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INTRODUCTION

Skin and nail infections caused by dermatophyte fungi such
as Trichophyton have become more common in recent years.
Indeed, in some areas of the world, Trichophyton infection is
now considered a major public health problem (36, 39, 46, 50).
Dermatophytosis occurring in later life manifests most fre-
quently as Trichophyton rubrum infection of the toenails and
plantar surfaces of the feet (athlete’s foot). Description of an
association between allergic disease and chronic dermatophy-
tosis dates back more than 70 years (120); however, only within
the last two decades has a definitive link between sensitization
to Trichophyton and asthma been established (115, 116). In this
article, evidence is presented to support an etiologic role for
Trichophyton infection in the development of asthma and other
allergic diseases. The development of immediate hypersensi-
tivity (IH) versus delayed-type hypersensitivity (DTH) to
Trichophyton allergens may be pivotal to the course and sever-
ity of skin infection and also to the development of allergic
disease. Definition of the molecular characteristics and immu-
nologic properties of newly identified Trichophyton allergens
has advanced our understanding of distinct immune responses
to this pathogen (25, 108, 122–125). The putative function of
Trichophyton allergens in fungal pathogenesis is described
based on their sequence identity to known enzymes. Features
of the T-cell repertoire associated with dichotomous immune
responses to the same allergen are described, and the rele-
vance of altered T-cell reactivity to IH and allergic disease is
discussed. The potential for vaccine development using aller-
gen-derived peptides containing DTH-associated epitopes is

also presented. Application of new techniques holds great
promise for identifying additional allergens and elucidating
their biologic and immunologic characteristics. Such studies
are fundamental to defining the determinants of protective
immunity and to the design of treatments which could confer
long-lasting resistance to infection.

DERMATOPHYTOSIS: AN INCREASING PROBLEM

Dermatophyte fungi of the genera Trichophyton, Epidermo-
phyton, and Microsporum infect human skin, hair, and nails.
These types of infections, termed “dermatophytoses,” are
widespread and increasing in prevalence on a global scale.
Infections of the feet are particularly troublesome and affect
both the skin (athlete’s foot) and nails (tinea unguium). Fur-
thermore, despite the availability of new systemic antifungal
therapies, nail infections are difficult to eradicate, with recur-
rence reported in up to 25 to 40% of cases (49). Dermato-
phytes account for the majority (90%) of cases of fungal nail
infections (onychomycosis) in the United States and Europe
(31). The overall prevalence of fungal nail infection reported
as part of the U.S. Health and Nutrition Examination Survey
(NHANES I) during the 1970s was relatively low (2.18%) (5a).
By contrast, a more recent cross-sectional survey confirmed the
presence of dermatophyte onychomycosis in 8.7% of patients
attending a dermatology clinic in Cleveland, Ohio (28). Fur-
thermore, a recent multicenter epidemiologic survey carried
out in North America reported onychomycosis in 13.8% of
participants (38). In that study, participants were patients at-
tending primary-care physician offices or persons accompany-
ing them during their visits. Thus, the relatively high preva-
lence of onychomycosis in these two studies may reflect
selection of the study population. Previous studies carried out
in Europe reported an incidence of onychomycosis ranging
from 2.7 to 8.4% (43, 53, 96, 98). However, a recent report
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suggests that the prevalence of fungal foot disease may be
much higher. The Achilles Project is a population-based two-
part survey conducted in 16 European countries, in which all
patients presenting to general practitioners and dermatologists
were invited to participate (15). Results reported in 2003
showed that 34.9% of the 70,497 patients enrolled in study I
had foot disease of fungal origin, with onychomycosis and tinea
pedis (athlete’s foot) being the most common. Thus, the inci-
dence of fungal foot disease was strikingly high. There is no
doubt that the different enrollment and diagnostic criteria for
these studies could contribute to the variability in reported
prevalence of onychomycosis. For example, questionnaire-
based studies which are dependent on self-diagnosis have re-
ported a relatively low prevalence of onychomycosis (�3%)
(96, 98). By contrast, studies which utilized clinical diagnosis
and microscopic examination or fungal culture yielded a higher
prevalence of disease (6.86 to 34.9%) (15, 38, 45, 53). Regard-
less, epidemiologic studies point to an increase in the incidence
of dermatophytosis since the 1970s.

Reasons for this increase are not clear, although it may be
due, in part, to an aging population in North America. Indeed,
an increase in infection with increasing age is well established
(28, 43, 53, 96, 98, 107). This observation is consistent with the
view that changes in the immune response which occur with
advancing age lead to disease susceptibility. In keeping with
this, fungal nail infections are more frequent in immunocom-
promised patients such as those who are human immunodefi-
ciency virus (HIV) positive and those who have diabetes (34,
38, 44, 80). Alternatively, age-related changes in peripheral
vasculature may be important in predisposing to infection (34).
In addition to the effects of aging, genetic susceptibility has
been proposed to contribute to infection. Although T. rubrum
infection has been reported to show a familial pattern of au-
tosomal dominant inheritance, more recent epidemiologic
findings challenge this view (105, 128). Other factors which
have been implicated include those associated with “modern
life-style” including the use of footwear made from synthetic
materials and exposure to dermatophytes in communal areas
with damp environments which favor fungal growth, such as
swimming pools and school gymnasiums. Despite the identifi-
cation of multiple predisposing factors, there is no consensus
of opinion regarding a single mechanism to explain the in-
creased incidence of foot disease which has occurred in recent
years.

Trichophyton species play a major role in dermatophyte in-
fections of both the feet and skin. In North America, T. rubrum
and T. mentagrophytes are the most frequent pathogens asso-
ciated with onychomycosis (111). In countries with warm cli-
mates and other geographic regions, different dermatophyte
species may be involved; however, T. rubrum remains one of
the most frequent clinical isolates. For example, in Libya,
yeasts of the genus Candida are the dominant cause of ony-
chomycosis in women, with T. violaceum, T. rubrum, T. men-
tagrophytes and Microsporum canis being responsible for the
majority of infections in men (30). Similar observations have
also been reported from Pakistan (13). An increased incidence
of dermatophyte infection in men compared with women is
well documented. For example, in Spain the prevalence of
tinea unguium and tinea pedis in men was �4%, compared
with 1.7% for women (89). In that study, T. rubrum was the

most common etiologic agent associated with both conditions.
Increased dermatophyte infection in men has also been re-
ported in a multicenter survey carried out in North America, as
well as among atopic and nonatopic subjects in Venezuela and
among diabetic subjects in Canada (33, 38, 44). Thus, a pro-
pensity for men to develop dermatophytosis appears to be a
widespread phenomenon.

