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AWMF (Association of the Scientific Medical Societies) guideline ‘Medical diagnostics for indoor mold
Keywords: exposure’. This guideline shall help physicians to advise and treat patients exposed indoors to mold.

mﬂ)r Indoor mold growth is a potential health risk, even without a quantitative and/or causal association
Health between the occurrence of individual mold species and health effects. Apart from the allergic bron-
Risk chopulmonary aspergillosis (ABPA) and the mycoses caused by mold, there is only sufficient evidence for
Diagnostics the following associations between moisture/mold damages and different health effects: Allergic respi-
Guideline ratory diseases, asthma (manifestation, progression, exacerbation), allergic rhinitis, exogenous allergic
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alveolitis and respiratory tract infections/bronchitis. In comparison to other environmental allergens, the
sensitizing potential of molds is estimated to be low. Recent studies show a prevalence of sensitization of
3-10% in the total population of Europe. The evidence for associations to mucous membrane irritation and
atopic eczema (manifestation, progression, exacerbation) is classified as limited or suspected. Inadequate
or insufficient evidence for an association is given for COPD, acute idiopathic pulmonary hemorrhage in
children, rheumatism/arthritis, sarcoidosis, and cancer. The risk of infections from indoor molds is low for
healthy individuals. Only molds that are capable to form toxins can cause intoxications. The environmental
and growth conditions and especially the substrate determine whether toxin formation occurs, but indoor
air concentrations are always very low. In the case of indoor moisture/mold damages, everyone can be
affected by odor effects and/or impairment of well-being. Predisposing factors for odor effects can be given
by genetic and hormonal influences, imprinting, context and adaptation effects. Predisposing factors for
impairment of well-being are environmental concerns, anxieties, conditioning and attributions as well
as a variety of diseases. Risk groups that must be protected are patients with immunosuppression and
with mucoviscidosis (cystic fibrosis) with regard to infections and individuals with mucoviscidosis and
asthma with regard to allergies. If an association between mold exposure and health effects is suspected,
the medical diagnosis includes medical history, physical examination, conventional allergy diagnosis, and
if indicated, provocation tests. For the treatment of mold infections, it is referred to the AWMF guidelines
for diagnosis and treatment of invasive Aspergillus infections. Regarding mycotoxins, there are currently
no validated test methods that could be used in clinical diagnostics. From the perspective of preventive
medicine, it is important that mold damages cannot be tolerated in indoor environments.
© 2016 Elsevier GmbH. All rights reserved.
Contents
B 15 (o LTl (o) o
B OV oo o) R T 4 e [ o VP
1.2. Methodology......................
2. Key messages of the guideline
3. Sources of mold and mold derived fragments or metabolites
3.1.  Sources Of elevated MOLA @XPOSULE ... ....... ettt et tee ettt e et e e e et e e et ae e et aa e e e e ae e e e aa e e e e e e e e aae e e aaaaeeeanaeeeennneeennns
3.2.  Cell wall components and metabolites
I TR |V 70 0374 | 1 13
4. Mold-associated health effects and diseases...........
4.1. Disease entities and health disturbances
0 O O (<5 ¢4 Ual 31§31 1 (3
4.1.2. Invasive and noN-invasive ThiNOSIMUSITIS . .. ... ...ttt ettt et ettt et ettt e ettt e e e e e e e eeeeeeannns
3 T (<3 4 Ual 1] 110 - L
L S N o o) [l (<3 3 03 = 1 L 3P
L% TS T U y o (o o - N
4.1.6. Hypersensitivity pneumonitis..............
4.1.7. Allergic bronchopulmonary aspergillosis
4.1.8. Infectious diseases due t0 MOIA (MY COSES) ...ttt ettt et tie ettt e e ettt ae e et ee e et ae e et ae e e e aa e et aaeeeaaaaeesanaaeeannns
4.1.9.  Organic dUSt tOXIC SYMIATOIMIE . ...\ttt e et ee ettt e et ee e et e ettt aa e et ae e e et e e e e e ae e e et ae e e e e e e e aaae e e enaaeeennnaeennnns
4.1.10. Acute idiopathic pulmonary ReMOSIAEIOSIS . ... ...ttt ettt ettt ettt ettt e et et ee et ee et ae e et iae e e eaeeeeanaaeaes
3 O DR F el o) T o B0 11 (= e (o ) 1
4.1.12. Mucous Membranes Irritation, chronic bronchitis....
4113, SarcoidosSiS . ..uuuiiee et
4.1.14. Rheumatism.........
4.1.15. Mycotoxicosis
4.1.16.  Effects of mold odors
4.1.17. Impairment of well-being and mood, NON-SPeCifiC SYMPLOMIS. ... .uut ettt ettt et ettt ee e et ee e e eiee e e eieeeeannnns
4.1.18. Neuropsychological, NeUTOtOXIC @ffECES .. .....uutt ittt et ettt e ettt e e e e et ee e e ae e e aaneeaas
4.1.19. Gastrointestinal effects, renal effects, teratogenicity, cancer
4.2. Risk analysis and assessment
4.2.1. Infectionrisk...............il
L0 T 1 13 L 7 1 (o) o VY N U0 20 ]
4.2.3. Risk of toxic/irritative effects
4.2.4. Risk of odor effects and impairment of well-being and MOOd. ...........oouiiiiiiii i e e e
Lo TR B ) =74 5 Uo 1Y o [ o T (3

5.1. Reasons for counseling
5.2. General procedures, medical history (anamnesis) and physical examination
o207 TR Y/ (< T 1 3£ ) /2
oI U 112 (e LI 0 0= L o) o P
5.3, MarKers Of MOIA @XPOSUIE . ...ttt et tte e et ttee e et e ettt ee e et e e e et ae e e et a e e et e e e et ae e e et e e e e e e e e e aae e e eaaaeeeanaeeeennaeenennns
5.3.1. Environmental monitoring
5.4. Clinical diagnosis..................
5.4.1. Allergy diagnosis

Please cite this article in press as: Hurraf3, J., et al., Medical diagnostics for indoor mold exposure. Int. ]. Hyg. Environ. Health (2016),
http://dx.doi.org/10.1016/j.ijheh.2016.11.012



dx.doi.org/10.1016/j.ijheh.2016.11.012

G Model
IJHEH-13015; No.of Pages24

J. Hurraf et al. / International Journal of Hygiene and Environmental Health xxx (2016) XXxx-xXX 3
5.4.2. Systemic or invasive fungal infection diagnOSis . ........ouiiiiiiiiiiiii s 00
S22 56 TS Vo4 Tafo) FoY 4 Uar=Y e DT T s Lo 1] ol
5.4.4. Unconventional diagnostic methods
[ 1 3 <) 1 )12
6.1. General pharmacological treatment and specific immunotherapy (hyposensitization)............oovuuuiiiiiiiiiiiiiie i iiiie et 00
(2 QT T U o) o o) 204510 11Dy 00
6.3. Unconventional treatment methods and therapies .. ......oiuiiiiiit ittt et ettt e e et e e te e ie e ae e e eeeeieeaneenaaanns 00
7. Remediation of living spaces (buildings) with moisture problems and mold rowth...............oiiiiiiiiiiiiiii i e i iee s 00
LS TR 50 (A1 115 o) o 00
] 1) W) Lol 1 N 00

1. Introduction

Indoor mold exposure is a major health issue. For the persons
affected, this problem is often associated with high uncertainty.

Scientific knowledge on the topic “health effects of mold” is still
rare in many areas, and only few physicians have the necessary
knowledge of possible health risks of indoor mold exposure, their
diagnosis and therapy of mold-induced diseases.

Required objective approach to possible health effects of indoor
mold exposure is difficult because of partly unexplained nosol-
ogy and lack of a comprehensive diagnostic guideline. The AWMF
(Association of the Scientific Medical Societies) guideline “Medi-
cal diagnostics for indoor mold exposure” (http://www.awmf.org/
leitlinien/detail/Il/161-001.html), that has been published in Ger-
man, intends to close some of these gaps and to help physicians to
advise and treat patients exposed to indoor molds. Diagnosis and
treatment of mycoses are not covered by this guideline.

Here, we summarize the main findings and recommendations
For this report, we updated some references and, if possible, current
international literature is considered in the passages, where only
German literature is cited in the original guideline.

“Mold” is a collective term for various fungi which may occur as
visible mold in indoor environments. Mold is a natural, ubiquitous
part of our environment. Mold spreads and reproduces by produc-
ing spores. Prerequisite for the growth of mold is sufficient moisture
in the material or on surfaces. Thus, mold growth is favored by high
humidity, lack of ventilation and cold surfaces (condensation will
form on a surface that is below the dew point). Structural deficien-
cies, water damage, rising damp, leaks, accidents, etc. can also lead
to increased moisture and promote mold growth. Mold can grow
indoors on a variety of materials (e.g., wood, paper, cardboard, plas-
tics, rubber, and carpeting) and in a wide temperature range (WHO,
2009b). Mold growth indoors is always a moisture problem. This
cause must be removed to avoid long-lasting exposure of indoor
users. Mold spores can survive harsh environmental conditions,
such as dry conditions, that do not support normal mold growth.

Dampness and mold exposures may be due to visible or invis-
ible damages with microbiological colonization, especially mold
infestation with active mold growth (viable) or with desiccated
mold (non-viable). Under these conditions, an increased release of
mold components (spores, mycelium, etc.) and other biomaterials
is likely.

Since individual sensitivity and exposure to mold spores vary
widely, no threshold value (CFU/m3) for indoor environments can
be determined. Quantitative health risk assessment is not possible.
Nevertheless, from a hygienic-preventive point of view, such dam-
ages must be classified as critical and always remediated properly
because of their potential health risks.

Moisture damages (with increased mold and bacterial growth)
are linked to different effects in humans. Symptoms and signs as
well as illnesses that may occur in connection with indoor mold
exposure, are:

- Allergies

Type I allergy: Allergic rhino-conjunctivitis, asthma, urticaria

Type I allergy: Allergic rhino-conjunctivitis, asthma, urticaria

Type 1 and Type Il allergy: Allergic bronchopulmonary
aspergillosis (ABPA)

Type lll and Type IV allergy: Hypersensitivity pneumonitis (HP),
farmer’s lung

Atopic eczema

- Susceptibility to infection (chronic bronchitis)

- Systemic mycoses

- Mycotoxicoses

- Toxic alveolitis, Organic Dust Toxic Syndrome (ODTS) (only at
workplaces)

- Mucous Membrane Irritation (MMI), sometimes named Mucous
Membrane Irritation Syndrome (MMIS)

- Odor effects

- Impairment of well-being

The answer to the question of patients, which health risks are
associated with the detection of mold in their living environment,
is primarily a medical task. To assess a health hazard due to indoor
mold, on the one hand the health status of the exposed person (pre-
disposition), and on the other hand the extent of mold infestation
and the release of mold spores or other fungal components (e.g.,
metabolic products, cell constituents) must be taken into account.

In practice, medical history and general and specialist medical
clinical assessment of the patient are most critical. It is important
to check firstly whether the complaints or diseases may be caused
by mold exposure, whether there is evidence of indoor mold expo-
sure that goes beyond the ubiquitous background exposure, and
whether in the exposed person a predisposition to possible mold
effects exists.

Based on current knowledge, mucous membrane irritations of
eyes and the respiratory tract as well as allergic reactions are
probably the most frequently observed effects among the mold-
associated health disorders (WHO, 2009b).

At very high bioaerosol concentrations that occur only at cer-
tain workplaces and not indoors, serious toxic effects (Organic Dust
Toxic Syndrome, ODTS) can be observed (Seifert et al., 2003). Occu-
pational exposures and the associated medical conditions are not
covered by this guideline, but are addressed where it appeared
reasonable.

From a preventive point of view, indoor mold growth must be
considered as a potential health risk, even without a trusted quanti-
tative and causal relationship between the occurrence of individual
mold species and health complaints. From a health care point of
view, moisture damage and/or mold growth indoors are always a
hygienic problem that - even without present health disorders —
must not be tolerated and therefore must be precautionary min-
imized or terminated if possible. The most important preventive
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measure for indoor mold exposure is to identify the cause of the
moisture/water damage and the proper remediation.

1.1. Aim of the guideline

The presented guideline shall close the existing gap for
rational and efficient medical diagnostics of indoor mold expo-
sure. So far, there are only guidelines for building-related
approaches in case of moisture damage in Germany from the
Federal Environment Agency (Innenraumlufthygiene-Kommission
des Umweltbundesamtes, 2002, 2005) and review articles on
associated diseases (IOM, 2004; WHO, 2009b), but there is no
comprehensive guideline concerning patient-related diagnostic
procedures.

Work-related diseases or specific workplace exposures, inges-
tion of mold or mold components, and diseases caused by yeasts
and dermatophytes are not covered by this guideline.

The scientific literature on fungi is extensive and published
mostly in English. In epidemiological studies, the residential expo-
sure is often categorized by the terms “dampness and mold” that
means that there is no distinction between moisture damage with
or without mold indoors. This is reasonable, as there are no spe-
cific health markers for quantitative mold exposure. “Mold” (or
British-English “mold”) is understood as “visible” mold structures,
whereas “visible” also includes hidden mold. This guideline refers
to “dampness/moisture and mold”.

In the following, the key messages of the guideline are listed
which contain also the core recommendations of the guideline.
The strength of the recommendations is expressed by the fol-
lowing terms: strong recommendation: “shall”; recommendation:
“should”; open recommendation: “may”.

