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a b s t r a c t

Exposure and sensitization to fungal allergens can promote the development and worsening of allergic
diseases. Although numerous species of fungi have been associated with allergic diseases in the litera-
ture, the significance of fungi from the genera Alternaria, Cladosporium, Penicillium, Aspergillus, and
Malassezia has been well documented. However, it should be emphasized that the contribution of
different fungal allergens to allergic diseases is not identical, but species-specific.

Alternaria and Cladosporium species are considered to be important outdoor allergens, and sensiti-
zation and exposure to species of these genera is related to the development of asthma and rhinitis, as
well as epidemics of asthma exacerbation, including life-threatening asthma exacerbation. In contrast,
xerophilic species of Penicillium and Aspergillus, excluding Aspergillus fumigatus, are implicated in allergic
diseases as indoor allergens. A. fumigatus has a high capacity to colonize the bronchial tract of asthmatic
patients, causing severe persistent asthma and low lung function, and sometimes leading to allergic
bronchopulmonary aspergillosis. Malassezia are common commensals of healthy skin, although they are
also associated with atopic dermatitis, especially on the head and neck, but not with respiratory allergies.

Despite its importance in the management of allergic diseases, precise recognition of species-specific
IgE sensitization to fungal allergens is often challenging because the majority of fungal extracts exhibit
broad cross-reactivity with taxonomically unrelated fungi. Recent progress in gene technology has
contributed to the identification of specific and cross-reactive allergen components from different fungal
sources. However, data demonstrating the clinical relevance of IgE reactivity to these allergen compo-
nents are still insufficient.
Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Fungi can have adverse effects on human health, causing
infection, IgE-mediated allergy, non-IgE-mediated hypersensitivity,
and toxicity/irritation. The incidence of fungal diseases has risen
rapidly over the last two decades, and fungal allergy is one of the
common health problems/medical conditions worldwide. It is
estimated that there are approximately 1.5 million species of fungi,
and numerous fungal species have been described as causes of
allergic diseases in the literature.1,2 The pathogenic significance of
fungi from the genera Alternaria, Cladosporium, Penicillium,
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Aspergillus, andMalassezia has beenwell described in the literature.
The significance of Candida, and Trichophyton have also been dis-
cussed, but still controversial. However, it should be emphasized
that the contribution of fungi to allergic diseases is species-specific,
with different fungal species leading to allergic diseases with
distinct presentations, which also vary according to the route and
specific episode of fungal allergen exposure. This review focuses on
the allergenicity of common environmental and commensal fungi
in humans, and on the species-specific clinical relevance of these
fungal allergens in allergic diseases.
Outdoor environmental fungi

Cladosporium and Alternaria, which display some lesional vari-
ations, are two of the major genera of outdoor airborne fungi
worldwide.3e6 The outdoor concentration of fungal species from
these genera has been associated with epidemics of asthma
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exacerbation.4,7e9 A survey of outdoor airborne fungi in Sagami-
hara city in Japan10 demonstrated that Cladosporium and Alternaria
were the predominant genera, followed by Epicoccum spp., Aur-
eobasidium spp., Curvularia spp., and Ulocladium spp. Detection of
Cladosporium revealed two seasonal peaks, during the rainy season
(June) and the autumn (September to October), whereas Alternaria
was detected fromApril to October, but most frequently in the rainy
season (June).10
Indoor environmental fungi

Although there also is some lesional variation, Cladosporium,
Penicillium, and Aspergillus spp. are reported to be the most com-
mon indoor airborne fungi.3,11e17 However, in the case of Clado-
sporium, because the indoor concentration is highly correlated with
the outdoor concentration,13 the primary source of Cladosporium is
considered to be the outdoor environment. A recent environmental
survey in Japan used an air sampler to investigate the profile of
indoor airborne fungal spores.18 The frequencies of isolates of Cla-
dosporium spp., Penicillium spp., Aspergillus section restricti, and
Aspergillus versicolor were 100, 78, 84, and 59%, respectively.
Among all the isolated fungal species, the highest number of spores
was detected for Aspergillus conicus, a species of Aspergillus section
restricti. House dust (HD) also contains fungi, and the profile of
fungi in HD is similar but not identical to that of airborne. In Japan,
the profile of fungal spores isolated from HD was characterized by
high frequencies of Eurotium spp. (88%), A. versicolor (90%), and
Aspergillus section restricti (87%), and a relatively low frequency of
Penicillium spp.(30%).18 The abundance of Aspergillus and Penicil-
lium spores in the indoor environment may be explained by the
finding that although optimal fungal growth requires high hu-
midity, some xerophilic species of the genera Aspergillus and Peni-
cillium are able to survive in a dry environment.14,19
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Prevalence of fungal sensitization

The prevalence of fungal sensitization displays wide geograph-
ical variation.20,21 Data from the European Community Respiratory
Health Survey (ECRHS) demonstrated that among adults aged
20e44 years in the general population, the prevalence of positive
skin tests using Alternaria and Cladosporium extracts ranged from
0.2 to 14.4 %, and 0e11.9%, respectively.21

The frequencies of positivity to fungal allergens among adult
patients with asthma at Sagamihara National Hospital in Japan are
shown in Fig. 1. Sensitization to Malassezia, Alternaria, and Clado-
sporium tended to decrease with age, which is in accordance with
the general recognition that atopic asthma is more common in
younger patients.22 However, the frequency of Aspergillus fumigatus
did not decrease with age, most likely because sensitization to this
species is associated with severe persistent asthma with long dis-
ease duration.23 A notable proportion of the patients, approxi-
mately 10e15%, were positive for common indoor environmental
xerophilic fungi, in particular, Aspergillus restrictus, and Eurotium
spp. The frequencies of positive skin tests for these fungi did not
change with age, highlighting the potential significance of these
indoor fungal species in middle-aged and elderly patients. This
finding is similar to that of a study by Chou et al.24 Although Candia
exhibits markedly high frequencies of positivity, the majority of
affected patients have negative serum IgE tests for Candida (data
not shown).
Cross-reactivity of fungal allergens

Measurement of serum IgE antibodies (Abs) from crude extract
and/or a skin prick test using crude extract has been traditionally
performed as the standard test for diagnosis of allergies. However,
because of cross-reactivity between crude allergen extracts from
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different fungi,25 apparent sensitization to crude fungal extracts
does not always indicate genuine sensitization. Species-specific IgE
reactivity is difficult to confirm using crude extracts alone, and this
represents a major problem for the evaluation of IgE tests in clinical
practice. More recently, allergenic molecules (allergen compo-
nents) that are either purified from their native sources or pro-
duced as recombinant proteins, have been introduced into the
battery of tests available for the diagnosis of allergic diseases.26e28

Molecular-based allergy (MA) diagnostics,29 formally known as
component-resolved diagnostics (CRD),30,31 is an approach used to
map the allergen sensitization of a patient at a molecular level,
using purified natural or recombinant allergenic molecules instead
of allergen extracts. One of the most important implications of MA
diagnostics is its ability to distinguish genuine sensitization from
sensitization due to cross-reactivity, following evaluation of the
sensitization profile to specific allergens and pan-allergens.29

This review focuses on specific and cross-reactive allergens from
seven genera of common allergenic fungi. Cross-reactivity between
fungal allergens is largely explained by taxonomic relationships
between genera/species. Fig. 2 depicts the taxonomic relationships
among all the allergenic fungi registered in the World Health Or-
ganization and International Union of Immunological Societies
(WHO/IUIS) Allergen Nomenclature Sub-committee database
(http://www.allergen.org/).
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Alternaria

Alternaria alternata, which commonly grows on vegetation, is
the most common species of the genus Alternaria, and it is the
major environmental allergen associated with asthma32e35 and
allergic rhinitis.36 Alternaria spp. are generally considered to be
outdoor fungi,15,37 although they also exist in indoor environ-
ments.38,39 Airborne outdoor Alternaria spores are detectable from
May to November, with the highest levels occurring in cultivated
areas containing grassland and grain.40,41 A study using personal air
samplers and nasal air samplers demonstrated that a greater
number of spores were inhaled in an outdoor than an indoor
environment, an effect that was accentuated by physical activity.42

Spores from Alternaria spp. are larger than those from most other
fungi, at approximately 20e40 mm in diameter,7 and tend to be
easily trapped in the nasal cavity. However, it has been reported
that spores on cereal crops and grass may be broken into small
fragments, presumably because of mechanized harvesting.7,43,44

The clinical significance of A. alternata as the respiratory allergen
has been well documented. Studies have revealed a strong associ-
ation between sensitization to Alternaria spp. and the presence of
asthma32,33,35,45e47 or allergic rhinitis,36 as well as the severity of
asthma.48e50 In addition, sensitization and exposure to Alternaria
has been associated with epidemics of severe asthma exacerbation,
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including respiratory arrest.51,52 Thunderstorms appear to be
contributory factor to high levels of fungal spores and epidemics of
asthma exacerbation.4 Before a thunderstorm, an increase in air
temperature and ozone concentration is observed, which is
accompanied by a substantial increase in spore concentrations.5 A
study in the UK in patients with Alternaria sensitization revealed a
correlation between fragmented Alternaria spores, presumably
caused by mechanized harvesting, and epidemics of acute asthma
exacerbation after thunderstorms.7 Data from asthmatic patients
identified in the ECRHS also demonstrate that sensitization to
Alternaria is associated with a higher risk of asthma attacks during
May to August in Southern Europe, and during July and August in
Northern Europe.53

Alternaria can occur in indoor environments, especially under
humid conditions, such as cervices in bathrooms and walls with
dew condensation.17 However, the clinical relevance of Alternaria
spp. as indoor fungi has not been deeply studied. Because indoor
Alternaria concentrations are strongly influenced by outdoor con-
centrations,13 the independent contribution of indoor Alternaria
concentrations is difficult to determine. However, a recent birth
cohort study in Boston revealed a significant relationship between
indoor dust-borne Alternaria at the age of 2e3 months and the
frequency of wheezes, by one year old even after adjustment for
outdoor airborne Alternaria concentrations.54 These data suggest
that Alternaria in HD may be an important environmental allergen,
in particular, for children.38

Although many allergenic proteins have been identified and
approved by theWHOeIUISAllergenNomenclature Sub-committee
(Table 1), Alt a 1 is considered to be only specific allergen compo-
nent for the genuine Alternaria (or Pleosporaceae family)
allergy.55e59 Spore germination promotes the release of allergens,
including Alt a 1, from A. alternata.60 A recent study using immu-
nogold electron microscopy demonstrated that Alt a 1 was mainly
localized in the cell wall of airborne spores, which may explain the
high clinical relevance of Alt a 1 as a respiratory allergen.61 Alt a 1
has been reported to cross-react with homologous fungal proteins
from members of the Pleosporaceae family such as Stemphylium,
Ulocladium, and Curvularia.1,59,62 In contrast, allergenic proteins
other than Alt a 1 exhibit a high sequence similarity with homolo-
gous proteins from taxonomically unrelated fungi. Thus, the diag-
nostic and clinical relevance of allergenic proteins other than Alt a 1
with respect to Alternaria allergy is unclear.

Cladosporium

Cladosporium is one of the most abundant genera of environ-
mental fungi worldwide, and Cladosporium herbarum is one of the
Table 1
Allergenic proteins from fungi of genus Alternaria approved by WHO/IUIS Allergen
Nomenclature Sub-committee.

