20 years 12.5 5.7 12.1 20.0 12.9
21–30 years 8.3 5.7 7.5 14.6 6.4
31–40 years 7.3 11.2 7.5 7.2 0

>40 years 6.1 5.7 8.5 1.8 0
Geometric mean of total IgE, kU/l 490.0 64.5 438.8 949.4 799.2
SEA/SEB sensitization, n (%) 84 (25.7) 2 (3.8) 46 (24.5) 25 (45.5) 11 (35.5)

Table 2. Comparison of total serum IgE, D. pteronyssinus- and D. farinae-specifi c IgE levels with or without SEA/SEB sensitization

AR/BA only AD only AR/BA+AD

SAE (–) SAE (+) SAE (–) SAE (+) SAE (–) SAE (+)

Total IgE, kU/l 338.58429.4 712.88674.9* 568.88674.7 1,363.18693.3* 406.28435.0 1,467.38663.8*
D. pteronyssinus-specifi c IgE, kU/l 31.9838.2 50.9844.8* 36.7843.1 72.9842.1* 57.0845.5 65.4848.0*
D. farinae-specifi c IgE, kU/l 28.9835.5 46.7842.1* 34.4841.6 70.3843.0* 51.2843.2 59.8845.4*

Data are indicated as mean 8 SD. SAE (+) = Patients with SEA/SEB sensitization; SAE (–) = patients without SEA/SEB sensitization.
* p < 0.001, SAE (+) versus SAE (–).
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 Comparison of Serum SEA- and SEB-Specifi c IgE 
Levels among All Disease Groups 
 The SEA- and SEB-specifi c IgE levels among all pa-

tient groups were not signifi cantly different, only in that 
the AD only group had signifi cant higher serum SEA-spe-
cifi c IgE levels than the AR/BA only group (p = 0.03). The 
serum SEA-specifi c IgE levels (mean  8  SD) in patients 
with AR/BA only, AD only and AR/BA+AD were 0.7  8  
1.7, 1.3  8  2.3 and 1.1  8  1.5 kU/l, respectively. The SEB-
specifi c IgE levels were 2.0  8  3.5, 1.5  8  1.6 and 2.4  8  
3.0 kU/l, respectively. 

 The Subgroup Comparisons of AR/BA Only Patients 
 The rate of sensitization to SEA/SEB was gradually 

increased from AR only to BA. Thirty-two (23.9%) of 134 
patients with AR only, 9 (24.3%) of 37 patients with 
AR+AHR and 5 (29.4%) of 17 patients with BA were 
sensitized. 

 The effect of sensitization to SEA/SEB on elevation of 
total serum IgE was more pronounced in BA patients than 
in others. In  fi gure 1 , patients with AR+AHR and with 
BA, but not patients with AR only, had signifi cant higher 
levels of total serum IgE than those who were not sensi-
tized. Among sensitized patients, BA patients had a much 
higher total serum IgE level (1,326.4  8  738.7 kU/l) than 

AR only and AR+AHR patients (562.2  8  629.6 and 
639.8  8  590.3 kU/l, respectively). The difference in total 
serum IgE level among patients without sensitization was 
not signifi cant. 

 Patients with BA had higher values of SEA- and SEB-
specifi c IgE levels than the others. As shown in  fi gure 2 , 
SEA- and SEB-specifi c IgE levels in BA, AR only and 
AR+AHR patients were 0.9  8  1.1 and 5.4  8  8.9, 0.7  8  
2.0 and 1.7  8  2.1, and 0.5  8  1.0 and 1.5  8  1.4 kU/l, re-
spectively. 

 Association of Sensitization to SEA/SEB with Allergic 
Airway Disease 
 Sensitization to SEA/SEB carries an increased risk for 

patients with AR/BA only, more than for those with AD 
only and AR/BA+AD.  Table 3  shows the ORs for patient 
groups relative to the controls by sex, age, total serum IgE 
and specifi c aeroallergen sensitization. On univariate 
analysis, patients sensitized to SEA/SEB had a signifi -
cantly increased risk for all patient groups, while after 
adjustment for confounding factors, the odds for AR/BA 
only (6.57) were greater than those for AD only (2.44) and 
AR/BA+AD (1.72). The variance infl ation factors for the 
model covariates ranged from 1.26 to 1.68, indicating 
that collinearity was not a major concern. 

  Fig. 1.  Comparison of total serum IgE levels between subgroups of 
the AR/BA only group with (SAEs+) or without (SAEs–) sensitiza-
tion to SEA/SEB. The boundary of the box indicates the 25th–
75th percentile of the total serum IgE level, the line marks the 
 median. N.S. = Not signifi cant.
 

 Fig. 2.  Comparison of SEA- and SEB-specifi c IgE levels between 
subgroups of the AR/BA only group. The boundary of the box in-
dicates the 25th–75th percentile of the SEA/SEB-specifi c IgE level, 
the line marks the median.
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 We also showed that AR/BA only, AD only and AR/
BA+AD were signifi cantly associated with a total serum 
IgE value  1 150 kU/l and sensitization to mites. Sensitiza-
tions to fungi, cockroaches and animal dander were rare-
ly observed in our controls; therefore, sensitization for 
these allergens failed to pass logistic analysis. 