Although foot infections are more common in aging adults,
pathogenic dermatophytes can be present on children’s feet.
For example, pathogenic dermatophytes were isolated from
the feet of 21% of Mexican children ages 2 to 12 years who
presented with plantar and/or interdigital scaling, maceration,
and pruritus (9). In the same study, dermatophytes were also
cultured from 7% of children with apparently healthy feet,
suggesting a high carrier rate. Nevertheless, the prevalence of
onychomycosis or tinea pedis in children compared with adults
is markedly reduced in Canada and the United States (0.16%)
(45). Instead, dermatophytosis in children usually manifests as
infections of the scalp (tinea capitis) caused by M. canis and T.
tonsurans. Similar to the increased prevalence of foot disease
reported in adults, there has been a large increase in infections
caused by T. tonsurans, with this species surpassing M. canis as
the primary etiologic agent in urban settings. Indeed, scalp
ringworm is reaching epidemic proportions in urban areas of
Europe and both North and South America, with a predomi-
nance in children of African Caribbean or African American
descent (14, 36, 39, 46, 50). Thus, exposure to Trichophyton
during early life is widespread, and this may have a profound
effect on the response to subsequent infection occurring in
later life.

CLINICAL PRESENTATION AND TRANSMISSION

Dermatophyte organisms associated with onychomycosis in-
vade the nail plate as well as the surface of the nail itself, most
frequently resulting in yellow/brown discoloration, ridging, and
thickening (hyperkeratosis). Onychomycosis has been classi-
fied into four distinct forms: distal subungual, proximal subun-
gual, white superficial, and Candida nail infections (27). Distal
subungual onychomycosis is most common, with T. rubrum
being the primary cause. This infection is characterized by
invasion of the most distal portion of the nail bed, which then
migrates proximally. Eventually the nail may separate from the
nail bed (onycholysis), allowing secondary infection by bacteria
and other molds. Proximal subungual onychomycosis is un-
common in the general population but common in AIDS pa-
tients. In this infection, the organism invades the newly formed
nail plate, causing whitish discoloration of the nail (leu-
konychia), which migrates distally. White superficial onycho-
mycosis is less common than distal subungual onychomycosis
and results from infection in the superficial layers of the nail
plate rather than in the nail bed. Candida nail infections may
be confused with other onychomycoses since they can present
in a similar manner; however, infection starts in structures
surrounding the nail before invasion of the nail plate.

Trichophyton infections of the skin of the feet (tinea pedis or
athlete’s foot) frequently accompany onychomycosis. These
conditions, along with infections of the groin (tinea cruris), are
relatively common among men. In addition, infection of the
upper body (tinea corporis gladiatorum) is an emerging prob-
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lem among adolescents, with a prevalence of 24 to 77% among
individuals in wrestling teams (2, 11, 52). This condition, which
is transmitted by skin-to-skin contact, is most commonly asso-
ciated with T. tonsurans in the United States (72). Interestingly,
infections of the scalp (tinea capitis) are also caused primarily
by T. tonsurans, and it is thought that asymptomatic scalp
infections may be a reservoir for transmission. The features of
skin lesions vary depending on the causative agent and the site
affected. For example, infections of the feet tend to be chronic
and can be scaling, vesicular, or ulcerative in form. Such in-
fections may result in hyperkeratosis of the plantar surface of
the feet. Scaling can occur with or without erythema and may
be restricted to the lateral aspect of the sole, the instep, or the
interdigital area. Tinea corporis typically presents as well-de-
fined erythematous, scaling plaques on the arms, legs, and
trunk, and lesions often assume a circular “ringworm” shape.
However, the distribution of tinea corporis gladiatorum is dif-
ferent, affecting the head, neck, and upper extremities but
rarely the legs (3). Scalp infections may result in kerion for-
mation, characterized by a raised, tender mass of inflamed
tissue. The type of infecting agent may also contribute to the
clinical picture. For example, zoophilic species of dermato-
phytes, which are found predominantly in animals (e.g., T.
mentagrophytes var. mentagrophytes and var. erinacei, T. verru-
cosum, and M. canis), often cause highly inflamed lesions in
humans. In contrast, the anthropophilic species which typically

colonize humans (e.g., T. rubrum, T. mentagrophytes var. inter-
digitale, and T. tonsurans) tend to be associated with more
chronic infections which are less inflammatory in nature. A
feature that all dermatophyte fungi have in common is their
ability to utilize keratin as a nutrient source. These fungi there-
fore differ from most other pathogenic fungi since they are not
opportunists and frequently infect healthy individuals. Consid-
ering the high prevalence of dermatophytosis in the general
population, dermatophyte fungi appear to occupy a niche
which is optimal to their survival and growth in the host-
pathogen relationship.

IMMUNE RESPONSE TO DERMATOPHYTE FUNGI

Immediate and Delayed-Type Hypersensitivity
Reactions to Trichophyton

Antigens derived from Trichophyton exhibit unusual immu-
nologic properties based on their ability to induce distinct skin
test reactions in different individuals (Fig. 1). IH skin tests to
Trichophyton extract are frequently observed in subjects with
chronic dermatophytosis. These immunoglobulin E (IgE) an-
tibody (Ab)-mediated reactions are characterized by a local
wheal and flare occurring 5 to 20 min after injection of antigen
into the skin. In this process, binding of antigen to IgE Ab on
the surface of mast cells results in cross-linking of IgE Ab,

FIG. 1. Trichophyton infection results in the development of distinct immune responses. IH responses are characterized by a wheal-and-flare
skin test and the presence of high-titer IgE and IgG4 Ab to Trichophyton extract and purified allergens in serum. IH responses are frequently
observed in subjects presenting with chronic infection. A minority of subjects with chronic dermatophytosis who are sensitized to Trichophyton
exhibit features of Trichophyton asthma. A dual response is characterized by a wheal and flare which precedes a DTH response. IgE Ab may be
a component of this response. Delayed reactions occurring in the absence of IH are typically maximal at 24 to 48 h after intradermal injection of
Trichophyton antigens. IgE antibodies are not a feature of DTH to Trichophyton, and there are no reports of associated systemic disease. DTH is
associated with specific recognition of major T-cell epitopes derived from the T. rubrum allergen, Tri r 2 (124). A role for diminished T-cell
responsiveness to DTH-associated major epitopes has been proposed to contribute to IH and chronic infection.
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which, in turn, triggers the degranulation of mast cells and
release of histamine and other proinflammatory mediators. IH
skin tests to Trichophyton are associated with the presence of
serum IgE Ab and IgG Ab to Trichophyton antigens (25, 123).
Furthermore, IgG4 Ab are a major component of the IgG Ab
response (123). Thus, IH reactions to dermatophytes bear the
hallmarks of a Th2 response. In this type of response, inter-
leukin-4 (IL-4) produced by CD4� T cells (Th2 cells) induces
antibody isotype switching to IgG4 and IgE (Fig. 1).

