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Background: Superantigenic exotoxins produced bystaphylo-
coccus aureusnd their specific IgE antibodies are thought to
be important precipitating factors of atopic dermatitis (AD),

but there are few reports evaluating these 2 factors at the same
time.

Objective: We examined whether the presence of the exotoxins
sampled from the skin of patients with AD and the levels of
anti-exotoxin IgE antibodies in their sera correlated with their
severity of AD.

Methods: Patients with mild-to-severe AD, 1 to 22 years of age,
were evaluated by using Leicester’s scoring system. Specific
IgE antibodies against these exotoxins were determined by
using ELISA. S aureuswas isolated from 3 different areas of
the skin. We examined whether the exotoxin (staphylococcal
enterotoxin [SE]A, SEB, SEC, SED, and toxic shock syndrome
toxin-1) could be detected.

Results: The levels of SEB-specific IgE were correlated with
the severity of AD. Five of 6 patients having very high SEB-
specific IgE antibody titers were under 6 years of age, and
SEB was most frequently isolated (41%). There was no differ-
ence in severity between patients with or without exotoxin-pro-
ducing S aureus.The severity of 9 patients who had both exo-
toxin-producing S aureuson the skin and specific IgE antibody
against the same exotoxin in sera was significantly higher than
that of the other patients.

Conclusions: Anti-SEB IgE titers correlate well with the sever-
ity of AD. The presence of exotoxin-producings aureusmay
precipitate AD through its specific IgE antibody. (J Allergy

Clin Immunol 1999;104:441-6.)
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superantigenic exotoxins act as superantigen and aller-
gen.

S aureuscan produce superantigenic exotoxins (Fig
1), such as staphylococcal enterotoxin [SE]A, SEB, SEC,
SED, SEE, toxic shock syndrome toxin (TSST)-1, and
exfoliative toxin-A and -B. Superantigens activate T cells
in a nonspecific manner against antigens. Several studies
have reported evidence concerning the action of exotox-
ins as superantigens. When PBMCs from donors with
AD are treated with staphylococcal superantigens, the
amount of messenger RNA of IL-4, IL4&nd IgB.6are
increased. SEB and TSST-1 induced the production of
cutaneous lymphocyte antigens of T cells from healthy
donors? Intracutaneous injection of SEB induces a T
cell-dependent inflammatory response in nfi€n the
contrary, Akiyama et 8lhave reported that the existence
of the exotoxins is not reflective of AD severity.

Leung et &l° have reported that specific IgE antibodies
to staphylococcal exotoxins (ie, SEA, SEB, and/or TSST-
1) are found in 57% of sera from patients with AD. Tada
et al! and Nissen et # also found similar results. Spe-
cific IgE antibodies against staphylococcal exotoxins are
also thought to precipitate AD by mediating type | aller-
gy. The levels of anti-exotoxin IgE have been reported not

95%) the eczematous skin of patients with atopic derto correlate with AD severifit whereas Bunikowski et
matitis (AD) and is thought to be an important precipi- al'3 have recently reported that the severity correlates

tating factor of AD! The mechanisms of worsening AD
by S aureusare thought to be that (f)toxin and other

cytolytic toxins directly destroy the skin tissue, (2) cel-

lular proteins ofS aureusact as allergens,and (3)
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with the presence of SEA/SEB-specific IgE antibodies.

It is speculated that staphylococcal exotoxins worsen
AD by acting as allergens by means of type | allergy
or by acting as superantigens by means of nonspecific
activation of T cells (Fig 1). Here we focused on the
relationship between AD severity and levels of serum
anti-exotoxin IgE and skin exotoxin—produciSgaureus
at the same time.
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Patients

Ninety-four patients with mild-to-severe AD, fulfilling the crite-
ria of Hannifin and Rajka4 took part in this study. The patients
were 56 males and 38 females (age range, 1 to 22 years; mean, 7.78
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type I allergy activation of T cell