1.2. Methodology

For the preparation of the guideline, a nationwide network
of experts of the GHUP was created. The guideline is based
on the statements of the German RKI Commission Environmen-
tal Medicine (Kommission, Methoden und Qualitdtssicherung in
der Umweltmedizin“ des Robert Koch-Instituts, 2007), the WHO
Guideline Dampness and Mould (WHO, 2009b) and the consensus
of four workshops ‘Mold and Health’ of the GHUP annual meetings
2009-2012 (Wiesmiiller et al., 2010, 2011, 2013, 2014).

The guideline has been prepared in accordance with the
methodology for development of guidelines for diagnosis and
treatment of the Association of the Scientific Medical Societies
(AWMF) and corresponds to the 3-stage concept of an AWMEF S2K
guideline. The guideline is based on a comprehensive and sys-
tematic literature search, which however does not formally meet
the requirements of S2K guidelines, as no clinical studies existed.
Determination of levels of evidence for recommendations was
therefore not possible and not useful.

Searchin the Cochrane database with the terms “mold”, “mould”
and/or “dampness” yielded three results. Two reviews dealt with
specificimmunotherapy in asthma and rhinitis and one review ana-
lyzed the preventive effect of the remediation of moisture and mold
damage to respiratory disease (Sauni et al., 2013).

A conceptual stepped Medline (Medical Literature Analysis and
Retrieval System Online) search yielded 1949 citations. No the-
matically comprehensive or overall review on medical diagnosis
of indoor mold and moisture exposure was found, instead papers
only refered to individual issues of the searched topic (e.g. Tischer
and Heinrich, 2013; Vesper and Wymer, 2016).

Search was performed in German language by search engines of
the Web (Google) and in English language in the database Medline.

As basic evidence, reviews of an association between mold
exposure and defined diseases, publications of the World Health

Organization (WHO, 2009b), of the Institute of Medicine (IOM,
2004) and a review by Palaty and Shum (2012) were used.

For individual topics, mainly concerning diagnoses, German
guidelines focusing on inhalative mold exposure, allergic rhino-
conjunctivitis, allergic rhinitis, rhinosinusitis, asthma, urticaria,
hypersensitivity pneumonitis, allergic bronchopulmonary alve-
olitis (ABPA), invasive mold infections, sarcoidosis, rheumatoid
arthritis, diagnosis of chronic cough, in vitro allergy diagno-
sis, in vivo allergy diagnosis, skin tests, nasal provocation tests,
bronchial provocation tests, workplace-related inhalation tests,
specific immunotherapy and allergy prevention were considered.

2. Key messages of the guideline

The problem of indoor mold exposure requires objectification.

1. Mold infestation in a relevant degree must not be tolerated
indoors for precautionary reasons.

2. Most important measures for indoor mold exposure are the
clarification of the underlying causes and proper remediation.

3. Mold measurements indoors are rarely useful for medical rea-
sons. Usually, in case of visible mold exposure both quantitative
and qualitative measurements of mold species are dispensable.
Rather, causes of infestation must be clarified and then mold
infestation and primary causes must be eliminated.

4. In general, mold exposure can induce mucous membrane irri-
tation (MMI), odor effects and impairment of well-being.

5. Specific disorders due to indoor mold exposure are allergies
and mold infections (mycoses)

6. There is a doctor’s duty to provide objective and careful delib-
eration in cases of suspected relationships of moisture damage
or indoor mold exposure and gastrointestinal or renal disease,
reproductive disorders, teratogenicity or cancer.

7. Risk groups that must be specially protected are:

a) Immunosuppressed patients according to the classification
of the German Commission for Hospital Hygiene and Infec-
tion Prevention (KRINKO) at the Robert Koch Institute (RKI)
(KRINKO, 2010)

b) Individuals with mucoviscidosis (cystic fibrosis)

¢) Individuals with asthma

8. The risk for development of asthma (“allergic march”) is
increased by:

a) Individuals with allergic rhinoconjunctivitis

b) Individuals with allergic rhinosinusitis

¢) Individuals with atopy

9. Probably, all mold species are likely to cause sensitization
and allergies. Compared to other environmental allergens, the
allergenic potential of mold species is estimated to be low
(Heinzerling et al., 2009).

10. Individuals with atopy (people with a disposition to hypersen-
sitivity reactions upon contact to environmental substances,
responding with (among others) allergic rhinitis (hay fever),
allergic asthma or atopic dermatitis) are often poly-sensitized
and also produce IgE antibodies against mold, not necessarily
with pathological significance.

11. Key elements of the diagnosis of allergies are medical history,
skin tests (e.g., skin prick test) and in vitro serological tests to
detect specific IgE antibodies in case of type I sensitization or
specific IgG antibodies only in case of hypersensitivity pneu-
monitis (very rare due to non-occupational indoor exposures)
and provocation tests.

12. Detection of specific IgE means that a specific sensitization to
relevant allergens is present. However, just like a positive reac-
tion in skin prick test, this does not equate with a clinically
relevant allergy.

http://dx.doi.org/10.1016/j.ijheh.2016.11.012
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13. Negative in vitro and in vivo tests cannot exclude sensitization
or allergy to mold.

14. Determination of specific IgG antibodies in connection with the
diagnosis of amold allergy of the immediate type (typel allergy)
has no diagnostic value and is therefore not recommended.

15. Lymphocyte transformation tests (LTT) on mold are not indi-
cated as diagnostic procedures.

16. Infections by molds are rare and most likely occur by inhala-
tion. In practice, from those mold species classified in the risk
groups 2 and 3 of the German Technical Guideline for Biological
Agents 460 (TRBA 460) (TRBA 460, 2016), Aspergillus fumigatus
is the main causative agent of mycosis. Individuals with local
or general immune deficiencies are predominantly affected.

17. Key elements of mold infection diagnosis are microbiological,
immunological, molecular biological and radiological proce-
dures.

18. Persons with mold allergy and individuals with diseases that
weaken the immune system should be informed objectively
about the dangers of indoor mold exposure and on measures
to prevent and minimize such exposures.

3. Sources of mold and mold derived fragments or
metabolites

3.1. Sources of elevated mold exposure

While not being a taxonomical definition, “mold” is widely used
as a collective term for spore forming hyphomycetes. Molds are
a ubiquitous part of our biosphere, their spores being present in
varying numbers in outdoor and indoor air, as well as in specific
workplace environments.

Mold infestation (mold-infested material) is a construction
material or inventory that is overgrown (colonized) by mold. If not
readily visible to the naked eye, it is detected by microscopic iden-
tification of hyphae and more or less developed conidiophores and
conidia, regardless of whether the molds are still vital and active
or already dead. In addition to mold, other biomaterials such as
bacteria may be present.

Mold contamination is a contamination above general back-
ground level of surfaces or materials (e.g., with fungal spores) that
entered from outside (e.g., in house dust, airborne spores).

Mold growth is understood as a process that includes biologi-
cal activity and therefore depends on moisture. It is characterized
by cell division, hyphae/mycelium growth and sometimes sporu-
lation.

Moisture damage is a visible, measurable or perceived conse-
quence of increased water content of interior rooms or construction
components.

As a practical matter, it makes sense that increased exposure to
mold and other factors associated with increased humidity indoors
such as yeasts, bacteria (actinobacteria) and mites is summed up
as moisture/mold damage. The concentration and species compo-
sition of mold in outdoor air are highly dependent on geographic
region, season, climate, weather conditions and local mold reser-
voirs. Levels of the individual parameters are subject to wide
temporal and spatial variability. Therefore, the spore concentra-
tion and species composition in outside air are used as a reference
to identify mold sources (infested materials, house dust) indoors.
They have to be considered when measurements of indoor air are
evaluated, because its mold content depends on primary fungal
sources, i.e. infested materials as well as secondary sources (e.g.,
sedimented fungal spores in house dust). As with outside air, the
concentrations of the individual parameters show large variability
in both temporal and spatial resolution.

Mold growth requires (increased) humidity as an essential cri-
terion. Depending on humidity, temperature and nutrients, certain
species have individual growth advantages and such can be asso-
ciated with certain causes/sources (WHO, 2009b).

3.2. Cell wall components and metabolites

Besides mold spores and mycotoxins, exposures to other
metabolites and cell wall components such as microbial volatile
organic compounds (MVOC), 8-glucans, mannans and ergosterol
play a role; MVOC being responsible for the typical mold odor.

Ergosterol is a metabolite (steroid alcohol) of yeasts, molds and
mushrooms. It is produced in different amounts as a cell membrane
component.

Moisture damage is also accompanied by further microbial
factors (e.g., in house dust), like the lysosomal enzyme N-acetyl-
B-p-glucosaminidase and bacterial endotoxins. It is not clear yet,
whether these markers (cell fragments, 3-glucan, ergosterol) cor-
relate better with health effects of the affected individuals than
cultural characteristics of the molds (Choi et al., 2014; Frankel et al.,
2014; Goérny et al., 2002; Hirvonen et al., 2005; Rao et al., 2005;
Rylander, 1997; Tischer and Heinrich, 2013).

Until now, 77 mold allergens (excluding dermatophytes and
yeasts) have been described and officially recognized (WHO/IUIS,
2016). They are members of protein families with clearly distinct
biochemical and structural properties as compared to pollen, food
and animal epithelium allergen families. The most prominent mold
allergens are categorized as:

- Proteases (n=18, including 16 serine proteases)

- Ribosomal proteins (n=9)

- Enolases (n=5)

- Dehydrogenases (n=4)

- Thioredoxins (n=3)

- Heat shock proteins (HSP 70/90; n=3)

- Peroxisomal proteins (n=2)

- Isomerases (n=2)

- Manganese superoxide dismutases (MnSOD; n=2)
- Flavodoxins (n=2)

Further mold allergens are found among mitoglinins, cyclophi-
lines, fibrinogen-binding proteins and proteins with unknown
function.

3.3. Mycotoxins

Mycotoxins are secondary metabolites produced by molds that
may have toxic effects on diverse cellular systems of vertebrates
at low concentrations (pg/kg food), depending on the type of
toxin and eating habits (Fischer et al., 2006). Mycotoxins are to
be distinguished from fungal toxins of fruit-bodies of macrofungi
(toadstools/mushrooms). Numerous mold genera (among others
Aspergillus, Penicillium, Fusarium, Alternaria and Stachybotrys) can
form mycotoxins. The formation of mycotoxins depends on the
fungal species and environmental factors such as substrate com-
position, moisture, pH, light wavelength and nutrient competition.
Mycotoxins are generally low molecular weight compounds, many
of them formed in the polyketide metabolism, while fungal tox-
ins are mostly oligopeptides. In general, mycotoxins of important
indoor molds can be detected in extremely low concentrations
(ppt) in house dust, in bio-aerosols and on building materials
(Bloom et al., 2009). Mycotoxins are non-volatile, and airborne
mycotoxins are always bound to spores, cell fragments and other
particles.

Because mycotoxins are products of secondary metabolism, to
our current knowledge they have no physiological significance for
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fungal metabolism. They are “waste products” that got an ecological
importance in the course of evolution (antibiotic substances inhibit
competitors). Mycotoxins in concentrations relevant for human
health occur almost exclusively in mold colonized food and forage.

It has been shown in cell culture and animal experiments that
mycotoxins have cytotoxic (Schulz et al., 2004) and immunomod-
ulatory effects (Miiller et al., 2002). The cytotoxic effects of some
mycotoxins on lung cells are concentration dependent. The data
available so far suggest that the indoor concentrations of most air-
borne mycotoxins have no acute toxic effects. Only the most toxic
compounds, trichothecenes and gliotoxin, could be present in rel-
evant concentrations in mold infested indoor materials. There is
some evidence that effective concentrations by pulmonary uptake
are one to two orders of magnitude below those of oral exposure.
The anticipated maximum concentrations of individual mycotox-
ins in situ (bioaerosols) apparently cannot induce cytotoxic effects.
Synergistic effects of various mycotoxins together with other cell
components (e.g., glucans or endotoxins) are considered respon-
sible for toxicity. Insights into potential effects were primarily
generated in cell culture and animal experiments. However, even
when taking into account the higher sensitivity of e.g., primary lung
epithelial cells (factor 10 compared to immortalized cell line A549),
the anticipated exposure concentrations in indoor air are below
their effective concentrations in the cell culture-based approach
by about a factor of 100 (Fischer et al., 2006; Nevalainen et al.,
2015). The only exceptions where effective exposure concentra-
tions under extreme exposure conditions could be reached are the
A. fumigatus gliotoxin (rarely indoor-relevant) and the satratoxins
of Stachybotrys chartarum. Still, it cannot be ruled out so far that air-
borne mycotoxins reach concentrations of a magnitude that could
possibly be responsible for immunomodulatory effects and thus
might promote susceptibility to infection or allergy development
(Pestka et al.,2008). Further research is needed, particularly regard-
ing possible effects and synergies of various noxious agents such
as mycotoxins in conjunction with LPS (lipopolysaccharide, bacte-
rial endotoxin), B-glucans (cell wall components of fungi) or other
organisms (e.g., Actinobacteria) (Peitzsch et al., 2012; Tdubel et al.,
2011).

4. Mold-associated health effects and diseases

Epidemiological studies consistently show a relationship
between indoor mold damage and health effects, especially eye,
nose and throat irritation, blocked nose, wheezing, dry cough, and
tiredness (Rylander, 1998). In this review, we focus essentially on
diseases and less on symptoms.

The known evidence levels for associations between mold dam-
age and the different health effects are shown in Table 1. For
individuals, it is not possible to prove unambiguous causality
between mold exposure and particular health complaints or dis-
eases.