Species Allergen Biological activity Molecular weight

Alternaria
alternata

Alt a 1 16.4 and 15.3 band
(30 non-red)

Alt a 3 Heat shock protein 70
Alt a 4 Disulfide isomerase 57
Alt a 5 Ribosomal protein P2 11
Alt a 6 Enolase 45
Alt a 7 YCP4 protein 22
Alt a 8 Mannitol dehydrogenase 29
Alt a 10 Aldehyde dehydrogenase 53
Alt a 12 Acid ribosomal protein P1 11
Alt a 13 Glutathione-S-transferase 26
Alt a 14 Manganese superoxide

dismutase
24 kDa (reducing)

Alt a 15 Serine protease 58 kD
most common species to be isolated. Similar to Alternaria, Clado-
sporium is generally recognized as an outdoor fungus,4,15 but it is
frequently detected in indoor environments.38,39,63 A strong cor-
relation between indoor and outdoor Cladosporium concentrations
has also been reported.39,64 The clinical relevance of Cladosporium
as a respiratory allergen resembles that of Alternaria,65e67 whereas
the contribution of this genus to the pathogenesis of asthma ap-
pears to be a little weaker than that of Alternaria. Data from the
ECHRS indicate that the prevalence of positive skin prick tests for
Cladosporium is 1.7% (ranging from 0 to 11.9%), which is lower than
that for Alternaria (3.3%, ranging from 0.2 to 14.4%).21 The threshold
concentration for evoking allergic symptoms is estimated to be
3,000 spores/m3 air for Cladosporium, which is substantially higher
than that for Alternaria (100 spores/m3 air).43,68 The size of Clado-
sporium spores varies over a wide range, between 3 and
70 � 2e56 mm.69

Although many allergenic proteins have been identified and
approved by the WHOeIUIS Allergen Nomenclature Sub-
committee (Table 2), no specific major allergen components have
been identified for Cladosporium allergies.With the exception of Cla
h 8, all of the registered allergens are cross-reactive minor aller-
gens.1 Cla h 8, an NADP-dependent mannitol dehydrogenase, is
recognized by 57% of Cladosporium herbarum-sensitized patients,70

and it has 75% sequence similarity with Alt a 8, an NADP-dependent
mannitol dehydrogenase from A. alternata.71 Presumably due to the
cross-reactive nature of identified Cladosporium allergens, mono-
sensitization to Cladosporium appears to be relatively rare.72
Penicillium

Penicillium is the blue or blue-green mold found on fruits and
vegetables, and it is used for the production of blue mold cheese.
While Penicillium is frequently isolated both in indoor and outdoor
environments,13,15 many studies have focused on the significance of
Penicillium as an indoor mold allergen.11,73,74 Indoor environmental
factors, including inadequate heating and ventilation, the presence
of pets, water leaks, and low sun exposure, are known to increase
the concentrations of airborne Penicillium.14 Results for Alternaria
and Cladosporium spp. indicate that indoor concentrations are
highly correlated with outdoor concentrations, whereas for Peni-
cillium spp. this correlation is not always observed.13 A birth cohort
study in Connecticut and western Massachusetts evaluated the
effect of exposure to specific genera of indoor airborne fungi,
collected with a portable air sampler, on the incidence of respira-
tory symptoms. Although Cladosporium (61%) were most frequent
followed by Penicillium (41%), airborne levels of Cladosporiumwere
not related to an increased risk of wheeze. In contrast, the highest
concentration of Penicillium was associated with a higher rate of
incident wheeze (RR, 2.15, 95%Cis, 1.34e3.46), and persistent cough
Table 2
Allergenic proteins from fungi of the genus Cladosporium approved by theWHO/IUIS
Allergen Nomenclature Sub-committee.

Species Allergen Biological activity Molecular
weight

Cladosporium
cladosporioides

Cla c 9 Vacuolar serine protease 36
Cla c 14 Transaldolase 36.5

Cladosporium
herbarum

Cla h 2 45
Cla h 5 Acid ribosomal protein P2 11
Cla h 6 Enolase 46
Cla h 7 YCP4 protein 22
Cla h 8 Mannitol dehydrogenase 28
Cla h 9 Vacuolar serine protease
Cla h 10 Aldehyde dehydrogenase 53
Cla h 12 Acid ribosomal protein P1 11



Table 4
Allergenic proteins from fungi of the genus Aspergillus approved by the WHO/IUIS
Allergen Nomenclature Sub-committee.

Species Allergen Biological activity Molecular
weight

Aspergillus flavus Asp fl 13 Alkaline serine protease 34
Aspergillus fumigatus Asp f 1 Mitogillin family 18

Asp f 2 37
Asp f 3 Peroxysomal protein 19
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(RR, 2.06, 95%Cis, 1.31e3.24).75 Another cross-sectional study by
the same authors confirmed the association of sensitization and
exposure to indoor airborne Penicillium with wheeze and the
severity of asthma.76

Although numerous allergens from different Penicillium species
have been identified and approved by the WHOeIUIS Allergen
Nomenclature Sub-committee (Table 3), no species- or genus-
specific major allergen components have been documented for
Penicillium allergies. The major allergens from Penicillium spp. are
alkaline and vacuolar serine proteases, which are referred to as
group 13 and group 18 allergens, respectively.1,77,78 These proteases
exhibit high sequence similarity with homologous allergens from A.
fumigatus (Asp f 13, Asp f 18). A study in Taipei demonstrated that
17% of asthmatic patients are positive to purified Pen ch 13 by IgE-
immunoblotting, and the frequency of positivity increases with age,
reaching 42% among patients aged over 70 years, indicating that
Penicillium is of higher relevance to adult asthma than childhood
asthma.24 Because of the cross-reactive nature of identified Peni-
cillium allergens, mono-sensitization to Penicillium appears to be
relatively rare.72 Hypersensitivity pneumonitis induced by Penicil-
lium species has also been reported.79e81

Aspergillus

The genus Aspergillus includes more than one hundred species
that are distributed ubiquitously in the environment. Human dis-
orders caused by the Aspergillus include allergic asthma and/or
rhinitis, allergic bronchopulmonary mycosis (ABPM),82 allergic
rhinosinusitis,83,84 hypersensitivity pneumonitis,85e87 aspergil-
loma,88 and invasive aspergillosis. ABPM is a pulmonary hyper-
sensitivity disease characterized by sensitization to fungi,
uncontrolled asthma, recurrent transient radiographic infiltrate,
peripheral and pulmonary eosinophilia, and bronchiectasis.6,82,89,90

A. fumigatus is the most common causal pathogen for ABPM. In
addition, it is frequently isolated from the respiratory tract of pa-
tients with asthma who do not meet the criteria for allergic bron-
chopulmonary aspergillosis (ABPA),23,91 and also from patients
with respiratory diseases other than asthma, including cystic
fibrosis,92 chronic obstructive pulmonary disease,93 tuberculosis-
related fibrocavity disease,94,95 and occasionally in the respiratory
tract of healthy individuals.23 The pathogenic capacity of A. fumi-
gatus is related to its pronounced thermotolerance,96 which
Table 3
Allergenic proteins from fungi of the genus Penicillium approved by the WHO/IUIS
Allergen Nomenclature Sub-committee.

Species Allergen Biological activity Molecular
weight

Penicillium
brevicompactum

Pen b 13 Alkaline serine protease 33
Pen b 26 Acidic ribosomal prot. P1 11

Penicillium
chrysogenum

Pen ch 13 Alkaline serine protease 34
Pen ch 18 Vacuolar serine protease 32
Pen ch 20 N-acetyl-glucosaminidase 68
Pen ch 31 Calreticulin
Pen ch 33 16
Pen ch 35 Transaldolase 36.5

Penicillium
citrinum

Pen c 3 Peroxysomal membrane protein 18
Pen c 13 Alkaline serine protease 33
Pen c 19 Heat shock protein P70 70
Pen c 22 Enolase 46
Pen c 24 elongation factor 1 beta
Pen c 30 Catalase 97
Pen c 32 Pectate lyase 40

Penicillium
crustosum

Pen cr 26 60S acidic ribosomal
phosphoprotein P1

11 kDa

Penicillium
oxalicum

Pen o 18 Vacuolar serine protease 34
enables them to grow at human body temperature, and its small
spore size (approximately 2e3 mm),97 which enables transfer to the
terminal airways. Despite its importance as a fungus that colonizes
the human respiratory tract, A. fumigatus is not a dominant species
in either indoor or outdoor environments. The most common
environmental fungal species among the genus Aspergillus is not A.
fumigatus, but Aspergillus niger, A. restrictus, A. versicolor, and
Aspergillus ochraceous.18,38,64,74 Studies have demonstrated that the
clinical relevance of the association between exposure to indoor
Aspergillus spp. and the risk of asthma12,74,98 resembles that of
Penicillium spp., which is a closely related fungus in the tax-
onomical classification.

Several studies have found that IgE sensitization to A. fumigatus
and/or colonialization of A. fumigatus in the respiratory tract of
asthmatic patients is associated with reduced lung function23,91,99

and severe disease.100 The possible role of antifungal therapy in
the treatment of fungal allergic asthma has also been reported.101

Another study demonstrated that although A. fumigatus is not
abundant in the indoor environment, isolation of this species from
sputumwas related to higher airborne concentrations of the fungus
in the homes of asthmatic patients, suggesting that the home
environment should also be considered as a source of fungal
exposure.102 Therefore, housing intervention may be necessary for
the management of fungal allergen-sensitized severe asthma.14

Numerous allergens from Aspergillus have been identified and
approved by the WHOeIUIS Allergen Nomenclature Sub-
committee (Table 4). Some of these allergen components are spe-
cies- or genus-specific, while others are pan-allergens that display
cross-reactivity beyond the family or order. Asp f 1 has been
identified as an 18-kD allergen of mitogillin family, which is almost
identical to restrictocin cloned from A. restrictus,103 and is a species-
specific major allergen for A. fumigatus.104 The Asp f 1 allergen is not
Asp f 4 30
Asp f 5 Metalloprotease 40
Asp f 6 Mn superoxide dismutase 26.5
Asp f 7 12
Asp f 8 Ribosomal protein P2 11
Asp f 9 34
Asp f 10 Aspartate protease 34
Asp f 11 Peptidyl-prolyl isomerase 24
Asp f 12 Heat shock protein P90 90
Asp f 13 Alkaline serine protease 34
Asp f 15 16
Asp f 16 43
Asp f 17
Asp f 18 Vacuolar serine protease 34
Asp f 22 Enolase 46
Asp f 23 L3 ribosomal protein 44
Asp f 27 Cyclophilin 18
Asp f 28 Thioredoxin 13
Asp f 29 Thioredoxin 13
Asp f 34 PhiA cell wall protein 20

Aspergillus niger Asp n 14 Beta-xylosidase 105
Asp n 18 Vacuolar serine protease 34
Asp n 25 3-phytase B 66e100

Aspergillus oryzae Asp o 13 Alkaline serine protease 34
Asp o 21 TAKA-amylase A 53

Aspergillus versicolor Asp v 13 Extracellular alkaline serine
protease

43 kDa



Table 5
Allergenic proteins from fungi of the genus Malassezia approved by the WHO/IUIS
Allergen Nomenclature Sub-committee.

