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A superantigen hypothesis for the pathogenesis
of chronic hypertrophic rhinosinusitis, allergic
fungal sinusitis, and related disorders
Mark S. Schubert, MD, PhD

Background: Chronic eosinophilic-lymphocytic respiratory mucosal inflammatory
disorders include hypertrophic sinus disease, allergic fungal sinusitis, allergic broncho-
pulmonary aspergillosis, and chronic severe asthma. They have many analogous or
shared aspects of pathology at molecular, cellular, and clinical levels of analysis.

Objective: To propose a theory, and supporting data through comprehensive
literature review, that unifies these diseases’ pathogenesis.

Methods and Data Sources: Current medical literature was used as supportive
background information. Reinterpretation of existing studies and reasoned specu-
lation were used when necessary and identified where used. English language
MEDLINE articles that referenced sinusitis, rhinosinusitis, allergic fungal sinusitis,
asthma, allergic bronchopulmonary aspergillosis, nasal polyp, superantigen, and T
cell receptor from 1983 to present were potentially used as background or support-
ive information. Additional referenced articles, published abstracts, and National
Center for Biotechnology Information Entrez protein database searches were used.
Case reports, studies, review articles, and textbooks were included.

Results: Multiple lines of evidence support the proposed hypothesis that micro-
bial T cell superantigen production, persistence, and host-responsiveness are the
fundamental components that unify the pathogenesis of all common chronic eosi-
nophilic-lymphocytic respiratory mucosal inflammatory disorders. Superantigen
amplification of preexisting immunopathology is the proposed mechanism for
disease induction and maintenance. Preexisting immunopathology is created in the
individual by a potential heterogeneity of immunopathologic signals that can in-
clude type I immediate hypersensitivity, other antigen-specific immune responses,
cytokine dysregulation, eicosanoid dysregulation, various genetic mutations, and
other molecular pathology. Although the ability to develop chronic severe inflam-
matory disease is dependent upon this immunopathology, host T cell receptor V �
genetics and persistent superantigen production/exposure at the respiratory mucosa
by relevant superantigen-producing extra- or intracellular microbes are postulated to
be required. This mechanism for disease pathogenesis may also apply to other
disorders. Approaches to prove this theory and its predictions are presented.

Conclusions: The pathogenesis of all the disorders discussed can be unified through
the superantigen hypothesis proposed. Multiple lines of evidence support this hypoth-
esis. How we view these common conditions will change, and new research into
pathogenesis and treatment will occur if this proves true.

Ann Allergy Asthma Immunol 2001;87:181–188.

INTRODUCTION
Chronic rhinosinusitis has an incidence
of approximately 15% in the United

States, affecting �30 million Ameri-
cans.1 There are approximately 200,000
surgeries for chronic rhinosinusitis per

year. Direct yearly health care costs are
approximately $2.4 billion excluding the
costs of surgery.1 Despite 13 million an-
tibiotic prescriptions written per year for
the medical treatment of chronic rhino-
sinusitis, many patients remain clinically
refractory and surgically recurrent. Yet,
it is unclear what roles microorganisms
really play in many of these patients.
Although many immunocompetent pa-
tients with chronic rhinosinusitis have an
underlying anatomical etiology for their
disease, such as osteomeatal unit ob-
struction or nasal septal deviation, a sig-
nificant proportion of these patients con-
tinue to have chronic rhinosinusitis
despite surgical and antibiotic treat-
ments. These patients have “hypertro-
phic” or “hyperplastic” sinus disease
(HSD) and exhibit recurring cycles of
sinonasal mucosal hypertrophy and hy-
perplasia. Other terms for this condition
have included “noninfectious sinusitis”
and “chronic hyperplastic sinusitis/nasal
polyposis.” Patients with HSD clinically
present with chronic rhinosinusitis and
nasal polyps. Often, they are atopic,2,3

have asthma,4 and have a history of mul-
tiple sinus surgeries.