Health risks due to mold exposure above all depend on the
disposition of the affected persons. Risk groups, which should be
protected, are:

a) Individuals with immunosuppression according to the Ger-
man Commission for Hospital Hygiene and Infection Prevention
(KRINKO) at the Robert Koch Institute (RKI) (KRINKO, 2010)

b) Individuals with cystic fibrosis

¢) Individuals with bronchial asthma

Irrespective of whether or not there is sufficient evidence for
an association, housing conditions must be hygienically safe for
individuals with chronic diseases. If there are indications for mold
exposure, from a preventive perspective the mold (infested materi-

Table 1

Evidence for an association between exposure to moisture/mold damage indoors
and diseases without mold mycoses, modified according to (Fisk et al., 2007, 2010;
Mendell et al., 2011; Palaty and Shum, 2012; WHO, 2009b).

Causal relationship
No evidence
Sufficient evidence for an association
Allergic respiratory diseases
Asthma (manifestation, progression, exacerbation)
Allergic rhinitis
Hypersensitivity pneumonitis (HP)/Exogenous allergic alveolitis (EAA)
Promoting respiratory infections, bronchitis
Restricted or suspected evidence for an association
Mucous membrane irritation (MMI)
Atopic eczema (atopic dermatitis; manifestation, progression, exacerbation)
Inadequate or insufficient evidence for an association
Chronic obstructive pulmonary disease (COPD)
Acute idiopathic pulmonary hemorrhage in children
Rheumatism
Arthritis
Sarcoidosis
Cancer
Neurotoxic effects

als) must be removed, and the primary reasons for the mold damage
must be remediated (DHSS (NIOSH), 2012).

4.1. Disease entities and health disturbances

The different health effects associated with dampness and/or
mold exposure cannot be explained by a single mechanism or fac-
tor (Bush et al., 2006; Mendell et al., 2011; Seltzer and Fedoruk,
2007).The epidemiological findings point to both allergological and
non-IgE-mediated immunological and toxic, immunomodulatory
mechanisms. For both atopics and non-atopic persons, moisture
damage or mold growth may cause adverse effects (Cox-Ganser
et al., 2005; Dales et al., 2010; Douwes and Pearce, 2003; Kuyucu
et al., 2006). The order of the diseases below is not meant to repre-
sent a weighting of clinical importance.

4.1.1. Allergic rhinitis

Allergic rhinitis (AR) is defined as a symptomatic IgE-mediated
inflammatory disease of the nose. It may occur as seasonal or
perennial AR. AR may be further subdivided in occupational or
non-occupational. According to (Brozek et al., 2010), AR may be
assigned to intermittent or persistent forms. It is known that atopic
patients show higher sensitization rates to molds than non-atopics,
thus sensitizations to molds occur mostly in patients with multi-
ple sensitizations to various allergens. The rates of subjects with
sensitizations due to mold vary between about 2.7-19% among
patients with allergic rhinitis, depending on the study populations,
regions and test materials (Mari et al., 2003; Reijula et al., 2003;
Torres-Rodriguez et al., 2012). The mold spectrum is dominated
by seasonal outdoor molds, e.g., Alternaria alternata, with lower
frequency Cladosporium herbarum, Botrytis cinerea, Mucor sp., Peni-
cillium sp. and Aspergillus sp. (Mari et al., 2003; Reijula et al., 2003;
Torres-Rodriguez et al., 2012). Dampness and indoor mold expo-
sures are consistently associated with AR in epidemiological studies
(Jaakkolaetal., 2013; Mendell etal.,2011), but mono-sensitizations
to indoor molds are rare.

4.1.2. Invasive and non-invasive rhinosinusitis

Rhinosinusitis (RS) is defined as an inflammatory disorder of the
nose and sinus. Its chronic form (CRS), which is defined by dura-
tion of symptoms of at least 12 weeks, may occur with or without
nasal polyposis. Although detailed numbers are not available, it is
considered one of the most frequent chronic diseases worldwide.
Five clinical entities of mold-induced RS may be differentiated: (1)
acute invasive fungal RS, (2) chronic invasive RS, (3) granuloma-
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tous invasive RS, (4) non-invasive allergic fungal RS (AFRS), and (5)
RS with the presentation of a spherical mycetoma (see also Section
4.1.10), i.e. a non-invasive accumulation of dense conglomeration
of fungal hyphae (fungus ball), mostly affecting only one sinus cav-
ity (Chakrabarti et al., 2009; Fokkens et al., 2009). Invasive forms of
RS are typically diagnosed in severely immunocompromised sub-
jects.Inits acute form it may be fatal within a few weeks, but in less
immunocompromised subjects (e.g., patients with diabetes) the
duration may be much longer. The granulomatous invasive forms
of RS have primarily been described in Africa, Saudi Arabia and
Arabic Gulf States. AFRS has similarities with allergic bronchopul-
monary aspergillosis (ABPA; see Section 4.1.7). It is characterized
by generalized sinonasal inflammation in combination with viscous
allergic mucin that effectively obstructs the normal drainage path-
way. Often Aspergillus spp. and increased numbers of eosinophils
are detected in the affected sinus. As it is known that molds may
occur in a high number of control subjects (including those with
CRS) (Ebbens and Fokkens, 2008), it becomes clear that a modified
immune response is the primary trigger for the disease. Conse-
quently, therapy with antifungal substances is not recommended
for non-invasive forms, and also randomized controlled studies
were unable to find positive effects of antifungal therapy in patients
with AFRS. (Ebbens and Fokkens, 2008; Fokkens et al., 2012). A
pathogenetic role of biofilms, a community of microorganisms
encased within a self-produced, extracellular, polymeric substance
as amajor factorin CRS has been hypothesized, and the use of confo-
cal scanning laser microscopy with fluorescent in situ hybridization
in combination with common culture techniques for the diagnosis
of AFRS has been recommended (Keir et al., 2011).

4.1.3. Allergic asthma

As in allergic rhinitis, allergic asthma due to molds is mostly
a seasonal disease. It is predominantly induced by seasonal out-
door molds like Alternaria or in rarer cases Cladosporium, Epicoccum,
Fusarium. Rarely indoor molds like Aspergillus sp. or Penicillium
sp. may cause perennial asthma (Reponen et al., 2012). A causal
relationship between dampness or mold exposure and asthma
prevalence and asthma exacerbations, especially in children, is
strongly suggestive (Higerhed-Engman et al., 2009; lossifova et al.,
2009; Mendell et al., 2011; Pekkanen et al., 2007; Tischer et al.,
2011). The prevalence of asthma as well as asthma severity have
been associated with exposure especially to Alternaria alternata
(Halonen et al., 1997; Licorish et al.,, 1985; Meng et al., 2012;
Schultze-Werninghaus et al., 1987; Zureik et al.,, 2002). Often,
allergy to Alternaria alternata occurs in subjects with sensitiza-
tion to pollen, but rarely seasonal allergy with mono-sensitization
to Alternaria alternata may occur with symptoms from June to
September (Koch et al., 2000). Asthma occurs frequently in sub-
jects with further atopic diseases like rhinitis or atopic dermatitis
(Toskala and Kennedy, 2015). Subjects with allergic asthma to
molds showed sensitizations to further environmental allergens in
95% (Iversen and Dahl, 1995), but mono-sensitizations to molds
may occur in rare cases. The latter is especially true for indoor
molds. This study suggested that sensitization to molds mostly
occurs in patients with a high potential for being sensitized to
common inhalation allergens and that sensitization to molds is not
related to damp dwellings. It is believed that molds have a low sen-
sitizing potential and genetic factors are of higher importance than
exposure (Iversen and Dahl, 1995; Tarlo et al., 1988).

4.1.4. Atopic dermatitis

Mold allergens have been considered as triggers of atopic der-
matitis (Kim et al., 2015). There is some evidence that dampness or
mold exposures are associated with eczema (Mendell et al., 2011).
Skin reactions have been described after exposure to molds, e.g.,
dryness, itching and dermatitis, but it is not clear whether these

reactions may be interpreted as immunologic reactions to indoor
molds (Seltzer and Fedoruk, 2007).

4.1.5. Urticaria

There are rare cases of urticaria after ingestion of mold-
containing food (Maibach, 1995), e.g., mold in beverages, bakery
products or salami (Hoff et al., 2003; Maibach, 1995; Morisset et al.,
2003). Inhalation of molds as a cause of urticaria has not been
reported (Palaty and Shum, 2012) or is at best an extremely rare
event (Shelly and Florence, 1961). Immunologically mediated occu-
pational contact urticaria has been described due to molds on a
salami casing (Maibach, 1995).

4.1.6. Hypersensitivity pneumonitis

Hypersensitivity pneumonitis (HP) is an immunologically medi-
ated lung disease which combines elements of a type Il and a type
IV reaction. The diagnosis is sometimes difficult to establish, espe-
cially in chronic HP (Quirce et al., 2016). HP has an incidence of
about 2-4 cases per 100.000 subjects and thus is a rare disease
(Griese et al., 2013). HP occurs rarely in smokers. Its occurrence
is well documented in susceptible subjects with mold or bacterial
exposure (I0M, 2004). Bird antigens are the most frequent antigens,
but indoor mold from contaminated material e.g., water-damaged
walls, air-conditioning systems, humidifiers or tabletop fountains
have to be considered. A summary of antigens has been published
recently (Quirce et al., 2016). HP due to molds occurs predomi-
nantly as an occupational disease (Quirce et al., 2016), but HP after
exposure to birds and molds has been described repeatedly in the
non-occupational setting as well (Morell et al., 2008; Greenberger,
2004; Baxi et al., 2016). The occupations with occurrence of HP
have given their names to the disease, e.g., farmers’ lung, cheese
washers’ lung, cork workers’ lung etc. (Quirce et al., 2016).

4.1.7. Allergic bronchopulmonary aspergillosis

Allergic bronchopulmonary aspergillosis (ABPA) is a rare
immunologic lung disease with sensitization (IgE and IgG) to
Aspergillus antigens. There is no evidence that indoor dampness
or exposure to mold is associated with ABPA, although it is
probable that mold exposures may induce symptoms or possibly
modify prognosis. Occasionally, sensitization may be detected to
Helminthosporium, Candida sp. or other fungi. Whereas specific IgE-
and IgG antibodies to mold antigens can be detected, the occur-
rence of molds (e.g., Aspergillus sp.) in sputum or bronchial lavage
fluids is less frequent. ABPA should be considered if two of the
following criteria are fulfilled: cystic fibrosis, asthma, eosinophilia
with unknown origin, pulmonary infiltrates detected by radiologi-
cal methods which do not resolve after antibiotic therapy, central
bronchiectasis, the occurrence of Aspergillus in sputum, expectora-
tion of brown sputum, and cutaneous late reaction to Aspergillus.
The diagnosis of ABPA can be corroborated if total serum IgE is
above 1000 kU/L and specific IgE antibody concentrations to recom-
binant Aspergillus single allergens rAsp f 4 and rAsp f 6 with high
specificity and moderate sensitivity (Crameri et al., 1998; Fricker-
Hidalgo et al., 2010; Rosenberg et al., 1977). Oral steroids are the
most effective therapy, antifungal therapy cannot be recommended
with the available information, although data are sparse. Oma-
luzimab may help to lower the steroid dose. Early detection and
therapy are recommended in order to decrease severe long-term
consequences (Shah and Panjabi, 2016).

4.1.8. Infectious diseases due to mold (mycoses)

Infectious diseases due to environmental molds are called
mycoses. Diagnosis and treatment of mycoses are not covered
by this guideline, but the risk assessment of exposure to indoor
molds in order to prevent mycoses and to give advice to patients
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with increased susceptibility. Mycoses increased in frequency dur-
ing recent years (Ruhnke et al., 2012). A high incidence has
been reported especially in patients with malignant diseases after
chemotherapy and longer periods of neutropenia or allogenic stem
cell transplantation. Similarly, less severe immunosuppression may
be followed by mycoses, e.g., after systemic steroid medication,
interstitial lung diseases, tuberculosis (Anon, 1970; Sonnenberg
et al., 2001), COPD or a combination of such diseases. Mycoses
are among the most frequent causes of death by infections in
patients with malignant diseases, and the number of such patients
is increasing (IARC, 2016). Primary infections develop mostly in
the lungs, rarely in the nasal sinus, the ear or the skin. Afterwards
mycoses may spread to other organs (Koehler et al., in press).

Increased numbers of thermo-tolerant Aspergillus sp. rarely
occur in indoor environments, but may be detected near com-
post and waste processing facilities. Occasionally, these molds may
be transferred to indoor environments by further anthropogenic
activities, e.g., farming. Mycoses due to opportunistic molds are
well-known (Ramani et al., 1993; Torres-Rodriguez et al., 1998).
The most prominent molds of outbreaks of mycoses in suscepti-
ble subjects are Aspergillus sp. Community-acquired mycoses were
reported repeatedly, and in some of the affected patients there was
no or only mild immunosuppression. A causal link with building
activities like demolition works and increased concentrations of
mold spores has been demonstrated (Barreiros et al., 2015).

Nosocomial mycoses occur after the inhalation of contaminated
materials, after building activities, or by potted plants. The predom-
inant molds are Aspergillus and Mucor sp.

4.1.8.1. Invasive aspergillosis. Invasive infections by Aspergillus sp.
are an important cause of morbidity and mortality in immunocom-
promised subjects (Fernandez-Ruiz et al., 2012; Hope et al., 2005).
The number of severe infections due to Aspergillus sp. is estimated
to 200.000 per year worldwide.