FIG 1. Schematic model of the pathogenesis of AD induced by staphylococcal exotoxins. The three-dimen-
sional structure of exotoxin has been reported.16

TABLE I. Patient profiles of asthmatic control subjects TABLE Il. Identification of exotoxin-producing S aureus
and patients with AD from the skin of 39 patients with AD
Asthmatic Exotoxins No. of patients (%)
control Patients Patients
subjects  withAD  with AD" SEA only 2(5.1)
(n = 25) (n=94) (n=39) SEB only 13 (33.3)
SEC only 1(2.6)
Sex (F/IM) 8:17 38:56 15:24 SED only 1(2.6)
Leicester's disease 0 35.4+222 449+16.1 gpp + SEB 1(2.6)
activity score SEB + SEC 1(2.6)
Total IgE (1U/mL) 251+ 440 5609 +10,020 7323 8011 gER + TSST-1 1(2.6)
SEA-specific IgE (U) 0.15%0.46 9.1%195  7.8%183 Eyoioxin (1)S aureus 16 (41.0)
SEB-specific IgE (U) 42+41 147+21.8 16.2+26.8 o growth 2 (5.1)

SEC-specific IgE (U) 20+29 8.8+155 11.5+17.3
TSST-1-specific IgE (U) 1.7 £3.3 8.76+22.5 7.7 £22.2 Thirty-seven of 39 patients (95%) h&daureuson the skin. Sixteen patients
(41%) had SEB-producing aureuson the skin; 13 patients had SEB-pro-

*Patients with AD who were examined for exotoxin productioiStaureus. ducingS aureusonly, and 3 patients had SEB-produci@ureusand other
They were included in the 94 patients with AD. exotoxin-producind aureus

+4.91 years; Table |). The severity of AD was scored on the basis cples were obtained from 25 patients with bronchial asthma who had no
the modified Leicester systela Five clinical features (erythema, history of AD (average age, 4.7 = 2.3 years).

papule, excoriation, 00zing, and lichenification) were graded at 6 bod)
sites (head, trunk, elbow, hand, knee, and foot) on a scale of O (non: oge
to 3 (severe). This gave a disease activity score with a maximum of EAssay ?f speclflc IgE to staphylococcal

points. We defined 0 to 19 points as mild AD, 20 to 49 points as mod€X0toxins

erate AD, and 50 to 90 points as severe AD. The mean score of dise¢ ~ Flat-bottomed, EIA/RIA plates (Costar Corp, Cambridge,
activity was 35.4 + 22.2. None of these patients had a history of deefMass) were filled with 10QuL of a 5 mg/mL (SEA) and a 2.5
seated skin infection iy aureusSerum samples obtained from all the mg/mL (SEB and TSST-1) solution of highly purified staphylococ-
patients were analyzed for their specific IgE to SEA, SEB, SEC, anccal exotoxin (Toxin Technology, Sarasota, Fla) in 0.01 mol/L
TSST-1. Specific IgE to house dust mite, cedar pollen, and egg whiteNa,CO; buffer (pH 9.1). The plates were covered and placed
as well as total serum IgE, were also determined. Control serum sarovernight at 4°C. The following day, the plates were washed 3
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FIG 2. Age distribution of the patients with AD (n = 94) for specific IgE of staphylococcal exotoxins determined
by using ELISA. Anti-exotoxin IgE of asthma control sera were as follows: SEA, 0.15 + 0.46 U (mean + SD);
SEB, 4.2 £ 4.1 U; SEC, 2.0 + 2.9 U; and TSST-1, 1.7 + 3.3 U. When cut-off points were defined as control mean
+ 2 SD, the positive ratio of anti-SEA IgE was 78.7%, that of SEB was 35.1%, that of SEC was 21.3%, and that
of TSST-1 was 18.1%. The cut-off points were drawn as broken lines. Five of 6 patients with very high SEB-
specific IgE titers were under 6 years of age.

