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ABSTRACT
Mold allergies are common, mainly target the respiratory tract and present as allergic rhinitis and/or
bronchial asthma. Molds include a large group of different allergens that induce all types of allergic
reactions. Allergen specific immunotherapies (AITs) to molds are common; however, at the present time,
they are limited to Alternaria. This review presents not only the benefits but also the problems with such
types of AIT based on the literature and our experience.
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Introduction

Mold allergies are a significant problem all over the world.1,2

Molds are an extensive source of allergens. Exposure and sensi-
tization to fungal allergens can promote the development and
worsening of allergic diseases.1,3 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, and Aspergillus has been well docu-
mented.4-7

Among the various methods for the treatment of allergic
diseases, allergen-specific immunotherapy (AIT) is of particular
importance. For example, immunotherapy has been demon-
strated to reduce the risk of developing asthma in children with
allergic rhinitis.8-10 The importance of immunotherapy,
although increasingly well documented, still requires extended
research, particularly through multigenerational observations.

AIT for mold is a relatively uncommon method of treatment
as a result of the difficulty in acquiring standardized allergenic
molds.11-13

Mold allergies

Allergic diseases are one of the major health problems of the
21st century. An increase in the incidence of allergic rhinitis
and asthma cases has been observed, especially in developed
countries. Despite many studies, the impact of the environment
on the clinical manifestations of allergies remains an open
topic.14

Under the proposed hygienic hypothesis, a reduction in the
incidence of some viral or bacterial infections through the use
of prophylaxis in the form of vaccination, as well as the use of
antibiotics, promotes Th2 immune responses, which favors the
development of allergic diseases. This hypothesis states that a
reduced exposure to allergens in early life is solely implicated in
the growing propensity for allergy sensitization. Important ele-
ments of the hypothesis include exposure to endotoxins,

exposure to pets and growing up on a farm. However, the
hygiene hypothesis alone does not provide an adequate expla-
nation for the observed increase in allergic disease. There are
still many questions about the patho-mechanism of the latter.
An example of this is the fact that, in addition to well-known
allergens, such as house dust mite or pollen, many allergens are
still being researched and tested to determine their roles in
inducing allergic diseases.14 These include fungi and the clinical
symptoms of allergies to them.1,15,16

Fungi are widespread in the environment, and their spores
and mycelium fragments can be a source of allergens. Due to
their differences from plants, they are in a separate kingdom,
known as fungi. From the viewpoint of allergic diseases, the
important types include Ascomycetes, Zygomycetes, Deuteromy-
cetes and Basidomycetes.1

The clinical spectrum of hypersensitivity reactions elicited
by molds is very broad. In addition to IgE-mediated type I aller-
gies, there exist type II, III and IV reactions, which are defined
according to the criteria proposed by Coombs and Gell.17 Clini-
cally, IgE-mediated sensitization to mold allergens can manifest
as allergic rhinitis and rhinosinusitis, atopic dermatitis and
allergic asthma.17,18

From the viewpoint of allergy, there are outdoor and indoor
molds, but some species occur in both environments at the
same time. Alternaria, Cladosporium, Botrytis, Epicoccum and
Fusarium are fungi that are prevalent in the external environ-
ment. In addition to the presence of air, they can be found in
soil, in plants and on food, especially vegetables and fruits.
Fungi of the genus Alternaria and Cladosporium predominate
in the external environment. Their peak exposures are from
spring to summer or fall; specifically, from May to August for
Cladosporium spores and from July to September for
Alternaria. For example, in middle Europe during this period,
in patients who are allergic, they can cause allergies following
inhalation in the form of rhinitis and conjunctivitis and / or
asthma.1,17
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Aspergillus and Penicillium are typical indoor molds.
They favor the development of high humidity and a lack of
access to light and ventilation. In the home environment,
we meet a high content of other fungi allergens, such as
Aspergillus, Alternaria, Cladosporium, Mucor and others,
which are a source of allergies throughout the year.4 Apart
from asthma and allergic rhinitis, patients allergic to molds
may suffer from allergic bronchial-pulmonary aspergillosis,
allergic alveolitis, chronic allergic sinusitis, and even allergic
dermatitis.1,4,17 Some also induce systemic reactions, such as
anaphylactic reactions, especially after ingestion of fungi
allergens contained in some foods, such as selected types of
cheese, wine, meats, juices and many others. Mold, due to
its prevalence, may be responsible for occupational diseases,
such as contact dermatitis, occupational asthma or the
already mentioned respiratory allergic diseases, which may
affect farmers, gardeners, foresters and many other profes-
sions. Additionally, some species of fungi of the genus
Candida or Trihophyton can trigger infectious diseases in
humans that require long-term treatment.17,19

