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Abstract The prevalence of sensitization to molds is
low in healthy people, but significant in asthmatics.
As it has not yet been possible to establish a cause-
and-effect relationship between the presence of mold
allergens and the occurrence of allergic symptoms,
there is a great deal of uncertainty. The update of the
S2k guideline “Medical—clinical diagnostics for indoor
mold exposure” should help to objectify the topic.
Based on the recommendations listed there for the di-
agnosis of suspected IgE-mediated mold allergy, this
article presents the possibilities of skin tests, IgE de-
terminations, and other in vitro test options, but also
their limitations in clarifying the cause. Potential pos-
sibilities include component-resolved allergy diagnos-
tics, while the limitations include the difficult stan-
dardization of test allergen extracts due to the com-
plex allergen source and the insufficient commercial
availability of the test extracts. A diagnostic algorithm
is presented as a tool for a systematic approach to
patients with suspected mold-associated respiratory
allergy.
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CAST-ELISA Cellular antigen stimulation test

EAA Exogenous allergic alveolitis

ECP Eosinophilic cationic protein

ELISA Enzyme-linked immunosorbent assay

FEIA Fluorescence enzyme immunoassay

HP Hypersensitivity pneumonitis

Ig Immunoglobulin

IUIS International Union of Immunological
Societies

LTT Lymphocyte transformation test

MMIS Mucous membrane irritation syndrome

MVOC Microbial volatile organic compounds

ODTS Organic dust toxic syndrome

SBS Sick building syndrome

WBT Whole blood test

WHO World Health Organization

Introduction

Molds are ubiquitous and the possibilities of expo-
sure are manifold. To date, more than 100,000 mold
species have been described [1, 2]. The most com-
mon genera in the air include Cladosporium, Penicil-
lium, Aspergillus, Fusarium and Alternaria. Increased
exposure to molds can cause a variety of health ef-
fects in humans. The hazard potential of molds for
humans is based on the spread of spores, which to-
gether with mycelial parts can act as carriers of aller-
gens, and on cell wall components such as p-1,3-glu-
cans, mycotoxins and microbial volatile organic com-
pounds (MVOC) [3]. In addition to infections (e.g.
mycoses), irritations (e.g. mucous membrane irrita-
tion syndrome [MMIS]), intoxications (e.g. organic
dust toxic syndrome [ODTS]) and mood disorders (e.g.
sick building syndrome [SBS]), sensitization and aller-
gic diseases can also be triggered [3]. Mold allergies
are a global health problem and the incidence of mold
sensitization is between 1 and 5% in the general popu-
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lation, depending on the study [4, 5] and up to 45% in
asthmatics [6, 7]. The figures for sensitization in Ger-
many from a population-based adult survey were 2.3%
for Aspergillus fumigatus and 1.3% for Cladosporium
herbarum [4]. Another study by Forkel et al. [8] doc-
umented an increase in mold sensitization between
1998 and 2017. This may be due to increased mold
growth, which is mainly determined by humidity, nu-
trient supply and temperature and can pose a health
risk. As a rule, higher indoor mold concentrations
can also be measured with increased outdoor mold
exposure. In asthmatics in particular, indoor mold
exposure has a serious impact on respiratory symp-
toms in the form of an exacerbation or worsening
of the disease [9]. However, Alternaria alternata (Al-
ternaria tenuis), which is classified as an outdoor mold
in our latitudes, also appears to be particularly sig-
nificant for the development and severity of asthma
[6]. However, the exact prevalence of sensitization to
mold allergens remains unclear due to the high vari-
ability between different studies with different study
populations and different exposure conditions [10].
In addition, due to the lack of standardization, mold
extracts with high variability and varying quality in
terms of allergen content were used as test solutions
for allergy diagnosis [11-13]. It should also be noted
that a comprehensive characterization of the individ-
ual allergens is only available for a few mold species to
date. Extensive allergen characterization on a molec-
ular basis was carried out in particular for Alternaria
alternata, the most clinically relevant allergen source
among molds in outdoor air, and Aspergillus fumi-
gatus, the most clinically relevant allergen source for
asthmatics or immunodeficient persons in indoor air.
For other mold species, the allergenic potential was
rather investigated with regard to homologous struc-
tures to already known mold allergens [1] without veri-
fying the possibility of clinical relevance in most cases,
so that there is a lack of knowledge regarding the clin-
ical manifestation of mold exposure and sensitization.
Therefore, it can be assumed that mold sensitization
rates tend to be underestimated [10].

