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Sweat allergy is defined as a type I hypersensitivity against the contents of sweat, and is specifically
observed in patients with atopic dermatitis (AD) and cholinergic urticaria (CholU). The allergic reaction is
clinically revealed by positive reactions in the intradermal skin test and the basophil histamine release
assay by sweat. A major histamine-releasing antigen in sweat, MGL_1304, has been identified. MGL_1304
is produced at a size of 29 kDa by Malassezia (M.) globosa and secreted into sweat after being processed
and converted into the mature form of 17 kDa. It induces significant histamine release from basophils of
patients with AD and/or CholU with MGL_1304-specific IgE, which is detected in their sera. Patients with
AD also show cross-reactivity to MGL_1304-homologs in Malassezia restricta and Malassezia sympodialis,
but MGL_1304 does not share cross antigenicity with human intrinsic proteins. Malassezia or its com-
ponents may penetrate the damaged epidermis of AD lesions and interact with the skin immune system,
resulting in the sensitization and reaction to the fungal antigen. As well as the improvement of impaired
barrier functions by topical interventions, approaches such as anti-microbial treatment, the induction of
tolerance and antibody/substance neutralizing the sweat antigen may be beneficial for the patients with
intractable AD or CholU due to sweat allergy. The identification of antigens other than MGL_1304 in
sweat should be the scope for future studies, which may lead to better understanding of sweat allergy
and therapeutic innovations.
Copyright © 2018, 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

Sweat is an indispensable means to maintain the homeostasis of
the skin for the thermal regulation of the body, and the retention of
moisturization on the skin surface. The anti-microbial peptides in
sweat also play a role in skin defense againstmicrobes. On the other
hand, sweat is considered as the triggering or exacerbating factor
for atopic dermatitis (AD) and cholinergic urticaria (CholU); the
skin lesions in AD are exacerbated in associationwith sweating, and
CholU is evoked by sweating due to an elevated body core tem-
perature. Regarding the involvement of sweat in the pathogenesis
of AD and CholU, two mechanisms are possible. One is that the
irritation of damaged skin by the contamination or altered pH in
sweat may result in itching in AD lesions. Another possibility is the
specific hypersensitivity against sweat contents, which is suggested
by positive reactions in the intradermal skin test (Fig. 1) and the
basophil histamine release assay by sweat. It has been postulated
that endogenously produced substances in sweat cause the
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observed skin reaction and histamine release. However, a major
histamine-releasing antigen in sweat has been recently identified
in a protein secreted by Malassezia, the most common fungus on
the skin as part of the normal skin microbial flora, and contami-
nated in sweat. Moreover, there may be other intrinsic or extrinsic
antigens in sweat still to be unveiled. Thus, it is controversial
whether the sweat hypersensitivity is elicited exclusively by an
extrinsic factor produced by the microbe and contaminated in
sweat or also by an intrinsic factor secreted by the sweat gland cells.
We, herein review the hypersensitivity to sweat in the context of its
pathomechanism of the type I allergic reaction to sweat content.
AD and sweat

AD is a chronic, relapsing eczematous skin disease characterized
by pruritus and inflammation with personal or family history of
atopic diseases.1 High levels of IgE production are observed in the
sera of patients with AD, indicating that the involvement of IgE is an
important factor in the pathogenesis of AD. Numerous factors such
as house dust mites, foods, pollens, animals and microbes trigger
the exacerbation of AD through the IgE-mediated sensitization
process and the subsequent immunological responses.
vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Fig. 1. A positive skin reaction in response to the intradermal injection of autologous
sweat. Adapted from Hiragun M et al. MB Derma 2014; 220: 67e72 with permission.

Table 1
Positive rates of sweat allergy in patients with atopic dermatitis and cholinergic
urticaria.