Species Allergen Biological activity Molecular
weight

Malassezia
furfur

Mala f 2 Peroxysomal membrane protein 21
Mala f 3 Peroxysomal membrane protein 20
Mala f 4 Mitochondrial malate dehydrogenase 35

Malassezia
sympodialis

Mala s 1
Mala s 5
Mala s 6 Cyclophilin
Mala s 7
Mala s 8
Mala s 9
Mala s 10 Heat shock protein 70 86
Mala s 11 Manganese superoxide dismutase 23
Mala s 12 Glucose-methanol-choline (GMC)

oxidoreductase
67

Mala s 13 Thioredoxin 13
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present in spores, being produced after germination and growth of
the fungi,105 and it is almost undetectable in HD extracts.106 Thus,
respiratory sensitization to airborne Asp f 1 in the indoor envi-
ronment seems to be uncommon, and patients who develop anti-
body responses to Asp f 1 have been exposed to A. fumigatuswhich
has germinated in their respiratory tract.106 A specific mAb-based
ELISA for Asp f 1 has been shown to be a useful tool for standard-
ization and quality control of A. fumigatus allergenic products.107

Asp f 2 is a species-specific major allergen of A. fumigatus, with a
frequency of sensitization of 96%,100,108e110 while Asp f 4 is another
well-described specific allergen, with a frequency of sensitization
of 92%.111 On the contrary, Asp f 3112, Asp f 6113, Asp f 8114, Asp f
12115, Asp f 22116, and Asp f 27117, which correspond to peroxisomal
membrane protein (PMP), manganese superoxide dismutase
(MnSOD), ribosomal protein P2, heat shock protein 90, enolase, and
cyclophilin from A. fumigatus, exhibit high similarity and identity
with homologous proteins from fungi of genera other than Asper-
gillus.112,118,119 While many studies111,120e122 have focused on the
clinical relevance of sensitization to panels of the A. fumigatus
allergic proteins, Asp f 1, f 2, f 3, f 4, and f 6, as diagnostic markers of
ABPA, the results are controversial.90

Although some allergenic molecules, such as Asp f 9113 and the
more recently identified Asp f 34123, have a relatively high sequence
specificity for A. fumigatus and a high prevalence of sensitization
among the ABPA population, indicating that these allergens are of
clinical importance, the number of studies demonstrating their
clinical relevance has been limited to date. Asp n 14 and Asp n 25
from A. niger, and Asp o 21 from Aspergillus orizae have been
identified as allergenic proteins causing occupational respiratory
allergies.

It is important to recognize that most of the allergenic compo-
nents from A. fumigatus have been identified using sera from pa-
tients with ABPA. The importance of other allergenic proteins from
the genus Aspergillus as environmental respiratory allergens has
not been well studied. According to clinical data from the author's
hospital, the concordance between positive intradermal tests to A.
fumigatus and A. restrictus is low (data not shown), which indicates
that current techniques for serum IgE or skin tests using extracts
from A. fumigatusmay not be used for the diagnosis of sensitization
to environmental Aspergillus.

Malassezia

Malassezia yeasts (formally known as Pityrosporum orbiculare/
ovale) are commensals of healthy human skin, but are also associ-
ated with pityriasis versicolor, seborrheic dermatitis, and atopic
dermatitis.124,125 All the species within the genus, with the excep-
tion of Malassezia pachydermatis, are lipid-dependent due to their
inability to initiate de novo synthesis of C14 or C16 fatty acids.126

Thus, Malassezia spp. do not exist in the external atmosphere.
Although many species have been identified within the genus, the
most commonly detected species on healthy human skin are
Malassezia sympodialis, M. globose, and Malassezia restricta.

Malassezia spp allergens have been described as important
exacerbating factors for atopic dermatitis (AD), in particular, head
and neck-type adult AD, but they have not been associated with
respiratory allergies. Studies have demonstrated the strong corre-
lation between specific IgE Abs to Malassezia and the presence of
AD,127e129 as well as between IgE Abs toMalassezia and the severity
of AD130e132 and dermatitis on head and neck.131,133 The frequency
of sensitization to Malassezia among the head and neck-type AD
population is relatively high, ranging from 55% to 68%.132,134,135

Improvements in head and neck-type AD after antifungal therapy
have been documented.136e138 Similar to healthy individuals,
M. sympodialis, M. globose, and M. restricta are also commonly
detected species on the skin of AD patients. However, in contrast to
the strong IgE response of AD patients to Malassezia, a study re-
ported that the population density ofMalassezia on lesional AD skin
was lower than non-lesional AD or healthy skin.139 Furthermore, a
more recent study indicated that non-Malassezia yeast microbiota
of AD patients is more diverse than that of healthy individuals.140

Many allergenic proteins from fungi of the genus Malassezia
have been identified and approved by the WHO/IUIS Allergen
Nomenclature Sub-committee (Table 5). Malassezia species pro-
duce complex allergens that contain both common and species-
specific allergen sequences.141,142 It is hypothesized the variation
in Malassezia microflora on the skin surface of AD patients is re-
flected by the heterogeneity of sensitivity toMalassezia spp of each
AD patient. Thus, serum IgE Ab tests using a mixture of
M. sympodialis, M. globose, and M. restricta are commercially avail-
able and used in clinical practice. Crude extracts of Malassezia spp.
also contain allergenic proteins that exhibit high sequence simi-
larity to proteins from fungi of genera other than Malassezia,
including PMP (Mala f 2, and 3),118 cyclophiline (Mala s 6),117,143,144

heat shock protein 70 (Mala s 10),145 MnSOD (Mala s 11),145 and
thioredoxin (Mala s 13).146 As a result, cross-reactivity is observed
between crude extracts of Malassezia spp. and those of fungi from
genera other than Malassezia. Mannan, a polysaccharide, is also
known to be associated with IgE cross-reactivity beyond the
genus.147 In contrast, Mala s 1, 7, 8, and 9 are considered to be
specific allergens with unique sequences.129,144,148,149

Casagrande et al. investigated the frequency of sensitization to a
panel of recombinant M. sympodialis allergens (rMala s 1 and 5e9)
in 51 patients with atopic eczema who were positive for IgE Abs to
crude M. sympodialis (ImmunoCAP m70). Analysis by ELISA indi-
cated that the frequencies of positivity for IgE Abs to rMala s 1, 5, 6,
7, 8, and 9 were 39, 47, 55, 10, 31, and 61%, respectively, indicating
that Mala s 1, 5, 6 and 9 are the predominant allergenic
components.129

Candida

Candida is a genus of yeasts, with many species being com-
mensals of the skin, and the gastrointestinal and genitourinary
tracts. Candida albicans is the most frequently isolated species and
many studies have suggested that it plays a role in the pathogenesis
of allergic diseases. However, the clinical significance of C. albicans
as an allergen causing allergic diseases remains controversial. Many
studies have shown the association between IgE sensitization to C.
albicans, and the presence and severity of AD.150e153 In addition, C.
albicans is more frequent in the gastrointestinal tract of patients
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with AD comparedwith healthy controls.151,154 However, because of
the significant cross-reactivity between C. albicans and Malassezia
allergens,155,156 the clinical relevance of specific IgE sensitization to
C. albicans, independent from that to Malassezia, also remains a
matter of debate.

The clinical significance of C. albicans as a causal allergen for
respiratory allergies is much less clear than for AD.157 C. albicans is
frequently isolated from the respiratory tract. However, a study in
patients with cystic fibrosis demonstrated that although sensiti-
zation to and colonialization of C. albicans was common, colonial-
ization and sensitization were not correlated.92 While some
asthmatic patients who are IgE-sensitized to C. albicans experience
an immediate bronchial response after inhalation of C. albicans
extract,158 its specific significance beyond fungal cross-reactivity is
yet to be clarified. Asero et al. reported on the clinical features of
adult patients with respiratory allergies monosensitized to C. albi-
cans.159 The proportion of males and females was equally distrib-
uted, the mean age was 58 years old, which was higher than atopic
controls, and 44% had nasal polyposis. The same author demon-
strated that the higher frequency of sensitization to C. albicans in
patients with nasal polyposis compared with the general subjects
with respiratory allergy.160 One study examined the association
between recurrent vaginal candidiasis and atopy in women. Atopy,
defined by the presence of allergic respiratory diseases or a positive
skin prick test to at least one allergen, was associated with recur-
rent vaginal candidiasis, whereas specific IgE to C. albicans was
not.161 Other studies have revealed an association between IgE
sensitization to C. albicans and chronic urticaria,162 as well as a high
frequency of sensitization to C. albicans in eosinophilic
esophagitis.163

Several allergenic proteins from fungi of the genus Candida
have been approved by the WHO/IUIS Allergen Nomenclature Sub-
committee. Cand a 1 is a 40-kD alcohol dehydrogenase from C.
albicans. Using sera from 30 asthmatic patients with a positive
skin test and IgE Abs to C. albicans, IgE immunoblotting of C.
albicans extract showed that Cand a 1 had the highest frequency,
being recognized by 23 (77%) patients.164 Cand a 3 is 20-kD
peroxisomal protein, which has 62% sequence identity with a
hypothetical protein (YDR533c) from Saccharomyces cerevisiae.165

Nine (56%) of 16 asthmatic sera with positive serum IgE Abs
tests to C. albicans displayed positivity to Cand a 3 in IgE immu-
noblotting. Cand b 2 is a 20-kD peroxisomal membrane protein
from Candida boidnii, which displays cross-reactivity with PMP
from A. fumigatus, Asp f 3 112. Secreted aspartyl proteinase (SAP;
formally known as C. albicans acid protease) is an extracellular
hydrolytic enzyme secreted by C. albicans and some pathogenic
Candida species, and it is a key determinant of the virulence of C.
albicans.166 Akiyama et al. demonstrated that the significance of
SAP as an allergen for respiratory and mucosal allergy after
conjunctival and bronchial provocation with the purified SAP
enzyme.167,168 Isolated late skin and bronchial responses to puri-
fied SAP were also observed for nonatopic asthmatics whose pe-
ripheral blood mononuclear cells released IL-5 upon incubation
with purified SAP, which indicated the possible role of SAP as a T-
cell allergen for nonatopic asthma.169

Trichophyton

Fungi in the genus Trichophyton are known as the causal
pathogen of dermatophytosis, a fungal infection of the skin, hair,
and nails. Trichophyton rubrum and Trichophyton mentagrophytes
are the most common pathogens in the genus. Although Tricho-
phyton spp. are only found at low concentrations in indoor and
outdoor environments, sensitization to Trichophyton is relatively
common among the general atopic population.72 This is
attributed to the high prevalence of dermatophytosis in the
general population.170e172

High levels of IgE Abs to Trichophyton are found in patients with
trichophytosis, regardless of atopy,173,174 indicating that Tricho-
phyton infection, not respiratory exposure, is the major determi-
nant of an IgE response to Trichophyton. However, it has been
suggested that tinea infection/sensitization plays a role in the
pathogenesis of asthma and rhinitis.175e178 In a placebo-controlled
clinical trial by Ward et al., an improvement in asthma symptoms,
peak flow, and steroid use was observed among patients with late-
onset asthma who had tinea infection after oral fluconazole treat-
ment.179 However, the route of exposure to Trichophyton allergens
in such Trichophyton-infected patients has not been identified. A
few reports have suggested the possible role of inhaled Tricho-
phyton in the pathogenesis of asthma or rhinoconjunctivitis among
subjects without Trichophyton infection.180 Occupational exposure
to airborne Trichophyton in nail dust has been shown to induce
nasal and eye symptoms in chiropodists.181 Sensitization to Tri-
chophyton is also reported to be a risk factor for more severe disease
among the general asthmatic population.182