Mold allergens occur ubiquitously throughout the
year, but overlap in time and space with mite, pollen
and/or animal allergens. In polysensitized individu-
als, hypersensitivity to molds can be masked by sensi-
tization to other allergen sources, which in turn com-
plicates the diagnosis of a mold allergy [14]. Further-
more, it is difficult to establish cause-and-effect rela-
tionships between the presence of mold allergens in
the environment and the occurrence of allergic symp-
toms. In addition to other factors, this continues to
contribute to a high level of uncertainty among those
affected by indoor mold damage. For this reason,
the S2k guideline “Medical clinical diagnostics for in-
door mold exposure” update 2023 AWMF register no.
161/001 [15] was updated with the aim of improving
the objective handling of the problem and providing
physicians with assistance in advising and treating pa-

tients who are exposed to increased mold exposure in
a typical indoor scenario from a medical perspective.
Allergological diagnostics with the steps derived from
a medical history, such as skin tests, serology and,
if necessary, additional tests, play an important role
here. The explanations in the guideline [15] on this
topic are presented here and supplemented by infor-
mation on mold allergens and the diagnostic options
for suspected mold sensitization.

Mold allergens

Of the more than 600,000 known species of fungi
worldwide [16] around 350 species are listed as
potentially sensitizing at www.allergome.org. The
WHO/IUIS criteria for classifying an allergen are cur-
rently met by 113 fungal allergens from 30 species
of fungi (www.allergen.org; 01/2024) [17]. Molds are
phylogenetically part of the Ascomycota, but Ba-
sidiomycota can also induce IgE-mediated diseases
[18]. Of the Ascomycota, 95 individual allergens from
eleven fungal genera have currently been character-
ized according to the WHO/IUIS criteria. These in-
clude 38 allergens from the genus Aspergillus, 17 from
the genus Penicillium and 13 from the genus Al-
ternaria. Numerous fungal allergens belong to typical
protein families, such as the subtilisin-like serine pro-
teases or the 60S acidic ribosomal proteins. These
protein families are characteristic of fungi and have
not been described as pollen or animal allergens [17].

Test allergen extracts and component-resolved
allergy diagnostics

Although molds are of allergological importance,
the supply of commercially available mold allergen
test extracts required for skin testing or provocation
testing is currently very limited. Mold test extracts,
like all other test extracts, are medicinal products
in accordance with the regulations of EU Directive
2001/83/EC, article 1(4b), and must be authorised.
The production of mold extracts is very complex and
therefore cost-intensive. This is partly due to the fact
that molds are extremely complex allergen sources,
as they are whole organisms consisting of mycelium,
the interconnected network of fungal hyphae that
form the basic structural unit in filamentous fungi
and spores [10].

As mycelium and spores can differ considerably
in their allergen content, test extracts should con-
sist of both fungal components. Detailed biochemical
and immunological analyses showed that the mold al-
lergen extracts that were commercially available and
used for skin testing exhibited a very high variabil-
ity in allergen composition and that preparations of
one mold species from different manufacturers were
not comparable [11]. As part of a multicenter study;,
the skin prick test extracts from the various manufac-
turers were tested on 168 patients with mold expo-
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sure and/or suspected mold-induced allergic symp-
toms under standardized conditions. It was found that
the biochemical properties, in particular the antigen
content, significantly influenced the test sensitivity.
The skin test extracts of the mold Alternaria are an
exception, as even the smallest amounts of the main
allergen Alt a 1 were sufficient for a positive skin re-
action. Skin test extracts with a high antigen content
were more sensitive than specific IgE measurements;
conversely, skin test extracts with a low antigen con-
tent showed lower sensitization rates than specific IgE
detection [19]. Skin test extracts are sensitive and es-
sential tools in the diagnostic repertoire for the de-
tection of mold sensitization and should be or remain
available and can be supplemented by the detection
of specific IgE. A further disappearance of the test ex-
tracts from the market would severely limit targeted
diagnostics [20].

