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ABSTRACT

Exotoxins derived from Staphylococcus aureus appear to be
involved in the pathogenesis of allergic diseases, especially
atopic dermatitis (AD). However, little is known about sensi-
tization to enterotoxins in cases of respiratory allergies. Be-
cause the nasal cavity is a primary site of colonization by S.
aureus, we sought to determine the prevalence and role of
serum immunoglobulin E (IgE) antibodies against staphylococ-
cal enterotoxin A (SEA) and SEB in patients with allergic
rhinitis (AR). The presence of SEA- and SEB-specific IgE was
determined in 40 patients with AR and 16 healthy control
subjects. In the rhinitis group, nasal symptom score, total
serum IgE, sensitization to other inhaled allergens and the
presence of sinusitis were determined. Twenty-five percent of
patients with AR were sensitized to SEA/SEB whereas 6.3% of
controls were sensitized to the toxins. Sensitization to SEB was
predominant relative to SEA. There were no significant differ-
ences in the severity of nasal symptoms and complications of
other allergic diseases including AD and bronchial asthma,
between patients with or without sensitization to SEA/SEB.
However, patients sensitized to these toxins were likely to show
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increased total serum IgE and polyvalent sensitization, sug-
gesting that exposure and subsequent sensitization to SEA/SEB
may be involved in polyvalent sensitization. (American Journal
of Rhinology 15, 417-421, 2001)

Superantigenic exotoxins produced by Staphylococcus
aureus, such as staphylococcal enterotoxins (SE), ex-
foliative toxins, and toxic shock syndrome toxin 1 (TSST-1)
appear to be involved in the pathogenesis of atopic diseases,
especially atopic dermatitis (AD). These toxins, as well as
toxin-producing S. aureus, preferentially occur in skin le-
sions of patients with AD in comparison to those with other
skin diseases or healthy individuals.!-7 These superantigenic
toxins elicit T-cell activation, which leads to the production
of interleukin-4 (IL-4) and IL-5.%-!! Direct application of
these toxins to the skin induces an inflammatory response in
vivo in both humans and mice.!2-13 In addition, it has been
established that TSST-1 enhanced pollen-specific immuno-
globulin E (IgE) production by peripheral blood mononu-
clear cells (PBMC) from patients with pollinosis during the
pollen season.!3 Recently, it was revealed that airway ex-
posure to SEB induces airway inflammation and hyperre-
sponsiveness.'! On the other hand, S. aureus-derived toxins
act as allergens, which induce specific IgE production
against the toxins themselves.3-6.7.14 Histamine release from
basophils was observed in AD patients sensitized to SE only
on exposure to the relevant toxins. In contrast, no histamine
release was observed in AD patients exhibiting no IgE
antitoxin or in normal controls.?

These findings prompted us to investigate the involve-
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ment of toxins produced by S. aureus and IgE specific for
these toxins in the pathogenesis of allergic rhinitis (AR). S.
aureus, colonization of which is found often in the nostrils
and nasal cavity, is one of the common pathogens respon-
sible for acute infectious rhinosinusitis.! 3¢ Recently, Shio-
mori et al. showed that patients with perennial AR showed
a higher rate of nasal carriage of both S. aureus and toxin-
producing S. aureus compared with control subjects. In
addition, PBMC from AR produced higher levels of IL-4
and IL-5 and decreased levels of interferon ¥ (IFN-%) in
response to the toxins.!® However, to our knowledge, little
data can be found regarding IgE antibodies against these
toxins in patients with AR.

In this study, we examined the prevalence of IgE-specific
antibodies to SEs (SEA and SEB) in serum from patients
with AR. Furthermore, we investigated clinical characteris-
tics such as type of AR, total IgE levels, sensitization to
other allergens, and disease severity with respect to age and
sex in patients sensitized to SEA/SEB.

MATERIALS AND METHODS

Study Populations

orty patients presenting with AR (mean age, 30.75 *
14.58 years; range, 3-65 years; 19 men and 21
women) and 16 healthy volunteers (mean age, 37.40 = 7.78
years; range, 25-50 years; 12 men and 4 women) were
enrolled in this study. Twenty-six patients exhibited peren-
nial rhinitis caused by house-dust mites. The remaining 14
patients exhibited seasonal pollenosis caused by Japanese
cedar. Diagnosis of AR was based on the international
consensus report.!” Sensitization to these allergens was con-
firmed by the presence of IgE-specific antibodies deter-
mined by capsulated hydrolic carrier polymer (CAP)-RAST
(Pharmacia, Uppsala, Sweden). Control subjects showed no
history of atopic disorders such as AR and showed negative
results for Phadiatop test (Pharmacia). The study was ap-
proved by the Human Research Committee of Okayama
University Medical School. None of the patients had re-
ceived immunotherapy or used immunosuppressive drugs,
including topical steroids, before enrollment.

