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Abstract
Staphylococcal superantigens (SAG) are
implicated in the inflammation of atopic
dermatitis. As SAG mediated diseases may
be modified by specific antibodies, the
antibody response to SAG in atopic der-
matitis was investigated. Immunoglobulin
(Ig) G to staphylococcal enterotoxin A
(SEA), staphylococcal enterotoxin B
(SEB), and toxic shock syndrome toxin 1
(TSST-1) were measured by sandwich
enzyme linked immunosorbent assay
(ELISA) in 74 children with atopic derma-
titis and 111 controls. Controls had detect-
able IgG to SEA, SEB, and TSST-1, which
increased with age. Atopic dermatitis sub-
jects had an increased response to SEB at 6
months to 2 years (76% v 42%) and 2 to 7
years (79% v 57%), and equivalent re-
sponses to SEA and TSST-1, compared to
controls. It is suggested that increased
responses to SEB relate to increased colo-
nisation and hence exposure to superanti-
gen producing staphylococcus in atopic
dermatitis, and that inflammation of at-
opic dermatitis is not caused by an inabil-
ity to make antibody to SAG.
(Arch Dis Child 1998;79:400–404)
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Superantigens are particular antigens capable
of inducing massive T cell activation caused by
their ability to bind multiple T cell receptors in
an antigen non-specific manner.1 Staphylococ-
cal superantigens (SAG) are potent toxins pro-
duced by particular strains of Staphylococcus
aureus. Stimulation of T cells by SAG is
considered to trigger diseases such as staphylo-
coccal toxic shock syndrome2 and staphylococ-
cal food poisoning,3 4 and has been implicated
in other disorders such as Kawasaki disease5 6

and atopic dermatitis.7 8 Recently, it has been
shown that specific antibody to superantigens
may be protective against superantigen medi-
ated disease. For example, susceptibility to
toxic shock syndrome has been correlated with
lack of pre-existing antibody to toxic shock
syndrome toxin 1 (TSST-1).9 10

Children with atopic dermatitis have very
high rates (60–90%) of superantigen produc-
ing staphylococci colonisation of their skin.7 It
is likely that this colonisation plays a role in the
pathogenesis and inflammatory responses in
atopic dermatitis. Indirect evidence for such a
role is illustrated by the clinical improvement of
atopic skin lesions after antistaphylococcal
treatment.11 12 Furthermore, application of sta-

phylococcal enterotoxin B (SEB) to intact skin
has been shown to induce lesions which
clinically and histologically resemble atopic
dermatitis.13

We have previously shown that children with
atopic dermatitis have a deficient cell mediated
immune response to SAG, with greatly reduced
interferon ã (INFã) production following in
vitro stimulation with SEB.14 Similar reduc-
tions in cell mediated immunity to SAG have
also been reported in adults with atopic
dermatitis.15 16 Although there is some infor-
mation on antibody responses to SAG in
normal children,17 18 the production of immu-
noglobulin (Ig) G antibodies in atopic derma-
titis has not been described. It is possible that
subjects with atopic dermatitis would exhibit
increased responses either because of their
cutaneous colonisation or because of immune
deviation to a Th2 (antibody producing) type
response. Alternatively atopic subjects may
exhibit reduced antibody responses, in addition
to the previously demonstrated reduction in
cell mediated immunity to SAG. A decreased
capacity for antibody production could make
children with atopic dermatitis more prone to
superantigen producing S aureus colonisation.
To examine these questions we measured
serum IgG antibody to SEB, staphylococcal
enterotoxin A (SEA), and TSST-1 from
children with atopic dermatitis, from non-
atopic children, and young adults.