Some allergenic proteins from fungi of the genus Trichophyton
have been identified and approved by the WHO/IUIS Allergen
Nomenclature Sub-committee. Tri t 1 is a 30-kD, exo 1,3-beta-
glucanase that causes an immediate hypersensitivity skin reaction.
It is a major allergen of Trichophyton tonsurans, with the prevalence
of sensitization being 73% (22 of 30) in patients with asthma
rhinitis or urticaria who were sensitized to Trichophyton
extract.183e185 Tri t 4 is an 83-kD serine protease that is associated
with delayed hypersensitivity skin reactions, but can also cause
immediate hypersensitivity skin reactions.186 Tri r 2, from the
T. rubrum species, is as a 29-kD serine protease that elicits imme-
diate and delayed-type hypersensitivity skin reactions in different
individuals.187,188 Tri r 4, an 85-kD serine protease, has also been
identified but it does not elicit skin test reactivity.188
Conclusion

The clinical and diagnostic relevance of allergens from seven
common genera of fungi has been reviewed. Recent progress in
gene technology has greatly contributed to the identification of
species-specific and cross-reactive allergic molecules from
different allergenic fungal sources. However, data verifying the
clinical and diagnostic relevance of IgE reactivity to these allergens
are insufficient. Recent studies from Japan have suggested the
possible contribution of other fungal allergen sources, including
Schizophyllum commune189,190 and Bjerkandera adusta191 from
basidiomycetous fungi,192,193 to the pathogenesis of respiratory
allergy, cough, and ABPM. Data regarding the species-specific
impact of these fungi on the general allergic population are also
needed.
Acknowledgments

The authors would like to thank all those who were involved in
data collection and processing; in particular, Dr. Maiko Watanabe,
Yoichi Kamata, and Kosuke Takatori from National Institute of
Health Science (of Japan) for providing fungal strains, Dr. Katsuhisa
Uchida from Teikyo University for providing fungal extracts, Akemi
Saito from Sagamihara National Hospital for the fungal cultures,
and Yuji Kawakami from FCG Research Institute Inc. for advice on
the taxonomic tree of allergenic fungi. This study was partially
supported by the Health Labour Sciences Research Grant on allergic
disease and immunology from the Ministry of Health Labour and
Welfare of Japan.



Y. Fukutomi, M. Taniguchi / Allergology International 64 (2015) 321e331328
Conflict of interest
The authors have no conflict of interest to declare.

References

1. Simon-Nobbe B, Denk U, Poll V, Rid R, Breitenbach M. The spectrum of fungal
allergy. Int Arch Allergy Immunol 2008;145:58e86.

2. Crameri R, Garbani M, Rhyner C, Huitema C. Fungi: the neglected allergenic
sources. Allergy 2014;69:176e85.

3. Burge HA. An update on pollen and fungal spore aerobiology. J Allergy Clin
Immunol 2002;110:544e52.

4. Dales RE, Cakmak S, Judek S, Dann T, Coates F, Brook JR, et al. The role of
fungal spores in thunderstorm asthma. Chest 2003;123:745e50.

5. Grinn-Gofron A, Strzelczak A. Changes in concentration of Alternaria and Cla-
dosporium spores during summer storms. Int J Biometeorol 2013;57:759e68.

6. Knutsen AP, Bush RK, Demain JG, Denning DW, Dixit A, Fairs A, et al. Fungi and
allergic lower respiratory tract diseases. J Allergy Clin Immunol 2012;129:
280e91. quiz 92e3.

7. Pulimood TB, Corden JM, Bryden C, Sharples L, Nasser SM. Epidemic asthma
and the role of the fungal mold Alternaria alternata. J Allergy Clin Immunol
2007;120:610e7.

8. Delfino RJ, Coate BD, Zeiger RS, Seltzer JM, Street DH, Koutrakis P. Daily
asthma severity in relation to personal ozone exposure and outdoor fungal
spores. Am J Respir Crit Care Med 1996;154:633e41.

9. Delfino RJ, Zeiger RS, Seltzer JM, Street DH, Matteucci RM, Anderson PR, et al.
The effect of outdoor fungal spore concentrations on daily asthma severity.
Environ Health Perspect 1997;105:622e35.

10. Takatori M, Shida T, Akiyama K, Takatori K. [Airborne fungi during the last ten
years in Sagamihara]. Arerugi 1994;43:1e8 (in Japanese).

11. Sharpe RA, Bearman N, Thornton CR, Husk K, Osborne NJ. Indoor fungal di-
versity and asthma: a meta-analysis and systematic review of risk factors.
J Allergy Clin Immunol 2015;135:110e22.

12. Jones R, Recer GM, Hwang SA, Lin S. Association between indoor mold and
asthma among children in Buffalo, New York. Indoor Air 2011;21:156e64.

13. Rosenbaum PF, Crawford JA, Anagnost SE, Wang CJ, Hunt A, Anbar RD, et al.
Indoor airborne fungi and wheeze in the first year of life among a cohort of
infants at risk for asthma. J Expo Sci Environ Epidemiol 2010;20:503e15.

14. Sharpe R, Thornton CR, Osborne NJ. Modifiable factors governing indoor
fungal diversity and risk of asthma. Clin Exp Allergy 2014;44:631e41.

15. de Ana SG, Torres-Rodriguez JM, Ramirez EA, Garcia SM, Belmonte-Soler J.
Seasonal distribution of Alternaria, Aspergillus, Cladosporium and Penicillium
species isolated in homes of fungal allergic patients. J Investig Allergol Clin
Immunol 2006;16:357e63.

16. Cetinkaya Z, Fidan F, Unlu M, Hasenekoglu I, Tetik L, Demirel R. Assessment of
indoor air fungi in Western-Anatolia, Turkey. Asian Pac J Allergy Immunol
2005;23:87e92.

17. Ara K, Aihara M, Ojima M, Toshima Y, Yabune C, Tokuda H, et al. Survey of
fungal contamination in ordinary houses in Japan. Allergol Int 2004;53:
369e77.

18. Kawakami Y, Hashimoto K, Fukutomi Y, Taniguchi M, Saito A, Akiyama K.
[A survey on the distribution of booklice, other allergenic arthropods, and
fungi in houses in Tokyo]. [Urban Pest Manag] 2014;4:65e77 (in Japanese).

19. Zukiewicz-Sobczak W, Sobczak P, Krasowska E, Zwolinski J, Chmielewska-
Badora J, Galinska EM. Allergenic potential of moulds isolated from buildings.
Ann Agric Environ Med 2013;20:500e3.

20. Bousquet PJ, Castelli C, Daures JP, Heinrich J, Hooper R, Sunyer J, et al.
Assessment of allergen sensitization in a general population-based survey
(European Community Respiratory Health Survey I). Ann Epidemiol 2010;20:
797e803.

21. Bousquet PJ, Chinn S, Janson C, Kogevinas M, Burney P, Jarvis D. Geographical
variation in the prevalence of positive skin tests to environmental aero-
allergens in the European Community Respiratory Health Survey I. Allergy
2007;62:301e9.

22. Wenzel SE. Asthma: defining of the persistent adult phenotypes. Lancet
2006;368:804e13.

23. Fairs A, Agbetile J, Hargadon B, Bourne M, Monteiro WR, Brightling CE, et al.
IgE sensitization to Aspergillus fumigatus is associated with reduced lung
function in asthma. Am J Respir Crit Care Med 2010;182:1362e8.

24. Chou H, Chang CY, Tsai JJ, Tang RB, Lee SS, Wang SR, et al. The prevalence of
IgE antibody reactivity against the alkaline serine protease major allergen of
Penicillium chrysogenum increases with the age of asthmatic patients. Ann
Allergy Asthma Immunol 2003;90:248e53.

25. Crameri R, Zeller S, Glaser AG, Vilhelmsson M, Rhyner C. Cross-reactivity
among fungal allergens: a clinically relevant phenomenon? Mycoses 2009;52:
99e106.

26. Ballmer-Weber BK, Scheurer S, Fritsche P, Enrique E, Cistero-Bahima A,
Haase T, et al. Component-resolved diagnosis with recombinant allergens in
patients with cherry allergy. J Allergy Clin Immunol 2002;110:167e73.

27. Ebo DG, Hagendorens MM, De Knop KJ, Verweij MM, Bridts CH, De Clerck LS,
et al. Component-resolved diagnosis from latex allergy by microarray. Clin Exp
Allergy 2010;40:348e58.

28. Minami T, Fukutomi Y, Lidholm J, Yasueda H, Saito A, Sekiya K, et al. IgE Abs to
Der p 1 and Der p 2 as diagnostic markers of house dust mite allergy as
defined by a bronchoprovocation test. Allergol Int 2015;64:90e5.
29. Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, van Hage M,
Baena-Cagnani CE, et al. A WAO e ARIA e GA(2)LEN consensus document on
molecular-based allergy diagnostics. World Allergy Organ J 2013;6:17.

30. Kazemi-Shirazi L, Niederberger V, Linhart B, Lidholm J, Kraft D, Valenta R.
Recombinant marker allergens: diagnostic gatekeepers for the treatment of
allergy. Int Arch Allergy Immunol 2002;127:259e68.

31. Lidholm J, Ballmer-Weber BK, Mari A, Vieths S. Component-resolved di-
agnostics in food allergy. Curr Opin Allergy Clin Immunol 2006;6:234e40.

32. Nelson HS, Szefler SJ, Jacobs J, Huss K, Shapiro G, Sternberg AL. The re-
lationships among environmental allergen sensitization, allergen exposure,
pulmonary function, and bronchial hyperresponsiveness in the Childhood
Asthma Management Program. J Allergy Clin Immunol 1999;104:775e85.

33. Fernandez C, Bevilacqua E, Fernandez N, Gajate P, de la Camara AG,
Garcimartin M, et al. Asthma related to Alternaria sensitization: an analysis of
skin-test and serum-specific IgE efficiency based on the bronchial provocation
test. Clin Exp Allergy 2011;41:649e56.

34. Halonen M, Stern DA, Wright AL, Taussig LM, Martinez FD. Alternaria as a
major allergen for asthma in children raised in a desert environment. Am J
Respir Crit Care Med 1997;155:1356e61.

35. Perzanowski MS, Sporik R, Squillace SP, Gelber LE, Call R, Carter M, et al.
Association of sensitization to Alternaria allergens with asthma among school-
age children. J Allergy Clin Immunol 1998;101:626e32.

36. Randriamanantany ZA, Annesi-Maesano I, Moreau D, Raherison C, Charpin D,
Kopferschmitt C, et al. Alternaria sensitization and allergic rhinitis with or
without asthma in the French Six Cities study. Allergy 2010;65:368e75.

37. Kustrzeba-Wojcicka I, Siwak E, Terlecki G, Wolanczyk-Medrala A, Medrala W.
Alternaria alternata and its allergens: a comprehensive review. Clin Rev Allergy
Immunol 2014;47:354e65.

38. Nambu M, Kouno H, Aihara-Tanaka M, Shirai H, Takatori K. Detection of fungi
in indoor environments and fungus-specific IgE sensitization in allergic chil-
dren. World Allergy Organ J 2009;2:208e12.

39. Meng J, Barnes CS, Rosenwasser LJ. Identity of the fungal species present in
the homes of asthmatic children. Clin Exp Allergy 2012;42:1448e58.