Authors Methods Atopic
dermatitis

Cholinergic
urticaria

Healthy
control

Adachi K6 ASwST 96% (43/45) � 18% (4/22)
Hide M7 ASwST 85% (56/66) � 11% (3/27)
Tanaka A8 HRT by purified

sweat antigen
77% (47/61) � 9% (4/46)

Adachi J12 ASwST � 100% (20/20) 0% (0/20)
Fukunaga A13 ASwST � 65% (11/17) 0% (0/10)

HRT by autologous
sweat

� 59% (10/17) 0% (0/10)

Takahagi S11 HRT by purified
sweat antigen

� 66% (23/35) 0% (0/14)

ASwST, autologous sweat skin test; HRT, histamine release test.
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Sweat is considered as one of the major exacerbation factors in
AD across all age groups. Williams et al. reported that almost a half
of children with AD viewed sweating as an aggravating factor in a
large-scale study by self-completed questionnaires.2 Moreover,
atopic eczematous lesions, especially in children, distribute pre-
dominantly in sweat-susceptible parts of the body such as the
cubital fossa, the popliteal fossa and the neck, implying the asso-
ciation of sweat in the formation of atopic skin lesions. In a clinical
practice setting, the exacerbation of AD in school children is often
observed at the time and/or seasons when sweating is frequent,
whereas it is improved by continuous efforts to remove sweat by
taking a shower or wiping with a wet towel. Kameyoshi et al. and
other groups reported that skin symptoms of severe AD in school
children improved by taking a shower at school during the summer
season, indicating that dealing with sweat by showers at school is
efficacious for the management of AD for children with severe
disease.3e5

The exacerbation of AD by sweat may be associated with the
primary irritation evoked by the elevation of the body temperature,
the altered pH of the skin surface or the contamination of dust in
sweat. Nevertheless, previous literature suggested that a certain
hypersensitivity to sweat is involved in the exacerbation of AD.
More than 85% of patients with AD show a positive reaction upon
performance of intradermal skin tests with autologous sweat
(Table 1).6,7 The in vitro assay revealed that basophils from patients
with AD released histamine in response to crude sweat from both
healthy volunteers and patients with AD.7 There was no difference
in the histamine release activity between sweat collected from
healthy volunteers and that from patients with AD.7 Furthermore,
sweat from healthy volunteers was semi-purified with reference to
histamine releasing activity on basophils obtained from patients
with AD.8 The semi-purified sweat antigen induced histamine
release from basophils in 77% of patients with AD (Table 1),
depending on the specific IgE in the sera of patients with AD.8 The
histamine release activity in response to sweat could be transferred
to basophils from healthy donors by the pre-incubation with the
serum of patients with AD.8 Levels of the specific IgE against the
semi-purified sweat antigen in sera of patients with AD were
detected at a higher level than that of normal controls and were
related to the severity of AD.9 These observations provide evidence
that patients with AD have a specific IgE-mediated (type I) hyper-
sensitivity to the contents in sweat.
Please cite this article in press as: Takahagi S, et al., Sweat allergy, Allerg
CholU and sweat

CholU is characterized by unique clinical features; pin-sized,
highly pruritic wheals with surrounding erythema induced by
sweating during physical exercise, taking a bath, raising the body
temperature or emotional stress.10 This disorder usually affects
young adults and approximately half of the patients with CholU
have atopic diathesis.11 The precise underlying mechanism of the
wheal response in CholU has not yet been clarified, but it has been
proposed that the hypersensitivity to sweat may be involved in the
pathogenesis. Indeed, more than 65% of patients with CholU
showed positive immediate-type skin reactions when performing
an intradermal skin test with autologous sweat (Table 1).12,13

A wheal and flare reaction in patients with CholU may also be
produced, in the normal-appearing skin, in response to sweating
induced by the intradermal injection of acetylcholine, which
stimulates the muscarinic M3 receptor and induces sweating in the
local site of its injection. Moreover, 66% of patients with CholU
showed histamine release against the semi-purified sweat anti-
gen,11 while 75% of patients with AD did (Table 1).8 Levels of the
specific IgE binding to the semi-purified sweat antigen in sera
of patients with CholU were significantly higher than those of
normal controls, as seen in AD.9 Furthermore, recent reports have
mentioned that omalizumab, a humanized monoclonal antibody
against IgE, is effective for patients with CholU, indicating that
CholU may be mediated by pathogenic IgE.14

These facts suggest that IgE-mediated hypersensitivity to the
constituents of sweat is also involved in the pathogenesis of CholU
as in AD. Nakamizo et al. suggested that CholU can be categorized
into at least four subtypes: (i) CholUwith poral occlusion; (ii) CholU
with acquired generalized hypohidrosis; (iii) CholU with possible
sweat allergy; and (iv) idiopathic CholU.10
MGL_1304 secreted by Malassezia as a histamine release
molecule in sweat