times with PBS with 0.1% Brij 35 (Sigma Diagnostics, St Louis, ins (SEA, SEB, SEC, SED, and TSST-1; purchased from Denka
MO) and then filled with 20QL of 0.1% human serum albumin Seiken, Tokyo, Japan). After 20 hours of incubation at room tem-
(Sigma Chemical Co, St Louis, Mo). The plates were incubated aperature, the wells were checked for agglutination and identified as
room temperature for 2 hours and then washed 3 times with PBSfollows: (-), (2), (+), (++), (+++). Those identified as (+) or greater
Brij. Serum to be tested was diluted 1:16 in PBS-Brij, and{l0O0  were considered positive.
was placed in the wells. The plates were incubated at room ten Lo .
perature for 2 hours and then washed 6 times with PBS-Brij. oncStatistical analysis
hundred microliters of a 1:2000 dilution of horseradish peroxi- Data collected were the mean of duplicated determinations. Sta-
dase-conjugated goat anti-human IgE (KPL, Gaithersburg, Mdtistical analysis was first performed with a one-factor ANOVA test.
was placed in the wells. The plates were incubated at room temwhen a significant deviation was observed, the Scheffe F test was
perature for 1 hour and then washed 6 times with PBS-Brij. Oneperformed as a post hoc test by using the STATVIEW IV program.
hundred microliters of equal volume mixture of tetramethyl benzi-A P value of less than .05 was accepted as significant.
dine peroxidase substrate and peroxidase solution (KPL) wer
placed in the wells. After 20 minutes, 100 of 1 mol/L phosphate  RESULTS
solution was added in each well to stop_ the reaction, and resullserum exotoxin-specific IgE
were read at 450 nm. The background without serum samples we . . . .
under 0.1 and was subtracted from the values obtained with the te  S€rum IgE antibodies from 94 patients with AD
samples. Serum containing high antitoxin titer was defined as 10@gainst SEA, SEB, SEC, and TSST-1 were determined
U for calibrating the other serum samples. by using ELISA (Table I). When cut-off points were
. . . determined as control mean + 2 SD, the number of
Skin bacterial culture and exotoxin patients having exotoxin-specific IgE was as follows:
productivity SEA-specific IgE, 74 (78.7%); SEB-specific IgE, 33
Thirty-nine patients who were first seen by Dr Nomura could be(35.1%); SEC-specific IgE, 20 (21.3%); and TSST-
examined. They were included in the total 94 patients with AD.1_gpecific IgE, 17 (18.1%). Five of 6 patients having
Three different lesions (ie, exudative dermatitis, dry dermatitis, anchigh SEB-specific antibody titer (>50 U) were less than
normal skin) were tested by rubbing<2 cm of skin surface with 6 years of age (Fig 2).
a swab, and the swabs were then spread over the surface of man Patients with AD were divided into 3 groups on the

tol salt agar plates. Agar plates were then incubated for 2 days i . . . L L. .
37°C. Five coagulase-positive colonies per plate were randomnP@sis of their Leicester’s disease activity scores. The dif-

selected to incubate for 18 hours in tripticase soy broth with shakference of each antitoxin IgE titer among the 3 severity

ing, and then culture broth was centrifuged at 3000 rpm for 20 mingroups were e_Xamined (.F.ig 3). Anti'SEB IgE titers
utes. Supernatants were diluted to 1:10, 1:100, 1:1000, anshowed statistically significant differences between

1:10,000. They were mixed with specific rabbit IgG against exotox-patients with mild and severe AD and between patients
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FIG 4. Disease activity scores of the patients with or without exo-
20 toxin-producing S aureus. Disease activity scores (Leicester’s
20 score) and presence of skin exotoxin-producing S aureus of the
patients with AD were evaluated. The patients were divided into
0 ild derat . 2 groups, one with exotoxin-producing S aureus on their skin and
mi moderate  severe mild moderate severe one without. The difference of disease activity scores between the
** D -0 0086 2 groups was not statistically significant.
+ P=0.038

FIG 3. Exotoxin-specific IgE and severity of AD. Patients with AD o i i
were divided into 3 groups on the basis of their Leicester’s dis- significant differences in the levels among the 3 groups

ease activity scores (ie, 1 to 19 points was defined as mild, 20 to of severity.