40. Bush RK, Prochnau JJ. Alternaria-induced asthma. J Allergy Clin Immunol
2004;113:227e34.

41. Bergamini BM, Grillenzoni S, Andreoni AD, Natali P, Ranzi A, Bertolani MF.
Alternaria spores at different heights from the ground. Allergy 2004;59:746e52.

42. Mitakakis TZ, Tovey ER, Xuan W, Marks GB. Personal exposure to allergenic
pollen and mould spores in inland New South Wales, Australia. Clin Exp Al-
lergy 2000;30:1733e9.

43. Nasser SM, Pulimood TB. Allergens and thunderstorm asthma. Curr Allergy
Asthma Rep 2009;9:384e90.

44. Corden J, Millington W, Mullins J. Long-term trends and regional variation in
the aeroallergen Alternaria in Cardiff and Derby UK e are differences in
climate and cereal production having an effect? Aerobiologia 2003;19:191e9.

45. Peat JK, Tovey E, Mellis CM, Leeder SR, Woolcock AJ. Importance of house dust
mite and Alternaria allergens in childhood asthma: an epidemiological study
in two climatic regions of Australia. Clin Exp Allergy 1993;23:812e20.

46. Arbes Jr SJ, Gergen PJ, Vaughn B, Zeldin DC. Asthma cases attributable to
atopy: results from the Third National Health and Nutrition Examination
Survey. J Allergy Clin Immunol 2007;120:1139e45.

47. Sunyer J, Soriano J, Anto JM, Burgos F, Pereira A, Payo F, et al. Sensitization to
individual allergens as risk factors for lower FEV1 in young adults. European
Community Respiratory Health Survey. Int J Epidemiol 2000;29:125e30.

48. Neukirch C, Henry C, Leynaert B, Liard R, Bousquet J, Neukirch F. Is sensiti-
zation to Alternaria alternata a risk factor for severe asthma? A population-
based study. J Allergy Clin Immunol 1999;103:709e11.

49. Zureik M, Neukirch C, Leynaert B, Liard R, Bousquet J, Neukirch F. Sensitisation
to airborne moulds and severity of asthma: cross sectional study from Eu-
ropean Community respiratory health survey. BMJ 2002;325:411e4.

50. O'Driscoll BR, Hopkinson LC, Denning DW. Mold sensitization is common
amongst patients with severe asthma requiring multiple hospital admissions.
BMC Pulm Med 2005;5:4.

51. O'Hollaren MT, Yunginger JW, Offord KP, Somers MJ, O'Connell EJ, Ballard DJ,
et al. Exposure to an aeroallergen as a possible precipitating factor in respi-
ratory arrest in young patients with asthma. N Engl J Med 1991;324:359e63.

52. Black PN, Udy AA, Brodie SM. Sensitivity to fungal allergens is a risk factor for
life-threatening asthma. Allergy 2000;55:501e4.

53. Canova C, Heinrich J, Anto JM, Leynaert B, Smith M, Kuenzli N, et al. The in-
fluence of sensitisation to pollens and moulds on seasonal variations in
asthma attacks. Eur Respir J 2013;42:935e45.

54. Behbod B, Sordillo JE, Hoffman EB, Datta S, Muilenberg ML, Scott JA, et al.
Wheeze in infancy: protection associated with yeasts in house dust contrasts
with increased risk associated with yeasts in indoor air and other fungal taxa.
Allergy 2013;68:1410e8.

55. Kleine-Tebbe J, Worm M, Jeep S, Matthiesen F, Lowenstein H, Kunkel G.
Predominance of the major allergen (Alt a I) in Alternaria sensitized patients.
Clin Exp Allergy 1993;23:211e8.

56. Aden E, Weber B, Bossert J, Teppke M, Frank E, Wahl R, et al. Standardization
of Alternaria alternata: extraction and quantification of alt a 1 by using an
mAb-based 2-site binding assay. J Allergy Clin Immunol 1999;104:128e35.

57. Vailes LD, Perzanowski MS, Wheatley LM, Platts-Mills TA, Chapman MD. IgE
and IgG antibody responses to recombinant Alt a 1 as a marker of sensitiza-
tion to Alternaria in asthma and atopic dermatitis. Clin Exp Allergy 2001;31:
1891e5.

http://refhub.elsevier.com/S1323-8930(15)00116-1/sref1
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref1
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref1
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref2
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref2
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref2
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref3
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref3
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref3
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref4
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref4
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref4
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref5
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref5
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref5
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref6
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref6
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref6
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref6
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref6
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref7
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref7
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref7
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref7
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref8
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref8
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref8
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref8
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref9
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref9
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref9
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref9
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref10
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref10
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref10
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref11
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref11
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref11
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref11
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref12
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref12
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref12
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref13
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref13
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref13
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref13
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref14
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref14
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref14
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref15
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref15
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref15
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref15
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref15
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref16
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref16
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref16
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref16
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref17
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref17
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref17
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref17
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref18
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref18
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref18
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref18
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref19
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref19
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref19
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref19
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref20
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref20
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref20
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref20
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref20
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref21
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref21
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref21
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref21
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref21
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref22
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref22
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref22
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref23
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref23
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref23
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref23
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref24
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref24
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref24
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref24
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref24
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref25
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref25
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref25
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref25
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref26
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref26
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref26
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref26
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref27
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref27
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref27
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref27
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref28
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref28
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref28
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref28
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref29
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref29
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref29
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref29
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref29
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref30
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref30
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref30
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref30
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref31
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref31
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref31
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref32
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref32
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref32
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref32
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref32
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref33
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref33
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref33
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref33
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref33
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref34
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref34
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref34
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref34
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref35
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref35
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref35
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref35
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref36
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref36
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref36
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref36
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref37
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref37
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref37
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref37
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref38
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref38
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref38
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref38
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref39
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref39
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref39
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref40
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref40
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref40
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref41
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref41
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref41
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref42
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref42
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref42
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref42
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref43
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref43
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref43
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref44
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref44
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref44
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref44
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref44
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref45
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref45
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref45
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref45
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref46
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref46
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref46
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref46
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref47
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref47
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref47
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref47
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref48
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref48
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref48
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref48
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref49
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref49
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref49
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref49
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref50
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref50
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref50
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref51
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref51
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref51
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref51
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref52
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref52
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref52
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref53
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref53
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref53
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref53
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref54
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref54
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref54
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref54
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref54
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref55
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref55
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref55
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref55
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref56
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref56
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref56
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref56
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref57
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref57
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref57
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref57
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref57


Y. Fukutomi, M. Taniguchi / Allergology International 64 (2015) 321e331 329
58. Asturias JA, Ibarrola I, Ferrer A, Andreu C, Lopez-Pascual E, Quiralte J, et al.
Diagnosis of Alternaria alternata sensitization with natural and recombinant
Alt a 1 allergens. J Allergy Clin Immunol 2005;115:1210e7.

59. Postigo I, Gutierrez-Rodriguez A, Fernandez J, Guisantes JA, Sunen E,
Martinez J. Diagnostic value of Alt a 1, fungal enolase and manganese-
dependent superoxide dismutase in the component-resolved diagnosis of
allergy to Pleosporaceae. Clin Exp Allergy 2011;41:443e51.

60. Mitakakis TZ, Barnes C, Tovey ER. Spore germination increases allergen
release from Alternaria. J Allergy Clin Immunol 2001;107:388e90.

61. Twaroch TE, Arcalis E, Sterflinger K, Stoger E, Swoboda I, Valenta R. Pre-
dominant localization of the major Alternaria allergen Alt a 1 in the cell wall of
airborne spores. J Allergy Clin Immunol 2012;129:1148e9.

62. Saenz-de-Santamaria M, Postigo I, Gutierrez-Rodriguez A, Cardona G,
Guisantes JA, Asturias J, et al. The major allergen of Alternaria alternata (Alt a
1) is expressed in other members of the Pleosporaceae family. Mycoses
2006;49:91e5.

63. Garrett MH, Rayment PR, Hooper MA, Abramson MJ, Hooper BM. Indoor
airborne fungal spores, house dampness and associations with environmental
factors and respiratory health in children. Clin Exp Allergy 1998;28:459e67.

64. Chew GL, Rogers C, Burge HA, Muilenberg ML, Gold DR. Dustborne and
airborne fungal propagules represent a different spectrum of fungi with
differing relations to home characteristics. Allergy 2003;58:13e20.

65. Jaakkola MS, Ieromnimon A, Jaakkola JJ. Are atopy and specific IgE to mites
and molds important for adult asthma? J Allergy Clin Immunol 2006;117:
642e8.

66. Cazzoletti L, Marcon A, Corsico A, Janson C, Jarvis D, Pin I, et al. Asthma
severity according to Global Initiative for Asthma and its determinants: an
international study. Int Arch Allergy Immunol 2010;151:70e9.

67. Cazzoletti L, Marcon A, Janson C, Corsico A, Jarvis D, Pin I, et al. Asthma control
in Europe: a real-world evaluation based on an international population-
based study. J Allergy Clin Immunol 2007;120:1360e7.

68. Gravesen S. Fungi as a cause of allergic disease. Allergy 1979;34:135e54.
69. Rantio-Lehtimaki A. Evaluating the penetration of Cladosporium spores into

the human respiratory system on the basis of aerobiological sampling results.
Allergy 1989;44:18e24.

70. Simon-Nobbe B, Denk U, Schneider PB, Radauer C, Teige M, Crameri R, et al.
NADP-dependent mannitol dehydrogenase, a major allergen of Cladosporium
herbarum. J Biol Chem 2006;281:16354e60.

71. Schneider PB, Denk U, Breitenbach M, Richter K, Schmid-Grendelmeier P,
Nobbe S, et al. Alternaria alternata NADP-dependent mannitol dehydrogenase
is an important fungal allergen. Clin Exp Allergy 2006;36:1513e24.

72. Mari A, Schneider P, Wally V, Breitenbach M, Simon-Nobbe B. Sensitization to
fungi: epidemiology, comparative skin tests, and IgE reactivity of fungal ex-
tracts. Clin Exp Allergy 2003;33:1429e38.

73. Bundy KW, Gent JF, Beckett W, Bracken MB, Belanger K, Triche E, et al.
Household airborne Penicillium associated with peak expiratory flow vari-
ability in asthmatic children. Ann Allergy Asthma Immunol 2009;103:26e30.

74. Reponen T, Lockey J, Bernstein DI, Vesper SJ, Levin L, Khurana Hershey GK,
et al. Infant origins of childhood asthma associated with specific molds.
J Allergy Clin Immunol 2012;130:639e44. e5.

75. Gent JF, Ren P, Belanger K, Triche E, Bracken MB, Holford TR, et al. Levels of
household mold associated with respiratory symptoms in the first year of life
in a cohort at risk for asthma. Environ Health Perspect 2002;110:A781e6.