The specific substance that induces histamine release from ba-
sophils of patients with AD and CholU had not been identified, even
after more than two decades since the first report of IgE binding to
crude sweat components by Adachi et al.6 We semi-purified human
sweat from healthy volunteers by chromatography techniques with
reference to its histamine releasing activity on basophils obtained
from patients with AD (Fig. 2a).8 The semi-purified sweat antigen
was further purified with two additional reverse phase chroma-
tography steps (Fig. 2b, c). As a result, mass spectrometric analysis
of a peak fraction of UV absorption, which corresponded to the peak
fraction of histamine releasing activity revealed a sequence iden-
tical to a part of the hypothetical protein secreted byMalassezia (M.)
ology International (2018), https://doi.org/10.1016/j.alit.2018.07.002



Fig. 2. Chromatographic profiles of the histamine-releasing activity and identification of MGL_1304 in sweat. (a) Sweat was purified with SOURCE 15RPC ST 4.6/100 column
chromatography. The fractions with histamine-releasing activity indicated by open bar were used as “semi-purified sweat antigen (QRX)” (From ref 8 with permission). QRX was
further purified with an Aqua 5 m-C18-200 Å column (b) and with a Jupiter 5 m-C18-300 Å HPLC column (c) based on histamine-releasing activity. The fraction indicated by arrows
in (b) was further purified in (c). The peptide sequence identified by mass spectrometry is shown in (c), which corresponded to a partial sequence of MGL_1304. Adapted from
Hiragun et al.15 with permission.
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globosa, MGL_1304 (Fig. 2c).15 The recombinant MGL_1304
expressed in Escherichia coli evoked histamine release from baso-
phils of patients with AD.15 It was immunologically identical to the
previously reported “semi-purified sweat antigen8” as analyzed in
neutralization assays using immunoblotting and degranulation
assays with RBL-48 cells, a rat basophilic leukemia cell line that
expresses the human high affinity IgE receptor (Fig. 3a).15

MGL_1304 is produced at a size of 29 kDa in M. globosa and
secreted into sweat after being processed by unidentified proteases
and is then converted into the mature form of 17 kDa.15 The
conformational structure of secreted MGL_1304 is critical for the
Please cite this article in press as: Takahagi S, et al., Sweat allergy, Allerg
binding of IgE from patients with AD.15 None of the four partially
overlapping peptides of MGL_1304 bound to IgE of the patients
with AD.15 MGL_1304-specific IgE was detected in sera of both
patients with AD and CholU.9 Levels of MGL_1304-specific IgE in
sera of patients with AD were significantly higher than those of
normal controls, along with the significant correlationwith disease
severities of AD.9

MGL_1304 was identified as a major histamine releasing
antigen in sweat. However, neither lysates nor culture supernatants
of M. globosa showed a clear IgE-binding band detected by immu-
noblotting with sera of patients with AD, while a 42-kDa protein
ology International (2018), https://doi.org/10.1016/j.alit.2018.07.002



Fig. 3. rMGL_1304 captured immunoreactive IgE against the semi-purified sweat antigen (QRX) from sera of patients with AD. (a) Antigens (rDer f 1, QRX, and rMGL_1304) were
blotted with sera of patients with AD, sera pretreated with rMGL_1304, or sera pretreated with QRX. IgE-reactivity to QRX and rMGL_1304 was absorbed by the pretreatment with
rMGL_1304 or QRX, respectively. Adapted from the reference 15 with permission. (b) The whole lysate (M. lys. (whole)) and whole culture supernatant (M. sup. (whole)) of
M. globosa, and QRX were blotted by serum of a patient with AD or the serum pretreated with rMGL_1304. The pretreatment with rMGL_1304 depleted the immunoreactive IgE
against QRX, whereas the IgE-binding patterns to whole lysate and whole culture supernatant of M. globosa were not affected. Adapted from the Hiragun et al.15 with permission.
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band was dominantly detected in accordance with a previous
report of an M. globosa antigen (Fig. 3b).16 Moreover, the concen-
tration of MGL_1304 in sweat was determined as 0.6e8.0 ng/ml
(3.76 ± 2.64 ng/ml, mean ± SD),17 while the concentration of total
protein in sweat was 186 ng/ml.8 These findings suggest that
MGL_1304 consists of a minor amount of proteins in sweat, but has
a particular allergic activity that induces histamine release in pa-
tients with AD.