By contrast, DTH is a form of cell-mediated immunity in
which the ultimate effector cell is the activated macrophage. In
the classical DTH reaction, activation of macrophages is me-
diated by gamma interferon-(IFN-�)-producing (Th1) CD4� T
lymphocytes. These T cells recognize and respond to foreign
antigen presented in the form of peptide (T-cell epitopes)
complexed with class II major histocompatibility complex mol-
ecules expressed on the surface of antigen-presenting cells
(APCs). This cell-mediated response is characterized by indu-
ration at the injection site, which is maximal at 48 h. DTH to
Trichophyton extract is associated with lower titers of IgG Ab
to Trichophyton antigens and no IgE or IgG4 (Fig. 1) (25, 123).
A subset of patients also mount “dual” skin test responses in
which a DTH response follows the IH reaction. Whether this
represents a transitional stage in DTH-to-IH conversion (or
vice versa) is not known. Given that most IH responses occur
in the absence of DTH, it has been proposed that the devel-
opment of IH suppresses DTH responses. However, IgE Ab to
Trichophyton antigens are measurable in some subjects with a
dual response (Fig. 1) (123). Immediate or delayed skin re-
sponses to Trichophyton or antigenic extracts of dermatophytes
(trichophytin) are relatively common in the general popula-
tion. For example, Wood and Cruickshank reported that 30%
of uninfected control patients had positive DTH skin tests
while 23% had IH skin tests to trichophytin (121). Trichophy-
tin is frequently used to evaluate cell-mediated immunity as
part of an anergy panel; however, DTH responses may be
absent in healthy individuals, presumably because of a lack of
prior infection. There is considerable evidence that DTH is
instrumental in the eradication of infection. This comes from
(i) the development of DTH in parallel with inflammatory
responses in primary infections, (ii) the association between
acute highly inflamed lesions and DTH, and (iii) failure to
develop infection after experimental inoculation when DTH is
present (47, 63–65, 76, 94). Significantly higher titers of specific
IgG Ab to purified Trichophyton antigens have been observed
among subjects with IH responses compared with individuals
with DTH or negative skin tests. Furthermore, both the prev-
alence and titer of IgG Ab increased significantly with age
(123). Given that IH skin tests are often associated with
chronic infection, this suggests that the humoral response to
Trichophyton is less protective. Although immune mechanisms
involved in the natural resolution of infection have yet to be
resolved, recent findings suggest that T cells with a defined
specificity for fungal antigens are critical to DTH (122, 124).

Immediate Hypersensitivity: a Marker of Immune Status?

In contrast to DTH, IH is frequently associated with chronic
noninflammatory dermatophytosis. Indeed, DTH is often ab-
sent despite persistent and widespread infection in some indi-

viduals. Recently, it has been shown that treatment of chronic
dermatophytosis with the systemic antifungal terbinafine can
restore DTH responsiveness to intradermal trichophytin anti-
gen (29). In keeping with this, it has been proposed that pro-
tracted antigen exposure can induce immunologic unrespon-
siveness, or anergy, by activating suppressor T cells which then
downregulate cell-mediated responses (20). However, several
studies have failed to demonstrate diminished T-cell prolifer-
ative responses to dermatophyte antigens in patients with IH
(51, 66, 74, 124). Alternatively, properties of the fungus itself
may prevent the development of cell-mediated responses. For
example, mannans derived from T. rubrum have been proposed
to inhibit DTH by interfering with antigen-processing path-
ways required for T-cell activation (20). However, whether
chronic infection results from a lack of DTH or from the
presence of an IH response is not known. Thus, a major ques-
tion is whether IH is a prerequisite for the development of
persistent infection and, if so, whether it reflects a more broad-
based immune dysregulation. Host factors, such as integrity of
the skin barrier, play a central role in determining the outcome
of dermatophyte infection. For example, chronic dermatophyt-
osis has been reported in association with lamellar ichthyosis,
an epidermal barrier defect characterized by thick hyperkera-
totic erythematous scaling of the skin (77). The immune status
of the host is also relevant. Indeed, it is well recognized that
patients with HIV infection or those receiving immunosup-
pressive therapy are predisposed to develop chronic dermato-
phytosis and, very rarely, invasive disease (32, 34, 44, 80, 84).
This observation is consistent with impairment of cell-medi-
ated immunity associated with these conditions. Changes in the
balance between Th1 and Th2 responses have been implicated
in the progression of several diseases associated with dermato-
phytosis, notably HIV infection and diabetes. It is tempting to
speculate that Th2 skewing contributes to chronic infection.
Indeed, this would be consistent with the view that Th2 polar-
ization contributes to disease progression in HIV-infected sub-
jects (19). However, this does not explain the seemingly para-
doxical association between chronic dermatophytosis and
diabetes, since the onset of type 1 diabetes is thought to rep-
resent a functional shift from Th2- to Th1-type immunity
(106). Defining the relationship between diabetes and der-
matophytosis is complex, since diabetic complications, includ-
ing peripheral vascular disease, could contribute to persistent
infection. Furthermore, a recent study reported neither in-
creased prevalence of dermatophytosis among diabetic sub-
jects nor an association with complications of diabetes (97). In
a case study report, chronic T. rubrum infection associated with
IH and a markedly elevated total IgE level in serum was pro-
posed to contribute to the development of severe measles
infection by favoring the development of Th2 responses (100).
The implication is that a broad-based immune dysregulation
could predispose to the progression of distinct disease entities
(i.e., of fungal and viral origin). It is tempting to speculate that
the increased incidence of onychomycosis in the elderly reflects
changes in the immune response; however, analysis of T-cell
responses to fungal allergens failed to identify an antigen-
specific defect in the T-cell repertoire associated with ad-
vanced age (124). The reported association between atopy (i.e.,
sensitization to allergens) and chronic dermatophytosis has led
to the speculation that Th2 responses contribute to persistent
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infections. However, this relationship, which is discussed in
detail below, is highly complex.