4.1.8.2. Aspergilloma. Aspergilloma (synonymous: mycetoma) is a
localized form of aspergillosis with agglomeration of mold mycelia
to form a fungal ball. It usually develops in preformed air spaces,
e.g., tuberculous caverns, bronchiectasis, or malignant diseases
(Latgé, 1999; Stevens et al., 2000).

4.1.9. Organic dust toxic syndrome

Organic dust toxic syndrome (ODTS) is defined by an acute sys-
temic illness with flu-like symptoms after acute inhalation of high
concentrations of bioaerosols (>10° spores/m3) possibly less for
Aspergillus fumigatus (Herr et al., 1999), which occur almost exclu-
sively occupationally. Thus ODTS is not an indoor disease. However,
the pathomechanism is not fully understood. (Seifert et al., 2003).
ODTS occurs with higher frequencies than HP, but it may be diag-
nostically difficult to separate ODTS from HP (see Section 4.1.6).

4.1.10. Acute idiopathic pulmonary hemosiderosis

Acute idiopathic pulmonary hemosiderosis (AIPH) is a rare
disease of unknown origin (IOM, 2004). The Centers for Disease
Control and Prevention (CDC) concluded that there is no evidence
that AIPH in newborns is caused by mold exposures, esp. Stachy-
botrys chartarum. This conclusion is shared by the WHO and others
(IOM, 2004; Kuhn and Ghannoum, 2003; WHO, 2009a,b).

4.1.11. Susceptibility to infection

There is evidence of an association between dampness or indoor
mold exposures and physician-diagnosed common cold, bronchi-
tis or infections of the airways (Fisk et al., 2010; Mendell et al.,
2011). Penicillium sp., Cladosporium sp., Zygomycetes and Alternaria
sp. showed the strongest associations. The mechanism remains

unknown, but it is obviously not an allergic reaction (Stark et al.,
2003).

4.1.12. Mucous Membranes Irritation, chronic bronchitis

Mucous Membranes Irritation (MMI), synonymous with
Mucous Membranes Irritation Syndrome (MMIS) and chronic bron-
chitis were found to be associated with dampness or indoor mold
exposures (Baser et al., 2003; Ebbehoj et al., 2005; Mendell et al.,
2006). The rates of subjects with MMI among those with occu-
pational or environmental exposure to bioaerosols were reported
between 20 and 30% (Herr et al., 2003; Radon et al., 2001; Reijula,
1998), but there are no valid data about indoor mold exposures
and MML. Typical symptoms of MMI are burning or itching eyes,
lacrimation, sneezing, runny nose, nasal obstruction, dryness of the
throat, frequent clearing of the throat, or cough (Baser et al., 2003).
Typically, symptoms resolve quickly after exposure cessation. It is
believed that MMI is caused by products of mold metabolism or
constituents of the cell walls or a combination of these substances
(Douwes et al., 1999; Douwes et al., 2000; Frankel et al., 2014;
Hirvonen et al., 2005; Johannessen et al., 2005; Rylander, 1998).

4.1.13. Sarcoidosis

Sarcoidosisis a systemic granulomatous disease that affects pre-
dominantly the lungs. Granulomatous disease is generally linked
with infection or reactions to foreign bodies (Heffner, 2007), thus it
has been discussed whether sarcoidosis may represent a microbial-
induced disease (Marshall and Marshall, 2004; Tercelj et al., 2008).
Case reports with bacterial or fungal infections in patients with sar-
coidosis were published, and microbial DNA or proteins were found
in samples from sarcoidosis patients (Eishi et al., 2002; McFarland
and Goodman, 1963; Rizik, 1965; Shields, 1959). Also a number
of case series reported an increased prevalence of sarcoidosis in
occupations known to be associated with mold exposures (Kern
et al,, 1993; Kucera et al., 2003; Laney et al., 2009; Prezant et al.,
1999). There are also interventional studies which seem to demon-
strate the effectiveness of antibiotic (Marshall and Marshall, 2004)
or antifungal therapies (Tercelj et al., 2011). Extending diagnostic
measures beyond standard procedures to mold-specific diagnosis
cannot be recommended.

4.1.14. Rheumatism

An association between inflammatory rheumatic diseases and
infections has been hypothesized since many years. There are also
reports about dampness and rheumatic complaints (Lorenz et al.,
2013; Luosujdrvi et al., 2003; Myllykangas-Luosujarvi et al., 2002;
Nevalainen and Seuri, 2005). However, these observations were
made by one group of researchers and further evidence is not avail-
able. Extending diagnostic measures beyond standard procedures
cannot be recommended.

4.1.15. Mycotoxicosis

Intoxications due to oral ingestion of mycotoxins in food prod-
ucts have been well documented (Stoev, 2015), but there is no
data about the consequences of indoor mold inhalation and myco-
toxicosis. There is still a need for clarification whether mycotoxin
concentrations indoors are systemically relevant. So far, this does
not seem to be the case.

4.1.16. Effects of mold odors

Mold metabolites are known to cause relevant odors (Palaty
and Shum, 2012; Portnoy et al., 2005). Such odors should prompt
a search for dampness and mold exposures. Microbial volatile
organic compounds (MVOC) consist of organic compounds that are
released from bacteria and molds. It must be taken into account
that for many so-called MVOC other sources (e.g., tobacco smoke,
cooking, baking, roasting, potted earth, composting bucket) also
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exist beside mold infested materials (Schleibinger et al., 2004). It
is unknown whether indoor MVOC with concentrations in a low
pg/m?3 range may induce biological effects. Psychic reactions with
nonspecific symptoms are considered plausible, but toxic or direct
physiological reactions are not. Typical symptoms after relevant
unpleasant odor nuisance are fatigue, reduced power of concentra-
tion, headache, nausea and insomnia (Portnoy et al., 2005). These
symptoms show high inter-individual variability, with a high num-
ber of modifying factors (Dearborn et al., 2002).

4.1.17. Impairment of well-being and mood, non-specific
symptoms

Complaints are presented as impairment of mental, physical
and social well-being and feeling of subjective impaired productiv-
ity. As emotional experience, they can be described as annoyance
reactions that include cognitive evaluation of specific environ-
mental stimuli. Impairments of well-being play a major role
in environment-associated disorders in general and in indoor-
associated health disorders in particular (Wiesmiiller et al., 2003).
To explain the mode of action of such environment-associated
psychological impairments, the following three models are used
(Bullinger, 1989):

a) Pollutant Model:

Physiological relationship between environmental factor and
human reaction, e.g., by a psychotropic substance

b) Model of Attribution:

A health condition attributed to an environmental factor after a
cognitive assessment process

c) Stress Model:

An environmental factor is consciously perceived and experi-
enced as unpleasant, harmful or threatening; stress reactions can
result in physical dysfunction, mood changes, and productivity
impairment a triggering of environmental-associated impairment
of well-being and mood by mold is principally possible, e. g. by
odors (Sucker et al., 2009).

4.1.18. Neuropsychological, neurotoxic effects

Hitherto, there are no systematic reviews on this controversial
topic available.

On various occasions, exposure to toxin producing molds (“toxic
mold”) indoors has been associated with neurotoxic effects, and
cognitive or emotional problems have been causally related to
mycotoxins (“black toxic mold syndrome”) (Baldo et al., 2002;
Crago et al., 2003; Gordon et al., 1999; Gordon et al., 2004; Singer,
2011) and toxin detoxifying therapies have been propagated.
However, these works were criticized because of methodologi-
cal weaknesses (McCaffrey and Yantz, 2005). No consistent proof
can be deduced from the literature that the toxin concentrations
occurring indoors can cause neurotoxic effects (Bush et al., 2006;
Chapman et al., 2003; Gordon et al., 2004, 2006; Khalili et al., 2005;
Lees-Haley, 2003; Terr, 2009).

4.1.19. Gastrointestinal effects, renal effects, teratogenicity,
cancer

In single cases, hypotheses about relationships between fungi
and many other different diseases are postulated with the con-
sequence of frightened patients who “inform” themselves via
internet. Additionally, mold is incorrectly equated with “intestinal
fungi” (commensal colonization by Candida albicans).
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Hitherto, no systematic examinations or case reports are avail-
able that show or suggest an association with moisture damage
or mold indoors and gastrointestinal or renal disease, reproductive
disorders, teratogenicity or cancers (see also (Mazur and Kim, 2006;
Palaty and Shum, 2012)).

It is a medical task, to provide objective information for con-
cerned patients in such cases.

4.2. Risk analysis and assessment

4.2.1. Infection risk

Infection risk of indoor mold species is low for healthy individ-
uals. Most species are classified into the risk group 1 and only few
into the risk group 2 (Aspergillus fumigatus, A. flavus) of the German
Biological Agents Regulation (TRBA 460, 2016).

For professional activities (handling) with molds, the current
German Biological Agents Regulation (BAR) is in force, in which the
risk of infection by biological agents is divided into four risk groups
(BioStoffV, 2013), whereas mold species are only classified into the
risk groups 1 and 2:

Risk group 1: Biological agents which are unlikely to cause ill-
ness in humans.

Risk group 2: Biological agents that can cause human disease
and may be a hazard to workers; substance dispersal among the
general population is unlikely; effective preventive measures or
treatment is normally possible.

Risk group 3: Biological agents that can cause severe human
disease and present a serious hazard to workers; there can be a risk
of spreading to the general population, but there is usually effective
prophylaxis or treatment available.

Risk group 4: Biological agents that cause severe human disease
and present a serious hazard to workers; the risk of spreading to
the general population is large in several circumstances; usually
effective prophylaxis or treatment is not available (risk group 4
includes no mold species).

Similarly, the CDC recommends handling of miscellaneous
molds under biosafety level 2 conditions (DHHS (CDC), 2009).

Mycoses are opportunistic infections. They require a decreased
immune status of the exposed individuals. Thermo-tolerant mold
species of the risk group 2 (e.g., A. fumigatus, A. terreus, A. niger, A.
flavus, Emericella nidulans or mesophilic Fusarium sp.) of the Ger-
man “TRBA 460: Classification of mold in risk groups” (TRBA 460,
2016) of the German Biological Agents Regulation (BioStoffV, 2013)
only rarely cause infections in healthy, immunocompetent persons,
but can cause invasive mycoses in humans whose immune system
is incompetent due to illness or other circumstances (Raad et al.,
2002).

According to the German Commission for Hospital Hygiene and
Infection Prevention (KRINKO) at Robert Koch Institute (KRINKO,
2010) immunosuppressed individuals are divided into three risk
groups (Table 2).

Particularly at risk are (in order of decreasing risk) patients
with tumor disease, esp. with underlying hemato-oncological dis-
ease (e.g., leukemia, lymphoma), acute myelogenous leukemia
(AML), acute lymphatic leukemia (ALL), allogenic stem cell trans-
plantation, autologous stem cell transplantation, solid organ
transplantation, HIV infection, other immunosuppression (e.g., pro-
longed high-dose glucocorticoid therapy), aplastic anemia, cystic
fibrosis and many others (Nagano et al., 2007). Acute myelogenous
leukemia (AML) is associated with the highest incidence of invasive
mold infections (about 12%) and with the highest frequency of mold
infections (about 8%). This is followed by acute lymphatic leukemia
(about 4%). Within the treatment procedures, allogenic hematopoi-
etic stem cell transplantation (alloSCT) is associated with a very
high incidence of mold infections (Baddley et al., 2001; Bhatti et al.,
2006).

http://dx.doi.org/10.1016/j.ijheh.2016.11.012
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Table 2

Risk groups according to the German Commission for Hospital Hygiene and Infection Prevention immunosuppression (KRINKO) at Robert Koch Institute (KRINKO, 2010).

Risk Group 1 (moderate immunosuppression)

o Granulocytopenia <0.5 x 10°/1 (<500/.1) up to 10 days
o (analog leukopenia<1 x 10°/I; <1000/p.l)

o Lack of CD4-positive T-helper cells <250/l (Cave: age-matched normal values in children); autologous stem cell transplantation up to three months after

intensive treatment phase

Patients who manifest more than 1 symptom of immunosuppression listed under Risk Group 1 belong to Risk Group 2

Risk Group 2 (severe immunosuppression)

Granulocytopenia <0.5 x 10%/1 (<500/p.1) over more than 10 days
(analog leukopenia <1 x 10°/1; <1000/w.1)

.
°
.
.

Severe aplastic anemia or macrophage activation syndrome during an intensive immunosuppressive therapy
Allogenic bone marrow or stem cell transplantation up to 6 months after completion of the intensive phase of therapy (important: degree of
graft-versus-host disease (GVHD) and the ongoing iatrogenic immunosuppression)

e Acute inpatient therapy phase with autologous stem cell transplantation or after transplantation of solid organs (until discharge)

Risk Group 3 (very severe immunosuppression)

o Allogenic bone marrow transplantation (BMT)/peripheral blood stem cell transplantation (PBSCT) in intensive therapy phase

e (up to engraftment =regeneration of granulopoiesis)
e Severe GVHD grade III or IV with intensive immunosuppression

The decision on classification in Group 3 in patients after allogenic stem cell transplantation is eventually taken in synopsis of all results of the treating oncologist

Due to continuous increase of the proportion of immunosup-
pressed patients in the general population and the longer survival of
those affected it cannot currently be ruled out that mold infections
may be anincreasing risk factor for the health of this subpopulation.

A numerical risk cannot be derived on the basis of current
knowledge. Fig. 1 shows a semi-quantitative risk assessment for
the risk of infection by indoor mold exposure.