76. Gent JF, Kezik JM, Hill ME, Tsai E, Li DW, Leaderer BP. Household mold and
dust allergens: exposure, sensitization and childhood asthma morbidity. En-
viron Res 2012;118:86e93.

77. Chou H, Lin WL, Tam MF, Wang SR, Han SH, Shen HD. Alkaline serine pro-
teinase is a major allergen of Aspergillus flavus, a prevalent airborne Asper-
gillus species in the Taipei area. Int Arch Allergy Immunol 1999;119:282e90.

78. Shen HD, Tam MF, Chou H, Han SH. The importance of serine proteinases as
aeroallergens associated with asthma. Int Arch Allergy Immunol 1999;119:
259e64.

79. Nakagawa-Yoshida K, Ando M, Etches RI, Dosman JA. Fatal cases of farmer's
lung in a Canadian family. Probable new antigens, Penicillium brevicompactum
and P olivicolor. Chest 1997;111:245e8.

80. Park HS, Jung KS, Kim SO, Kim SJ. Hypersensitivity pneumonitis induced by
Penicillium expansum in a home environment. Clin Exp Allergy 1994;24:
383e5.

81. van Assendelft AH, Raitio M, Turkia V. Fuel chip-induced hypersensitivity
pneumonitis caused by Penicillium species. Chest 1985;87:394e6.

82. Greenberger PA. Allergic bronchopulmonary Aspergillosis. J Allergy Clin
Immunol 2002;110:685e92.

83. Hamilos DL. Allergic fungal rhinitis and rhinosinusitis. Proc Am Thorac Soc
2010;7:245e52.

84. Thompson 3rd GR, Patterson TF. Fungal disease of the nose and paranasal
sinuses. J Allergy Clin Immunol 2012;129:321e6.

85. Mitsui C, Taniguchi M, Fukutomi Y, Saito A, Kawakami Y, Mori A, et al. Non
occupational chronic hypersensitivity pneumonitis due to Aspergillus fumi-
gatus on leaky walls. Allergol Int 2012;61:501e2.

86. Quirce S, Hinojosa M, Blanco R, Cespon C, Yoldi M. Aspergillus fumigatus is the
causative agent of hypersensitivity pneumonitis caused by esparto dust.
J Allergy Clin Immunol 1998;102:147e8.

87. Yoshida K, Ueda A, Yamasaki H, Sato K, Uchida K, Ando M. Hypersensitivity
pneumonitis resulting from Aspergillus fumigatus in a greenhouse. Arch En-
viron Health 1993;48:260e2.
88. Shah A. Concurrent allergic bronchopulmonary aspergillosis and aspergil-
loma: is it a more severe form of the disease? Eur Respir Rev 2010;19:261e3.

89. Denning DW, Pashley C, Hartl D, Wardlaw A, Godet C, Del Giacco S, et al.
Fungal allergy in asthma-state of the art and research needs. Clin Transl Al-
lergy 2014;4:14.

90. Agarwal R, Maskey D, Aggarwal AN, Saikia B, Garg M, Gupta D, et al. Diag-
nostic performance of various tests and criteria employed in allergic bron-
chopulmonary aspergillosis: a latent class analysis. PLoS One 2013;8:e61105.

91. Agbetile J, Fairs A, Desai D, Hargadon B, Bourne M, Mutalithas K, et al. Isolation
of filamentous fungi from sputum in asthma is associated with reduced post-
bronchodilator FEV1. Clin Exp Allergy 2012;42:782e91.

92. Baxter CG, Moore CB, Jones AM, Webb AK, Denning DW. IgE-mediated im-
mune responses and airway detection of Aspergillus and Candida in adult
cystic fibrosis. Chest 2013;143:1351e7.

93. Bafadhel M, McKenna S, Agbetile J, Fairs A, Desai D, Mistry V, et al. Aspergillus
fumigatus during stable state and exacerbations of COPD. Eur Respir J 2014;43:
64e71.

94. Dhooria S, Kumar P, Saikia B, Aggarwal AN, Gupta D, Behera D, et al. Preva-
lence of Aspergillus sensitisation in pulmonary tuberculosis-related fibroca-
vitary disease. Int J Tuberc Lung Dis 2014;18:850e5.

95. Chrdle A, Mustakim S, Bright-Thomas RJ, Baxter CG, Felton T, Denning DW.
Aspergillus bronchitis without significant immunocompromise. Ann N Y Acad
Sci 2012;1272:73e85.

96. Kwon-Chung KJ, Sugui JA. Aspergillus fumigatusewhat makes the species a
ubiquitous human fungal pathogen? PLoS Pathog 2013;9:e1003743.

97. Mah JH, Yu JH. Upstream and downstream regulation of asexual development
in Aspergillus fumigatus. Eukaryot Cell 2006;5:1585e95.

98. Chen CH, Chao HJ, Chan CC, Chen BY, Guo YL. Current asthma in school-
children is related to fungal spores in classrooms. Chest 2014;146:123e34.

99. Menzies D, Holmes L, McCumesky G, Prys-Picard C, Niven R. Aspergillus
sensitization is associated with airflow limitation and bronchiectasis in severe
asthma. Allergy 2011;66:679e85.

100. Denning DW, O'Driscoll BR, Hogaboam CM, Bowyer P, Niven RM. The link
between fungi and severe asthma: a summary of the evidence. Eur Respir J
2006;27:615e26.

101. Moss RB. Treatment options in severe fungal asthma and allergic broncho-
pulmonary aspergillosis. Eur Respir J 2014;43:1487e500.

102. Fairs A, Agbetile J, Bourne M, Hargadon B, Monteiro WR, Morley JP, et al.
Isolation of Aspergillus fumigatus from sputum is associated with elevated
airborne levels in homes of patients with asthma. Indoor Air 2013;23:
275e84.

103. Arruda LK, Platts-Mills TA, Fox JW, Chapman MD. Aspergillus fumigatus
allergen I, a major IgE-binding protein, is a member of the mitogillin family of
cytotoxins. J Exp Med 1990;172:1529e32.

104. Bowyer P, Denning DW. Genomic analysis of allergen genes in Aspergillus spp:
the relevance of genomics to everyday research. Med Mycol 2007;45:17e26.

105. Arruda LK, Platts-Mills TA, Longbottom JL, el-Dahr JM, Chapman MD. Asper-
gillus fumigatus: identification of 16, 18, and 45 kd antigens recognized by
human IgG and IgE antibodies and murine monoclonal antibodies. J Allergy
Clin Immunol 1992;89:1166e76.

106. Sporik RB, Arruda LK, Woodfolk J, Chapman MD, Platts-Mills TA. Environ-
mental exposure to Aspergillus fumigatus allergen (Asp f I). Clin Exp Allergy
1993;23:326e31.

107. Vailes L, Sridhara S, Cromwell O, Weber B, Breitenbach M, Chapman M.
Quantitation of the major fungal allergens, Alt a 1 and Asp f 1, in commercial
allergenic products. J Allergy Clin Immunol 2001;107:641e6.

108. Banerjee B, Kurup VP, Greenberger PA, Hoffman DR, Nair DS, Fink JN. Purifi-
cation of a major allergen, Asp f 2 binding to IgE in allergic bronchopulmonary
aspergillosis, from culture filtrate of Aspergillus fumigatus. J Allergy Clin
Immunol 1997;99:821e7.

109. Teshima R, Ikebuchi H, Sawada J, Miyachi S, Kitani S, Iwama M, et al. Isolation
and characterization of a major allergenic component (gp55) of Aspergillus
fumigatus. J Allergy Clin Immunol 1993;92:698e706.

110. Bowyer P, Fraczek M, Denning DW. Comparative genomics of fungal allergens
and epitopes shows widespread distribution of closely related allergen and
epitope orthologues. BMC Genomics 2006;7:251.

111. Kurup VP, Banerjee B, Hemmann S, Greenberger PA, Blaser K, Crameri R.
Selected recombinant Aspergillus fumigatus allergens bind specifically to IgE in
ABPA. Clin Exp Allergy 2000;30:988e93.

112. Hemmann S, Blaser K, Crameri R. Allergens of Aspergillus fumigatus and
Candida boidinii share IgE-binding epitopes. Am J Respir Crit Care Med
1997;156:1956e62.

113. Crameri R. Recombinant Aspergillus fumigatus allergens: from the nucleotide
sequences to clinical applications. Int Arch Allergy Immunol 1998;115:99e114.

114. Kurup VP, Shen HD, Vijay H. Immunobiology of fungal allergens. Int Arch
Allergy Immunol 2002;129:181e8.

115. Kumar A, Reddy LV, Sochanik A, Kurup VP. Isolation and characterization of a
recombinant heat shock protein of Aspergillus fumigatus. J Allergy Clin
Immunol 1993;91:1024e30.

116. Lai HY, Tam MF, Tang RB, Chou H, Chang CY, Tsai JJ, et al. cDNA cloning and
immunological characterization of a newly identified enolase allergen from
Penicillium citrinum and Aspergillus fumigatus. Int Arch Allergy Immunol
2002;127:181e90.

117. Glaser AG, Limacher A, Fluckiger S, Scheynius A, Scapozza L, Crameri R.
Analysis of the cross-reactivity and of the 1.5 A crystal structure of the

http://refhub.elsevier.com/S1323-8930(15)00116-1/sref58
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref58
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref58
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref58
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref59
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref59
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref59
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref59
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref59
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref60
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref60
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref60
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref61
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref61
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref61
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref61
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref62
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref62
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref62
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref62
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref62
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref63
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref63
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref63
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref63
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref64
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref64
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref64
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref64
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref65
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref65
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref65
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref65
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref66
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref66
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref66
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref66
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref67
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref67
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref67
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref67
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref68
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref68
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref69
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref69
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref69
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref69
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref70
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref70
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref70
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref70
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref71
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref71
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref71
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref71
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref72
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref72
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref72
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref72
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref73
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref73
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref73
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref73
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref74
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref74
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref74
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref74
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref75
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref75
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref75
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref75
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref76
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref76
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref76
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref76
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref77
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref77
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref77
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref77
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref78
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref78
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref78
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref78
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref79
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref79
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref79
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref79
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref80
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref80
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref80
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref80
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref81
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref81
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref81
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref82
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref82
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref82
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref83
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref83
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref83
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref84
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref84
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref84
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref85
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref85
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref85
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref85
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref86
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref86
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref86
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref86
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref87
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref87
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref87
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref87
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref88
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref88
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref88
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref89
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref89
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref89
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref90
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref90
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref90
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref91
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref91
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref91
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref91
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref92
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref92
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref92
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref92
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref93
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref93
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref93
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref93
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref94
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref94
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref94
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref94
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref95
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref95
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref95
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref95
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref96
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref96
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref96
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref97
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref97
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref97
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref98
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref98
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref98
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref99
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref99
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref99
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref99
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref100
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref100
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref100
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref100
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref101
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref101
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref101
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref102
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref102
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref102
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref102
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref102
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref103
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref103
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref103
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref103
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref104
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref104
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref104
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref105
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref105
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref105
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref105
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref105
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref106
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref106
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref106
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref106
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref107
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref107
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref107
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref107
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref108
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref108
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref108
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref108
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref108
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref109
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref109
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref109
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref109
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref110
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref110
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref110
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref111
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref111
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref111
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref111
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref112
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref112
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref112
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref112
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref113
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref113
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref113
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref114
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref114
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref114
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref115
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref115
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref115
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref115
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref116
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref116
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref116
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref116
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref116
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref117
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref117


Y. Fukutomi, M. Taniguchi / Allergology International 64 (2015) 321e331330
Malassezia sympodialis Mala s 6 allergen, a member of the cyclophilin pan-
allergen family. Biochem J 2006;396:41e9.