The sinus mucosa in HSD contains a
chronic inflammatory infiltrate con-
sisting of small lymphocytes, plasma
cells, and eosinophils,5 similar to that
seen in asthmatic bronchial mucosa
(Fig 1). This is not the type of inflam-
matory reaction typically associated
with true tissue-invasive bacterial in-
fection that would include neutrophilic
infiltrates, microabscess formation,
and tissue necrosis.6,7 The inflamma-
tion present in HSD can therefore be
histopathologically termed “allergic
inflammation” or “asthmatic inflam-
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mation.” It has been postulated that
HSD represents a disorder of TH2 ac-
tivation, similar to that of asthma.5,8 In
situ sinus mucosal lymphocyte cyto-
kine analysis from allergic and nonal-
lergic patients with HSD has shown a
pattern of TH1 and TH2 activation
similar to that found in bronchoalveo-
lar lavage (BAL) lymphocytes from
allergic and nonallergic asthmatic pa-
tients, with allergic patients showing
TH2 predominance and nonallergic pa-
tients showing TH1 predominance.9,10

Patients with HSD also often have
asthma, often develop wheezing as the
sinusitis worsens, and develop in-
creased total serum immunoglobulin
(Ig)E levels and peripheral eosinophil
counts proportional to the severity of
the sinusitis as measured by radio-
graphic parameters.8,11 Further evi-
dence for the association of HSD with
asthma comes from the clinical syn-
drome called aspirin triad.12,13 This
syndrome presents a pathophysiologic
link between asthma, HSD, and aspirin
hypersensitivity. Aspirin hypersensi-
tivity is thought to involve dysregula-
tion of leukotriene biosynthesis and/or
responsiveness.14,15 Although the his-
topathologic features of all patients with
HSD are those of allergic inflammation,
the role of type I immediate hypersensi-
tivity has been questioned.16,17

Another line of evidence linking the
pathophysiology of HSD to asthma

comes from recent work on allergic
fungal sinusitis (AFS). AFS is a
chronic HSD that has an estimated in-
cidence of 5 to 10% of all chronic
sinusitis going to surgery, particularly
in endemic areas such as the southern
or southwestern United States.18–20 It is
characterized as a chronic allergic in-
flammatory reaction to the presence of
a fungus (usually dematiaceous fungi)
found in allergic mucin within the si-
nus cavities. The sinus mucosal infil-
trate of small lymphocytes, plasma
cells, and eosinophils in AFS is iden-
tical to other patients with HSD, and to
the bronchial mucosa in asthma.20 The
immunopathophysiology of AFS has been
shown to be analogous to allergic broncho-
pulmonary aspergillosis (ABPA).20,21

ABPA is a disorder characterized by an
immunologic and allergic asthmatic re-
sponse to the presence of the mold As-
pergillus fumigatus growing within bron-
chial allergic mucin. ABPA is seen in
conjunction with asthma and often pro-
duces oral corticosteroid dependency.
Analogously, patients with AFS have
HSD which is often refractory and surgi-
cally recurrent, and most have asthma.20

Both AFS and ABPA patients have ele-
vated polyclonal total serum IgE and
fungal-specific IgG levels along with
other related immunopathologic find-
ings.20 Further, the treatment for AFS
has been modeled after the treatment for

ABPA, using oral corticosteroids rather
than antifungal drugs.22,23

Despite decades of work, the patho-
genesis of many forms of asthma re-
mains unknown. The role of type I
immediate hypersensitivity, TH1/TH2
cytokine dysregulation, leukotriene
dysregulation, infectious disease, and
genetics are some of the current areas
of research focus. Similar research into
HSD has only recently begun.

Microbes in HSD and AFS
Bacterial infection is clearly impli-
cated in acute sinusitis, but its role has
been questioned in the etiology of
HSD.5,24,25 Although bacterial infection
is felt to be doubtful as a primary eti-
ology for HSD, aerobic maxillary cul-
tures grow Staphylococcus aureus
most often, followed by �-hemolytic
streptococci, Pseudomonas aerugi-
nosa, Moraxella catarrhalis, and He-
mophilus spp.26 Most HSD cultures are
also positive for anaerobes including
Peptostreptococcus spp., Prevotella
spp., Fusobacterium spp., and Propi-
onibacterium acnes.