4.2.2. Sensitization/allergy risk

Principally, there is always the possibility of sensitization and
induction of a clinically symptomatic allergy by inhalation of spores
and other mold components (e.g., mycelium) for healthy individu-
als. The sensitizing potential of molds is considered significantly
lower in comparison to other environmental allergens, such as
allergens of fur-bearing pets, grass and tree pollen or house dust
mites (about 15-30%) (Immonen et al., 2001; Nevalainen and
Seuri, 2005; Taskinen et al., 1997; Taskinen et al., 1999; Zoéllner
etal., 2005). Recent studies — both population- and patient-related
(Heinzerling et al., 2009) — show a comparatively low sensitization
prevalence of 3-10% in the general European population (Burbach
etal.,2009). Generally, it should be noted that sensitization - also to
mold - cannot be equated with a clinically relevant allergy. It is gen-
erally assumed that there are over one million mold species. So far
about 350 species of mold have been listed under www.allergome.
org as potentially sensitizing. The proportion of sensitizing mold
species as a whole cannot be deduced from this statement. The
WHO/IUIS (World Health Organization and International Union of
Immunological Societies) criteria for the classification of an aller-
gen is met currently by 107 mold proteins from 43 mold species
(WHO/IUIS, 2016). Only few mold species are available as test aller-
gen solutions and typical indoor fungal allergen extracts are largely
missing (Kespohl and Raulf, 2014; Zahradnik et al., 2013). From
an allergological point of view, after sensitization, a dose depen-
dency of the exposure to mold (measured as CFU/m?3) of a patient
is generally not alone decisive for the clinical response. Sensiti-
zation with formation of specific IgE antibodies and induction of
allergic reactions occur due to proteins and peptide components
(epitopes). Thus, it is not necessary that complete spores or intact
mold mycelium are present.

In individuals with atopy, rhinoconjunctivitis, rhinosinusitis
exposure to damp indoor environments represents a risk factor
for the formation of asthma. For rhinosinusitis associated with
mold exposure, the risk for the development of asthma doubles
(OR: 2.2; CI: 1.3-3.6) (Park et al., 2012). Infants with atopy are at

increased risk for the development of asthma when a moisture
damage or mold infestation is present in their bedroom or living
room (Karvonen et al., 2015).

A numerical risk cannot be deduced on the basis of current
knowledge. Fig. 2 shows a semi-quantitative risk assessment for
sensitizing/allergy by mold indoors.

4.2.3. Risk of toxic/irritative effects

Only mold species that are potentially able to produce toxic
substances can induce intoxication. Whether toxin formation is
taking place in individual cases is determined by environmental
and growth conditions, especially the available substrate (Mazur
and Kim, 2006; Trout, 1998).

In humans, no predisposing factors for intoxication by myco-
toxins are known However, predispositions are imaginable on the
level of the affected organ. For example, it is conceivable that a
pre-damaged liver (e.g., chronic hepatitis, liver cirrhosis) may be
a predisposition factor to hepatotoxic aflatoxin effects after inges-
tion of this toxin (Wild and Montesano, 2009). Whether this is also
applicable to airborne toxin exposures, is still unclear.

A numerical risk cannot be derived based on current knowledge
(Bush et al., 2006).

So far it is unclear whether individuals suffering from mucous
membrane irritation (MMI) or chronic bronchitis are particularly
susceptible persons who react at lower doses, or whether sensi-
tized persons may react dose-independently and differently than
non-sensitized individuals (Bascom, 1991). Possible predisposing
factors for MMI and chronic bronchitis can be other inflammatory
processes in the mucous membranes of the eyes and the respiratory
tract, such as infections, atopic mucosal diseases, keratoconjunc-
tivitis sicca and dry nasal mucosa (Shusterman et al., 2003).

4.2.4. Risk of odor effects and impairment of well-being and mood

In damp/moldy interiors, principally everybody can be affected
by odor effects and/or well-being and mood impairment. These
reactions do not indicate acute health hazard. Genetic and hor-
monal influences, genetic imprinting, context, and adaptation
effects can be predisposing factors for olfactory effects (Dalton
and Hummel, 2000). Environmental concerns, environmental fears,
environmental conditioning, and environmental attribution as well
as a variety of diseases can be predisposing factors for mood disor-
ders (Hurral et al., 2014; Wiesmiiller et al., 2013).
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Fig. 1. Infection risk by mold (The darker one box, the greater the potential health risk.); German BAR = Biological Agents Regulation.
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Fig. 2. Sensitization/allergy risk by indoor mold (The darker one box, the greater the potential health risk.) (* = Evidence of clinical relevance of the performed allergy test is

needed!).

5. Diagnostic tools
5.1. Reasons for counseling

Concerning an association between mold exposure and health
effects, patients usually look for medical advice for the following
reasons (Storey et al., 2004):

1. Patients with health problems suggesting a relation to moisture
damage and/or mold exposure

2. Patients with impairment of well-being and non-specific
symptoms showing a clear temporal relation to specific envi-
ronmental/ambient conditions or activities.

3. Patients who are concerned about a possible mold exposure

4. There are already measurement results indicating a mold expo-
sure

5. Medical assistance is sought in tenancy or building construction
disputes or litigation

5.2. General procedures, medical history (anamnesis) and
physical examination

Basic elements of every medical diagnosis are medical history
and physical examination (Warrell et al., 2016). On this basis,
depending on the question to be answered, further specialized
examination methods of appropriate medical disciplines may be
employed. In environmental and occupational medicine, tests for
internal exposure (human biomonitoring as an exposure and/or
effect monitoring) and/or for external exposure (home visits/site

inspection, environmental monitoring) also can be carried out
wherever possible and indicated.

5.2.1. Medical history

In taking a medical history, a holistic approach shall be carried
out, which is not confined to environmental burden and aspects of
physical illness, but equally recognizes the psycho-social dimen-
sion of the health problems. This approach which is necessary
because of the high expectations of the patients to the doctors
should be explained to the patient. The inclusion of mental and
social aspects rarely results in difficulties if this is explained prop-
erly to the patient.

On suspicion of possible health problems caused by mold the
following elements of medical history shall be considered:

- Exposure in the living indoor environment

- Exposure at the workplace

- Exposure in the leisure sector

- Infectiological anamnesis including predisposing factors
- Allergological anamnesis including predisposing factors
- Anamnesis focusing on irritative-toxic effects

- Anamnesis regarding odor effects

- Anamnesis about impairment of well-being and mood

In the following some aspects are described in more detail.
Where no literature is cited, only experiences from daily medical
practice are available.

Medical history in case of suspected mold-related diseases con-
sists of an environmental medical and allergological anamnesis.

http://dx.doi.org/10.1016/j.ijheh.2016.11.012
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Personal medical history including family history should be
assessed (atopy). Conclusions of experienced allergologists based
on the medical history of temporal and spatial exposure to aller-
gens, coincide up to about 50% with the results of allergy testing
(Siles and Hsieh, 2011). Systematic environmental and allergolog-
ical anamnesis in case of mold growth is particularly useful to
indicate further diagnostic steps and to detect competing allergens.

Only with the synopsis of medical history, clinical symptoms
and signs, allergen-detection and provocation testing where nec-
essary, a reliable allergological diagnosis is possible.

The allergological history is taken by asking two sets of ques-
tions. Firstly, pre-existing diseases, symptoms and signs are asked.
Secondly, the anamnesis is completed by questions concerning pos-
sible mold allergens, competing allergens as well as temporal and
spatial associations of complaints to allergen exposure. In addition,
non-allergic symptom complexes are assessed and confined. These
include impairment of well-being, neuropsychological symptoms,
odor effects, and toxic-irritative effects of molds, their components
and of bacteria.

In the first step of medical history, organ-related symptoms
and signs, their onset, intensity and duration are assessed. There
are no specific anamnestic symptoms that allow an unambigu-
ous identification of mold exposure as the cause of an allergy. The
severity of allergic diseases induced by immediate-type sensitiza-
tion is independent of the specific causative allergen. The severity
of the allergic symptoms and signs is modulated by a variety of
endogenous and exogenous factors (e.g., tobacco smoking). Stress
can aggravate allergic symptoms and signs; it may include emo-
tional conflicts in the partnership, the family or at work. The stress
load as it occurs, for example, after water damage and mold growth
indoors can exacerbate allergic symptom severity. In women, but
also in men, the allergic reaction and its organ localization can also
change depending on hormonal balance.

In the second step of medical history, the relationship of place,
time and allergen to the complaints are to be determined. For
this purpose, the symptoms with respect to their beginning, their
course and severity at different locations should be inquired.
According to the ecology of molds, complaints also have to be
checked in relation to the weather, seasonal variations, staying in
the flat, in air-conditioned rooms or in the bedroom (Note: molds
occur together with mites in the bedroom). Focus is on questions
about “mold smell”, a visible mold growth or mold contamination
indoors. The smell of mold growth is often described as musty,
moldy and sourly. Moisture damage, thermal bridges, condensa-
tion, waste management, handling of organic waste and garbage,
compost storage, animal keeping, presence of indoor plants, hob-
bies, behavior of the room users and defects and deficiencies of
the construction have to be inquired. Living conditions and user
behavior may represent decisive factors. At this point, heating and
ventilation facilities of the building or dwelling, the year of con-
struction, roof construction, attic and basement shall be considered.
Also demolition, construction or renovation works in the building
and the surroundings can contribute to mold allergen load (Barnes
and Rogers, 1989; Burwen et al., 2001; Iwen et al., 1994; Loo et al.,
1996; Thio et al., 2000). Isopods (lat. Oniscidea), silverfishes (lat.
Lepisma saccharina) and especially barklices (lat. Psocoptera), which
feed on “mold lawn”, can serve as indications for increased mois-
ture.

The transfer of molds and their components also may be rele-
vant due to the mobilization of rotting biological material (leaves,
grass, soil, and wood). This can happen by motor fans for cleaning,
gardening and landscaping works as well as in strong wind in a dry
period after humid weather. Ventilation and air conditioning sys-
tems, which are not serviced regularly, are important, but often not
easily recognizable mold reservoirs.

It is of vital importance to find the source, if typical symptoms
of possible health effects of mold exposure occur in a spatial and
temporal relation to certain rooms or activities. As part of the diag-
nostic procedure, a period of exposure rest, meaning a temporary
leave of the suspected areas and a subsequent re-exposure, can give
important notes.

To determine the spatial and temporal dependencies of com-
plaints, the reporting of symptoms in a diary by the patient can be
useful.

Medical history shall identify most vulnerable and sensitive
persons like immunocompromised individuals, allergic (atopic)
persons and individuals with pre-existing pulmonary diseases like
asthma, COPD, cystic fibrosis (CF; mucoviscidosis) (Dearborn, 2014;
Nagano et al., 2007). CF patients have an increased risk for ABPA.
Predisposing factors for mold allergy are familial predisposition
to type I allergies, existing sensitizations and the presence of one
or more atopic diseases. The significance of these predispositions
increases in the order shown. For a sensitization and atopic disease,
the predisposition is all the more pronounced the more mold-
specific it is.

Other predisposing factors are:

- Difficult to treat allergic rhinitis

- Difficult to treat sinusitis

- Difficult to treat asthma

- Exacerbation of asthma for unknown reasons

Occupational exposure to mold qualitatively and quantitatively
depends on the different activities. In Germany, after the amend-
ment of the Biological Agents Regulation in 2013, which represents
the national implementation of Directive 2000/54/EC, the clas-
sification of infection risk is omitted for activities, for which a
sensitizing effect is assumed predominant. This concerns occupa-
tional mold exposure. Generally, occupational mold exposure is
considered to be given in the following areas of activity:

- Activities in the waste sector (waste management, composting,
waste separation, waste incineration, waste sorting)

- Remediation of mold-infested indoor spaces

- Professional sampling and inspection of molds indoors

- Stay in archives, libraries, depots and magazines (old paper or
mold infestation)

- Activity in agriculture (hay, straw, animal husbandry)

- Gardeners, landscapers, florists, tree work

- Millers and bakers

- Wineries (esp. when destalking of grapes)

- Breweries

- Paper and wood production and processing

- Handling coolants (aerosols with bacteria and mold)

- Building renovators (upholsterer, plumber)

- Feed production and handling feed

- Ventilation/air conditioning maintenance

If there are workplace-related complaints when a worker is
dealing with mold-contaminated materials, that indicate a mold
allergy, firstly the exposure (frequency, quantity, quality) as a part
of the risk assessment must be considered. Technical measures are
to be taken if necessary. Personal protective equipment has to be
provided if necessary. In Germany, employers and physicians are
required to report the suspicion of an occupational disease to the
responsible accident insurance.

5.2.2. Physical examination
Each medical history includes a complete or at least symptom
and sign oriented physical examination. Methodology of physical
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examination relies on inspection, palpation, percussion, auscul-
tation and functional testing. The target organs suspected in the
medical history are preferentially to be investigated.

Particular attention should be paid to the mucous membranes
of the eyes and the upper respiratory tract as well as to the skin,
because patients often complain of non-specific symptoms of these
organs. Generally, physical examination should be carried out in a
structured and standardized way and be adequately documented.

5.3. Markers of mold exposure

Measurements of mold exposure are carried out due to different
objectives. Some of these analyses are expedient, for others it is
postulated that they can demonstrate a causal association between
mold exposure and potential health effects. These time-consuming
and expensive investigations often do not meet the expectations
set in them. In addition, it must be distinguished between analyses
which are used in practice and those for scientific purposes.

A distinction has to be made between environmental (ambient)
monitoring and analyses in biological material (biomonitoring) to
assess exposure. Analyses in biological material may also be part of
biomonitoring of effects and susceptibilities. In the following, we
focus on environmental monitoring.

Effect and susceptibility biomonitoring are part of the medical
diagnosis and are described in Section 5.4.