118. Yasueda H, Hashida-Okado T, Saito A, Uchida K, Kuroda M, Onishi Y, et al.
Identification and cloning of two novel allergens from the lipophilic yeast,
Malassezia furfur. Biochem Biophys Res Commun 1998;248:240e4.

119. Fluckiger S, Scapozza L, Mayer C, Blaser K, Folkers G, Crameri R. Immuno-
logical and structural analysis of IgE-mediated cross-reactivity between
manganese superoxide dismutases. Int Arch Allergy Immunol 2002;128:
292e303.

120. Kurup VP. Aspergillus antigens: which are important? Med Mycol
2005;43(Suppl. 1):S189e96.

121. Crameri R, Hemmann S, Ismail C, Menz G, Blaser K. Disease-specific recom-
binant allergens for the diagnosis of allergic bronchopulmonary aspergillosis.
Int Immunol 1998;10:1211e6.

122. Hemmann S, Menz G, Ismail C, Blaser K, Crameri R. Skin test reactivity to 2
recombinant Aspergillus fumigatus allergens in A fumigatus-sensitized asth-
matic subjects allows diagnostic separation of allergic bronchopulmonary
aspergillosis from fungal sensitization. J Allergy Clin Immunol 1999;104:
601e7.

123. Glaser AG, Kirsch AI, Zeller S, Menz G, Rhyner C, Crameri R. Molecular and
immunological characterization of Asp f 34, a novel major cell wall allergen of
Aspergillus fumigatus. Allergy 2009;64:1144e51.

124. Ashbee HR. Update on the genus Malassezia. Med Mycol 2007;45:287e303.
125. Sugita T. [The 50th Anniversary Educational Symposium of the Japanese So-

ciety for medical Mycology: Mycological study on Malassezia]. Nihon Ishinkin
Gakkai Zasshi 2007;48:179e82 (in Japanese).

126. Shifrine M, Marr AG. The requirement of fatty acids by Pityrosporum ovale.
J Gen Microbiol 1963;32:263e70.

127. Scalabrin DM, Bavbek S, Perzanowski MS, Wilson BB, Platts-Mills TA,
Wheatley LM. Use of specific IgE in assessing the relevance of fungal and dust
mite allergens to atopic dermatitis: a comparison with asthmatic and non-
asthmatic control subjects. J Allergy Clin Immunol 1999;104:1273e9.

128. Arzumanyan VG, Serdyuk OA, Kozlova NN, Basnak'yan IA, Fedoseeva VN. IgE
and IgG antibodies to Malassezia spp. yeast extract in patients with atopic
dermatitis. Bull Exp Biol Med 2003;135:460e3.

129. Casagrande BF, Fluckiger S, Linder MT, Johansson C, Scheynius A, Crameri R,
et al. Sensitization to the yeast Malassezia sympodialis is specific for extrinsic
and intrinsic atopic eczema. J Invest Dermatol 2006;126:2414e21.

130. Bayrou O, Pecquet C, Flahault A, Artigou C, Abuaf N, Leynadier F. Head and
neck atopic dermatitis and Malassezia-furfur-specific IgE antibodies. Derma-
tology 2005;211:107e13.

131. Zhang E, Tanaka T, Tajima M, Tsuboi R, Kato H, Nishikawa A, et al. Anti-
Malassezia-specific IgE antibodies production in Japanese patients with head
and neck atopic dermatitis: relationship between the level of specific IgE
antibody and the Colonization frequency of Cutaneous malassezia species and
clinical severity. J Allergy (Cairo) 2011;2011:645670.

132. Kim TY, Jang IG, Park YM, Kim HO, Kim CW. Head and neck dermatitis: the
role of Malassezia furfur, topical steroid use and environmental factors in its
causation. Clin Exp Dermatol 1999;24:226e31.

133. Devos SA, van der Valk PG. The relevance of skin prick tests for Pityrosporum
ovale in patients with head and neck dermatitis. Allergy 2000;55:1056e8.

134. Brodska P, Panzner P, Pizinger K, Schmid-Grendelmeier P. IgE-mediated
sensitization to Malassezia in atopic dermatitis: more common in male pa-
tients and in head and neck type. Dermatitis 2014;25:120e6.

135. Mayser P, Gross A. IgE antibodies to Malassezia furfur, M. sympodialis and
Pityrosporum orbiculare in patients with atopic dermatitis, seborrheic
eczema or pityriasis versicolor, and identification of respective allergens. Acta
Derm Venereol 2000;80:357e61.

136. Svejgaard E, Larsen PO, Deleuran M, Ternowitz T, Roed-Petersen J, Nilsson J.
Treatment of head and neck dermatitis comparing itraconazole 200 mg and
400 mg daily for 1 week with placebo. J Eur Acad Dermatol Venereol 2004;18:
445e9.

137. Mayser P, Kupfer J, Nemetz D, Schafer U, Nilles M, Hort W, et al. Treatment of
head and neck dermatitis with ciclopiroxolamine creameresults of a double-
blind, placebo-controlled study. Skin Pharmacol Physiol 2006;19:153e8.

138. Kaffenberger BH, Mathis J, Zirwas MJ. A retrospective descriptive study of oral
azole antifungal agents in patients with patch test-negative head and neck
predominant atopic dermatitis. J Am Acad Dermatol 2014;71:480e3.

139. Sandstrom Falk MH, Tengvall Linder M, Johansson C, Bartosik J, Back O,
Sarnhult T, et al. The prevalence of Malassezia yeasts in patients with atopic
dermatitis, seborrhoeic dermatitis and healthy controls. Acta Derm Venereol
2005;85:17e23.

140. Zhang E, Tanaka T, Tajima M, Tsuboi R, Nishikawa A, Sugita T. Characterization
of the skin fungal microbiota in patients with atopic dermatitis and in healthy
subjects. Microbiol Immunol 2011;55:625e32.

141. Andersson A, Scheynius A, Rasool O. Detection of Mala f and Mala s allergen
sequences within the genus Malassezia. Med Mycol 2003;41:479e85.

142. Zargari A, Midgley G, Back O, Johansson SG, Scheynius A. IgE-reactivity to
seven Malassezia species. Allergy 2003;58:306e11.

143. Fluckiger S, Fijten H, Whitley P, Blaser K, Crameri R. Cyclophilins, a new family
of cross-reactive allergens. Eur J Immunol 2002;32:10e7.

144. Lindborg M, Magnusson CG, Zargari A, Schmidt M, Scheynius A, Crameri R,
et al. Selective cloning of allergens from the skin colonizing yeast Malassezia
furfur by phage surface display technology. J Invest Dermatol 1999;113:
156e61.
145. Andersson A, Rasool O, Schmidt M, Kodzius R, Fluckiger S, Zargari A, et al.
Cloning, expression and characterization of two new IgE-binding proteins
from the yeast Malassezia sympodialis with sequence similarities to heat
shock proteins and manganese superoxide dismutase. Eur J Biochem
2004;271:1885e94.

146. Limacher A, Glaser AG, Meier C, Schmid-Grendelmeier P, Zeller S, Scapozza L,
et al. Cross-reactivity and 1.4-A crystal structure of Malassezia sympodialis
thioredoxin (Mala s 13), a member of a new pan-allergen family. J Immunol
2007;178:389e96.

147. Kosonen J, Luhtala M, Viander M, Kalimo K, Terho EO, Savolainen J. Candida
albicans-specific lymphoproliferative and cytokine (IL-4 and IFN-gamma)
responses in atopic eczema dermatitis syndrome. Evidence of CD4/CD8 and
CD3/CD16þCD56 ratio elevations in vitro. Exp Dermatol 2005;14:551e8.

148. Zargari A, Schmidt M, Lundberg M, Scheynius A, Whitley P. Immunologic
characterization of natural and recombinant Mal f 1 yeast allergen. J Allergy
Clin Immunol 1999;103:877e84.

149. Rasool O, Zargari A, Almqvist J, Eshaghi H, Whitley P, Scheynius A. Cloning,
characterization and expression of complete coding sequences of three IgE
binding Malassezia furfur allergens, Mal f 7, Mal f 8 and Mal f 9. Eur J Biochem
2000;267:4355e61.

150. Morita E, Hide M, Yoneya Y, Kannbe M, Tanaka A, Yamamoto S. An assessment
of the role of Candida albicans antigen in atopic dermatitis. J Dermatol
1999;26:282e7.

151. Savolainen J, Lammintausta K, Kalimo K, Viander M. Candida albicans and
atopic dermatitis. Clin Exp Allergy 1993;23:332e9.

152. Tanaka M, Aiba S, Matsumura N, Aoyama H, Tabata N, Sekita Y, et al. IgE-
mediated hypersensitivity and contact sensitivity to multiple environmental
allergens in atopic dermatitis. Arch Dermatol 1994;130:1393e401.

153. Faergemann J. Atopic dermatitis and fungi. Clin Microbiol Rev 2002;15:
545e63.

154. Buslau M, Menzel I, Holzmann H. Fungal flora of human faeces in psoriasis
and atopic dermatitis. Mycoses 1990;33:90e4.

155. DoekesG, KaalMJ, van Ieperen-vanDijkAG. Allergens of Pityrosporumovale and
Candida albicans. II. Physicochemical characterization. Allergy 1993;48:401e8.

156. Doekes G, van Ieperen-van Dijk AG. Allergens of Pityrosporum ovale and
Candida albicans. I. Cross-reactivity of IgE-binding components. Allergy
1993;48:394e400.

157. Nermes M, Savolainen J, Kalimo K, Lammintausta K, Viander M. Determina-
tion of IgE antibodies to Candida albicans mannan with nitrocellulose-RAST in
patients with atopic diseases. Clin Exp Allergy 1994;24:318e23.

158. Akiyama K, Yui Y, Shida T, Miyamoto T. Relationship between the results of
skin, conjunctival and bronchial tests and RAST with Candida albicans in pa-
tients with asthma. Clin Allergy 1981;11:343e51.

159. Asero R, Bottazzi G. Clinical features of patients showing Candida hypersen-
sitivity: an observational study. J Investig Allergol Clin Immunol 2004;14:
309e11.

160. Asero R, Bottazzi G. Nasal polyposis: a study of its association with airborne
allergen hypersensitivity. Ann Allergy Asthma Immunol 2001;86:283e5.

161. Neves NA, Carvalho LP, De Oliveira MA, Giraldo PC, Bacellar O, Cruz AA, et al.
Association between atopy and recurrent vaginal candidiasis. Clin Exp
Immunol 2005;142:167e71.