ALLERGY AND DERMATOPHYTOSIS

Background: Historical Perspective

Sensitization to allergens, characterized by the development
of IH skin tests and circulating allergen-specific IgE Ab, is a
major risk factor for the development of asthma. As early as
1949, a high incidence of allergic history in patients with
chronic dermatophytosis was reported (48, 61, 63). Although
elevated total IgE levels in the serum of patients with chronic
dermatophytosis have been reported (7), normal IgE levels
have also been observed among individuals with athlete’s foot,
irrespective of atopic history (87). In 2000, Escalante et al.
examined the incidence of dermatophytosis among atopic and
nonatopic subjects. Atopy was defined as a positive skin test to
mite or cockroach along with a personal or family history of
allergic disease. In addition, infection with Trichophyton was
confirmed by culture. The results showed no link between
dermatophytosis and atopic status, despite an increased prev-
alence of IH skin tests to Trichophyton in patients with active
infection (33). In addition, although significantly increased lev-
els of total IgE in serum were present in atopic compared with
nonatopic subjects, the total IgE levels were comparable
among nonatopic subjects with and without mycosis. A subse-
quent study confirmed the association of IH with Trichophyton
infection, irrespective of the allergic status of the host (83).
Taken together, these findings suggest that dermatophytosis is
not associated with atopy per se and that infection does not
contribute to elevated total IgE levels. Furthermore, infection,
as opposed to atopic status, appears to be the primary deter-
minant of Trichophyton sensitivity.

A recent survey of fungal sensitivity among 3,248 allergic
subjects with respiratory symptoms (rhinitis or asthma) showed
a 19.1% prevalence of skin prick test reactivity to one of the
seven selected fungal genera (Alternaria, Aspergillus, Candida,
Cladosporium, Penicillium, Saccharomyces, and Trichophyton)
(78). The majority of mold-sensitive subjects exhibited mono-
sensitization, with Alternaria, Candida, or Trichophyton ac-
counting for most cases. Furthermore, 10.2% of subjects who
were skin prick test positive to at least one fungus exhibited IH
to Trichophyton. There is considerable evidence that, within a
minority of allergic subjects, IH to Trichophyton is relevant to
the pathogenesis of their allergic disease rather than being a
nonspecific corollary of the allergic state. It has been recog-
nized for over a century that inhalation of fungi can induce
asthma. A role for dermatophytes in asthma was first described
in 1930 (120). In that study, a patient presenting with asthma
and severe tinea infections showed improvement in asthma
after treatment of the fungal infection (Table 1). Over 30 years
later, an association between chronic tinea pedis and chronic
urticaria was described (117); this was later substantiated by
Platts-Mills et al. (91). In 1980, Jones described the association
of allergic rhinitis or asthma with chronic tinea infections,
increased total IgE, and Trichophyton-specific IgE levels, and
IH as the “atopic-chronic dermatophytosis syndrome” (62). In
light of studies which refute the relationship between atopy
and chronic infection, this term may be a misnomer. However,
more recent studies corroborate Jones’ theory that exposure to

fungal antigens could induce allergic inflammatory responses
in the respiratory tract. Several reports have provided evidence
of a role for dermatophyte sensitivity in both asthma and
allergic rhinitis (42, 58, 68, 90, 92, 104, 115, 116) (Table 1). In
a placebo-controlled challenge study, Ward et al. showed that
eight patients with perennial asthma and chronic tinea infec-
tion developed bronchial hyperreactivity after nasal challenge
with a T. tonsurans extract (115). That study provided the
strongest evidence yet of a causal role for dermatophyte anti-
gens in asthma. In support of this, subsequent studies de-
scribed the improvement of asthma or allergic rhinitis symp-
toms after oral antifungal therapy (58, 68, 116). Dermatophyte
antigens have also been implicated in the pathogenesis of ur-
ticaria based on abatement of symptoms after treatment of
tinea pedis (117).

Rajka and Barlinn reported a high incidence (�40%) of IH
skin tests to trichophytin in patients with atopic dermatitis
(AD) irrespective of infection (93). In that study, trichophytin
sensitivity correlated with skin test reactivity to other molds,
and it was suggested that this reflected cross-reactivity with
other antigens of fungal origin. Indeed, in a recent study of 65
patients with AD, serum IgE ab directed against both inhaled
(Alternaria alternata and Aspergillus fumigatus) and colonizing
fungi including T. rubrum were present in �50% of subjects
(102). Although cross-reactivity has not been excluded as a
factor, studies on the effects of antifungal therapy suggest that
Trichophyton infection contributes to the pathogenesis of AD,
at least in a subset of patients. In 1993, Wilson et al. reported
improvement of eczema in an atopic patient with tinea un-
guium, IH skin tests, and serum IgE Ab to Trichophyton after
systemic antifungal therapy (119). In a later report, a patient
with AD presented with a history of multiple flares and con-
current acute tinea pedis and onychomycosis. In this patient,
systemic antifungal therapy was associated with resolution of
infection and improvement in skin condition (71) (Table 1).
Similar observations were reported by Kolmer et al. for 5 AD
patients who received itraconazole in combination with anti-
bacterial therapy (73). However, not all patients in this study
were specifically sensitized to Trichophyton. AD is a complex
disease which is frequently associated with high titers of IgE
Ab to common inhalant allergens, such as dust mite and cat
allergens, as well as colonization with a variety of yeasts, most
notably Malassezia furfur and C. albicans. Recent studies of AD
patients who were cat sensitized identified altered T-cell re-
sponses to putative regulatory epitopes of cat allergen (17, 95).
Thus, it could be argued that sensitization to Trichophyton in
patients with AD reflects a more broad-based immune dys-
regulation, resulting in sensitization to multiple allergens.
Clearly, further studies of AD patients with well-defined pat-
terns of allergen sensitization are warranted.