49 points as moderate, and 50 to 90 points as severe). Difference

of each anti-exotoxin IgE titer between the 3 groups were then Exotoxins secreted by S aureus grown from
examined. Anti-SEB IgE titers of the group of patients with severe AD skin lesions

AD showed statistically significant differences from the mild and . . .
moderate groups, as determined by the Scheffe F test. Each S aureuswas isolated from 37 of 39 patients with AD

closed circle represents a patient with AD. Each column and bar (Table II). S aureussolated from 21 patients was found
;sg;s;zz‘z;h;rﬂzi"l;eiEM of the group. The cut-off points are 5 gecrete exotoxins. SEB was identified from 16 patients
' (41%) and was the most frequently detected. These data
were in agreement with previous rep&f.There was
no statistically significant difference in disease activity

with moderate and severe AD by means of the Scheffe Iscores between patients with or without exotoxin-pro-
test. This result was different from that reported by TadeducingS aureugFig 4).
et alll which showed that anti-exotoxin IgE titers were  Because anti-SEB IgE titers were related to disease
not different among the 3 groups of AD severity. This dis-severity, the relationship between the presence of SEB-
crepancy might be due to the average age of the patienproducingS aureusand SEB-specific IgE titers were
being different. The average age of our patients was 7.8 compared. However, SEB-specific IgE titers in patients
4.9 years, whereas the patients in the study by Tada et who have SEB-producin§ aureusand those in patients
had an average age of 20.2 + 9.8 years. Thus we dividehaving no SEB were, respectively, 8.1 + 9.0 and 20.7 +
the patient group at the age of 7 years. There were stati6.4, and were not significantly different.
tically significant differences of anti-SEB IgE titers .. . . .
among the 3 groups of AD severity in the subgroup off @ifing of skin exotoxin producing S aureus
patients less than 7 years of aBe=(0137, as determined and serum IgE antibody specific to the same
by one-factor ANOVA). On the other hand, there was notéxotoxin
a significant difference in the levels among the 3 groups Pairing (+) means that a patient has both exotoxin-pro-
of severity in patients older than 7 yedPs=(.141). ducingS aureusn the skin and serum IgE specific to the

For determination of other allergen-specific IgE titers same exotoxin (over cut-off point: asthma control + 2
(eg, house dust mite, cat, cedar pollen, and egg whiteSD) at the same time. There were 9 patients with pairing.
and total IgE titer, the same procedures as in Fig 3 werTheir disease severity was significantly higher than that
performed. Only specific IgE titers to house dust nite ( of the other patients (Fig 5). Total IgE titers of these 9
<.01) and total IgE titer?(< 0.01) showed statistically patients and the other patients were not significantly dif-
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ferent. The disease activity scores (means = SEMN Leicester's disease

obtained in the patients who had (1) high levels of antiactivity score p=0.017
exotoxin IgE in sera and the other exotoxins detected ¢ 80 - | |
their skin, (2) high levels of anti-exotoxin IgE in sera
without detectable exotoxins on their skin, (3) low levels 70 o .‘.
of anti-exotoxin IgE in sera and exotoxins detected ol 60 - .’. g
their skin, and (4) low levels of anti-exotoxin IgE in sera o0 ® {3
without detectable exotoxins on their skin were, respec 50
tively, 41.7 + 5.4, 47.1 + 4.7, 41.8 + 5.8, and 36.0 + 8.2. 40 .in 0]
Each of the above scores was not significantly differer
from the scores obtained from the rest of the patients. 30+ : ®
DISCUSSION 20 -
10 ®
SEB was most frequently (41% of the patients) detec! 0 ,
ed on the AD-affected skin of patients in this study, a:
has been reported. There was no statistically significai Paring (-) Paring (+)
difference in the AD disease activity score between th n=28 n=9

patients with or without exotoxin-producir§ aureus.
Although these exotoxins are superantigens, they mighFIG 5. There were 9 patients who had detectable exotoxin-pro-
be neutralized by IgG or some other mechanisms, as heducing Saure.us on the skin and positiye serum.-spfecific IgE tc? the
been reported. same exotoxin (ovef th.e. cut-off pomt). Their disease activity
e . X ._scores of AD were significantly higher than those of the other