Component-based diagnostics could be a valuable
addition. Although—as described—numerous mold
allergens have been identified, only a total of eight
mold allergens from the species Alternaria alternata,
Aspergillus fumigatus and Cladosporium herbarum are
currently commercially available [17]. With rAlt a 1,
which is available as an allergen on various test plat-
forms, up to 98% of IgE-mediated Alternaria alternata
sensitizations can be detected [1]. The Aspergillus al-
lergens rAsp f 1, 2, 3, 4, 6 are also available, although
Aspergillus, like all other mold species, lacks a typi-
cal major allergen comparable to Alt a 1. The use of
recombinant rAsp f allergens in serological IgE test-
ing can be useful for differentiating between allergic
bronchopulmonary aspergillosis (ABPA) and allergic
asthma [17, 21]. So far, rCla h 8, a dehydrogenase from
Cladosporium herbarum, is only available on the ISAC
chip. Asp o 21, which is available as fungal a-amy-
lase (k87) from Aspergillus oryzae in the Immulite and
ImmunoCAP systems, is not a typical mold allergen,
but a baking agent enzyme used in bakeries. This
enzyme is therefore an occupational allergen and im-
portant in the diagnosis of bakers with allergic respi-
ratory symptoms [18]. Improved mold IgE diagnos-
tics using commercially available marker allergens for
molds (e.g. subtilisin-like proteases) with strong IgE
binding would be desirable [17, 22].

Diagnostic test procedures

In principle, the same recommendations and guide-
lines apply to the diagnosis of a mold allergy as
for other allergen sources that are the causes of
an immediate-type allergy [23]. The core elements
of type 1 immediate-type diagnostics also corre-
spond here—taking into account individual fac-
tors—to the classic step-by-step scheme: medical
history/physical findings/clinical examination—skin
test—serum analysis or additional in vitro meth-
ods—challenge tests [23, 24]. In the case of ABPA,
specific IgG antibodies should also be determined.

In the case of exogenous allergic alveolitis (EAA; hy-
persensitivity pneumonitis [HP]), only specific 1gG
antibodies should be determined serologically [15].

As with other suspected allergy triggers, it is also
important to confirm the allergic reaction and identify
the allergy trigger for molds in individual cases. There
is a wide variety of in vitro tests that record param-
eters of the cellular and humoral allergic reaction at
different levels. Both a positive skin test result and in-
creased specific IgE concentrations can indicate sen-
sitization to mold allergens, but this is not the same
as an allergic disease. Only in connection with typical
allergic symptoms that are documented in the medi-
cal history and/or a positive organ-specific challenge
test does a clinically relevant allergy present itself [23,
24].

In the usual routine, skin tests and specific IgE de-
tection are used most frequently. In skin tests, a dis-
tinction is made between epicutaneous (patch test,
rub test) and cutaneous tests (scratch, prick, intracu-
taneous test). If an inhalation type I allergy to mold
spores is suspected, a prick test is usually carried out
depending on the availability of test extracts. It should
be noted that a negative skin test result for molds does
not rule out the possibility of sensitization to molds
per se. Reasons for this include the different compo-
sition and quality of test extracts or the absence of
relevant allergens [11, 15, 19].

The serological detection of mold-specific IgE an-
tibodies is not only the most practical in vitro test for
determining allergen-specific IgE antibodies (sIgE)
but is also becoming increasingly important as the
only available diagnostic tool, as hardly any mold skin
test solutions are currently available. However, this
allergen repertoire is also limited, as relevant indoor
molds, such as Aspergillus versicolor or Stachybotrys
chartarum, are no longer available for serological
determination. According to the study by Kespohl
etal. [16], a combination of prick tests with the still
available skin test solutions of Aspergillus fumigatus,
Penicillium chrysogenum and Alternaria alternata,
which are often more sensitive—and also more infor-
mative—than IgE determinations and the use of the
mold mixture mx1 (consisting of Alternaria alternata,
Cladosporium herbarum, Aspergillus fumigatus and
Penicillium chrysogenum) for IgE determination has
proven to be optimal for mold allergy diagnostics.
The use of mx1 as a screening tool to support the de-
tection of mold-associated respiratory symptoms has
also been confirmed in another study [22]. However,
if mold-specific IgE is detectable, a possible expo-
sure history should be checked (indoor or outdoor)
and possible co-sensitizations such as grass pollen
or house dust mites, which represent an overlapping
allergen exposure, should be investigated ([11, 22];
Fig. 1).