 Discussion 

 We believe that this is the fi rst study to determine 
whether sensitization to SEA/SEB contributes to AD as 
well as to allergic airway disease using an epidemiological 
study. Our results showed that AD patients had a higher 
rate of sensitization and higher serum-specifi c IgE levels 
only to SEA. AR/BA patients as well as AD patients had 
elevated levels of total serum IgE and serum-specifi c IgE 
to mites after sensitization to SEA/SEB. BA patients had 
a higher rate of sensitization, higher levels of SEA- and 
SEB-specifi c IgE and higher levels of total serum IgE than 
AR only and AR+AHR patients. Sensitization to SEA/
SEB was independently associated with AR/BA patients, 
more than with AD patients. We suggest that sensitiza-
tion to SEA/SEB is associated with an increased airway 
allergic status and an increased risk for allergic airway 
disease. 

 The prevalence of sensitization to SEA/SEB is higher 
in AD patients (34.5–80.2%) than in those with allergic 
airway disease  [15–18] . The reported prevalence in pa-
tients with AR and in those with BA is 25–33 and 49%, 
respectively  [9, 10, 19] . Our results confi rmed these ob-
servations ( table 1 ). Differences in the sensitization be-
tween AD and AR may refl ect the rate at which toxin-
producing  S. aureus  bacteria colonize at the site of allergic 
infl ammation  [19] . However, with the environment en-

riched with  S. aureus  and an overall prevalence of 25.7% 
in our study, their colonization in human airways and 
sensitization to superantigens might impose an impor-
tant issue in airway allergy. 

 In our patients with SEA/SEB sensitization, total se-
rum IgE,  D. pteronyssinus- specifi c and  D.   farinae -specifi c 
IgE levels were signifi cantly increased, which is in consis-
tency with previous reports suggesting that exposure to 
SEA/SEB and subsequent sensitization may be involved 
in the polyvalent sensitization of serum IgE  [9, 10, 16] . 
SEB is known to induce IgE production in vitro in atopic 
patients via upregulation of interleukin-4 and/or down-
regulation of interferon- �   [6, 20] . More superantigens 
from  S. aureus  such as staphylococcal enterotoxin C, 
staphylococcal enterotoxin D, staphylococcal protein A 
and the toxic shock syndrome toxin 1 may also play a role 
 [9, 10, 21, 22] . This would explain why a multiclonal IgE 
response due to SAEs might affect not only total serum 
IgE levels but also levels of specifi c IgE to individual al-
lergens. We suggest that such polyvalent sensitization of 
serum IgE observed after SEA/SEB sensitization is asso-
ciated with increased IgE reactivity to environmental al-
lergens and leading to increased allergic response (atopy). 
Bacterial toxins including the lipopolysaccaride from 
gram-negative bacteria or the lipoteichoic acid from 
gram-positive bacteria are also associated with allergic 
disease  [23, 24] . Furthermore, both pathogenic bacteria 
and ordinary commensals, including  Streptococcus pneu-
moniae ,  Streptococcus pyogenes ,  S. aureus ,  Moraxella ca-
tarrhalis  and  Hemophilus infl uenzae,  could increase his-
tamine released by basophils and mast cells within the 
airways and lead to bronchial hyperreactivity in asthmat-
ic patients  [25] . These studies explore more possible bac-
teria, and a different mechanism might contribute to the 
pathogenesis of allergic airway diseases. 

Table 3. Logistic regression analysis of the association of AR/BA only, AD only and AR/BA+AD with sex, total IgE and specifi c sensiti-
zation

Factors AR/BA only AD only AR/BA+AD

OR (95% CI) adjusted OR (95% CI) OR (95% CI) adjusted OR (95% CI) OR (95% CI) adjusted OR (95% CI)

Male 1.36 (0.74–2.52) 1.36 (0.49–3.78) 1.09 (0.51–2.32) 0.65 (0.16–2.69) 1.58 (0.65–3.86) 1.34 (0.18–10.16)
IgE >150 kU/l 20.57 (4.70–90.06)a 8.14 (1.61–41.11)c 69.33 (13.97–344.07)a 34.04 (5.14–225.67)b 45.71 (8.62–242.31)a 29.84 (2.68–332.11)c

SEA/SEB 8.26 (1.94–35.25)c 6.57 (0.71–60.89)d 21.25 (4.70–96.10)a 2.44 (0.19–31.90) 14.02 (2.85–68.97)c 1.72 (0.11–26.85)
Mite 17.29 (8.08–37.0)a 8.37 (2.92–23.99)a 12.34 (4.97–30.64)a 4.38 (4.38–18.66)c 114.51 (14.03–934.92)a 69.19 (3.83–999)c

Pollen 1.89 (0.41–8.67) 0.18 (0.1–2.47) 7.89 (1.69–36.95)c 1.04 (0.30–31.57) 2.73 (0.43–17.33) 0.36 (0.30–43.79)