Methods
SUBJECTS

Sera from 74 children with mild to moderate or
severe atopic dermatitis, classified according to
the criteria of Hanifin and Rajika,19 were
collected from children having blood taken as
part of the investigation and management of
their atopic dermatitis. Ethics approval for
experiments and blood collection from chil-
dren with atopic dermatitis was obtained from
the Royal Children’s Hospital Research Foun-
dation ethics committee. Samples were ob-
tained from 44 boys and 30 girls (ratio male:
female, 1.5:1). The mean IgE of the subjects
was 4433 IU/ml (60–54 296 IU/ml). The ma-
jority of the samples came from Caucasian
children (n = 61) with the remainder of
samples from Asian children (n = 13). There
were 33 children with atopic dermatitis aged
6–24 months, 24 aged 2–7 years, and 17 aged
8–16 years. Sera from 111 child and young
adult controls were obtained from samples sent
to our laboratory for evaluation of immuno-
globulins, antinuclear antibodies, complement
and/or antigliadin antibodies, where IgE was in
the normal range for age: < 6 IU/ml (0–0.2
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years), < 45 IU/ml (0.2–0.5 years), < 20 IU/ml
(0.5–0.7 years), < 25 IU/ml (0.7–1 years),
< 35 IU/ml (1–2 years), < 130 (2–4 years),
< 150 IU/ml (4–7 years), < 200 IU/ml (> 7
years), and the requested test was negative. IgE
was measured using Quanticlone IgE radioim-
munoassay (Kallestad Diagnostics Inc,
Chaska, Minnesota, USA) according to the
manufacturer’s instructions, with a sensitivity
of 5 IU/ml.

Age ranges were examined in groups: 6–24
months, 2–7 years, 8–16 years, and more than
16 years. Infants below 6 months were not
included because of the possibility of persistent
maternal antibody. Serum was stored at −20°C
until assayed.

ELISA FOR TSST-1, SEB, SEA

TSST-1, SEB, and SEA antibodies were
measured by sandwich enzyme linked immu-
nosorbent assay (ELISA). High binding plates
were coated with 100 µl/well of TSST-1, SEB,
and SEA (Sigma Chemical Co, St Louis, Mis-
souri, USA) at 1 µg/ml in carbonate buVer, pH
9.6, and incubated for 16 hours at 4°C. Plates
were washed with phosphate buVered saline
(PBS)/Tween, blocked with 1% gelatin/PBS/
Tween for two hours and washed a further four
times. Samples (100 µl/well) were added at
1:1000 (1% gelatin/PBS/Tween) and incu-
bated at 37°C for 90 minutes. Biotinylated
monoclonal antihuman IgG (Pharmingen, San
Diego, California, USA) 100 µl/well (0.5 µg/
ml) was added, incubated at room temperature
for 45 minutes, washed, and avidin peroxidase
diluted at 1:400 (100 µl/well) was then added
and incubated at room temperature for a
further 30 minutes. After final washing 100 µl/
well of 3,3',5,5'-tetra-methyl benzidine sub-
strate (KPL Laboratories, Gaithersburg,
Maryland, USA) was added and reaction
stopped by addition of 100 µl/well of 2 M
H2SO4. Colour was read at 450 nm (back-
ground 650 nm).

All standards and samples were performed in
duplicate. Optimal concentrations of coating
superantigen and detection antibody were
determined by set up checkerboard experi-
ments. Pooled adult sera (n = 20), aliquoted
and stored at −70°C, was used to construct a
standard curve using doubling dilutions from
1:250. Arbitrary units of antibody were defined
as pool 1:1000 = 100 laboratory units (LU).
Concentrations of the samples (1:1000) were
then calculated from the standard curve.

Interassay variability was 9%, 5.6%, and
9.6% for TSST-1, SEB, and SEA assays,
respectively. An uncoated pair of wells was
included in all plates to assess non-specific
binding. Lower limit of detection for each assay
was calculated using Biomek software, and
final lower limit of detection for TSST-1, SEB,
and SEA assays was calculated by mean (2 SD)
of lower limit of detection. These were 2.4 LU,
8.7 LU, and 2.1 LU for SEB, TSST-1, and
SEA, respectively.

STATISTICS

Comparison of atopic and non-atopic age anti-
body concentrations were performed using

Mann-Whitney non-parametric U test. Com-
parisons of detectable antibody production
were performed using ÷2 test.

Results
CONTROL NON-ATOPIC CHILDREN

A significant proportion of control children
had detectable antibodies to one or more of
SEA, SEB, and TSST-1. The presence of these
antibodies increased with age. Detectable anti-
bodies to SEB were found in 42%, 57%, 78%,
and 100% of subjects in the age groups 6–24
months, 2–7 years, 8–16 years, and more than
16 years, respectively (fig 1). Detectable
antibodies to SEA rose from 78–95% (fig 2)
and to TSST-1 rose from 69–100% (fig 3) over
this age range. In subjects less than 16 years old
antibodies to SEA and TSST-1 were more fre-
quent than antibodies to SEB (p < 0.005,
p < 0.005, respectively). Young children (6–24
months) were capable of significant antibody
production, with titres up to 10-fold higher
than adult pool in some cases. There was a
trend for higher SEB antibody concentration
(geometric mean) with increasing age. For all
three superantigens the geometric mean of
antibody was highest in those over 16 years.