There is a large number of tests from different man-
ufacturers that differ not only in the way they are per-
formed (including the use of different detection meth-
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Fig. 1 Diagnostic algorithm for patients with a history of sus-
pected mold-associated respiratory allergy (based on Dram-
burg et al. [17] from section BO7 “Allergy to moulds” by
Kespohl & Raulf); mold mixture (mx1): Aspergillus fumiga-
tus, Penicillium chrysogenum, Cladosporium herbarum, Al-

ods such as ELISA, FEIA, the use of different aller-
gen carriers such as chemically activated paper disc,
microtiter plate, ImmunoCAP, chip technology or the
use of liquid allergens), but also due to different aller-
gen raw materials, allergen extract preparations and
their standardization [15]. The value of in vitro diag-
nostics is determined by the diagnostic sensitivity and
specificity of the test method, and here too, the valid-
ity of allergy diagnostics is heavily dependent on the
quality of the allergen extracts used, but also on the
method used [19].

As with all other serological allergen specific IgE
determinations, the determination of total IgE can be
useful as a supplementary parameter for the assess-
ment of sIgE values. However, the determination of
total IgE can never rule out or prove specific sensi-
tization and is not useful as the sole determination
[25].

The determination of specific IgG antibodies in
connection with the diagnosis of an immediate-type
mold allergy (type I allergy) has no diagnostic signif-
icance. IgG antibodies are a physiological response
of the immune system to antigens and are only of
pathogenetic significance in special cases, which is
why IgG determination is not recommended [25].

Only if allergic bronchopulmonary aspergillosis
(type I, type III allergy) or exogenous allergic alve-
olitis/hypersensitivity pneumonitis (type III, type IV
allergy) is suspected does the determination of mold-
specific IgG antibodies represent a useful part of the

Ql .I_i |
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Diagnostic criteria for HP
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Indoor mold allergy
likely

Indoor mold allergy
unlikely

ternaria alternata. SBS Sick Building Syndrome, MMIS Mu-
cos Membrane lIrritation Syndrome, ODTS Organic Dust Toxic
Syndrome (endotoxin, mycotoxins), HP Hypersensitivity pneu-
monitis

diagnostic procedure and is then also recommended
[21, 25].

For the quantitative assessment of specific IgG con-
centrations (stated in mga/l), it must be considered
that, in contrast to specific IgE diagnostics, there is
no uniform cut-off value, so that a specific reference
value or reference range must be determined for each
antigen and for each measurement method. Further-
more, there are no fixed cut-off values that clearly in-
dicate pathological changes [26].