Based on the literature, allergies to Alternatia, Cladosporium
and Aspergillus are the most common. Allergic rhinitis and
bronchial asthma are very common diseases among allergy
patients. Moreover, there are data that indicate that patients
allergic to mold have more severe asthma.20

Immunotherapy of mold allergy

AIT is a significant therapeutic tool for IgE-mediated allergic
diseases.21 It is known that AIT is an effective therapy for stop-
ping allergic disease development. Current international and
national consensuses indicate that AIT is a first line therapy for
allergic rhinitis and some stable mild bronchial asthma types
and venom allergies.21-23 Other indications for AIT are ambigu-
ous, and there is no evidence for their effectiveness (e.g., allergic
sinusitis, atopic dermatitis and some food allergies).21 Effective
AIT results in desensitization to allergens, allergen-specific
immune tolerance, and suppression of allergic inflammation.
This is followed by allergen-specific regulatory T (Treg) and
regulatory B (Breg) cell generation, as well as regulation of
allergen-specific IgE and IgG establishment for immune
tolerance.24

The current age limits are above 5 y of age, with no upper
limit. AIT is an effective method of obtaining tolerance to cer-
tain specific allergens, such as house dust mites, pollens (e.g.,
grass, some trees and some weeds), cat dander and some

molds.21,22 However, over the years, the recommendations for
desensitization to some allergens have changed. This is a conse-
quence of new regulations for the accessibility to appropriate
standardized allergen extracts. Additionally, AIT currently
focuses on the administration of individual allergens and not
mixtures, as they were previously.21,24,25,26

The prevalence of mold allergy is approximately 5 to 30% of
patients with atopy. There are many patients with bronchial
asthma or risk of asthma. Therefore, the needs for AIT in those
patients could be large; however, it does not correspond with
realty.27,28

The indications for AIT to molds include a relationship
between clinical symptoms and the current exposure to the
allergen, IgE mediated allergy confirmation, the exclusion of
other factors that may cause symptoms and the availability of
allergen extract.18

The main problem is the lack of sufficient prospective
studies that support the effectiveness of AIT to mold aller-
gies. The first such trial was performed by Dreborg et al. in
1986, which included 16 children with Cladosporium and
respiratory allergies. This study confirmed the positive effect
of AIT based on the Evidence Based Medicine (EBM) crite-
ria.28 Currently, there are very few studies that meet the
double blind placebo control regimen criteria. In most, they
only focused on Alternaria.

Immunotherapy to Alternaria and Cladosporium

Many authors highlight the effectiveness of AIT for Alternaria
in patients with allergic rhinitis and / or bronchial asthma.30-34

This applies to children and adults. This is the only mold aller-
gen where medical documentation confirms a significant
improvement after treatment in controlled studies. These stud-
ies are presented in Table 1.

The effectiveness of such AITs is dependent upon the quality
of the vaccine. Development of methods for extraction and
assessment of the main allergen, ALT a 1, occurred because
standardization made it possible to extract Alternaria alternata.
Studies that used a vaccine containing the standardized Alter-
naria alternata extract confirmed the effectiveness of such an
AIT.41 This treatment led to reduced clinical allergic rhinocon-
junctivitis symptoms, bronchial asthma, reduced drug used,
decreased serum specific IgE levels and increased serum specific
IgG4 levels to Alternaria. It is also important to specify the
cumulative Alt 1 antigen doses that patients received during
AIT in these trials. This is one of the criteria for assessing the

Table 1. Selected controlled AIT trials with Alternaria extracts.

Author Number of patients (verum/placebo) and type of AIT AIT dose Age, years Duration, months Efficacy

Horst et al.35 13/11 SIT 2,000 BU/ml 5–56 12 SC, MS, NCH, IgE, IgG
Cantani et al.36 39/40 SIT 3,000–5,000 PNU 5–14 36 SC, MS
Berbardis et al.37 12 SLIT 3.5–5 BU/ml 5–17 24 SC, MS, NCH

11 SIT 13–26
Tabar et al.38 14/14 SIT 1,670 UBE 12.85 § 4.08/ 14.92 § 6.41 12 SC, MS
Cortellini et al.39 15/12 SLIT 10 000 RU 14–42 10 SC, MS, IgE, IgG
Kuna et al.40 30/20 SCIT 5,000 TU/mL 5–18 36 SMS, CH