Malassezia as a source of the sweat antigen

The sweat antigen, MGL_1304 is secreted byMalasseziawhich is
now believed to be the most common skin inhabitants of human
and animals and currently encompasses 17 species.18 Malassezia
occupies a part of the normal cutaneous flora that is composed of
numerous kinds of microbiota such as bacteria, fungi and viruses.
Most ofMalassezia have a predilection for seborrheic skin sites such
as the head and neck, because they rely on exogenous fatty acid
sources to satisfy their nutritive requirement due to their lack of
genes for fatty acid synthesis.19 Ten of the 17Malassezia species are
found mainly on the human skin, but the other 7 species on animal
skin.18

Malassezia comprises a large portion (53e80% depending on
different sites) of the fungal flora of the healthy skin,20 but also
plays a pathogenic role in skin diseases such as pityriasis versicolor,
Malassezia folliculitis, seborrheic dermatitis and atopic dermatitis.
Several studies have recently investigated the precise epidemiology
of Malassezia in healthy and diseased skin by culture-independent,
molecular methods. Overall, Malassezia restricta and M. globosa
are the most commonly identified species on human skin, with
Malassezia sympodialis a distant third.18 However, considerable
species diversity exists with high site specificity between body
sites. For example, M. restricta predominates on scalp and facial
areas, while M. globosa dose on scalp, back, and groin.21 The hands
Please cite this article in press as: Takahagi S, et al., Sweat allergy, Allerg
and arms are characterized by mixed proportions of M. globosa,
M. restricta, and M. sympodialis.21

A comparison of healthy individuals and AD patients did not
reveal a difference in the frequency of skin colonization with
Malassezia.19,22 However, levels of Malassezia colonization in pa-
tients with severe neck and head ADwas approximately 2- to 5-fold
of that in mild and moderate neck and head AD and healthy con-
trols.22 Two major microbiota, M. globosa and M. restricta, accoun-
ted for more than 80% of all Malassezia colonization in AD patients,
and their proportions differ in association with disease severity.
In mild and moderate AD patients, M. restricta was predominant
over M. globosa, whereas the proportions of M. globosa and
M. restricta were almost identical in severe patients.22

It has been speculated that the difference of the amount and
proportion of Malassezia species between the AD and the healthy
skin depends on the altered skin conditions in patients with AD
and the microbial strains residing in lesions. In fact, the skin pH,
epidermal water content and composition of anti-microbial pep-
tides and lipids may affect the difference of fungal microbiota be-
tween patients with AD and healthy individuals.23 Moreover,
sequence analysis for polymorphism of the intergenic spacer (IGS)
in M. globosa and M. restricta genome has revealed the difference
between the genotypes of Malassezia obtained from AD patients
and healthy subjects.24,25 It suggests that strains of M. globosa and
M. restricta in patients with AD may be specifically pathogenic for
the disease.

Malassezia antigens and their cross-reactivity with human
counterparts

Patients with AD are predisposed to develop high levels of IgE
production against numerous antigens such as house dust mites,
foods, pollens, animals andmicrobes. In addition,Malassezia as part
of the skin flora interacts with the skin immune system especially
ology International (2018), https://doi.org/10.1016/j.alit.2018.07.002
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in skin lesions of AD, resulting in the production of Malassezia-
specific IgE antibodies through the dendritic cells and T cell-
mediated activation of B cells.19 Indeed, Malassezia-specific IgE
are found in 5%e27% of children and 29%e65% of adults with AD,
while healthy individuals are usually not sensitized to this fungus.19

Levels of Malassezia-specific IgE positively correlate to the severity
of AD26 as the same manner with MGL_1304-specific IgE.9 The high
frequency of Malassezia-sensitization in AD patients compared
to healthy individuals may be attributed to a combination of
dysfunctional skin barrier, genetic background, and environmental
factors seen in patients with AD.19 Moreover, it is controversial if
the Malassezia-specific IgE-mediated response plays a pathogenic
role in lesions of AD or rather serves as a marker for the severity of
AD.19