Adjusted OR = Odds ratios adjusted for sex, age, total serum IgE and any allergen sensitization; CI = confi dence interval.
a p < 0.0001; b p < 0.001; c p < 0.05; d p < 0.1, borderline signifi cance.
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 It is known that SEB-specifi c IgE titers are well corre-
lated with the severity of AD  [16, 17, 26] . Lin et al.  [27]  
also showed that positive rates of SEA-/SEB-specifi c IgE 
are correlated with the severity of AD. However, reports 
of such observations in allergic airway disease are rare. 
Recently, Bachert et al.  [10]  established a relation be-
tween the positive rate of specifi c IgE to SAE mix and the 
severity of asthma and also observed a signifi cant correla-
tion between concentrations of total serum IgE and spe-
cifi c IgE to SAE mix. In our study, patients with BA were 
more frequently sensitized to SEA/SEB than to other al-
lergic airway diseases and had higher SEA/SEB-specifi c 
IgE levels ( fi g. 2 ). Moreover, a higher total serum IgE lev-
el was also observed in sensitized BA patients, and the 
signifi cance of differences in total serum IgE levels after 
sensitization gradually increased from AR only to BA
(p trend: N.S. ] 0.034 ] 0.018) ( fi g. 1 ). Our fi ndings imply 
that worsening airway allergy was associated with SEA/
SEB-induced total serum IgE elevation, which is known 
to be closely linked to AHR, asthmatic symptoms and the 
diagnosis of asthma  [28] . In addition, allergen exposure 
results in increased airway responsiveness in nonasth-
matic subjects with AR (i.e., AR+AHR)  [29] , whereas AR 
often precedes the development of BA  [30] . It seems that 
BA and AR result from similar infl ammatory processes 
induced by allergens in the upper and lower airways  [31] . 
Taken together, our observations suggest that patients 
with BA are more frequently and markedly affected by 
SEA/SEB sensitization than patients with AR only or 
those with AR+AHR. The results imply that sensitization 
to SEA/SEB might play a role in increased airway allergy 
and possible exacerbating allergic airway disease in our 
patients, in consistency with the fi ndings of Bachert et al. 
 [10] . 

 Many studies have shown that sensitization to mite 
results in an OR of 3.8–19.7 for asthma  [32] . The OR for 
AR in patients with sensitization to at least 1 aeroallergen 
(including   mites) is 2.9  [33] . Most patients in the AR/BA 
group only had AR. Therefore, an OR of 8.37 for AR/BA 
resulting from mite sensitization was consistent with pre-
vious reports. A dust mite-specifi c IgE value  1 30 kU/l was 
strongly associated with AD (OR approximately 30)  [34] . 
Mean values of  D. pteronyssinus - and  D.   farinae -specifi c 
IgE in our patients with AD only or with AR/BA+AD 
without SEA/SEB sensitization were about 35 and
50 kU/l, respectively. Therefore, the ORs of 4.38 and 
69.19 for AD patients and for AR/BA+AD patients sen-
sitized to mites were also reasonable. AD is the most com-
mon condition associated with greatly elevated total se-
rum IgE values  [16] . The ORs for an association between 

IgE levels  1 100 kU/l with asthma and with AR is 4.7–18 
 [35]  and 3.3  [33] , respectively. Our patients with a total 
serum IgE level  1 150 kU/l had ORs of 8.14 (AR/BA only), 
34.04 (AD only) and 29.84 (AR/BA+AD), in accordance 
with the reported results. Due to sensitization to mite and 
elevated total serum IgE known to be strongly associated 
with AR, BA and AD, we suggest that those (confound-
ing) factors should be considered seriously in determining 
the contributions of specifi c aeroallergen to the risk of al-
lergic airway disease. 

 Our data revealed that sensitization to SEA/SEB does 
not seem to be independently associated with an increased 
risk of AD, but rather, it is more likely to be related to 
allergic airway disease ( table 3 ). The possible explanation 
is that most methods used to establish the association of 
sensitization to SEA/SEB with AD are based on individ-
ual markers responsible for the association, such as sen-
sitization rate, SEA- and/or SEB-specifi c IgE levels, colo-
nization and/or infection with  S. aureus,  and the severity 
of AD. Those characterized associations were confi rmed 
in our univariate logistic regression analysis ( table 3 ). 
When most of the confounding effects were considered, 
the effects of sensitization to SEA/SEB were balanced in 
the specifi c disease group, implying that sensitization to 
staphylococcal superantigens has at least the same contri-
butions to the development of AD as well as allergic air-
way disease. 

 In summary, our study showed that sensitization to 
SEA/SEB is common in patients with allergic airway dis-
eases, although this is less prevalent than in AD patients. 
Among allergic airway diseases, the effects of sensitiza-
tion to SEA/SEB on BA patients were more pronounced 
than on the others, implying that SEA/SEB might play a 
role in exacerbating allergic airway disease. We suggest 
that SEA/SEB have important contributions to the patho-
genesis and development of allergic airway diseases. 
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