Legend: SIT- specific subcutaneous immunotherapy, SLIT – specific sublingual immunotherapy, SC – symptoms score, MS- medication score, SMS – symptoms medication
score, NCH – nasal challenges, PNU- protein nitrogen units, BU – biological units, RU –radioallergosorbent test units, TU – therapeutic units, UBE – equivalent biological
units.
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effectiveness of AIT. These authors simultaneously observed
very good tolerance of such vaccines. Adverse events were
observed in less than 1% of all injections. There were mainly
local reactions and only a few systemic reactions, which
included dyspnea, cough and rhinitis.42,43,44

Earlier, an older vaccine (without proper allergen extract
standardization) induced many adverse systemic reactions.
This greatly limited the possibilities of such treatment.45-47

Despite the effectiveness of AIT Alternaria, there is a lack of
long-term follow-ups with patients after such treatment. There
is no feedback on how long the effect persists after desensitiza-
tion to Alternaria. Does AIT really promote asthma modifica-
tion in patients allergic to Alternaria? This question is open.
Long-term observations of the effectiveness of AIT are difficult
and expensive to implement. This problem also applies to other
allergens.

We have much less evidence on the effectiveness of AIT to
Cladosporium. Malling et al. described anaphylactic reactions
with Cladosporium extract, which worsened asthma in some
patients during AIT and caused many local reactions. At the
same time, some investigators deny the effectiveness of such
treatment.48-50 Dreborg et al. emphasized the worsening of clin-
ical symptoms in approximately 20% of studied patients, as
mentioned above in his study.29

A meta-analysis of AIT injections by Helbing et al. revealed
that the clinical efficacy of AIT to presented mold allergens was
present in 79 actively treated subjects in 4 controlled trials
(especially for Alternaria).13

The European Academy of Allergology and Clinical Immu-
nology (EAACI) did not recommended AIT for mold extracts
in children. This opinion was based on a lack of efficacy and
safety.21 On the other hand, The American Academy of Allergy,
Asthma and Immunology (AAAAI) concluded that such AITs
might be effective. An international consensus on immunother-
apy indicated the possibility of AIT for molds, but only with
standardized extracts.51

Currently, a major problem is the lack of access to a stan-
dardized extract for Cladosporium.52 This problem and the lack
of sufficient evidence for the effectiveness of AIT to the allergen
led to no recommendation for this therapy by international
consensuses.

At the present time, it is also possible to perform sublingual
immunotherapy (SLIT) to Alternaria. In one study, very good
tolerance and similar effectiveness of SLIT compared with con-
ventional AIT in patients treated with Alternaria alternata
extracts was shown.53-55 However, there is a need for additional
similar trials.

In patients with polyvalent allergies, (e.g., to mold and mites
or molds and pollens), AIT is more complicated. A new inter-
national guideline allows for simultaneous AIT on different
groups of allergens. However, these allergens must be included
in 2 vaccines.21 Fungal allergen extracts contain proteases that
are able to degrade other allergens (e.g., mites, pollens) if they
are together in one vaccine.26,52

The problem with the protease activity of mold allergens
is more complicated. There are studies that revealed the
deterioration of many mold extracts for testing or in vac-
cines due to the reaction between different molds with each
other.53

AITs to other molds

As mentioned above, the main problem with AITs for other
molds is a lack of standardized extract allergens. Moreover,
there are no controlled studies that confirmed the effectiveness
of such therapy. Single case reports or uncontrolled studies
regarding AITs for Candida albicans or Aspergillus fumigatus
are not sufficient for their recommendation.39,54,55 Notably, not
all allergic reactions induced by molds are IgE-mediated, which
is the basis for AIT.

Immunotherapy for allergic fungal sinusitis could also be
effective. There are some observations that AITs based on posi-
tive skin tests are useful, and no repeat surgeries were required
in some patients after AIT. Further controlled studies are
needed to confirm this. At the present time, there are no inter-
national recommendations to use such a therapy,.18,56,57

Conclusion

At the present time, AIT to Alternaria alternata is the only rec-
ommended AIT for mold allergy patients with allergic rhinitis
and/or some types of bronchial asthma. This is because the
only standardized extract that is available is for Alternaria alter-
nata. Additionally, sufficient controlled trials confirmed the
effectiveness and safety of this AIT, but this has only been done
for this allergen.
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