Trichophyton: an Intrinsic Allergen

Allergens are low-molecular-weight proteins or glycopro-
teins which induce IgE antibodies in humans. The ability of
Trichophyton components to bind IgE Ab has been demon-
strated using a variety of techniques including both solid-phase
(radioallergosorbent test [RAST], enzyme-linked immunosor-
bent assay, and Western blot analysis) and fluid-phase (radio-
immunoprecipitation) assays (55, 85, 91, 123). As mentioned
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above, a significant proportion of individuals who are sensi-
tized to Trichophyton show no evidence of sensitization to
other allergens, including fungi, as judged by skin prick testing
(78). Monosensitivity to Trichophyton can be a feature of
asthma presenting in adult life. This type of asthma can be
severe (i.e., steroid-dependent) and is often said to be “intrin-
sic” since it may not be associated with a personal or familial
history of allergy to inhalant allergens. Monosensitization to
Trichophyton is an important observation since it argues
against a role for fungal cross-reactivity in these patients. In-
trinsic asthma is thought to arise from colonization of skin or
mucosal surfaces by fungal pathogens (Aspergillus or Candida
spp.). However, attempts to culture Trichophyton from the
nasal passages have yielded negative results (115). Absorption
of dermatophyte antigens through the skin, possibly via epi-
dermal barrier defects, is the most likely route of exposure.
However, there is some evidence that inhalational exposure
can also occur. Podiatrists may be exposed to large quantities
of aerosolized nail dust from burring toenails which are in-
fected with dermatophyte fungi. A high prevalence of elevated
IgE Ab levels (31% of subjects) and sensitization to Tricho-
phyton (16.5%) have been reported among podiatrists, al-
though the relationship to allergic symptoms is unclear (1, 5, 37).

Ward et al. previously reported 11 patients with severe or
moderately severe asthma, all of whom had IH skin tests,
serum IgE Ab, and bronchial reactivity to Trichophyton extract
(116) (Table 1). Specific IgE and IgG4 Ab to Trichophyton
allergens were also present in serum samples obtained from
the majority of these patients (Fig. 1) (123, 125). After 5
months of treatment with the systemic antifungal fluconazole,
bronchial reactivity to Trichophyton was significantly de-
creased, as was the requirement for oral steroids. Furthermore,
improvement of lung function was maintained for up to 36
months after the start of treatment. It has been argued that the
beneficial effects of antifungal treatment could be attributed to
other pharmacologic effects that are common to some mem-
bers of the azole group of drugs, including inhibition of throm-
boxane synthetase and an inhibitory effect on steroid metabo-
lism. However, no effect on thromboxane synthetase and only
weak steroid-inhibitory properties have been reported for flu-
conazole (10, 21, 23, 127).

Interestingly, many patients who fit the criteria for intrinsic
asthma associated with Trichophyton infection exhibit the triad
of aspirin sensitivity, nasal polyps, and severe asthma (99).
Indeed, in the study carried out by Ward et al., 8 of 11 patients
showed evidence of extensive sinus disease as judged by CT
scan and 7 of these patients had nasal polyposis (Fig. 1) (116).
Furthermore, nasal challenge with Trichophyton extract elic-
ited a marked drop in nasal peak flow, suggesting that Tricho-
phyton sensitivity could also be an etiologic factor for disease
processes within the nasal passage. “Aspirin sensitivity” is a
broad term used to describe a continuous inflammatory disease
of the airways which is accompanied by exacerbations of
asthma and rhinitis after ingestion of aspirin. Although mech-
anisms for this condition remain largely unknown, consider-
able advances have been made in elucidating the mediators
involved. Aspirin exerts its effects by inhibiting cyclooxygen-
ase-1 (COX-1), an enzyme controlling the synthesis of prosta-
glandin E2. In aspirin sensitivity, inhibition of prostaglandin E2

releases the negative regulatory effects of this mediator on the

leukotriene synthesis pathway, leading to unrestrained leuko-
triene synthesis and subsequent secretion of inflammatory me-
diators from mast cells and eosinophils. Such events may occur
locally, resulting in chronic inflammation of the upper airways
(rhinosinusitis and nasal polyps) and lower airways (asthma).
Given that the pathogenesis of aspirin sensitivity is not depen-
dent on IgE Ab per se, the relationship between Trichophyton
sensitivity and aspirin sensitivity is an enigma. It has been
proposed that the respiratory tract is primed for a reaction to
aspirin by a variety of triggers which stimulate the migration of
inflammatory cells into the mucosa and activation at this site
(112). Systemic absorption of dermatophyte antigens through
epidermal barrier defects, followed by uptake of antigen by
epidermal Langerhans cells and subsequent activation of T
cells within regional lymph nodes, could ultimately contribute
to inflammatory processes at distal sites (e.g., the upper air-
ways). This may occur via migration of activated T cells or by
direct recruitment of antigen-bearing APCs to the upper re-
spiratory tract. Inflammatory responses within the upper air-
ways may then play a key role in triggering reactions in the
lower airways. In keeping with this, anecdotal reports of
Trichophyton infection preceding the onset of rhinosinusitis are
not uncommon (T. A. E. Platts-Mills, personal communica-
tion).

Although clinical studies have yielded compelling evidence
of a role for Trichophyton in the development of allergic dis-
ease, it was not until the 1990s that purified allergens became
available. Standard immunochemical techniques and molecu-
lar cloning methods resulted in the rapid identification of an-
tigens with potent allergenic properties. This opened the door
to studies aimed at defining T-cell responses which govern IH
and DTH, as well as identification of putative targets for new
therapies.

Trichophyton Allergens: a Role for Enzymatic Function?