There was no relation between TSST-1, SEB,
and SEA IgG concentrations for each
individual—that is, those children who made

Figure 1 IgG SEB (laboratory units (LU)) from subjects
with atopic dermatitis and non-atopic controls. Mean bar
represents geometric mean. Numbers in parentheses are
number of subjects below lower limit of detection.

Figure 2 IgG SEA (laboratory units (LU)) from subjects
with atopic dermatitis and non-atopic controls. Mean bar
represents geometric mean. Numbers in parentheses are
number of subjects below lower limit of detection.
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significant quantities of antibody to one super-
antigen did not tend to make more antibody to
the other superantigens. The children with no
antibody to all three superantigens were equally
distributed in terms of age (data not shown).

CHILDREN WITH ATOPIC DERMATITIS

The proportion of children with moderate and
severe atopic dermatitis producing antibodies to
SAG was equal to or greater than that of
controls. The proportion of children with atopic
dermatitis and control children with detectable
antibodies was similar for SEA and TSST-1 in
all age groups. Infants (6–24 months) and
children under 7 years with atopic dermatitis
had a higher proportion of SEB antibody than
controls (p = 0.03) (table 1), with 67% of atopic
infants (6–24 months) and 79% of atopic
children (2–7 years), but only 42% (6–24
months) and 57% (2–7 years) of control
children having detectable IgG to SEB. Further-
more, atopic children had higher concentrations
of SEB IgG than control children both in the
6–24 month group (p = 0.014), and the 2–7
year group (p = 0.036) (fig 1). There was no
significant diVerence in the concentrations of
SEA IgG or TSST-1 IgG between atopic and
control children of any age. There was no corre-
lation between serum IgE and concentration of
SEA, SEB, or TSST-1 IgG in atopic subjects.
There were no obvious clinical distinctions in
the severity of the atopic dermatitis in those
children who did not produce antibodies to any
of the superantigens. Two of these children had
mild to moderate atopic dermatitis, two had
moderate atopic dermatitis, and one had severe
atopic dermatitis.

Discussion
Our findings demonstrate that young infants
are capable of producing antibody to SAG and
indicate that exposure to SAG occurs fre-
quently in the first years of life. As superanti-
gens are proteins, this finding is consistent with
previous reports that vigorous responses to
other proteins are well established in the first
year of life.20 It is not yet clear whether all
infants have the capacity to make antibodies
upon superantigen exposure. The finding that
children with undetectable IgG to all three
superantigens were equally distributed in age
suggests that certain individuals may be
hyporesponsive to SAG proteins in a non-age
dependent manner.

The prevalence of specific antibodies to SAG
in normal adults has been reported to range
from 30–90%.21–24 There are several studies
reporting the prevalence of SAG antibodies in
normal children.25 In a survey of 168 children
from Utah, 94% of TSST-1 producing S aureus
carriers and 33% of non-carriers were found to
have TSST-1 antibody; other superantigen
antibodies were not measured, however. In
another study, 33% of Scandinavian subjects
less than 10 years old but 88% over 10 years
had detectable antibody to TSST-1.18 In a small
cohort of 22 control children from a study of
Kawasaki disease,26 the proportion of antibod-
ies detected to TSST-1, SEA, and SEB was
45%, 27%, and 27%, respectively. These
proportions are significantly less than we
observed to SEB, SEA, and TSST-1 in children
of similar ages. This may be caused by the
increased sensitivity of our assay, as an amplifi-
cation step using avidin peroxidase was in-
cluded in our assay but not the previous study,
and avidin peroxidase has been reported to
enhance the sensitivity of sandwich ELISAs.27

As the controls in this study were undergoing
laboratory investigations, it is also possible that
they do not represent completely healthy
children, although all the investigations re-
quested were negative. Although this is a limi-
tation of the study, it would be diYcult to
obtain this number of samples from completely
healthy non-atopic children. Furthermore, the
levels of antibody in these controls would likely
have been equivalent or higher than those of
“healthy controls”, and thus the comparison of
“healthy controls” with atopic children is likely
to have given similar results to the present con-
trols.