To date, 13 allergens from two Malassezia species, M. furfur and
M. sympodialis, are approved and listed by the WHO/IUIS Allergen
Nomenclature Sub-committee (http://www.allergen.org) (Table 2).
Additively, two other antigens from M. globosa have been recently
reported; MGL_130415 and MGp4216(Table 2). Ishibashi et al. found
that a 42 kDa protein (MGp42) was the major allergen ofM. globosa
determined by immunoblotting for AD.16 Further, patients with AD
showed hypersensitivities against MGL_1304 and cross-reactivity
to its homologs in M. restricta (i.e. Mala r 8) and M. sympodialis
(Mala s 8).15,27

A certain population (38%) of patients with AD shows IgE
reactivity to various human self-proteins.28 Such autoreactivity
associated to AD is described for the repertoire of at least 140 IgE-
binding self-antigens.29 The IgE autoreactivity was specifically
found in AD, but failed to be shown in allergic rhinoconjunctivitis
and other control individuals.28 The pathological roles of such
autoantigens in AD remain controversial, but some have cross
reactivity to environmental allergens derived from pollen or
fungi.30 A part of the Malassezia antigens also share cross antige-
nicities with certain human proteins. For example, human man-
ganese superoxide dismutase and thioredoxin are highly cross
reactive to counterparts of M. sympodialis, Mala s 11 and Mala s 13,
respectively.31,32 Regarding M. globosa antigens, MGp42 showed
sequence similarity to members of the heat shock protein 70
(HSP70) family. However, there is no IgE cross-reactivity between
MGp42 and human HSP70 in terms of IgE binding activity.16 A
human counterpart for MGL_1304 has not yet been identified.
Sweat antigens with histamine releasing ability were explored in a
cDNA library of 120,000 clones from mRNA of human skin using a
histamine releasing assay. However, it failed to detect cDNA clones
Table 2
Allergic proteins from Malassezia.

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

oxidoreductase
67

Mala s 13 Thioredoxin 13
Malasezia globosa MGp42 Heat shock protein 70 42

MGL_1304 17

Please cite this article in press as: Takahagi S, et al., Sweat allergy, Allerg
that induce histamine release from basophils of patients with AD in
the same manner as cDNA of MGL_1304.33

As for the development of such autoreactivity, it has been
speculated that scratching at the site of AD lesions results in cellular
damage and release of membranous and intracellular self-antigens
fromkeratinocytes and possibly other skin cells, which allows these
self-antigens to interact with the immune system and potentially to
induce autoallergy.30 Although the autoantibody may subsequently
cross-react to Malassezia antigens, the sensitization to Malassezia
antigens has the strong correlation to the severity of AD, implying
that the production of Malassezia-specific IgE is the primary
immunological reaction and the response to human counterparts is
subsequently elicited. In fact, Malassezia or its components pene-
trates the epidermis through the disturbed skin barrier in AD le-
sions and the interaction with skin immune system may evoke the
autoreactivity between fungal antigens and their human counter-
parts, which may sustain skin inflammation in AD.19

Sweat allergy as a type I allergic reaction to sweat

Sweat is indispensable to maintain the homeostasis in mam-
mals with a stable body temperature. Humans have eccrine sweat
glands over the body and perspire to regulate body temperature
effectively along with the activation of the other thermal control
mechanisms, such as expiration and heat transfer.34 Sweat is also a
constituent of the sebum film which covers the skin surface as a
protective wall.34 The film exerts a moisturizing effect on
the surface of the skin and a cultivation effect of the skin's normal
microflora. Human eccrine sweat is a dilute electrolyte that con-
tains water, sodium, potassium, bicarbonate, chloride, lactate, urea,
ammonia, and small quantities of various amino acids.35 The pro-
teins in eccrine sweat include proteases (e.g. kallikreins), protease
inhibitors (e.g. cystatins), anti-microbial peptides (AMPs; e.g.,
dermcidin36 and cathelicidin37) and secretory IgA,38 which act to
defend against external pathogens. In addition to substances that
induce an immediate hypersensitivity reaction, human sweat also
contains proinflammatory cytokines (interleukin (IL)-1a, IL-1b, and
IL-31) which activate keratinocytes.39