AFS patients commonly culture S.
aureus from surgical sinus cultures in
addition to the AFS organism.20 How-
ever, S. aureus sinus mucosal infection
has not been felt to be of clinical im-
portance in AFS because the disorder
was reported refractory to antistaphy-
lococcal antibiotics and the clinical
presentation, surgical sinus histopa-
thology and immunologic findings
were not consistent with bacterial in-
fection.20 Eosinophilic-lymphocytic
mucosal inflammation, the presence of
type I immediate hypersensitivity, ele-
vated total serum IgE, and fungal-spe-
cific IgG were characteristic.20 Yet, Bi-
polaris spicifera fungal-specific IgE
levels in B. spicifera AFS were no
higher than in patients with type I im-
mediate hypersensitivity to B. spicifera
but without AFS.20 This questions the
role of fungal-specific IgE as the only
factor in the generation of the exten-
sive and recurring allergic sinus muco-
sal inflammation with associated sinus
mucosal hypertrophy and hyperplasia
that typifies AFS.

Figure 1. Sinus mucosa from a representative patient with HSD. The characteristic inflammatory
infiltrate of lymphocytes and eosinophils (cells with red cytoplasm) is seen. This patient was nonatopic.
Hematoxylin and eosin stain, �400.
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If microbes are present in surgical si-
nus cultures from many patients with
HSD, especially the etiologic fungi in
AFS, and mucosal-invasive infection
with these microbes is not apparent, then
what is the role for these microbes? Ei-
ther they are passive and not etiologic at
all, or they participate in the pathogene-
sis of HSD through other mechanisms.
This has clearly been shown with fungi
present histopathologically within the
sinus cavities in AFS, in which asso-
ciated sinus mucosal allergic inflam-
mation, extramucosal allergic mucin,
and absence of tissue invasion are all
required for diagnosis.20

Superantigens
T cell superantigens are microbial tox-
ins that bind to human leukocyte anti-
gen (HLA) class II histocompatibility
molecules on antigen-presenting cells
(APC) and T cell receptors (TCR) on T
cells simultaneously, bypassing classi-
cal antigen specificity and causing
APC-induced activation of T cells27–29

(Fig 2). However, superantigens can
also serve as classical antigens because
antisuperantigen antibodies are often
concomitantly elicited. The HLA class
II molecule binding area for superan-
tigens is on the outside of the � chain,
away from the peptide antigen-specific
binding region. The TCR binding area
for superantigens is also usually away
from the antigen-specific area of the
molecule, on the outside of the � chain
variable (“TCR V �”) region, although
Mycoplasma superantigen does bind to
the antigen-specific region of the TCR
V � chain.30 The superantigen-binding
area on the TCR V � chain is coded in
the germ line, with different individu-
als carrying specific alleles of TCR V
� genes that differ depending on inher-
itance. Common TCR V � genes that
can bind microbial superantigens in the
human include TCR V � 2, 3, 5.1, 6.7,
8, 12, 13.1, 13.2, and 17.29,31 Many
superantigens are capable of binding to
a number of different TCR V � gene
motifs which can lead to activation of
up to 30% of all T cells in a given
individual. This contrasts with antigen-
specific T cell responses which occur
at a frequency of �0.01%.32 Subse-

quent extensive superantigen-depen-
dent T cell activation can cause sys-
temic toxicity and is a mechanism of
microbe-induced disease. Some TCR
V � motifs are capable of being bound
by a variety of different microbial su-
perantigens.29,31 Common microbial
superantigens include S. aureus ente-
rotoxins which cause food poisoning
eg, staphylococcal enterotoxin B
(SEB) and toxic shock syndrome
(TSST-1). Both rabies virus and Ep-
stein-Barr virus have superantigenic
activity, and endogenous viral supe-
rantigens are common in mice.33 Many
superantigens remain undiscovered,
however, as evidenced by the recent
finding of human retroviral superanti-
gens in human breast cancer,34 type I
diabetes,35 and multiple sclerosis,36 the
recent discovery of S. aureus enterotoxin
J,37 and the very recent report of many
additional superantigens found by S. au-
reus whole-genome sequencing.38