We have focused on specific IgE antibodies agaiNSpatients. Four patients had SEB-producing S aureus on the skin
these exotoxins in this study. Eighteen percent to 78.7%and serum SEB-specific IgE (SEB paired). Three patients were
of the patients were judged to be positive, as has beeSEA paired, one was SEC paired, and one was TSST-1 paired.
reported by others.

Next we examined the relationship between age distri-
bution and anti-exotoxin IgE of patients with AD. IgE
antibodies against these exotoxins were inclined to bout these bacteria. This result again supports the idea of
found in younger children, also suggesting that thessome neutralizing substance in the skin of these patients.
exotoxins might be neutralized in the older patients. Finally, we intended to determine the relationship

In our study anti-SEB IgE antibodies were more fre-between AD severity and the levels of anti-exotoxin IgE,
qguently detected in patients with severe AD than inespecially when the exotoxins were detected from the
patients with mild and moderate AD who were an aver-skin. The severity of 9 patients who had both exotoxin-
age age of 7.8 + 4.91 years. When we were preparing thproducingS aureuson the skin and its specific IgE in
manuscript, Bunikowski et # had just reported results sera was significantly higher than that of the other
similar to those obtained in our study; that is, diseas¢patients. Therefore it is suggested that exotoxins may
severity of the patients (median age, 2.5 years) correlaworsen AD through type | allergy. Exotoxin-specific IgE
ed with the presence of SEA/SEB-specific IgE. On theantibodies and exotoxin-producir® aureusshould be
other hand, Tada etlalreported that in patients with AD measured at the same time to evaluate the effect of exo-
aged 20.2 + 9.8 years, anti-exotoxin IgE titers were notoxins on AD severity.
different among the 3 groups of AD severity. This dis- In summary, we found that (1) SEB-producifg
crepancy might be due to differences in the average agaureuswas most frequently detected on the skin of
of the patients. We found that the mean anti-SEB IgEpatients with AD, (2) severity of AD was not related to
titer in the group of patients with severe AD was signifi- the presence of exotoxin-produciSgaureus(3) 5 of 6
cantly higher than that in children younger than 7 yearspatients with high SEB-specific IgE titers were younger
of age, whereas these levels were not different in the than 6 years of age, (4) anti-SEB IgE levels correlate well
groups of patients older than 7 years. with the severity scores of patients with AD and are

With regard to other allergen-specific IgE titers (eg,thought to be as important as house dust mite—specific
house dust mite, cat, cedar pollen, and egg white) anlgE or total IgE in the evaluation of AD severity, and (5)
total IgE titer, only specific IgE titers to house dust mitethe simultaneous presence of exotoxin-producsig
and total IgE titers showed statistically significant differ- aureusand the corresponding exotoxin-specific IgE anti-
ence in the levels among the 3 groups of AD severitybody was often found in patients with severe AD. The
Anti-SEB IgE titers are thought to be as important aspresence of exotoxin-produciigyaureusnay precipitate
house dust mite—specific IgE or total IgE in the evalua-AD through its specific IgE antibodies.

tion of AD severity. ) . We thank Dr Hidetoshi Kawahara, Dr Kentaro Matsuda, Dr

The serum levels of anti-SEB IgE from the patientSatsushi Shibata, Dr Morimitsu Tomikawa, Dr Masakazu Miyamu-
with SEB-producingS aureusdid not have significantly  ra, and the staff in the Department of Allergy, National Children’s
higher titers than those obtained from the patients withHospital, for their support and assistance.
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