Sweat allergy is defined as the IgE-mediated immediate type
reaction against such sweat contents as seen inpatientswith AD and
CholU. The allergic reaction can be examined by an in vivo positive
reaction of the intradermal injection of sweat, the detection of
reactive serum IgE against sweat contents by ELISA or western
blotting, and functional histamine release frombasophils against the
sweat contents.8,9,11 These examinations support the involvement of
type I allergy against MGL_1304 in both patients with AD and pa-
tients with CholU. Despite the same characteristics as type I allergic
reactions, the skin lesions present in both diseases are apparently
different. The skin lesions of AD show acute and chronic eczematous
inflammationwith epidermal change, while CholU shows short time
urticarial reactions along with wheal and flare, which repeatedly
emerges and disappears with the intact epidermis. Although other
substances may affect the presentation of both skin lesions, there is
no explanation for the difference of skin lesions between AD and
CholU e one is eczematous and another is urticarial.

Sweat allergy is a highly specific phenomenon in AD and CholU.
Reactivity to the semi-purified sweat antigen shows high sensi-
tivity and specificity for patients with AD and/or CholU, whereas no
histamine release is observed in basophils from healthy controls
and other control individuals, such as patients with psoriasis.8

Moreover, serum levels of specific IgE against MGL_1304 in pa-
tients with AD were significantly higher than those of normal
healthy controls.9 However, the titers of MGL_1304 specific IgE in
the serum of patients with bronchial asthma and patients with
allergic conjunctivitis do not show a significant difference to
ology International (2018), https://doi.org/10.1016/j.alit.2018.07.002
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normal healthy controls.9 Thus, the sensitization of MGL_1304
seems to relevant to AD and CholU rather than atopic diathesis.

Hypersensitivity against sweat has been revealed as the IgE-
mediated immediate type allergic reaction against a fungal
secreting protein, MGL_1304. This means that the sweat-evoked
allergic reaction is due to a reaction against an extrinsic sub-
stance that is mixed with human sweat, but not against genuine
endogenous substances produced by sweat glands. It is certain that
a main part of the histamine-release substance in sweat is due to
MGL_1304, but this cannot explain all activities of antigens in
sweat. Indeed, Tanaka et al. eluted two peaks of semi-purified sweat
antigen(s) with reference to histamine release from basophils: peak
I and peak II (Fig. 2a).8 The fractions corresponding with peak II
were pooled as the fraction from which semi-purified sweat anti-
gen and consequentially MGL_1304 was purified and identified as
the histamine releasing activity (Fig. 2). The fractions composing
the other peak, peak I, may include other histamine releasing an-
tigens. Thus, sweat may contain other exogenous or even endoge-
nous antigens with biological activities and pathological relevance
to AD. In fact, Kaneko et al. reported the usefulness of sweat
management for patients with adult AD regardless of the reactivity
in a sweat allergy test by using semi-purified sweat antigen.40 The
identification of such antigens in sweat should be the scope of
future studies.

Dealing with sweat allergy

Although sweating is an essential physiological phenomenon,
leaving excess sweat on the skin surface contributes to the exac-
erbation of AD symptoms. Since antigens as well as contamination
are contained in sweat on the surface of the skin, removal of anti-
gens from the skin surface by showering or bathing is an easy and
convenient way to deal with sweat allergy in patients with AD3e5

(as mentioned above in the Section entitled “AD and sweat”).
Moreover, damaged skin barrier promotes the infiltration of sweat
antigen into the dermis, resulting in contact of the antigen with
Langerhans cells and subsequent sensitization of mast cells to
release inflammatory mediators such as histamine. Therefore,
improvement of impaired barrier functions by topical corticoste-
roids and emollients for AD lesions may be effective to prevent the
sensitization and reaction against sweat in patients with AD.