The prevalence of colonisation of normal
subjects with various SAG producing strains
within our study community are not known,
although their prevalence has been examined
elsewhere. Jacobson et al examined nasal
carriage of superantigen producing S aureus
and simultaneous prevalence of detectable IgG
to TSST-1 in 168 children in the USA.25 They
observed TSST-1 to be the most prevalent
SAG identified, being present in 29% of S
aureus strains with a carriage rate of 9.5%.
SEA, B, C, and D were identified in only 6.5,
3.0, 1.2, and 1.2% of S aureus isolates, respec-
tively. A lower carriage rate of 5% of superanti-
gen producing S aureus was observed by
Hoeger et al in a group of normal children from

Figure 3 IgG TSST-1 (laboratory units (LU)) from
subjects with atopic dermatitis and non-atopic controls.
Mean bar represents geometric mean. Numbers in
parentheses are number of subjects below lower limit of
detection.

Table 1 Percentage of detectable antibodies to SEB, SEA, and TSST-1 in subjects with
atopic dermatitis (atopic) and non-atopic controls

Age

SEB SEA TSST-1

Control Atopic Control Atopic Control Atopic

6–24 months 42 67 78 70 69 70
2–7 years 57 79 86 83 75 83
8–16 years 78 76 93 82 93 82
> 16 years 100 – 95 – 100 –
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Hamburg.7 Presumably constant carriage is not
required for antibody production as these car-
riage rates are significantly less than the
reported prevalence of antibodies to SAG.
That exposure to these superantigens is
ubiquitous at some time in childhood is
suggested by our findings of very high rates
(95–100%) of antibody positivity in control
subjects over 16 years of age.

There have been no previous studies of IgG
antibodies to SAG in atopic dermatitis. We
have shown that children with moderate and
severe atopic dermatitis produce antibodies to
SAG as eVectively as non-atopic children, and
conclude that their susceptibility to colonisa-
tion with superantigen producing S aureus is
unlikely to result from an inability to produce
antibody against superantigens. Infants and
young children with atopic dermatitis had
higher titres and a greater prevalence of
antibody to superantigen SEB. This could be
caused by either immune deviation of the
atopic subjects to a Th2 type antibody produc-
ing response or to increased exposure to SEB.
As the proportion and titres of antibody to
TSST-1 and SEA were not significantly
increased compared with controls, which
might be suspected if there were a general
deviation of the immune response to a Th2
type, we suggest this increased antibody
response is caused by higher levels of exposure
because of increased colonisation. This
suggests that colonisation with SEB producing
pathogens may be more frequent than SEA or
TSST-1 producing pathogens in our atopic
subjects. The finding of high levels of anti-SEB
antibody in atopic children under 7 years also
suggests that early colonisation is occurring in
the atopic children.

Rosten et al postulated that specific antibod-
ies are important for combatting superantigen
mediated disease on the basis of their findings
of significantly lower TSST-1 IgG in acute
serum from adults with toxic shock syndrome
compared with controls.9 Our findings do not
suggest that atopic dermatitis is prevented or
lessened by increased antibody levels against
SAG. Furthermore, the severity of the atopy as
measured by serum IgE did not negatively cor-
relate with concentrations of IgG SEA, SEB, or
TSST-1. We found that infants and younger
children with atopic dermatitis had a greater
proportion and higher concentrations of SEB
IgG than did the non-atopic controls. If the
acquisition of antibodies directed against
superantigens lessened or prevented the devel-
opment of atopic dermatitis, we would have
expected titres to have been higher in control
children. We have also found that pooled
human immunoglobulin at physiological con-
centrations, which contains antibody against
superantigens, did not inhibit the in vitro
release of inflammatory mediators such as
TNFá and IFNã from lymphocytes stimulated
with SEB (Campbell and Kemp, unpublished
data). Thus both in vitro and the present in
vivo findings do not suggest that antibody
against SAG diminishes inflammation in atopic
dermatitis.