In 1990, the first Trichophyton allergen was isolated from an
extract of dried T. tonsurans mycelia (25). In that study, an
ammonium sulfate-precipitated protein fraction of T. ton-
surans extract was subjected to size exclusion chromatography.
High IgE binding capacity measured by RAST was detected in
an eluted fraction containing low-molecular-mass proteins (12
to 50 kDa). Further purification of this fraction using hydro-
phobic interaction chromatography yielded a 30-kDa protein.
IgE Ab to this T. tonsurans allergen, designated Tri t 1, were
measurable in 73% of sera (22 of 30) from subjects with
asthma, rhinitis, or urticaria who were sensitized to Trichophy-
ton on the basis of IH skin tests or serum IgE Ab to Tricho-
phyton extract (Table 2). Thus, this protein represented a ma-
jor allergen. Interestingly, this protein elicited DTH responses
in only 1 of 14 subjects with DTH to Trichophyton extract. The
authors of that study surmised that DTH responses were at-
tributable to proteins other than Tri t 1. Before that time, most
studies had utilized partially purified preparations derived
from culture extracts in order to identify antibody binding
protein or carbohydrate components. In 1972, Moser and Pol-
lack reported that DTH reactivity was restricted to a glycopep-
tide fraction derived from Trichophyton and Microsporum spp.
which contained mannopeptides (81). In contrast, Barker et al.
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attributed IH and DTH skin tests to distinct components of T.
mentagrophytes consisting of carbohydrates or peptides, respec-
tively (8). In keeping with this latter observation, IgE antibody
reactivity to polysaccharide but not peptide antigens derived
from T. mentagrophytes was subsequently reported (55). How-
ever, it has been proposed that IgE Ab binding to carbohydrate
components of fungal extracts may result from nonspecific
interactions or the presence of cross-reactive carbohydrate de-
terminants (85). Deuell and colleagues had speculated that
DTH responses were directed against a higher-molecular-mass
fraction of T. tonsurans (�70 kDa) (25). In 1996, we reported
the purification of an 83-kDa T. tonsurans protein which was
designated protein IV (later named Tri t 4 in accordance with
standard allergen nomenclature) based on its ability to induce
DTH (type IV) skin tests (Table 2) (123). However, this pro-
tein also elicited IH skin reactions. Of 10 subjects with DTH
responses to Trichophyton extract, 9 had IgG Ab to protein IV
but none had measurable IgG4 or IgE. Conversely, IH re-
sponses to protein IV were associated with IH skin tests to
Trichophyton extract in the majority of subjects and the pres-
ence of specific IgE and IgG4 Ab (Fig. 1; Table 2). T-cell lines
specific for purified Trichophyton allergens which were estab-
lished from IH responders produced cytokine profiles charac-
teristic of Th2/Th0 cells (ratio of IFN-� to IL-4 or IL-5, �2:1).
By contrast, T-cell lines from DTH subjects produced cyto-
kines consistent with a Th1 phenotype (ratio of IFN-� to IL-4
or IL-5, �20:1) (Table 2) (108). These studies established that
diverse immune responses (i.e., IH and DTH), which are as-
sociated with distinct serologic and cytokine profiles, could be
directed against the same protein. Furthermore, they impli-
cated Th1 cells in cell-mediated responses to dermatophyte
antigens and suggested that Th2 cells might contribute to in-
fections in subjects with IH.

Subsequent work identified the homologue of Tri t 4 (pro-
tein IV) derived from T. rubrum using molecular cloning tech-
niques (Table 2). Tri t 4 exhibited amino acid sequence identity
to the prolyl oligopeptidase (S9) family of serine proteinases,
which is characterized by a catalytic amino acid triad consisting
of histidine, aspartic acid, and serine. In addition, a novel T.
rubrum allergen was identified (Tri r 2; 29 kDa), which had a
high degree of sequence homology to the class D subfamily of
subtilase enzymes (Table 2) (125). Both Tri r 2 and Tri r 4 were
produced as recombinant proteins by using bacterial (Esche-
richia coli) and yeast (Pichia pastoris) expression systems, re-
spectively. Recombinant Tri r 2 demonstrated an in vivo bio-
logical function based on its ability to elicit DTH responses.
Furthermore, a high prevalence of IgE Ab to rTri r 2 was
observed in subjects with IH to Trichophyton extract (43%).
However, despite sequence homology to known proteinases,
enzymatic activity was not detected (rTri r 2) or was only
weakly measurable (rTri r 4). Interestingly, although only the
first 30 N-terminal amino acid residues of Tri t 1 have been
sequenced, this region exhibits high homology to an exo-�-1,3-
glucanase (29 kDa) from Saccharomyces cerevisiae (16, 69).
Thus, all Trichophyton allergens identified to date are enzyme
homologues (Table 2).

The relevance of the biological function of putative Tricho-
phyton enzymes to allergenicity and to disease pathogenesis
remains unknown. In relation to Tri t 1, glucanases have been
implicated in cell expansion during fungal growth, in cell-cell

fusion during mating, and in spore release during sporulation.
In addition, glucanases may fulfill an enzymatic function as
transglycosylases (16, 86). It is tempting to speculate that, in
addition to its allergenic properties, Tri t 1 could contribute to
dermatophyte growth by virtue of a biological function. Inter-
estingly, a �-1,3-glucanase derived from natural rubber latex
(Hev b 2) also exhibits IgE Ab binding properties (18, 126).
Thus, glucanases from diverse sources exhibit allergenic prop-
erties. Regarding Tri r 4, some S9 peptidases are involved in a
variety of nonenzymatic physiologic processes; for example,
the membrane glycoprotein dipeptidyl peptidase IV (DPPIV/
CD26) facilitates cell adhesion by interacting with collagen and
fibronectin of the extracellular matrix via a cysteine-rich do-
main (6, 22). DPPIV also processes bioactive peptides impli-
cated in vascular permeability (22). This raises the intriguing
possibility that Tri r 4 contributes to disease pathogenesis by
exerting similar effects. Analysis of the amino acid sequence of
Tri r 2 identified conserved amino acid motifs flanking aspartic
acid, histidine, and serine residues which form the catalytic
triad characteristic of the subtilase (S8) family of serine pro-
teinases. The highest degree of amino acid sequence identity
was between Tri r 2 and proteinase T produced by the ther-
mophilic fungus Tritirachium album (58.2% identity in a 304-
amino-acid overlap). Notably, another homologous enzyme
was alkaline proteinase (Alp) derived from Aspergillus fumiga-
tus. This enzyme has been proposed as a virulence factor based
on decreased suppression of polymorphonuclear leukocyte
chemotaxis in mutant strains of A. fumigatus lacking Alp (59).
True subtilisins derived from bacteria are among the best char-
acterized of the subtilase enzyme family. Subtilisin Carlsberg
(alcalase) produced by Bacillus licheniformis is frequently used
in detergent formulations, and allergic respiratory reactions to
alcalase have been reported among exposed factory workers
(12, 88). More recently, a novel subtilisin homologue with IgE
antibody binding properties derived from the fungus Penicil-
lium citrinum was identified (110). This allergen, Pen c 1, has a
high degree of amino acid sequence identity to Tri r 2 (J.
Woodfolk, unpublished data). This allergen or other cross-
reactive allergens derived from molds may play an important
role in asthma in regions where sensitization to mold is highly
prevalent, such as Taiwan, where more than 70% of asthmatic
adults are sensitized to molds (56). Taken together, these ob-
servations are consistent with reports of cross-reactivity among
different mold genera, as well as among different species de-
rived from the same fungus, e.g., T. rubrum and T. tonsurans.