Atopic dermatitis is a chronic in-
flammatory dermatitis found primarily
in atopic individuals that cultures
positive for enterotoxin superantigen-
producing strains of S. aureus in a
majority of patients, who also produce
anti-enterotoxin IgE.39,40 An elevated
polyclonal total serum IgE level is the
most common laboratory abnormality
found. T cells from all patients tested
were found to carry the proper TCR V
� motifs for S. aureus superantigen-
binding and to produce interleukin
(IL)-5 upon stimulation with monoclo-
nal antibodies specific for the corre-
sponding TCR V � motifs.41 Current ev-
idence suggests that these superantigens

play a role in the pathogenesis of atopic
dermatitis in many, if not most, pa-
tients.39–41 Microbial superantigens have
previously been implicated in the patho-
genesis of Kawasaki disease,42,43 psoria-
sis,44–46 and rheumatoid arthritis.47,48

Evidence Consistent with Immune
Activation by T Cell Superantigens
It has recently been shown that patients
with severe asthma have BAL T cells
that show a restricted heterogeneity of
TCR V � motifs.49 The TCR V � mo-
tifs found were those capable of bind-
ing to common microbial superanti-
gens. T cells bearing these TCR V �
motifs were not preferentially present
in BAL from patients with milder
asthma. Although strongly suggestive
of superantigen-induced recruitment of
correspondingly responsive T cells
into the lung in patients with severe
asthma, this study was not designed to
test for the presence of either microbes
or superantigens. The local persistence
of specific intracellular microbes has
already been implicated in severe
asthma, including Mycoplasma, adeno-
virus, and Chlamydia pneumoniae.50

Recent work in Balb/C mice has
confirmed that bronchial airways hy-
perresponsiveness and the typical his-
topathologic findings of asthma could
be induced by the aspiration of the well
known superantigen SEB.51 This is the
first study to show that eosinophilic-
lymphocytic asthmatic respiratory mu-
cosal inflammation together with mea-
surable airways hyperresponsiveness
can be induced by a microbial superan-
tigen. It is also known that SEB stim-

Figure 2. T cell superantigen mechanism of action. APC, antigen-presenting cells Ag, peptide
antigen-specific binding areas. Both the HLA class II molecule and TCR are heterodimers with constant
and variable regions. Microbial superantigens bind to the sides of the HLA class II molecule � 1 chain
and TCR V � chain simultaneously, bypassing antigen specificity and leading to T cell activation.33
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ulates the release of cysteinyl leukotri-
enes in vivo.52 Additionally, the S.
aureus exotoxin superantigen TSST-1
has been shown to augment antigen-
specific IgE responses from atopic pa-
tients in vitro.53

Patients with perennial allergic rhi-
nitis to house dust mite had higher
symptom scores if colonized nasally
with S. aureus.54 Further, colonization
with known enterotoxin superantigen-
producing strains was more likely in
the allergic patients as compared with
nonallergic controls. Allergic patients
colonized with enterotoxin-producing
S. aureus strains also had enhanced
peripheral blood lymphocyte produc-
tion of IL-4 and IL-5 in response to
these superantigens in vitro. Although
there were no differences in patient
allergic symptom scores between those
colonized with any of the then-known
five S. aureus enterotoxin-producing
strains analyzed compared with nonen-
terotoxin-producing S. aureus strains,
all potential S. aureus enterotoxin-pro-
ducing strains were not actually iden-
tified because new S. aureus entero-
toxins are still being discovered. A
total of 25 are now known, but recent
whole-genome sequencing of methicil-
lin-resistant S. aureus found evidence
to suggest that the total potential het-
erogeneity of these superantigenic en-
terotoxins may be as large as the ge-
netic diversity of all TCR V � and
HLA class II molecules combined.38