Assay of IgE Specific to SEs and Other
Major Allergens

Serurn samples were obtained from all patients and con-

trols. Samples were analyzed for their IgE specificity
to SEA and SEB using the CAP system.!8 IgE specific to
house-dust mites (Dermatophagoides farinae), Japanese red
cedar, Hinoki cypress, orchard grass, short ragweed, mug-
wort, Candida, Alternaria, and trichophyton also were de-
termined. Titers were defined as positive when the observed
kilo Unit Allergen per liter (kUA/L) was =0.7.
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Clinical Characterization

he severity of nasal symptoms was determined by
nasal symptom scores according to the criteria of
Okuda et al.’ From a patient interview, this method
involved determination of an average obtained from daily
symptoms of sneeze, rhinorrhea, and nasal blockade dur-
ing the 2 weeks before the subject’s visit to Okayama
University Hospital. In brief, the number of sneezing
attacks, the number of nose blows, and the degree of
mouth/nose breathing were graded on a scale of 0-3
according to the severity. The sum of the scores from the
three nasal symptoms represents the nasal symptom
score. Patients also were questioned regarding the age of
onset of rhinitis, seasonal exacerbation of the disease,
and complications of other atopic disorders including
bronchial asthma, AD, eczema, urticaria, drug hypersen-
sitivity, and allergic conjunctivitis. Patients were exam-
ined also for the presence of paranasal sinusitis by roent-
genogram.

Statistical Analysis

Data are expressed as the mean * SD. Statistical anal-
yses were performed with a nonparametric Mann-
Whitney U test and Fisher’s exact probability test. Signifi-
cant differences were accepted when the value of p < 0.05.

RESULTS

Prevalence of Sensitization to SEA and/or SEB in
Patients with AR

sing the CAP system, titers of IgE specific for SEA and
SEB were determined in 40 patients with AR and 16
healthy control subjects. Sensitization was defined as spe-
cific IgE concentrations of >0.70 kUA/L. In the control
group, one individual (6.3%) showed sensitization to SEB.
No control subjects showed sensitization to SEA. In con-
trast, in patients with AR, 5 (12.5%) patients showed pos-
itive sensitization to SEA and 9 (22.5%) patients exhibited
positive sensitization to SEB. The titers of positive IgE to
SEA and SEB ranged from 0.82 to 1.83 kUA/L and 0.79 to
12.90 KUA/L, respectively. The overall prevalence of sen-
sitization to the enterotoxins was 25.0% (10/40 patients) in
the allergic group, showing higher prevalence in compari-
son to healthy controls (6.3%) while the difference was not
statistically significant (p = 0.15, Fisher’s exact test; Fig.
1). However, of the 10 patients showing sensitization to the
enterotoxins, 5 (50%) patients were sensitized to SEB alone,
4 (40%) patients were sensitized to both SEA and SEB, and
1 (10%) patient was sensitized to SEA alone. This result
indicated that sensitization to SEB was predominant.

Clinical Characterization of Patients Sensitized
to SEA/SEB
here were no significant differences regarding age, sex,
type of rhinitis, sinusitis evaluated by roentgenogram,
and allergic history, including AD, between SEA/SEB-
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Figure 1. Levels of IgE antibodies to SEA (O) and SEB (1) in
patients with AR and healthy control subjects. Cutoff level was set
at 0.7 kUA/L. The p values between patients with AR and healthy
control subjects were determined by Fisher’s exact probability

AR (n=40)

test.

specific IgE-positive and -negative (IgE+ and IgE—) pa-
tients (Table I). On the contrary, mean age at the time of
both onset of the disease and hospital visit were younger
(p = 0.013), blood eosinophiliawas higher (p = 0.045), and
levels of total serum IgE were higher (p = 0.007) in patients
sensitized to SEA/SEB. In addition, 9, 8, and 5 subjects out
of 10 SEA/SEB-sensitized patients also exhibited sensitiza-
tion to house dust, mites, and weed, respectively, indicating
a higher prevalence of sensitization in comparison with
SEA/SEB-nonsensitized patients. Sensitized patients
showed polyvalent sensitization to inhalant allergens (mean,
2.80 = 1.87), which was higher than in nonsensitized pa-
tients (mean, 1.50 = 1.31, p = 0.0491).