Although the enzymatic function of Trichophyton allergens
has not been analyzed in detail, it remains possible that this is
relevant not only to the pathogenesis of dermatophytosis but
also to the development of allergic inflammatory responses
within the respiratory tract. Many enzyme homologues have
now been identified as allergens, and several exhibit enzymatic
functions which may be relevant to the development of allergic
disease. For example, the dust mite-derived allergen Der p 1 is
a cysteine protease which cleaves proteins with potential im-
munomodulatory effects, including CD23 (the low-affinity IgE
receptor) and CD25 (the � subunit of the IL-2 receptor) (54,
103). In addition, this allergen disrupts tight junctions, which
may facilitate the transepithelial delivery of allergen in the
lungs (114). Despite the identification of Tri r 2 as a member
of the subtilase enzyme family, this antigen exhibited no enzy-
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matic activity (125). Subtilases are produced as proenzymes,
and the proregion has been proposed to act as a template for
correct folding of the carboxyl-terminal domain, which con-
tains the active-site residues (57). Thus, the lack of enzymatic
activity of Tri r 2 could have resulted from suboptimal pro-
cessing of the recombinant protein owing to the absence of the
putative proregion. In support of this, computer-assisted mo-
lecular modeling of Tri r 2 predicted the same three-dimen-
sional structure as the structurally conserved regions of an-
other subtilase, proteinase K, which exhibits high proteolytic
activity (124). Identification of a gene family encoding three
subtilisin-like proteinases derived from M. canis has recently
been described (24). One of these genes encoded a keratinase
that was previously isolated (79). A high sequence identity of
each gene to the gene encoding Tri r 2 was described, suggest-
ing a dual role for Tri r 2 in the pathogenesis of infection and
in allergic disease.

T-Cell Reactivity to Trichophyton Allergens: Do Distinct
Immune Responses Fit the Th1/Th2 Paradigm?

The characterization of distinct CD4� T-cell subsets in the
early 1980s by Mosmann et al. fostered numerous studies on
the role of Th1 and Th2 cells in diverse diseases (82). Much
evidence has been presented in both murine and human sys-
tems to indicate the involvement of different T-helper subsets
in the generation of distinct immune responses to the same
pathogen. Until recently, the general consensus was that Th1
responses conferred protection while Th2 responses were as-
sociated with nonprotective responses and disease progression
in certain disease models. Identification of novel Trichophyton
allergens with both IH- and DTH-inducing activity provided a
unique opportunity for examining whether T cells associated

with these responses segregated into distinct subsets. As men-
tioned above, IH and DTH skin tests to Trichophyton are
associated with distinct clinical entities. The triad of chronic
dermatophytosis, atopy, and IH to Trichophyton suggests in-
volvement of Th2 cells, while the association between DTH
and acute infections points toward a Th1 response.

Analysis of T-cell epitopes of Tri r 2 identified differences in
the allergen-specific T-cell repertoire among IH and DTH
responders. These observations implicated distinct T-cell sub-
sets in mediating different immune responses to the same al-
lergen. Specifically, a peptide mapping to the amino terminus
of the molecule, designated peptide 5 (P5), induced strong
T-cell proliferation in DTH subjects with diverse HLA types
but not in IH responders (124) (Fig. 2). Thus, P5 contained an
immunodominant epitope associated with DTH, which could
be recognized in a permissive manner. Furthermore, subjects
could be classified into IH or DTH groups on the basis of
different patterns of T-cell proliferation to two separate re-
gions of Tri r 2 (amino acids 51 to 90 and amino acids 231 to
270) (Fig. 2). Surprisingly, the major DTH-associated epitope,
P5, induced IL-5 (along with IL-10) in DTH but not IH sub-
jects. Furthermore, this peptide induced IFN-� in peripheral
blood mononuclear cells derived from both patient groups
(122). These observations argue against segregation of Th1
cells and Th2 cells with DTH and IH responses, respectively.
Instead, they suggest that Th2 cells are a component of the
T-cell repertoire which mediates DTH responses to Tri r 2.
Furthermore, T-cell hyporesponsiveness to a specific region of
the molecule may be relevant to IH responses. These findings,
which conflict with the Th1/Th2 paradigm, are nevertheless
consistent with reports of a role for both type 1 and type 2
cytokines in delayed skin reactions associated with Th1-medi-

FIG. 2. Regions of Tri r 2 which elicit different T-cell responses in IH and DTH subjects. The open box represents the full primary amino acid
sequence of the mature form of Tri r 2 (289 amino acids). The solid box corresponds to the amino-terminal major T-cell epitope, P5, consisting
of 20 amino acids. The hatched boxes correspond to two regions of the molecule spanned by peptides which induce different patterns of T-cell
proliferation in PBMC from IH and DTH subjects.
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ated (nickel sensitivity) and Th2-mediated (AD) allergic con-
ditions (41, 67, 109, 118). It has been argued that delayed skin
responses induced by Trichophyton do not reflect classical
DTH but an alternate response. Indeed, variations in the man-
ifestation of DTH responses in patients with concurrent der-
matophytosis have been reported, including contact hypersen-
sitivity to Trichophyton extract applied to the skin and
eczematous responses to antigen injected intradermally (113,
121). The picture is further complicated by the presence of a
wheal-and-flare reaction which precedes DTH in some indi-
viduals.

Regardless, T-cell repertoires which mediate IH and DTH
responses exhibit distinct characteristics based on both the
pattern of T-cell epitope recognition and cytokine secretion.
The question of how such differences could contribute to the
pathogenesis of dermatophytosis and of allergic disease re-
mains unanswered. Selective T-cell hyporesponsiveness to spe-
cific T-cell antigenic determinants of Tri r 2 (i.e., P5) could
reflect changes in the T-cell repertoire which accompany the
aging process. This statement is based on the premise that
chronic dermatophytosis is frequently observed in older pa-
tients. Consistent with this, the mean age of IH responders in
our study was markedly higher than that of DTH responders
(53 versus 37 years). However, T cells derived from a 74-year-
old IH subject showed no change in T-cell epitope-specific
proliferation over a 20-month period, suggesting that the al-
lergen-specific T-cell repertoire is stable, even in advanced age.
Alternatively, persistent antigen exposure such as that associ-
ated with chronic dermatophytosis, occurring over many years,
could narrow the T-cell repertoire. In support of this, mice
subjected to repeated antigen exposure experience a decrease
in diversity of the T-cell repertoire from loss of cells expressing
T-cell receptors with lower affinity for antigen (101).