162. Staubach P, Vonend A, Burow G, Metz M, Magerl M, Maurer M. Patients with
chronic urticaria exhibit increased rates of sensitisation to Candida albicans,
but not to common moulds. Mycoses 2009;52:334e8.

163. Simon D, Straumann A, Dahinden C, Simon HU. Frequent sensitization to
Candida albicans and profilins in adult eosinophilic esophagitis. Allergy
2013;68:945e8.

164. Shen HD, Choo KB, Tang RB, Lee CF, Yeh JY, Han SH. Allergenic components of
Candida albicans identified by immunoblot analysis. Clin Exp Allergy 1989;19:
191e5.

165. Chou H, Tam MF, Chang CY, Lai HY, Huang MH, Chou CT, et al. Character-
ization of a novel Candida albicans 29 kDa IgE-binding proteinepurification,
cDNA isolation and heterologous expression of Cand a 3. Allergy 2003;58:
1157e64.

166. Naglik JR, Challacombe SJ, Hube B. Candida albicans secreted aspartyl pro-
teinases in virulence and pathogenesis. Microbiol Mol Biol Rev 2003;67:
400e28.

167. Akiyama K, Shida T, Yasueda H, Mita H, Yamamoto T, Yamaguchi H. Atopic
asthma caused by Candida albicans acid protease: case reports. Allergy
1994;49:778e81.

168. Akiyama K, Shida T, Yasueda H, Mita H, Yanagihara Y, Hasegawa M, et al.
Allergenicity of acid protease secreted by Candida albicans. Allergy 1996;51:
887e92.

169. Mori A, Kitamura N, Hashimoto T, Taniguchi M, Otomo M, Maeda Y, et al. IL-5
production in response to Candida albicans Secretory Aspartic protease 2 is
associated with isolated late-phase bronchial response upon inhalation
challenge. J Allergy Clin Immunol 2007;119:S44.

170. Hay RJ, Robles W, Midgley G, Moore MK. Tinea capitis in Europe: new
perspective on an old problem. J Eur Acad Dermatol Venereol 2001;15:229e33.

171. Maruyama R, Hiruma M, Yamauchi K, Teraguchi S, Yamaguchi H. An epide-
miological and clinical study of untreated patients with tinea pedis within a
company in Japan. Mycoses 2003;46:208e12.

172. Ghannoum M, Isham N, Hajjeh R, Cano M, Al-Hasawi F, Yearick D, et al. Tinea
capitis in Cleveland: survey of elementary school students. J Am Acad Der-
matol 2003;48:189e93.

http://refhub.elsevier.com/S1323-8930(15)00116-1/sref117
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref117
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref117
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref118
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref118
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref118
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref118
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref119
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref119
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref119
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref119
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref119
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref120
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref120
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref120
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref121
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref121
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref121
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref121
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref122
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref123
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref123
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref123
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref123
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref124
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref124
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref125
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref125
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref125
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref125
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref126
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref126
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref126
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref127
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref127
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref127
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref127
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref127
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref128
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref128
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref128
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref128
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref129
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref129
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref129
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref129
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref130
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref130
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref130
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref130
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref131
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref131
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref131
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref131
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref131
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref132
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref132
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref132
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref132
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref133
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref133
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref133
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref134
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref134
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref134
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref134
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref135
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref135
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref135
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref135
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref135
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref136
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref136
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref136
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref136
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref136
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref137
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref137
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref137
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref137
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref137
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref138
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref138
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref138
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref138
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref139
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref139
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref139
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref139
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref139
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref140
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref140
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref140
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref140
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref141
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref141
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref141
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref142
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref142
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref142
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref143
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref143
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref143
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref144
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref144
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref144
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref144
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref144
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref145
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref146
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref146
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref146
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref146
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref146
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref147
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref148
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref148
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref148
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref148
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref149
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref149
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref149
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref149
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref149
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref150
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref150
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref150
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref150
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref151
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref151
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref151
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref152
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref152
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref152
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref152
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref153
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref153
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref153
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref154
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref154
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref154
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref155
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref155
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref155
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref156
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref156
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref156
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref156
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref157
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref157
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref157
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref157
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref158
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref158
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref158
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref158
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref159
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref159
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref159
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref159
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref160
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref160
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref160
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref161
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref161
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref161
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref161
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref162
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref162
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref162
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref162
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref163
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref163
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref163
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref163
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref164
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref164
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref164
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref164
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref165
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref166
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref166
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref166
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref166
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref167
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref167
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref167
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref167
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref168
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref168
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref168
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref168
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref169
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref169
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref169
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref169
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref170
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref170
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref170
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref171
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref171
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref171
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref171
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref172
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref172
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref172
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref172


Y. Fukutomi, M. Taniguchi / Allergology International 64 (2015) 321e331 331
173. Escalante MT, Sanchez-Borges M, Capriles-Hulett A, Belfort E, Di Biagio E,
Gonzalez-Aveledo L. Trichophyton-specific IgE in patients with dermatophy-
tosis is not associated with aeroallergen sensitivity. J Allergy Clin Immunol
2000;105:547e51.

174. Mungan D, Bavbek S, Peksari V, Celik G, Gugey E, Misirligil Z. Trichophyton
sensitivity in allergic and nonallergic asthma. Allergy 2001;56:558e62.

175. Ward Jr GW, Karlsson G, Rose G, Platts-Mills TA. Trichophyton asthma:
sensitisation of bronchi and upper airways to dermatophyte antigen. Lancet
1989;1:859e62.

176. Elewski BE, Schwartz HJ. Asthma induced by allergy to Trichophyton rubrum.
J Eur Acad Dermatol Venereol 1999;12:250e3.

177. Platts-Mills TA, Fiocco GP, Pollart S, Hayden ML, Jackson S, Wilkins SR. Tri-
chophyton allergy in a 24-year-old man with “intrinsic” asthma. Ann Allergy
1986;56:454e5. 70-1.

178. Kivity S, Schwarz Y, Fireman E. The association of perennial rhinitis with
Trichophyton infection. Clin Exp Allergy 1992;22:498e500.

179. Ward Jr GW,Woodfolk JA, Hayden ML, Jackson S, Platts-Mills TA. Treatment of
late-onset asthma with fluconazole. J Allergy Clin Immunol 1999;104:541e6.

180. Hoshi R, Nakagome K, Aoki H, Takaku Y, Yamaguchi T, Soma T, et al. [A case of
bronchial asthma caused by occupational exposure to Trichophyton]. Arerugi
2011;60:207e13 (in Japanese).

181. Davies RR, Ganderton MA, Savage MA. Human nail dust and precipitating
antibodies to Trichophyton rubrum in chiropodists. Clin Allergy 1983;13:
309e15.

182. Matsuoka H, Niimi A, Matsumoto H, Ueda T, Takemura M, Yamaguchi M, et al.
Specific IgE response to Trichophyton and asthma severity. Chest 2009;135:
898e903.

183. Woodfolk JA. Allergy and dermatophytes. Clin Microbiol Rev 2005;18:30e43.
184. Stewart GA. Sequence similarity between a major allergen from the derma-

tophyte Trichophyton tonsurans and exo 1,3-beta-glucanase. Clin Exp Allergy
1993;23:154e5.
185. Deuell B, Arruda LK, Hayden ML, Chapman MD, Platts-Mills TA. Trichophyton
tonsurans allergen. I. Characterization of a protein that causes immediate but
not delayed hypersensitivity. J Immunol 1991;147:96e101.

186. Woodfolk JA, Slunt JB, Deuell B, Hayden ML, Platts-Mills TA. Definition of a
Trichophyton protein associated with delayed hypersensitivity in humans.
Evidence for immediate (IgE and IgG4) and delayed hypersensitivity to a
single protein. J Immunol 1996;156:1695e701.

187. Woodfolk JA, Sung SS, Benjamin DC, Lee JK, Platts-Mills TA. Distinct human T
cell repertoires mediate immediate and delayed-type hypersensitivity to the
Trichophyton antigen, Tri r 2. J Immunol 2000;165:4379e87.

188. Woodfolk JA, Wheatley LM, Piyasena RV, Benjamin DC, Platts-Mills TA. Tri-
chophyton antigens associated with IgE antibodies and delayed type hyper-
sensitivity. Sequence homology to two families of serine proteinases. J Biol
Chem 1998;273:29489e96.

189. Miyazaki Y, Sakashita H, Tanaka T, Kamei K, Nishimura K, Yoshizawa Y.
Mucoid impaction caused by monokaryotic mycelium of Schizophyllum
commune in association with bronchiectasis. Intern Med 2000;39:160e2.

190. Toyotome T, Satoh M, Yahiro M, Watanabe A, Nomura F, Kamei K. Glucoa-
mylase is a major allergen of Schizophyllum commune. Clin Exp Allergy
2014;44:450e7.

191. Ogawa H, Fujimura M, Takeuchi Y, Makimura K, Satoh K. Sensitization
to Bjerkandera adusta enhances severity of cough symptom in patients
with fungus-associated chronic cough (FACC). Med Mycol J 2011;52:
205e12.

192. Chowdhary A, Kathuria S, Agarwal K, Meis JF. Recognizing filamentous ba-
sidiomycetes as agents of human disease: a review. Med Mycol 2014;52:
782e97.

193. Chowdhary A, Randhawa HS, Gaur SN, Agarwal K, Kathuria S, Roy P, et al.
Schizophyllum commune as an emerging fungal pathogen: a review and report
of two cases. Mycoses 2013;56:1e10.

http://refhub.elsevier.com/S1323-8930(15)00116-1/sref173
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref173
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref173
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref173
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref173
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref174
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref174
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref174
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref175
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref175
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref175
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref175
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref176
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref176
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref176
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref177
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref177
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref177
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref177
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref178
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref178
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref178
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref179
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref179
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref179
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref180
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref180
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref180
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref180
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref181
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref181
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref181
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref181
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref182
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref182
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref182
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref182
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref183
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref183
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref184
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref184
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref184
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref184
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref185
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref185
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref185
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref185
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref186
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref186
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref186
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref186
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref186
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref187
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref187
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref187
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref187
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref188
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref188
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref188
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref188
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref188
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref189
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref189
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref189
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref189
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref190
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref190
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref190
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref190
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref191
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref191
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref191
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref191
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref191
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref192
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref192
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref192
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref192
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref193
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref193
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref193
http://refhub.elsevier.com/S1323-8930(15)00116-1/sref193

	Sensitization to fungal allergens: Resolved and unresolved issues
	Introduction
	Outdoor environmental fungi
	Indoor environmental fungi
	Prevalence of fungal sensitization
	Cross-reactivity of fungal allergens
	Alternaria
	Cladosporium
	Penicillium
	Aspergillus
	Malassezia
	Candida
	Trichophyton

	Conclusion
	Acknowledgments
	Conflict of interest
	References