5.3.1. Environmental monitoring

Usually, there is no medical indication for the determination of
mold indoors or on building materials or furnishings.

Epidemiological studies show a relationship between humid-
ity/mold damage indoors and health complaints of indoor users
(WHO, 2009b). The observed health problems are obviously related
to the microorganisms that have multiplied on and possibly in the
moist materials. But, it could not yet be clarified which specific
biological agents are particularly relevant in this context (WHO,
2009b). In moisture damages, together with molds also bacte-
ria multiply, especially actinobacteria. They themselves, but also
metabolites and cellular constituents of microorganisms such as
toxins, allergens, MVOCs, [3-glucans, endotoxins and fragments
of molds (particles) or bacteria can be health hazards. In con-
nection with humidity/mold damages, mites and amoeba often
occur, therefore an increased health impact of these parasites and
microbes also can be expected. There is no simple causal rela-
tionship between single noxious agents mentioned above and
health effects (DHSS (NIOSH), 2012; Eduard, 2009). With a corre-
spondingly high exposure, both cultivable and non-cultivable mold
spores can be responsible for health effects. The same applies to
mycelium fragments. This means e.g., that even after disinfection
measures, allergenic mold components still can be detected.

The intake pathways of the various mold components into the
possible biological materials are different. Airborne MVOCs, mold
spores, mycelium fragments of molds and bacteria, mycotoxins,
endotoxins and allergens are inhaled. These toxicants can, how-
ever, also be ingested with foods or absorbed percutaneously via
contact e.g., with infested building materials.

Even the most comprehensive analyses on the identification
and quantification of fungi and other noxious substances occurring
in connection with moisture/mold damage in indoor environ-
ments are of little use for the diagnosis and treatment for the
treating physician. This is since there is no simple causal relation-
ship between individual health complaints and the observed mold
infestation (DHSS (NIOSH), 2012; Eduard, 2009) and because the
repertoire of mold allergen extracts for allergy diagnosis, which are
commercially available, is very limited and mainly includes typical
outdoor species.

From a medical perspective, the on-site inspection of mold infes-
tations is sufficient to induce medically justified measures. In the
case of visible mold growth, increased material moisture or phys-
ical/structural abnormalities (“moisture or water damage”), the
identification and quantification of fungal species in the affected
indoor spaces is not indicated from a medical diagnostic or a ther-
apeutic point of view (Wiesmiiller et al., 2013).

For the health assessment of mold exposure, the differential
diagnosis is of high priority. Since the health effects stemming from
mold exposures mainly depend on the disposition of the person
concerned, a time delay to take protective measures caused by mold
measurements can result in an increased risk for people who must
particularly be protected with respect to mold exposure (see Sec-
tion 4.2). For these risk groups, mold analyses for risk assessment
may be medically indicated in some cases, if there are any suspi-
cions of hidden mold exposure, solely for reasons of prevention.

A summary presentation of current measurement methods for
mold exposure assessment indoors can be found in Hurraf3 et al.
(2016). This presentation aims to provide in-depth knowledge
about expedient or not expedient application and the validity of the
various measuring and testing methods to physicians, but also to
environmental mycologists, indoor experts, craftsmen, architects
and building experts, so that they have a solid basis for ordering
and evaluating the appropriate investigations. To look further into
this issue, it is referred to the corresponding literature (e.g., DHSS
(NIOSH), 2012).

5.4. Clinical diagnosis

The basis for allergy diagnosis according to the pyramid model
is the history or anamnesis followed by skin prick testing and the
determination of allergen specific IgE. On top of this scheme is
the organ-specific provocation test. This mentioned pyramid model
suggests two things: the higher up the diagnostic procedure is in
the pyramid, the greater is the impact, and the smaller the area, the
indication decreases.

5.4.1. Allergy diagnosis

In general, there is no difference between the diagnosis of mold
allergy and the diagnosis of other allergic diseases. As usual, a step-
by-step approach according to the classic level scheme is carried
out taking into account the individual factors: anamnesis/physical
examination - skin prick test — analysis of sera or additional in vitro
methods - provocation.

Allergic diseases by mold allergens can manifest essen-
tially as conjunctivitis, rhinitis, rhinosinusitis, allergic asthma,
urticaria, hypersensitivity pneumonitis or allergic bronchopul-
monary aspergillosis (ABPA). Therefore, differential diagnosis with
anamnesis and in vitro-/in vivo-diagnosis is of central importance.
In each individual case, it is necessary to confirm the allergic reac-
tion and to identify the responsible trigger of the allergic reaction. A
wide variety of in vitro tests, using different cellular and/or humoral
parameters of the allergic reaction on different levels exist. The
repertoire of commercially available mold allergen extracts is very
limited and includes more or less only typical outdoor mold species.

Especially for the interpretation of in vitro tests it has to be
considered that e.g., increased mold-specific IgE concentrations
indicate sensitization against mold allergens, but this cannot to be
equated with an allergic disease. A correct interpretation of the
results necessitates further diagnostic information from anamne-
sis, physical examination and technical tests, e.g. the demonstration
of sensitization and/or an organ-specific provocation test. Sensi-
tization to molds has to be interpreted carefully in the causality
assessment regarding the possible exposures (ubiquitous outdoor-,
indoor-, or occupational exposures). In practice, reliable confir-
mation of the causal relation between mold sensitizations, indoor
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mold exposure and the specific related sensitization and dis-
ease (rhinitis, conjunctivitis, asthma) is scarce (Larenas-Linnemann
etal., 2016).

The following requirements for the diagnosis of mold allergy
must exist:

- A pathogenic mold antigen is found in the environment.

- Aconfident temporal relation between the onset of allergic symp-
toms and the exposure against the mold allergen exists.

- Atopic predisposition exists.

- An evidence for specific IgE-production against mold antigens is
present.

- Cessation of mold exposure obviously shows beneficial effects.

Fundamentally, for the diagnosis of a mold allergy the same
recommendations and guidelines apply as described for other aller-
gens inducing an immediate-type allergy (Pfaar et al., 2014).

5.4.1.1. Serological testing. In case of an IgE-mediated type I sen-
sitization the serological in vitro testing includes the detection
of allergen-specific IgE-antibodies or in case of a hypersensitivity
pneumonitis (HP) (Type III) the determination of allergen specific
IgG-antibodies. The evidence of increased specific antibodies is a
clear indication of sensitization but cannot be equated with the clin-
ical relevance, whereby with an increasing sensitization degree the
predictive value of clinical relevance increases (van Kampen et al.,
2008).

a) Detection of mold-specific IgE-antibodies

The undoubtedly most important and most practicable in vitro
test is the serological determination of allergen specific IgE-
antibodies (sIgE). Although a variety of tests of different
manufacturers exists, the repertoire of indoor-relevant mold test
extracts is very limited. The test equipment of the several manufac-
turers differs not just because of the test implementation (including
the use of different detection equipment like ELISA, FEIA, RIA, the
use of different allergen carriers, e.g., chemically activated paper
discs, micro titer plates, ImmunoCAP, chip technique or the use
of liquid allergens) but also due to various raw materials, allergen
extraction procedures and their standardization. The significance
of the in vitro diagnosis is determined by the diagnostic sensitivity
and specificity of the test method and therefore the significance
of the allergy diagnosis highly depends on the quality of the aller-
gen extracts used for testing (Kespohl et al., 2016), but also on the
method of testing. In spite of the numerous so far characterized
mold allergens, currently only eight recombinant single allergens
of the three species Alternaria alternata (rAlt a 1, rAlt a 6), Aspergillus
fumigatus (rAsp f 1, 2, 3, 4, 6) and Cladosporium herbarum (rClah 8)
are available for the molecular diagnosis (Kespohl and Raulf, 2014).
An improved mold-IgE diagnosis by the use of mold-typical marker
allergens with strong IgE binding would be desirable.

According to several German allergy diagnosis guidelines, the
determination of total IgE is useful in connection with specific IgE
determination as an additional parameter for the evaluation and
the interpretation of the specific IgE-values, but it cannot exclude
or verify a specific sensitization.

For the diagnosis of allergic bronchopulmonary aspergillosis
(ABPA), a type of allergy with components of type I-, type III-
and type IV-reaction, mostly caused at least partially by A. fumi-
gatus, the determination of A. fumigatus-specific IgE as well as the
determination of total IgE and A. fumigatus-specific IgG, are useful
(see specific [gG-determination). Recombinant A. fumigatus single
allergens (rAsp f 1-10) are useful for complementary differen-
tial diagnosis. As an indicator for ABPA the combination of rAsp
f2+rAsp f 4+rAsp f 6 is typical, whereas a sensitization against

rAsp f 1 and/or rAsp f 3 does not represent a clear indication of an

allergic asthma. Serologic positive results to rAsp f-allergens can

also occur in other diseases like cystic fibrosis (Crameri, 1998).
The following points are important for the test evaluation:

- Detection of allergen-specific IgE indicates specific sensitization
but not necessarily a disease; the result can just be interpreted
correctly in connection with anamnesis, medical examination
and the outcome of the organ-specific provocation test. Positive
reactions caused by cross-sensitizations need to be considered.

- Quantitative comparison of the results obtained from different
test systems is difficult (therefore necessity of international stan-
dardization).

- Improvement of the quality of the reagents via allergen stan-
dardization and definition of minimum requirements for allergen
carrier material (determination of the diagnostic efficiency) must
be demanded.

- Extracts of indoor-relevant molds should also be commercially
available in sufficient quality.

- The repertoire of available single allergens of relevant molds
should be enlarged.

b) Determination of mold specific IgG

The determination of specific IgG-antibodies in connection with
the diagnosis of an immediate type allergy (type I-allergy) to
molds has no diagnostic relevance, because IgG-antibodies are
produced as a physiological response of the immune system to for-
eign antigen exposure and rarely have a pathogenetic relevance.
Therefore in these cases mold-specific IgG-determination is not
recommended (Kleine-Tebbe, 2009).

Only uppon suspicion of an allergic bronchopulmonary
aspergillosis (type I-, Ill-allergy) or hypersensitivity pneumonitis
(typeIll-,IV-allergy) determination of mold-specific IgG-antibodies
is a useful part of the diagnosis and therefore recommended (Shah
and Panjabi, 2016).

In addition to increases of total IgE- and A. fumigatus-specific
IgE levels in patients with allergic bronchopulmonary aspergillosis
(ABPA), the levels of A. fumigatus-specific IgG are also increased. In
comparison to patients with an allergic A. fumigatus sensitization,
A. fumigatus-specific IgG levels are significantly increased in ABPA
patients and thereby useful for differential diagnosis.

For quantitative assessment of specific IgG-concentrations
(mga/L) no defined cut-off-values exist, which definitely refer to
pathological alterations. The cut-off-values have to be determined
individually for each measurement method and for each allergen
based on results of controls‘ and patients’ sera.

c) Cytokines, eosinophilic cationic protein (ECP)

Increased ECP-concentrations reflect the activation status of
eosinophils, but do not permit an allocation or clarification of
specific diseases. There is no indication for the measurement of
this nonspecific activation and recruitment marker of eosinophilic
granulocytes in mold allergy.

d) Immune complexes

The determination of immune complexes is limited to special
diseases like HP (type Il reactions) and furthermore no indication
exists in the diagnosis of mold exposure (see above mold-specific
IgG-determination).

e) Serological determination of galactomannan (GM)
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Galactomannan, a heteropolysaccharide, is a constituent of the
cell wall of the mold genus Aspergillus and can circulate in the
blood in the case of invasive aspergillosis (IA). For the assay of
galactomannan, serological testing methods are available. For the
antigen detection the classical sandwich-ELISA technique is used.
The microtiter plates are coated with monoclonal antibodies, which
bind the antigen in sera or bronchoalveolar lavage fluid. The test is
only indicated for diagnosis of invasive aspergillosis (Mayo Clinic,
2015; Verdaguer et al., 2007). In addition, quantitative real-time
PCR(qPCR)assays have been developed for the detection of invasive
pulmonary aspergillosis.

f) Serological detection of (1 — 3)-3-D-glucan

The principle test method bases on a modification of the
Limulus-amoebocyte-lysate-test. It includes a microtiter plate-
based detection system for the detection of (1 — 3)-f-p-glucan
in sera. Briefly, a chromogen reagent is used, which eliminates
in the pro-coagulation system of the Limulus-amoebocyte-lysate-
pathway the factor C. If (1 — 3)-B-p-glucan is present, Factor G,
a serine protease zymogen, can be activated. The inactive pro-
coagulation system is activated, which breaks down a chromogenic
peptide substrate whereby a light absorbing chromophore devel-
ops.

The test is technically sophisticated and may be useful for the
diagnosis of invasive mycoses; an application in connection with
indoor mold exposure is not indicated (Fontana et al., 2012).

g) Serological detection of mycotoxins

With regard to intoxication due to airborne mold toxins a
diagnosis is only partially possible. In the USA macrocyclic tri-
chothecenes were detected in sera from individuals which had
indoor Stachybotrys chartarum exposure (van Emon et al., 2003).
For the detection a Trichothecene-ELISA was used and 23 sera from
patients but also one control serum were positive (Brasel et al.,
2004; Hooper et al., 2009; Straus, 2009). Although the ELISA is a
very sensitive method with detection limits in the range of ppb
(equates to ng/ml or g), nonspecific reactions and cross-reactions
cannot be excluded.

Due to the current state of analytical technology, mycotoxin
indoor exposure can neither be validly specified nor evaluated by
human biomonitoring. For routine analysis in practical medicine
determination of mycotoxins in blood, serum or urine makes no
sense and has to be limited currently to scientific research studies.