Immune Mechanisms Which Govern the Allergy-
Dermatophytosis Relationship

It is perhaps easier to envisage how inhalation of fungally
derived allergens, as opposed to percutaneous exposure, could
generate allergic responses in the airways. In relation to fungal
skin infection, it has been assumed that memory T cells are
primed within the draining lymph nodes of the skin and that
subsequent T-cell homing to inflammatory sites such as the
lungs is a key factor in the allergic inflammatory cascade.
Nevertheless, we cannot exclude the possibility that Trichophy-
ton allergens are delivered to the lungs by virtue of their ability
to bind to receptors on the surface of APCs. Such receptors
may include the high-affinity IgE receptor, FcεRI, or pattern
recognition receptors (Toll-like receptors). By this mechanism,
systemic exposure to allergens may facilitate allergen binding
to APCs in the blood which preferentially home to sites of
allergic inflammation. The plasmacytoid dendritic cell would
be one such candidate APC. This cell type induces naive T cells
to produce Th2 cytokines and is recruited to the nasal mucosa
during experimental allergic rhinitis (60). An important impli-
cation is that circulating plasmacytoid dendritic cells can ex-
travasate into peripheral tissues which are devoid of organized
lymphoid structures. The same may be true for other types of
specialized APCs. Although it has been assumed that allergen
capture by dendritic cells occurs at the site of inflammation

(i.e., the respiratory tract), “armed” dendritic cells may provide
a route of delivery for dermatophyte antigens which gain ac-
cess through the skin.

In addition to factors which govern the interplay between
the allergen and the APC, it has been proposed that properties
of dermatophyte antigens could influence migration of T cells
to the site of infection. This could then predispose to allergic
disease. Differential expression of homing markers on Th1 and
Th2 cells has been widely reported. In keeping with this, IL-
5-producing Tri r 2-specific cell lines from a subject with
chronic dermatophytosis had low expression of the skin-hom-
ing marker, cutaneous lymphocyte-associated antigen (CLA).
By contrast, tetanus toxoid-stimulated cells from the same in-
dividual elaborated Th1 cytokines and expressed higher levels
of CLA (77). It was proposed that Th2 cells are less effective
than Th1 cells in the immune surveillance of skin (129). Thus,
ineffective recruitment of CD4� T cells into skin lesions could
contribute to persistence of infection.

Our observation that DTH-associated major epitopes can
induce both Th1- and Th2-dominated responses in DTH sub-
jects suggests that both type 1 and type 2 effector T cells are
relevant to resolution of infection. Extending this further, it
seems likely that, in patients with Trichophyton asthma, CD4�

T cells which drive allergic inflammatory processes within the
lungs are not exclusive to the Th2 subset. Indeed, a role for
Th1 responses in murine models of asthma is now emerging
(35). Studies which track the trafficking patterns of Trichophy-
ton-specific T cells associated with distinct immune responses
could yield valuable insight into immune mechanisms of
asthma associated with sensitivity to Trichophyton. Although
such studies are hampered by the absence of a lung-specific
marker, analysis of CD4� T cells which express CLA in con-
junction with putative Th1 (CXCR3) and Th2 (CCR4) mark-
ers may be an important first step.

NEW TECHNIQUES FOR STUDY: PROSPECTS
FOR A VACCINE

Although systemic antifungal drugs are efficacious for the
eradication of infection and treatment of Trichophyton asthma,
there are several disadvantages: (i) treatment is long-term,
often lasting from several months to several years; (ii) recur-
rence of infection is common once therapy is discontinued; and
(iii) long-term therapy with some azoles is associated with side
effects. Thus, the development of new treatments is warranted.
Recent technologic advances have the potential to identify
novel Trichophyton antigens with a dual role in disease patho-
genesis and allergy. Such antigens could provide novel targets
for therapy of chronic infection associated with allergy. To
date, very few allergens derived from Trichophyton have been
identified. Initial characterization of Trichophyton allergens by
standard immunochemical techniques was challenging. Al-
though the development of recombinant DNA technology in
the 1990s facilitated the subsequent identification of additional
allergens, it seems likely that other allergens remain to be
identified.

The production of hygromycin B-resistant transformants of
T. mentagrophytes in the late 1980s demonstrated the feasibility
of molecular genetic studies of Trichophyton (40). Generation
of deletion mutants of fungal species which lack expression of
specific genes is a well-established method. Analysis of Tricho-
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phyton species which lack expression of Tri r 2 and Tri r 4, or
their homologues, could yield insight into the importance of
these antigens as targets for both T-cell responses and B-cell
(i.e., IgE and IgG) responses, as well as into their biological
function in vivo. In relation to this latter point, a skin explant
model has recently been developed which may mimic dermato-
phyte infection of human skin (26). Skin of full epidermis
thickness which was obtained from surgical specimens was
inoculated with T. mentagrophytes spores, and infection was
confirmed by electron microscopy. This model has the poten-
tial to elucidate the role of specific antigens in disease patho-
genesis by testing the ability of deletion mutants to establish
infection and analyzing gene expression at different stages of
the disease process.

Development of a vaccine which has the ability to induce a
strong protective memory T-cell response to Trichophyton
could provide an advantage over existing treatments. However,
identifying the pertinent molecular target for therapy poses a
major challenge. As with any pathogen, extracellular proteins
are strong candidates. Genetic techniques which selectively
identify secreted genes could facilitate the characterization of
these antigens from Trichophyton (70). Vaccines incorporating
peptides which preferentially stimulate T-cell responses to
DTH-associated epitopes may also be effective for the eradi-
cation of disease. With this in mind, definition of immune
mechanisms which govern distinct immune responses to
Trichophyton may be pivotal to understanding the host deter-
minants of protective immunity.

CONCLUSIONS

There is a considerable body of evidence to support the link
between dermatophytosis and allergic diseases such as asthma,
urticaria, and atopic dermatitis. Although dermatophytosis
contributes to symptoms among only a minority of subjects
with chronic skin infections, allergic disease can be severe in
these patients, often requiring long-term antifungal therapy. In
contrast to IH responses, DTH to Trichophyton appears to be
protective based on (i) the association with acute as opposed to
chronic infection, (ii) the absence of allergen-specific IgG4 or
IgE Ab, and (iii) lack of any reports of associated systemic
disease. Characterization of the molecular and immunologic
properties of Trichophyton allergens has provided insight into
the immune mechanisms which govern dichotomous immune
responses to Trichophyton. Identification of major T-cell
epitopes specific to DTH provides an avenue for the design of
new treatments. Trichophyton allergens appear to be important
targets for the immune response in both sensitized (IH) and
nonsensitized (DTH) subjects. Characterization of additional
allergens which contribute to the pathogenesis of Trichophyton
infection could have broad implications for the treatment of
dermatophytosis in the general population.
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