Alternaria, but not Aspergillus, Pen-
icillium, or Cladosporium, has recently
been reported to be a potent in vitro
peripheral blood lymphocyte stimulant
for IL-5, IL-13, and interferon-� pro-
duction from patients with HSD re-
gardless of atopic status.55 This effect
was not seen in normal controls with-
out HSD. Alternaria is a member of
the dematiaceous mold family that in-
cludes B. spicifera, the most common
AFS organism.20 Virtually all dematia-
ceous fungi are capable of causing
AFS, whereas Penicillium spp. and
Cladosporium spp. have generally not;
Aspergillus spp. AFS occurs but is
much less common.20 The fact that de-
matiaceous fungi predominate in AFS
and are also capable of stimulating T

cell cytokine production from patients
with HSD may be more than a coinci-
dence. It suggests a relationship be-
tween HSD, AFS, and dematiaceous
fungal-induced immune activation. It
is possible then, that dematiaceous
fungi such as Alternaria have potent T
cell superantigenic activity, capable of
binding common TCR V � motifs for
superantigens if present in the host.
Fungi are not usually seen from surgi-
cal sinus histopathology or surgical si-
nus cultures in non-AFS HSD unless
the patient has another form of fungal
sinusitis. Because various microbial
superantigens are capable of binding to
the same or similar TCR V � mo-
tifs,29,31,32 it is possible that putative
Alternaria superantigen activity in
vitro may be acting in this study as a
surrogate for the presence of an intra-
sinus microbial superantigen that is the
actual HSD etiologic agent, such as S.
aureus enterotoxin. This is supported
by the recent finding of anti-SEB and
dematiaceous fungal IgE in situ in
HSD nasal polyps.3 If this theory is
correct, HSD patients should carry
common TCR V � motifs capable of
binding relevant microbial superanti-
gens. Further, these motifs may be
similar for both SEB and putative de-
matiaceous fungal superantigen-bind-
ing because specific IgE to both were
virtually always seen together.3

A recent report has shown that anti-
gen-specific T cell lines established
from ABPA patients by stimulation in
vitro with the immunodominant A. fu-
migatus antigen Asp f1 carry primarily
the TCR V �13 motif.56 However, sim-
ilar T cell lines from patients with type
I immediate hypersensitivity to A. fu-
migatus who had either asthma or cys-
tic fibrosis, but did not have ABPA,
were found not to carry TCR V �13;
these non-ABPA T cell lines preferen-
tially carried TCR V �1 instead. TCR
V �13 is a common microbial TCR
superantigen-binding motif, whereas
TCR V �1 is not.29,31,32,49 One possible
conclusion is that the protection
against ABPA seen in A. fumigatus
allergic non-ABPA patients is attribut-
able to lack of A. fumigatus superanti-
gen TCR-binding capability by Asp f

1-specific T cells carrying the putative
nonsuperantigen-binding TCR V � 1.
This might prevent subsequent supe-
rantigen-induced T cell activation that,
in concert with antigen-specific Asp f
1 TCR recognition (and probably other
antigen-specific and nonspecific im-
mune events), might be required to
produce clinical ABPA. One potential
candidate for this superantigen is Asp
f 1 itself.

Another potential superantigen can-
didate is Asp f 4, an A. fumigatus al-
lergen with unknown function. It in-
duces a significant antigen-specific
IgE response in ABPA patients, but
not in other A. fumigatus-allergic pa-
tients; it has a specificity for ABPA of
100% and sensitivity of 90%.57 It is
tempting to speculate that this is a T
cell superantigen for ABPA, analogous
to S. aureus enterotoxin in atopic der-
matitis. Further studies to test this hy-
pothesis will be required.