5.4.1.2. Cellular test systems. For all cellular test systems applies
so far: they are methodically complicated, expensive, usually
unsuitable for sample shipment and demanding in execution and
interpretation. In addition, using cellular tests based on stimulation
of basophil granulocytes, the quality of the test outcome depends
on the availability and/or quality of the extract. In routine diag-
nostics, they are mostly not suitable but can represent a useful
supplement in individual cases. They should be reserved for spe-
cialized in vitro allergy diagnosis in the case of a clear suspicion
of an IgE-mediated allergy and unclear diagnostic findings and/or
scientific research questions.

In addition, the repertoire of commercially available mold aller-
gen extracts, which can be used as stimuli, is limited also for these
tests and here again, the result of the test will depend on the quality
of the used antigen (extract or single allergen).

Of course, it is necessary to differentiate between cellular test
systems which are based on basophil granulocytes or mast cells and
those which are based on T-cells (lymphocyte transformation test
or proliferation test).

Cellular test systems based on IgE-sensitized basophil granu-
locytes use different parameters (‘readouts’) for test evaluation,
but have identical bases: Positive results after titrated incubation
with the allergen serve as indirect measure for the cell bound spe-
cific IgE. The significant exess of bound IgE on basophils and its
high affinity to the FceRI-receptor determine an extremely high
analytical sensitivity of these test systems that by far exceeds sero-
logical quantification of specific IgE as well as skin tests. Samples
with extremely low total IgE and negative serological test results
on antigen specific IgE represent rare indications for these tests
with ‘basophils’ as target cells, when sensitization (e.g., to exotic
allergens) is suspected nevertheless.

a) Basophil degranulation test and histamine release,

HLT =Histamin-Liberation-Test

The histamine release serves as indirect measure for cellular-
bound specific IgE (see above), which has got a longer half-life in
comparison to free IgE in serum. Histamine determinations (e.g.,
via ELISA) are complex; automated fluorimetric histamine deter-
minations are not offered for routine in Germany. HLT is not useful
for the diagnosis of mold allergy.

b) Basophil activation test using flow cytometry (Flow CAST)

A quantitative determination of CD63 (or another cell mem-
brane marker of basophil-activation like CD203c), expressed on
allergen stimulated isolated basophils, via flow cytometry may
be performed; a further development represents the so called
Flow2CAST using anti-CCR3 for a better discrimination of the
basophils. This test is useful for inhalation allergens especially in
cases where skin tests and measurements of specific IgE cannot be
executed. Rare indications therefore represent samples with low
total IgE, negative specific serological IgE detection and/or negative
skin test for the assumed sensitization or exotic allergens.

c) Determination of other effector cell mediators (Leukotriene
release testing, cellular antigen stimulation test (CAST))

This test is based on allergen-specific cell stimulation and on the
quantification of released peptidoleukotrienes via immunoassay.

A positive reaction to an allergen, i.e. the indirect evidence
of a sensitization, is indicative for clinical relevant allergy only
within an explicit anamnestic context and/or in combination with
a positive provocation test. Furthermore, this test has a complex
implementation and is not useful for routine diagnosis.

d) Lymphocyte stimulation test (LST) or lymphocyte transforma-
tion test (LTT)

The lymphocyte transformation test (LTT) is a laboratory pro-
cedure for the detection of antigen-specific T-lymphocytes which
is used in the immune function diagnosis in medicine. During the
last years the test was also used in allergological in vitro diagnostics
for the detection of certain allergic reactions of the delayed type IV
(e.g., drug allergy). A principle problem of the LTT is that it can-
not distinguish between a ‘physiological’ answer to an antigen and
an ‘allergic’ T-cell answer. The proliferation is thus just an expres-
sion of a normal reaction of the organism with an (already known)
antigen and therefore no indicator for a clinically relevant sensiti-
zation. Indications for LTT are usually in basic research. However,
it should be noted that endotoxin contaminations of the antigen
used for stimulation can induce a false-positive proliferation. As
mold allergens don’t lead to a type IV-sensitization, lymphocyte
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transformation tests (LTT) with mold extracts are not indicated for
diagnosis of mold allergy.

5.4.1.3. Provocation tests. If history, physical examination and
serology do not provide a clear diagnosis to confirm a mold allergy,
a provocation test may be indicated if important consequences
arise for treatment, prevention and/or compensation. In this, the
patient is confronted with the potential allergens in a natural way
inorder to provoke under controlled conditions an immediate (type
[) allergic reaction with the typical corresponding symptoms. An
organ-related provocation test is intended to confirm the clinical
relevance of existing sensitizations or allegedly observed symp-
toms.

A study by O’Driscoll et al. (2009) found that the correlation
between skin test results and the specific IgE test results is unsat-
isfactory in mold allergy diagnosis. It is therefore recommended
to include all available methods, both skin testing and serological
tests, for specific diagnosis and also to use test extracts - if available
- from different manufacturers. Use of serological IgE determi-
nation alone to demonstrate mold sensitization does not appear
sufficient with regard to sensitivity.

Tests with commercial extracts should not be omitted though,
as these are easy to use and biological quality is monitored by batch
tests by the Paul Ehrlich Institute.

Combinations of fixed test series have proven useful for certain
queries. The choice of aeroallergens for standard testing must take
into account individual, occupational and regional circumstances.
False-negative results often arise when comparing the history and
skin testing.

In particular, the results of tests with rare allergens and unstable
mold allergens should be assessed critically.

Consequently, negative in vitro and in vivo test results do not
exclude sensitization or allergy to mold.

Mold allergy is a rarity if there is a complete absence of
IgE-mediated sensitization to the largely standardized skin test
solutions of common environmental allergens.

With every provocation test there is a risk for a severe aller-
gic reaction and for anaphylactic shock in the worst case. Doctors
and nursing staff must therefore have appropriate experience, pro-
vide emergency equipment during testing and provocation and
be familiar with the treatment of emergencies. Provocation tests
should not be performed when there is a high degree of sensi-
tization, acute inflammatory diseases of the nose, acute allergic
reactions in other organs, severe general reactions, with use of
medications that increase the risk of intolerance reactions (ACE
inhibitors, beta-blockers) and generally not in children less than
5 years.

5.4.1.3.1. Testmaterials. Currentlyonly afew commercial mold
allergen extracts are offered from individual manufacturers. As
studies from Kespohl et al., 2013, 2016) via detailed biochemical
and immunological and also in vivo (SPT) analysis demonstrated,
mold allergen extracts show very high variability in the allergen
composition and preparations of the same mold species from dif-
ferent manufacturers are not comparable. An exception represent
the skin test extracts of the outdoor air mold Alternaria. Storage
and durability of the mold test extracts are the same as for other
ubiquitous allergen skin test extracts (storage of the extracts in
the refrigerator at a mean temperature of 4 °C, notice of expiration
dates of the test solutions). In rules of the EU-directive 2001/83/EC,
article 1 (4b) test allergens are defined as medicinal products.
Therefore they require a certification procedure, which tends to
decrease commercial availability, especially of mold extracts with
time-consuming and costly production procedures. To avoid this
gap, in the patients’ interest, useful strategies for the future should
be found as soon as possible.

a) Skin tests

Second to medical history, skin tests constitute the basis of
allergy diagnosis and can be performed quickly and relatively
cheaply. They are usually sufficiently valid and have a low com-
plication rate. Skin tests should be performed in accordance with
the corresponding German or European position papers.

A distinction is made between epicutaneous (patch test, rub
test) and cutaneous tests (scratch, prick, intracutaneous test). The
allergen concentration of solutions for intracutaneous tests is usu-
ally lower by a factor of 100-1000 than for prick test solutions.
Currently (June 2015), however, commercial intracutaneous test
solutions are no longer available so this diagnostic test is not
applicable for demonstrating mold allergy. An allergic reaction is
produced by introducing an allergen dose onto or into the skin. A
prick test will usually be performed when inhaled allergies to mold
spores are suspected.

The size and type of the reacting area (erythema, wheal) are
used as a measure of the organism’s degree of sensitization. Max-
imum histamine reaction occurs within 15 min. Allergen-induced
reactions reach their maximum after 15-20 min. Regression usu-
ally takes place within 1-2 h. Delayed immediate-type reactions
can occur a few hours later, appearing as a wheal or erythema.
Late-type reactions, which appear within hours to a few days after
the test are also possible, e.g., as erythematous papules or eczema.
With all tests these late-type reactions can occur both with a nega-
tive and a positive immediate reaction as a delayed reaction (after
6-24h) or as a late reaction (up to 48 h) so the observation period
should not be less than 24 h (patient self-observation is possible).
A positive skin test result requires both functioning immunologi-
cal mechanisms and the skin’s ability to react. The result becomes
doubtful if the patient takes medications that influence the immune
reaction (such as antihistamines, corticosteroids) and in the case of
eczematous or urticarial skin diseases.

The inside of the forearm or the back are suitable areas for skin
testing.

b) Nasal provocation test (NPT)

The nasal provocation test (NPT) allows reproduction of an
allergic reaction in the manifestation organ under standardized
conditions and is regarded as a simple and safe procedure with high
specificity and sensitivity. Persistent respiratory symptoms usually
occur with inhalational allergies to mold spores. This can make a
clear relation with the history difficult. In this situation, the NPT can
confirm or refute the suspected diagnosis of an allergic reaction of
the respiratory tract. The NPT is also indicated when a skin test is
contraindicated, when local allergic rhinitis (LAR) is suspected and
for monitoring therapy such as allergen-specific immunotherapy
(SIT).

When provocation has been carried out with a positive result,
the next test can be performed 48 h later at the earliest. A range
of medications interferes with the results of nasal provocation so a
waiting period must be observed for these substances. Contraindi-
cations summarized in Table 3 should be considered.

5.4.1.3.2. Procedure. The disadvantage of the NPT is its time-
consuming nature for both the investigator and the patient. Testing
of one allergen alone takes about 35-45 min. Another allergen can
be tested only when the outcome of the previous challenge was
negative; if the test result is positive, testing on this day must be
stopped. If several allergens are to be tested, repeated sessions must
therefore be scheduled.

Since allergic late-phase reactions of the nasal mucosa do not
occur during a normal examination period but after 4-6h, the
patient should be given a self-observation questionnaire for the first
24 h after the test. When evaluating this information, however, it
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Table 3
Contraindications to a nasal provocation test NPT (modified according to Akerlund
et al. (2005) and Chapman et al. (2008).

Relative contraindication to the NPT

- Particularly high degree of sensitization

- Pregnancy

- Children under 5 years

Absolute contraindications to the NPT

- Acute inflammatory diseases of the nose or sinuses

- Surgery on the nasal cavity or paranasal sinuses less than 8 weeks previously
- Severe systemic disease

- Poorly medication-controlled or uncontrolled bronchial asthma

- Medications that increase the risk of intolerance reactions (f3-blockers and
ACE inhibitors)

- Vaccinations should be carried out at least one week ago

Table 4
Stage [-1V according to the conjunctival provocation test (CPT).

Stage | Foreign body sensation, conjunctival erythema, incipient
pruritus

Stage Il As I, plus tearing, more severe pruritus, erythema of the
tarsal conjunctiva of the lower lid

Stage III As 11, plus erythema of the tarsal conjunctiva of the upper
lid, severe pruritus, blepharospasm

Stage IV As 111, plus chemosis, lid swelling, irresistible pruritus

must be borne in mind that the patient is in an uncontrolled envi-
ronment after the ambulant testing and external environmental
influences may well play a part.

The results of the NPTs are false-negative in an estimated one
fifth of allergic patients. The causes were:

- Previous medication consumption

- Nasal volume flow too small at the start of the examination when
the nose is highly obstructed, e.g., due to polyposis

- Insufficient adaptation to the room conditions

- Prior physical exertion

- Previous endonasal operation with partial removal of the nasal
mucosa

- Non reactivity of the nasal mucosa of other origin

Other sources of error in the use of the NPT are technical errors,
sympathetic stimulation of the nasal mucosa and occurrence of and
failure to identify a late reaction.

¢) Conjunctival provocation test (CPT)

The CPT should be performed only when the patient is asymp-
tomatic; standardized prick test solutions are generally used in a
1:10 and possibly higher dilution. A control solution is first instilled
in the inferior conjunctival sac, with 10 min waiting for a possible
reaction (control eye). A drop of the allergen test solution is then
instilled in the inferior conjunctival sac of the other eye (test eye). A
positive test result consists of progressive pruritus, increased tear
secretion, foreign body sensation, photophobia, etc. (Table 4).

As soon as stage II-1Il has been reached, the test is regarded
as positive and the patient should be spared further, more severe
reactions by irrigating the conjunctival sac with normal saline and
by instilling eye drops (antihistamines, vasoconstricting agents).

The CPT is much more poorly standardized than the NPT, and
also does not record the reaction of the respiratory mucosa directly
as manifestation organ with aeroallergens. Hence, it is not a stan-
dard test method.

A CPT can be indicated when

- The symptoms are predominantly conjunctival.

- There are nasal symptoms but an NPT is not possible on account
of contraindications (Table 3).

d) Bronchial provocation test (BPT)

A bronchial provocation test can be indicated when the diagno-
sis cannot be made by a combination of exposure assessment and
less invasive diagnostic tools such as asthma symptoms, antibody
detection and skin testing. Especially in the case of the perennially
occurring indoor molds, the history is usually not specific. Confir-
mation of the diagnosis may be indicated prior to hyposensitization,
and if an association of symptoms with a certain exposure is subject
of expert evidence in legal matters. In analogy with other inhaled
allergens, the degree of sensitization can be considered as guidance.
In this respect, the bronchial provocation test is highly important
when allergic perennial asthma due to indoor molds is suspected.
The choice of allergen should be guided by the sensitization spec-
trum. The evidence for provocation testing in the absence of proof
of sensitization is insufficient; therefore no recommendation can
be made in this regard.