We postulate that the diminished cell medi-
ated immunity to S aureus and SEB previously
observed in children with atopic dermatitis14

results in an inability to eradicate S aureus from
the skin of atopic subjects, and that the
increased titres of anti-SEB antibody we
observed are caused by increased superantigen
exposure. As colonisation with S aureus in
atopic dermatitis is largely confined to cutane-
ous sites, it is possible that cell mediated rather
than antibody responses are important for S
aureus eradication in this situation. We postu-
late that SAG do play a role in the inflamma-
tion of atopic dermatitis. Decreased produc-
tion of INFã in response to S aureus and SAG
in atopic dermatitis could reduce eradication of
superantigen producing strains of S aureus.
Persistence of SAG on the skin would therefore
contribute to T cell activation, production of
proinflammatory cytokines and thus to cutane-
ous inflammation. We have not found evidence
to suggest that an inability to make IgG
antibody to SAG is a factor in the development
or ongoing inflammatory response of atopic
dermatitis.
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Commentary
Children are never alone: colonised by vast
numbers of prokaryotes in the gut, upper
airways, and skin, they grow and develop in a
sea of microbial activity. Most commensal
organisms are not pathogenic, but a number
can cause serious illness. Staphylococcus aureus
or coagulase positive staphylococcus is one of
our oldest commensals. Most newborns have
the organism around their healing umbilical
stump. This proportion falls to some 30% in
older children with nasal or fingernail carriage.
Colonisation increases following skin trauma,
burns or the use of occlusive dressings close to
the skin. At some time or another we will all
have an invasive infection with staphylococci,
usually minor, perhaps with the characteristic
hallmark of a localised abscess.1

Staphylococci also give rise to toxin mediated
diseases including food poisoning, toxic shock
syndrome, and scalded skin syndrome. Within a
genome of some 3000 kB, staphylococci may
harbour a potential armamentarium of over 10
toxins. Many staphylococcal toxin mediated dis-
orders are mediated by molecules that are
particularly eVective T lymphocyte activating
agents or superantigens. Nanomolar quantities
of these can cause T cell proliferation.

The clinical significance of these molecules,
powerfully demonstrated in the test tube or
animal model, has been diYcult to assess.2

Although devastating at one end of a spectrum
with fatal cases of toxic shock syndrome, at the
other end most staphylococcal food poisoning
probably never presents to medical staV.

General paediatricians encounter staphylo-
coccal superantigens daily in atopic dermatitis.
Superantigens are excellent candidates for pro-
moting the inflammatory T cell infiltrates typi-
cal of moderate or severe atopic dermatitis.
These molecules produce atopic dermatitis-

like lesions if applied to normal skin and in
patients recovering from toxic shock
syndrome.3 4 Removal of staphylococci and
their toxins improves most atopic dermatitis.
Surely, therefore, antibodies to the superanti-
gens are protective in this regard? In this useful
paper Campbell and Kemp observed that all
children were exposed at some point to staphy-
lococcal superantigens (as one might expect
with the large environmental reservoir and
ubiquity of these organisms). By 16 years of age
all their cases had antibodies; however, these
did not appear to protect them against atopic
dermatitis, or against staphylococcal colonisa-
tion. This resembles the situation in adults, in
whom the presence of antibodies to staphylo-
coccal cell wall components and toxins and
secondary responses do not protect against
invasive or toxin-mediated staphylococcal
disease.1

What are the possible links between
staphylococci and allergy?
Staphylococci frequently infect children with
very high levels of IgE, as in Job’s syndrome.
Their superantigens and protein A (a B cell
mitogen) may stimulate IgE production di-
rectly, and it is possible that their superantigens
switch oV or anergise T cells normally involved
in preventing allergic responses. Alternatively,
by activating regulatory ãä T lymphocytes in
skin, superantigens may influence local inflam-
mation, a situation observed in contact derma-
titis. It is also possible that there is an
association between susceptibility to staphylo-
coccal colonisation and allergic disease. The
observations made by Campbell and Kemp
help begin to dissect the complex relation
between staphylococcal superantigens and al-
lergic disease: they demonstrated frequent,
early antibody responses to staphylococcal
superantigens in healthy children. It seems that
staphylococci and their superantigens do not
cause allergy in most children, but they are
strongly associated with atopic dermatitis in
some.

This paper leaves us with two particularly
important questions. What determines if and
when an individual becomes persistently colo-
nised by staphylococci, if not antibodies—such
factors are central to the control of atopic der-
matitis. Second, is there a causal relation
between staphylococci and atopy in some chil-
dren, and might one of mankind’s oldest colo-
nials be responsible for one of the most
common paediatric scourges?
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