T Cell Superantigen Theory for the
Pathogenesis of HSD, AFS, ABPA,
and Severe Asthma
It is possible that many patients with
HSD have microbial T cell superanti-
gen production within the sinus cavi-
ties, with subsequent sinus mucosal
immune activation in a genetically sus-
ceptible host underlying the pathogen-
esis of the disorder. Such superanti-
gen-induced immune activation could
play upon and amplify antigen-specific
and associated immunopathologic ef-
fects. This is testable by prospectively
looking for associations between sur-
gical sinus microbial culture results,
enterotoxin or other superantigen pro-
duction, and clinical, immunologic,
and histopathologic parameters. Likely
candidates for superantigen-induced
HSD include enterotoxin-producing
strains of S. aureus, primarily because
patients with HSD and AFS are often
culture-positive,20,25 patients with HSD
commonly have in situ anti-SEB IgE
that correlates with the presence of
both IL-5 and eotaxin,3 and S. aureus
enterotoxin production is common and
capable of producing the type of in-
flammation seen.51 However, other ex-
tracellular and intracellular bacteria,
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specific fungi (particularly dematia-
ceous), or persistent viruses including
retroviruses, alone or in combination,
may be etiologic in individual cases.
Additionally, TCR V � analysis of in
situ sinus mucosal T cells in HSD, as
has been reported in atopic dermatitis41

and asthmatic BAL,49 should show
preferential recruitment of T cells with
a restricted heterogeneity of TCR V �
motifs that are capable of binding rel-
evant microbial superantigens. Animal
models can be tested to evaluate the
ability of specific superantigens to in-
duce HSD with or without concomitant
antigen-specific immune responses.

What else could be predicted from
the superantigen theory of HSD and
related respiratory disorders? HSD and
AFS patients should carry the proper
TCR V � motifs for relevant microbial
superantigen-binding. Organisms with
superantigenic potential should be the
most common microbes cultured from
close proximity to the respiratory mu-
cosa. Dematiaceous fungi should
prove to have superantigenic potential
compared with other fungi. Dematia-
ceous fungal or A. fumigatus superan-
tigen-dependent immune activation
should be required for the production
of AFS or ABPA, respectively. A. fu-
migatus should have superantigenic
properties in ABPA patients, who
should carry the proper TCR V � mo-
tifs for A. fumigatus superantigen(s).
Alternatively, the co-presence of other
microbial superantigens, such as S. au-
reus enterotoxin or retroviral envelope
glycoprotein, might be required in some
or all of these patients. Superantigen-
induced immune activation would help
to explain why these analogous disorders
produce high polyclonal total serum IgE
levels with associated intense eosino-
philic-lymphocytic mucosal tissue in-
flammation that could be considered
disproportionate to the physical numbers
of fungi present within the allergic mu-
cin as analyzed by fungal stains on sur-
gical mucosal histopathology.20,23 This
would also be consistent with the report
that more, rather than less, mucosal re-
sective sinus surgery in AFS leads to
improved clinical responses to medical
management postoperatively.20,23,58 Such

surgery would presumably be more ef-
fective in the physical removal of muco-
sa-associated superantigen-producing
microbes. The putative role for Myco-
plasma, C. pneumoniae, or persistent vi-
ruses in the pathogenesis of chronic
asthma might also be explainable based
on superantigen activity. Mycoplasma
and human retroviruses have already
been shown to have superantigenic ac-
tivity.30,34–36 Further, it is possible that
this inflammatory mechanism is funda-
mentally important for many other
chronic diseases. This may include type I
diabetes, multiple sclerosis, and common
forms of connective tissue diseases such as
rheumatoid or reactive arthritis because
microbial superantigens have been either
implicated or isolated from the target or-
gans of these diseases.35,36,47,48