Systemic antifungal therapy is considered useful to reduce the
amount of Malassezia on the skin, which represents the source of
the major histamine releasing antigen, MGL_1304. Indeed, the ef-
ficacy of systemic antifungal therapy for patient with AD has been
reported in several randomized, placebo-controlled trials involving
the short-term use of oral ketoconazole or itraconazole.41,42 Itra-
conazole and other azole antifungals over a 2-year period have also
been reported to be effective for more than two-thirds of adult
patients with head and neck predominant AD.43 Regarding the use
of long term antifungal agents, the safety and the development of
resistance by medications should be an important concern. More-
over, antifungal treatments could suppress the entire growth of
microbiota with a disturbance of normal flora, and may cause un-
expected adverse events in patients. For example, a protease
secreted byM. globosawas reported to be beneficial for skin health
by hydrolyzing the Staphylococcus (S.) aureus protein A and blocked
the formation of biofilm by Staphylococcus aureus.44 Therefore, the
removal of M. globosa by antifungal treatment may induce the
growth and activation of S. aureus on the skin. Thus, the specific
removal or inactivation of only pathological antigen is preferred to
non-specific antifungal treatments.

The induction of tolerance against sweat antigen(s) is another
strategy to overcome sweat allergy. Desensitization by purified sweat
antigen or crude autologous sweat has been reported to be effective
Please cite this article in press as: Takahagi S, et al., Sweat allergy, Allerg
for CholU. Tanaka et al. reported that a patient with CholU, who
showed a positive skin reaction against autologous sweat and his-
tamine release from his peripheral-blood leukocytes against the
purified sweat antigen, was desensitized by using partially purified
sweat antigen.45 Following treatments over 21months, both pruritus
and wheals were improved, and the reactivity of peripheral blood
leukocytes against sweat antigen decreased as immunotherapy
proceeded.45 In another study, six patients with severe CholU and
positive intradermal skin tests by the own sweat were enrolled in a
rapid desensitization protocol, which attenuated the responses for
skin tests with autologous sweat and reduced symptoms.46

Molecular targeting drugs, which inhibit specific molecules
involved in the development of diseases, have been emerging for the
treatment of various diseases, including allergic diseases, such as AD
and urticaria. A human monoclonal IgE (ABS-IgE) was identified to
bind to MGL_1304, but does not induce histamine release from ba-
sophils and mast cells.17 ABS-IgE prevents histamine release from
mast cells and basophils by neutralizing MGL_1304 not only in a free
form in solution, but also on FcεRI expressed on the cell surface
without cell activation. This feature of ABS-IgE is beneficial for the
specific prevention and treatment of sweat allergy by MGL_1304,
because not only does it neutralize the causative antigen, but it also
prevents the sensitization of FcεRIwithpathological IgE that activates
mast cells and basophils. Thus, ABS-IgE may be used for the treat-
ment of diseases caused or aggravated by type I allergy toMGL_1304.

Another substance that neutralizes the histamine-release ability
of semi-purified sweat allergen is tannic acid (TA), which is a nat-
ural polyphenolic compound and protein-denaturing agent con-
tained in grapes and green tea. TA suppresses histamine release by
semi-purified sweat antigen in a dose-dependent manner in vitro.47

A TA spray applied after bathing, and an aerosol spray containing
TA both improved the symptoms of patients with AD.47 TA may
degenerate antigens and/or make soluble proteins insoluble. Lower
concentrations of TA inhibit the binding of recombinant MGL_1304
produced by Pichia Pastoris to IgE, and a higher concentration of TA
transferred the antigen to an insoluble fraction.33 More recently,
Nakamura et al. reported the application of TA to mouse skin
treated by tape stripping and reconstructed human epidermal
model. They showed that levels as low as 0.5 and/or 5 mg TA
prevent the penetration of fluorescent dye, the development of
erythema index and IL-1a production.48
Conclusions

MGL_1304, which is produced and secreted by M. globosa, was
found to be a main antigen in human sweat. It induces histamine
release from basophils of patients with AD and those with CholU.
Damage of the skin barrier in AD may promote the penetration of
MGL_1304 into the epidermis and its action on dermal mast cells
bearing specific IgE. However, it has not been directly proved
whether the IgE-mediated reaction is associated with clinical exac-
erbation of skin inflammation in the lesions of AD. Moreover, there
may be other histamine releasing antigens in sweat that are involved
in the pathogenesis of AD and CholU. It is currently unknown
whether M. globosa play a mutualistic or a pathogenic role for the
immune homeostasis of the host. Further studies are needed for
better understanding of sweat allergy and to innovate improved
therapies for allergic diseases associated with sweat, such as AD and
CholU.
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