Supplementary diagnostic in vitro test
procedures

In the case of a clear suspicion of an IgE-mediated
mold allergy and unclear previous diagnostic findings,
as well as for scientific questions, cellular test systems
can be used as a supplement in individual cases. The
most important and target-oriented tests are based
on basophil granulocytes and are summarized under
the term basophil activation tests (BAT). However, it
should be noted that the test procedures are method-
ologically complex, costly and generally unsuitable for
sample shipment. Standardized BAT performance is
demanding and the evaluation requires appropriate
controls. Therefore, this cellular ex vivo diagnostic
method with basophil granulocytes is not suitable
for routine diagnostics and belongs to specialized al-
lergy diagnostics [15]. Cellular test systems based on
basophil granulocytes use various parameters (read-
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outs) for test evaluation, but are based on allergen-
specific in vitro stimulation of the basophil granu-
locytes. The considerable excess of bound IgE on
basophils and its high affinity for the Fc. RI recep-
tor result in a high analytical sensitivity of these test
systems, which can exceed both specific serological
IgE methods and skin tests [15]. Compared to other
diagnostic in vitro tests, the BAT appears to have
better predictive power in terms of clinical relevance.
Various basophil markers and parameters have been
established that can provide information on the clin-
ical relevance of sensitization, on the development
of natural tolerance, on trigger thresholds and on the
severity of the allergic reaction, depending on the
trigger of the respective allergy [27, 28]. The detection
of histamine release (basophil degranulation test and
histamine release), sulfidoleukotriene release (cellular
antigen stimulation test; CAST ELISA) or the expres-
sion of surface molecules (e.g. CD203c, CD63; Flow-
CAST or Flow2CAST with CCR3 as an additional selec-
tion marker) after in vitro stimulation with different
allergen concentrations are possible readouts and rep-
resent an indirect measure of the cell-bound specific
IgE. Compliance with the required pre-analytical con-
ditions is a prerequisite for valid results in all cellular
tests [29]. It should be noted that only a few mold test
allergens (Penicillium chrysogenum, Cladosporium
herbarum, Aspergillus fumigatus, Alternaria alternata)
are commercially available for these test options and,
as with the routine test procedures, the quality of
the extracts is a decisive factor for the validity of the
method.

Test methods that should not be used with
suspected mold allergy

As already mentioned, the determination of specific
IgG antibodies and the analysis of immune complexes
in connection with the diagnosis of mold allergy of
the immediate type (type I allergy) has no diagnostic
significance. Another cellular test that is used in par-
ticular in immune function diagnostics and for scien-
tific questions is the lymphocyte transformation test
or proliferation test (LTT), which is used to detect
antigen-specific T lymphocytes, e.g. in type IV re-
actions. As mold allergens do not lead to type IV
sensitization, an LTT for molds is not indicated as
a diagnostic procedure [15]. The whole blood test
(WBT), which is also used to determine immune re-
activity due to mold exposure in research questions
[30], is not suitable as an instrument to verify the sus-
picion of a mold allergy. Furthermore, there is no in-
dication for the serological determination of cytokines
or the activation marker for eosinophil granulocytes,
the eosinophil cationic protein (ECP), in cases of sus-
pected mold allergy. The detection of galactoman-
nan, a heteropolysaccharide and cell-wall component
of the mold genus Aspergillus, in serum also makes
no sense for the detection of a mold allergy, but can

be used to clarify invasive pulmonary aspergillosis.
The same applies to the serological determination of
B-1,3-D glucan, a method that is useful in the diag-
nosis of invasive mycoses, but is not indicated in the
diagnosis of an allergy caused by molds.

Conclusion

Compared to other ubiquitous environmental aller-
gens, the sensitizing potential is considered to be
lower. If IgE-mediated sensitization due to mold ex-
posure with respiratory symptoms is suspected, a skin
prick test or serological IgE determination should be
performed first. Studies have shown that a com-
bination of prick tests with the still available skin
test solutions of Aspergillus fumigatus, Penicillium
chrysogenum and Alternaria alternata, which are of-
ten more sensitive—and also more informative—than
IgE determinations, supplemented by the use of the
mold mixture mx1 for IgE determination (consisting
of Alternaria alternata, Cladosporium herbarum, As-
pergillus fumigatus and Pencillium chrysogenum) is
useful for mold allergy diagnostics. However, negative
test results do not rule out IgE-mediated sensitiza-
tion, as only a very limited number of test allergens
are available, and their quality is not optimal in some
cases. The determination of specific IgG antibodies
in connection with the diagnosis of mold allergy of
the immediate type (type I allergy) has no diagnostic
significance. Although the basophil activation test can
be a useful in special cases as a supplementary test for
mold diagnostics due to its high analytical sensitivity,
it is not a basic test for allergies and should only be
performed in centers with appropriate expertise. The
lymphocyte transformation test and the whole blood
test for molds are just as unsuitable diagnostic tools
for the detection of mold sensitization as the serolog-
ical determination of cytokines or activation markers
for eosinophil granulocytes. The diagnostic algorithm
proposed in this article (Fig. 1) provides guidance
for further specification in patients with a history of
suspected mold-associated respiratory allergy.
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