Superantigen-responsiveness might
be necessary but not sufficient for AFS
and ABPA pathogenesis because both
are correlated with the presence of an-
tigen-specific IgE and IgG responses.
They are also correlated with the pres-
ence of selective HLA class II mole-
cule phenotypes on APC.59,60 The as-
sociation of selective HLA class II
phenotypes with both AFS and ABPA
may relate to a combination of classic
HLA class II molecule peptide antigen
presentation constraints and class II
molecule superantigen-binding be-
cause some class II molecules and their
subtype alleles show preferential bind-
ing for specific superantigens.32 Taken
together, preexisting type I immediate
hypersensitivity, other antigen-specific
immune responses, TH1/TH2 cytokine

dysregulation, leukotriene dysregula-
tion, proper genetic mutations, and
other pathology may be important con-
stituents in the etiology of all the dis-
orders discussed, with various individ-
uals carrying a heterogeneity of such
factors. However, these factors may
serve as preamplification signals that
create immunopathology which be-
comes amplified through superantigen-
induced T cell stimulation in the host
to generate the intensity and chronicity
of inflammation that produces the clin-
ical disorder (Fig 3.)

Such amplification could explain the
finding of higher mean polyclonal total
serum IgE, fungal-specific IgE, fungal-
specific IgG levels, and eosinophilia in
ABPA in comparison with AFS.20

Whereas the reason(s) for these differ-
ences might include organ-specific and
other host-determined factors, differ-
ences in the properties of the putative
superantigens produced by the two un-
related families of fungi (Aspergillus
spp. vs dematiaceous fungi) may be
involved. These could include inherent
differences in superantigen-dependent
T cell stimulation capability. The re-
cent finding that increased in situ total
and allergen-specific IgE levels, IL-5,
and eotaxin all correlate with the co-
presence of anti-SEB IgE in HSD3

would be expected based on the supe-
rantigen model presented. Further, su-
perantigen responsiveness might be
applicable to the findings that respira-
tory arrest in children and young adults
with asthma correlates with Alternaria
exposure in the midwest,61 and the

Figure 3. Proposed model for the creation of chronic severe inflammatory disease by microbial
superantigens. A potential heterogeneity of immunopathologic signals create immunopathology which is
amplified through T cell stimulation by persistent superantigen(s) in the genetically susceptible host
resulting in the final clinical disorder.
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presence of Alternaria allergy in
young children from the southwest
who wheeze is prognostic for persis-
tent asthma.62

None of the chronic eosinophilic-
lymphocytic respiratory mucosal in-
flammatory disorders presented have
been shown to be responsive to anti-
microbial therapy in any meaningful
way. This is not unexpected given the
noninvasive nature of the extracellular
bacterial and fungal processes and the
persistent nature of obligate intracellu-
lar organisms such as C. pneumoniae
or retroviruses. Such microbes are cur-
rently either difficult or impossible to
eliminate. The presence of the etio-
logic extracellular microbes may be
analogous to the carrier state for nasal
S. aureus, where host epithelial cell
surface molecules facilitate microbial
binding and persistence.54 It is well
known that nasal S. aureus carriage is
generally refractory to systemic anti-
microbials; even with adequate topical
therapy it carries a 50% recurrence
rate.63 Chronic viral protein exposure
would be expected from etiologic per-
sistent viruses, allowing long-term
contact with putative viral superanti-
gens. In general, specific mucosal fac-
tors that allow microbial colonization
and persistence such as functional or
anatomic mucociliary transport ob-
struction which can be induced by an
initial inflammatory injury, together
with the proper display of epithelial
cell microbial binding proteins, may be
required of the host as an initial step in
disease development. A combination
of factors that include both local supe-
rantigen production and persistence,
together with genetically determined
host responsiveness would be neces-
sary to allow superantigen-induced eo-
sinophilic-lymphocytic inflammatory
respiratory mucosal disease to develop
in the first place.

Proof for a fundamental role for su-
perantigen activity in any of these re-
spiratory disorders would cause a par-
adigm shift in our understanding of
their biologies with attendant conse-
quences for future treatment strategies.
Identification and permanent removal
or neutralization of the offending su-

perantigen(s) might lead to significant
clinical improvement or even resolu-
tion of the disorder. For example, it
may be possible to block SEB superan-
tigen activity with a bispecific receptor
mimic specific for HLA class II and
TCR V � SEB superantigen-binding
motifs.64 Additionally, identification of
epithelial or other mucosal factors that
are fundamental to the persistence of
relevant microbes might allow the de-
velopment of treatments to counteract
these factors. Patients at high risk for
the acquisition of these disorders might
be identified early, possibly allowing
effective preventive treatment.