In 34 cases, detailed clinical symptoms were recorded,
which could be evaluated by nasal symptom scores. The
mean symptom score was 3.90 = 0.57 and 4.15 = 0.49 in
patients positive (n = 10) and negative (n = 24) for SEA/
SEB IgE, respectively. No significant correlation was ob-
served between the prevalence of sensitization and disease
severity (Table I). Furthermore, the degree of each symptom
(sneeze, rhinorrhea, and nasal blockade) also was similar
between the two groups.

DISCUSSION

n this study, we have focused on sensitization to SEA and
SEB by measuring IgE-specific antibodies in patients
with AR as well as healthy control subjects. Generally, we
consider CAP class values of 2 or higher, which is equiv-
alent to =0.70 KUA/L, as a positive sensitization in clinical
practice in Japan.2?:2! The overall prevalence of sensitiza-
tion to the toxins was 25.0% in AR patients. In control
subjects, only 6.3% of cases exhibited sensitization, sug-
gesting that AR patients were sensitized more frequently to
the toxins. The prevalence observed in patients with AD,
which is most precisely characterized as atopic disease
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caused by S. aureus, ranged from 34.5 to 80.2%3-6.7.'4 Our
result appears to be less than those previously observed in
AD. Leung et al. and Nomura et al. showed that prevalence
of sensitization to these toxins was higher in AD patients
when compared with patients with respiratory allergy -7 S.
aureus could be detected in >90% of skin lesions resulting
from AD.!367 In addition, 56.8-64.9% of cases involving
colonization of skin lesions by S. aureus showed exotoxin
production?-37 These results indicate that toxin-producing
S. aureus is evident in more than one-half of patients with
AD. On the other hand, Shiomori et al. recently showed that
the rate of nasal carriage of S. aureus in patients with AR
was 44%. Moreover, the rate of nasal carriage of super-
antigen-producing S. aureus was 22%.'0 Thus, the differ-
ence in the prevalence of IgE antibodies to SEA/SEB be-
tween AD and AR may reflect the rate of colonization of
toxin-producing S. aureus at the site of allergic inflamma-
tion.

Sensitization to SEB (22.5%) predominates over that to
SEA (12.5%) in patients with AR. Of 10 individuals show-
ing sensitization to the toxins, 5 (50%) were sensitized to
SEB alone, 4 (40%) to both SEA and SEB, and 1 (10%) to
SEA alone. Predominance of sensitization to both SEA and
SEB has yielded contradictory results in AD. Tada et al. and
Bunikowski et al. reported the predominance of sensitiza-
tion to SEB. In contrast, Nomura et al. showed results of an
opposite nature.%’-22 Shiomori et al. reported that the rate of
nasal carriage of SEB was highest among the SEs and
TSST-1.1° Thus, our result may be caused by the predom-
inance of nasal carriage with SEB in patients with AR. The
relationship between the carriage of SEs and the existence
of SE-specific IgE in each patient requires further scrutiny.
In our preliminary study using 18 patients with AR, we
observed that 5 (27.8%) patients showed nasal carriage of S.
aureus. Of these, only 1 patient showed a positive sensiti-
zation to SEB whereas 2 out of 13 patients with no nasal
carriage of S. aureus showed a positive sensitization to
SEA/SEB, suggesting no significant association between
the nasal carriage of S. aureus and sensitization to SEA/SEB
(p = 0.650). In addition, nasal carriage of SEB-producing S.
aureus was detected in 2 out of 18 patients and that of
SEA-producing S. aureus was detected in only 1 patient,
suggesting that SEB-producing S. aureus is likely to colo-
nize in the nose rather than SEA-producing S. aureus, which
is consistent with the report by Shiomori et al.'®