CONCLUSION
Multiple lines of evidence now point
toward a unifying theory for the etiol-
ogy of HSD and clinically associated
disorders. This theory predicts that the
local presence of microbial superanti-
gens as immune activators in the
proper host is essentially involved in
the development of chronic eosinophil-
ic-lymphocytic respiratory mucosal in-
flammation, particularly the rhinosi-
nusitis disorders HSD and AFS, and
severe asthma including variants such
as ABPA. Type I immediate hypersen-
sitivity and other immunopathologic
signals, when present, may be impor-
tant factors in the pathogenesis of all
these related disorders. Such factors
would lead to immunopathology that
becomes amplified into the clinical
disorder through the action of local
superantigen(s). Specific superanti-
gens have already been shown capable
of producing the type of inflammation
seen. Other than that associated with
putative superantigen-producing obli-
gate intracellular microbes such as per-
sistent viruses or intracellular bacteria,
true mucosal-invasive infection as eti-
ologic in any of these disorders seems
unlikely from a clinical and his-
topathologic viewpoint. An important
role for superantigens in atopic derma-
titis has already been proven, and cur-
rent research is consistent with super-
antigen theory in severe asthma.
Further studies will now be needed to
conclusively prove that superantigens
play an important role in all of these

related conditions. Fundamental changes
in our understanding of pathophysiology
and future treatments for these common
disorders will occur if this hypothesis
proves true.
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CME Examination
1–5, Schubert MS. 2001;87:181–188.

CME Test Questions

1. Patients with chronic hypertrophic
sinus disease can be described as
having:
a. Microabscesses on mucosal

histopathology.
b. Recurring cycles of inflamma-

tory sinonasal mucosal hyper-
trophy and hyperplasia.

c. Granulomatous mucosal
changes when allergic fungal
sinusitis predominates.

d. In situ mucosal T cell cytokine
profiles in common with many
partial immunodeficiency syn-
adromes.

e. Concomitant asthma dependent
upon microbial antigen-anti-
body complexes.

2. For biologic activity, T cell su-
perantigens require:
a. Classical antigen presentation by

HLA class II molecules on APC.
b. Proper HLA class II � 2 region

genetics.

c. Proper TCR V region hyper-
variable mutations.

d. Proper TCR V � region genetics.
e. Dysregulation of T cell cyto-

kine profiles.
3. The following have been found

when comparing chronic hypertro-
phic sinus disease and chronic se-
vere asthma, EXCEPT:
a. The concept of “allergic” and

“nonallergic” patients no
longer applies.

b. The microbes most commonly
implicated have been shown to
produce T cell superantigens.

c. The presence of associated dis-
eases characterized by fungal
hypersensitivity.

d. As the severity of hypertrophic
sinus disease increases by ra-
diographic parameters, the in-
cidence of asthma increases.

e. Similarities in in situ mucosal or
BAL T cell cytokine profiles.

4. TRUE/FALSE. The following mi-
crobes have been shown to pro-
duce T cell superantigens:

a. — Retroviruses.
b. — Epstein-Barr virus.
c. — Mycoplasma.
d. — Staphylococcus aureus.
e. — Cladosporium spp.

5. TRUE/FALSE. Comparing aller-
gic fungal sinusitis and allergic
bronchopulmonary aspergillosis:
a. — Mean total serum IgE levels

in allergic fungal sinusitis and
allergic bronchopulmonary as-
pergillosis are elevated but dis-
similar in magnitude.

b. — Aspergillus spp. are the pri-
mary etiologic fungi in both.

c. — Specific IgE to the etiologic
fungal organism seems neces-
sary but not sufficient for dis-
ease persistence.

d. — Current research indicates
HLA class II phenotypes may
play an important role in dis-
ease pathogenesis.

e. — In situ TCR V � motifs are
known to be similar.

Answers found on page 210.
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