Patients sensitized to SEA/SEB showed higher levels of
total serum IgE when compared with nonsensitized patients.
This finding was consistent with previous reports involving
patients with AD.®7-14 Involvement of AD in the increase of
serum total IgE as well as SEA/SEB-specific IgE in SEA/
SEB-sensitized patients with rhinitis appears to be negligi-
ble because no significant difference in the history of AD
was seen between SEA/SEB-specific IgE+ and IgE— pa-
tients (Table I). SEB is known to induce IgE production in
vitro in atopic patients via up-regulation of IL-4 and/or
down-regulation of IFN-7y.21122 As a result, these SEB-
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TABLE 1

Characterization of Patients with AR with and without IgE Antibodies to SEA/SEB

n SEA/SEB-IgE— SEA/SEB IgE+ p Value

Sex (M:F) 40 13:17 6:4 0.2918*
Age (years)

At visit 40 33.93 + 2.78 21.20 + 1.95 0.0130#

At onset 40 28.17 + 15.41 10.50 + 8.72 0.0063#
Type of rhinitis 40

Perennial 26 18 8

Seasonal 14 12 2 0.225%
Symptom score 34 4.15 + 0.49 3.90 + 0.57 0.985#
Sinusitis 20 9/14 (64.29%) 5/6 (83.33%) 0.387*
Allergic history 31 6/21 (28.57%) 6/10 (60.00%) 0.100*
Serum total IgE (IU/mL) 40 137.90 + 34.93 1304.18 + 512.57 0.075#
Sensitization to other allergens

House dust 39 12/29 (41.38%) 9/10 (90.00%) 0.0018*

Mite (D. farinae) 36 13/27 (48.15%) 8/9 (88.89%) 0.0355*

Tree pollen (Japanese red cedar and Hinoki 38 16/29 (55.17%) 7/10 (70.00%) 0.3309*

cypress)

Grass pollen (orchard grass) 37 9/28 (32.14%) 5/9 (55.56%) 0.192*

Weed pollen (short ragweed and mugwort) 38 4/28 (14.29%) 5/10 (50.00%) 0.0362*

Mould (Candida, Alternaria, and Trichophyton) 36 3/28 (10.71%) 2/8 (25.0%) 0.3048*
Blood eosinophil (counts/mm3) 22 259.73 + 249.37 522.43 + 391.28 0.0445#

*Fisher’s exact test.
#Mann—Whitney’s U test.

derived effects may lead to elevated total serum IgE levels
seen in patients with AR. This observation may explain why
SEA/SEB-sensitized patients are likely to exhibitpolyvalent
sensitization to other inhalant allergens. In addition, the
presence of IgE against SEA/SEB was not caused by simply
the high levels of serum IgE or polyclonal B cell activation.
Consequently, 4 of 8 patients showing positive IgE titers to
SEA/SEB (25.0%) showed low levels of total serum IgE
(<70 IU/ml) and 4 of 22 patients (18.2%) with negative
sensitization to SEA/SEB showed higher levels of total
serum IgE (>250IU/ml). Leung et al. showed the S. aureus
toxin-induced histamine release by basophils from patients
sensitized to exotoxins.?

Correlation between the presence of SEA/SEB-specific
IgE and disease severity was not detected in this study. This
finding was consistent with the report by Tada et al., which
noted no correlation between the prevalence of sensitization
to the enterotoxins and disease severity in adult AD cases.!*
On the other hand, Bunikowski et al. and Nomura et al.
recently showed that the levels of SEB-specific IgE corre-
lated with disease severity in childhood AD.67 More re-
cently, Shiomori et al. reported that there was no significant
correlation between the nasal carriage of enterotoxins and
nasal symptom scores in patients with perennial rhinitis
exhibiting allergy to house-dust mites despite the signifi-
cantly higher scores of the S. aureus-positive patients in
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comparison with those scores of the S. aureus-negative
patients.'® These results suggest that both S. aureus-derived
SEA/SEB and enterotoxin-specific IgE are not necessarily
involved in the severity of AR.

In conclusion, we have shown that the prevalence of IgE
specific for SEA/SEB was significantly higher in patients
with AR in comparison with healthy control subjects. Al-
though the presence of SEA/SEB-specific IgE did not cor-
relate with disease severity, it appears to be involved in
polyvalent sensitization and elevation of serum IgE levels.
Although roles of other exotoxins or products derived from
S. aureus and specific IgE against these toxins/products in
the pathogenesis of AR should be investigated, both SEA
and SEB are potentially new allergens in AR.
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