Allergen extracts from molds are suitable for provocation tests
due to their adequate solubility. Since, in addition, adequate quan-
tification of molds in native materials cannot be achieved with
acceptable expense, testing with native material in the laboratory
is not a suitable method. Testing in and outside potentially contam-
inated rooms can deliver evidence of an allergen source but is not
assessable regarding the causative agent.

The repertoire of commercial extracts for provocation tests is
becoming increasingly limited. They must be performed adhering
to the corresponding guideline.

When assessing provocation tests with allergens, both false-
positive and false-negative reactions may occur. In the absence of
a clinically significant gold standard, a statement about sensitivity
and specificity is generally problematic and in the case of molds it is
made particularly difficult by the inadequate studies of the quality
of the test extracts. More recent studies from Finland of individuals
with occupational exposure to mold show that provocation testing
with commercial mold extracts is possibly much more sensitive
than gaining evidence of sensitization (Karvala et al., 2010). These
data require confirmation. Assessment of the provocation reaction
to mold provocation is a challenge in this respect, especially as
isolated late reactions have been described frequently.

5.4.1.4. Differential allergy diagnosis (pollen, house dust mites, indoor
allergens). When nonspecific health complaints are linked to visi-
ble or hidden mold damage, it should be noted that the symptoms
reported in these cases (e.g., fatigue, headaches, mucosal irritation)
can also occur with a variety of other diseases and in associa-
tion with other indoor pollutants (e.g., VOC, formaldehyde, wood
preservatives, insecticides, tobacco smoke). A house visit can be
recommended in principle for orientation, if feasible together with
indoor hygiene and building experts.

Since molds indoors usually occur simultaneously with other
allergens, distinguishing effects specific for molds is problematic.
It has been shown, for instance, that early exposure to house dust
mites possibly leads to symptoms in the first year of life correspond-
ing to obstruction of the upper respiratory tract. House dust mite
antigens, the Fel d 1 cat antigen, antigens introduced from outside
as well as bacteria and endotoxins must also be considered. House
dust mites (and also bacteria) represent a particular confounder as
they occur more frequently in rooms with greater air and material
humidity, just like molds. It is especially problematic that numer-
ous allergens of biological origin are subject to a seasonal cycle
similar to that of typical outdoor molds. For instance, not only are
more mold spores (esp. Cladosporium sp. and Alternaria sp.) found
in outdoor and indoor air, precisely in summer and late summer,
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but also numerous grass and weed pollens. Diagnostic investiga-
tion for further indoor allergens is therefore useful, e.g., by specific
IgE determination or by a skin test.

5.4.2. Systemic or invasive fungal infection diagnosis
Diagnostic procedures in invasive mold infection are covered by
the respective guideline (Ruhnke et al., 2012).

5.4.3. Toxicological diagnostics
At present, there are no useful and validated testing procedures
that could be used in clinical practice.

5.4.4. Unconventional diagnostic methods

Often unconventional diagnostic methods are demanded by
patients but also propagated by doctors and therapists from various
disciplines. It is noticeable that scientific methods suitable to tackle
other questions, such as human biomonitoring are being misused
to give an appearance of science. The same is true for the imagi-
native names of some applications. Without performing a method
criticism with the patients in detail, their protection against costly
and nonsensical procedures must be a concern of environmental
health counseling. The right to a pluralism of directions of thought
and methods shall remain inviolated.

Unconventional diagnostic methods must be tested and evalu-
ated according to the current state of scientific knowledge, as it is
done for all medical procedures.

In addition, unequivocal statements of experts, professional
societies and institutions shall be made to these procedures in
scientific journals, lay press, and television programs. Moreover,
statutory and private health insurances shall only cover the costs for
unconventional diagnostic methods, if their value has been demon-
strated (Eis, 1998/99).

Table 5 shows examples of unconventionally used and uncon-
ventional diagnostic methods (Eis, 1998/99). They are not
recommended due to lack of evidence.

6. Therapy

Even when a causal association between symp-
toms/findings/diseases and the presence of mold/damp indoors
cannot be found, the first “therapeutic” measure in the presence of
damage caused by damp/mold, from the preventive and hygiene
standpoint, is prompt and correct remediation and swift mini-
mization of exposure in the case of serious diseases with a high
health risk (immunosuppression, cystic fibrosis, asthma).

6.1. General pharmacological treatment and specific
immunotherapy (hyposensitization)

Topical and/or systemic therapy is indicated in allergy to molds
depending on the specific organ involved.

The pharmacological treatment of allergic diseases (rhinitis,
conjunctivitis, sinusitis, asthma) associated with exposure to mold
does not differ from treatment of allergic diseases due to further
allergens (e.g., pollen).

Specificimmunotherapy (SIT) is the only causal therapy with an
immune modulating function for allergies. Delivery of therapeutic
allergens activates specific blocking antibodies, tolerance-inducing
cells and messenger substances. This leads to attenuation of the
immune response caused by allergens. The body’s inflamma-
tory reaction responsible for the allergic complaints subsequently
regresses (Pfaar et al., 2014).

Specific immunotherapy (SIT) with mold extracts should be
delivered as soon as possible in the course of the disease, especially
when pharmacological treatment measures and allergen avoidance
have not led to symptom control (Brehler et al., 2013).

The corresponding mold allergens must be clearly confirmed
diagnostically as the cause of the allergic complaints. Proof of
allergen-specific and clinically significant IgE sensitization is a
precondition for SIT. The combination of different test methods,
together with the history, provides an adequate basis for SIT.

Hyposensitization assumes that the diagnosis is confirmed.
Please refer to the current guideline (Pfaar et al., 2014).

Eleven single test allergen extracts and two mold mixtures are
currently licensed for skin testing according to the therapeutic
allergen regulation (Paul-Ehrlich-Institut, 2016). These were with-
drawn from the market by the manufacturer, however. For prick
testing, single and mixed allergens from different manufactur-
ers are still available, but mainly for outdoor molds (see Section
5.4.1.3).For provocation according to the guidelines prior to specific
immunotherapy, only 12 single allergen extracts and two mixed
allergen extracts that comply with the therapeutic allergen regula-
tion (TAV) are available (as of 3/15). The hyposensitization solution
should as far as possible be obtained from the same manufacturer
as the test solution employed. Mixtures of different therapeutic
mold allergens are possible. A narrow allergen spectrum probably
increases the success of the SIT.

Preparations for subcutaneous immunotherapy (SCIT) and for
sublingual immunotherapy (SLIT) are available for hyposensiti-
zation. Non-modified allergens are used for SCIT as aqueous or
physically coupled (semidepot) extracts and as chemically modi-
fied extracts (allergoids) as semidepot extracts. The predominantly
unmodified allergen extracts for SLIT are used as aqueous solutions.
Preparations that contain frequent allergens are subject to licensing
according to the therapeutic allergen regulation (TAV). Therapeutic
allergens according to the TAV for the rare mold allergens are avail-
able for neither SLIT nor SCIT (Paul-Ehrlich-Institut, 2016). They
cannot be mixed with the allergens that comply with the TAV.

Injections for SCIT are given by a doctor who has experience
with this form of treatment and can deliver emergency treatment in
the event of an allergological incident. Prior informed consent with
documentation is required (observe patients’ rights and comply
with guideline).

The individual success of hyposensitization can be tracked from
the severity of the clinical symptoms. A symptom questionnaire has
proved useful. Regular monitoring by means of rhinomanometry or
lung function is recommended.

According to recent studies, the efficacy of SCIT for the outdoor
mold Alternaria alternata and Cladosporium herbarum has been con-
firmed by a few studies (Larenas-Linnemann et al., 2016). A DBPC
study in Alternaria-sensitized children (Kuna et al., 2011) confirms
that this form of allergy can be treated successfully with classic
specific immunotherapy (SIT) by regular injections of an Alternaria
allergen extract.

The efficacy of SLIT with regard to hyposensitization against
indoor molds has not yet been adequately confirmed,

6.2. Cessation of exposure

As for all allergic diseases, the elimination or reduction of expo-
sure has priority. However, an early medication is necessary in
order to avoid that allergic symptoms recur after a symptom-free
period.

The elimination of the causes of moisture as the basis for mold
growth indoors is paramount. The evidence for the success of reme-
diation of buildings damaged by dampness and mold in relation to
asthma and respiratory symptoms as well as the frequency of com-
mon colds in adults and children is moderate (Sauni et al., 2011).
Together with other studies (Burr et al., 2007; Heinrich, 2011;
Krieger et al., 2010; Tischer and Heinrich, 2013), there is sufficient
evidence that an intervention that improves the living conditions
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Table 5

Unconventionally used and unconventional diagnostic methods in environmental medicine (Eis, 1998/99).

Unconventionally used diagnostic methods in environmental medicine
Stress tests in body media
Allergological tests

e.g., mold species in blood
e.g., serial dilution titration, cytotoxic blood tests, analysis of I[gG and

IgA antibodies to mold species in case of type I allergy

Examination of immune system disturbances
Unconventional diagnostic methods in environmental medicine
Holistic or bioenergetic diagnostic methods

e.g., lymphocyte stimulation tests (LTT)

e.g., electro-acupuncture according to Voll, bioresonance, Vega test,

decoder dermography, biotonometry, biotensor, Kirlian photography
(plasma print process, energy terminal point diagnostic), regulation
thermography according to Rost, auriculo-diagnostic, kinesiology, aura

scopy
e.g., cytotoxic blood tests, provocation and neutralization test (PN-test)

Methods of “clinical ecology”

in terms of humidity and mold growth, positively affects the mor-
bidity of asthma and respiratory allergies (Sauni et al., 2015).

For patients atrisk (cystic fibrosis), the avoidance of damp rooms
and rooms with mold growth and the timely remediation of each
mold infestation are recommended (Rocchi et al., 2015).

By the use of special equipment for air purification and dehu-
midification, the concentrations of airborne mold components
(bioaerosols) can be reduced (Bernstein and Levin, 2005). Whereas
HEPA filters were effective in cat and dog allergy, there was no
evidence of efficacy in house dust mite or mold allergies (Wood,
2002). A meta-analysis of 10 randomized controlled studies of air
filtration from the years 1973-1999 found a small statistically sig-
nificant improvement in overall symptoms and sleep disturbances
when using air purifiers, but no improvement in nasal symptoms,
medication use or peak expiratory flow (PEF) (McDonald et al.,
2002).

Besides clearly indicated, professional constructional renova-
tion to remove and avoid moisture and microbiological growth
(see below), for additional technical measures (air filter, dehumidi-
fier), which are occasionally recommended (Mazur and Kim, 2006),
there is only insufficient evidence due to lack of studies (Singh and
Jaiswal, 2013). “Air purifier” with ionizers must be considered prob-
lematic, as they can produce ozone levels which are harmful to
health (Hubbard et al., 2005; Waring and Siegel, 2011).

Affected individuals themselves should respect the following
recommendations:

Indoor air (DHSS (NIOSH), 2012)

- The living quarters are to be maintained dry by ventilation (three
to four times daily for 5-15min short, sharp ventilation, best
done as cross-ventilation) and heating (relative humidity < 65 %,
optimum room temperature approx. 20°C).

Sufficient ventilation, especially of wet rooms. Most of the mois-
ture and thus mold growth can be found in the bathrooms. Dark
stripes along the tile joints are a sign of mold growth (often
Alternaria sp.). After showering or bathing the bathroom has to be
adequately ventilated. Wipe and dry shower and bath tub. Wash
shower curtains regularly and let them dry. Remove wet towels
from the bathroom. No carpets in the bathroom.

Sufficient air circulation between furniture and floor, ceiling and
wall (10 cm from the outer wall).

No humidifiers, no indoor fountains, no aquariumes.
Air-conditioning and ventilation systems require regular mainte-
nance and cleaning.

No storing of firewood indoors.

Keep rooms dust-free (allergens are attached to dust).
Remediation of sleeping area for mite allergy sufferers.

No pot plants and cut flowers indoors, definitely not in the sleep-
ing area (molds thrive in the soil).

Do not keep wet shoes, clothes or leather products in wardrobes.
Empty and clean frequently waste bins, especially compost bins.

Table 6
Examples of unconventionally used and unconventional therapeutic methods in
environmental medicine (Eis, 1998/99).

Unconventionally used therapeutic methods in environmental medicine
Antifungal treatment
Detoxification, e.g., with colestyramine (CSM treatment)
Dietary changes
Homeopathic treatments
Symbiosis control

Unconventional therapeutic methods in environmental medicine
Bioresonance therapy (MORA therapy)
Self-blood and self-urine treatment
Holistic colon therapy
Methods of “clinical ecology” (e.g., provocation and neutralization test (PN test))

Fur-bearing animals, especially long-haired dogs, may cause
spore entry into indoor spaces. In their fur, Alternaria sp. develops,
especially if the dog likes to go into the water. In addition, spores
from the outdoor air are collected in the fur and transported into
indoor spaces.

- Store pet food and bedding material dry.

Outdoor air (Diette et al., 2008)

- As generally observed for pollinosis, seasonal complaints may
also exist for mold allergies, but they do not correlate with the
usual pollen times. The concentration of mold spores in the air
depends on the weather conditions. It is especially high in the late
summer and early fall, whenever it is hot and humid, alternating
thereafter.
Seasonal complaints from July to September may indicate mold
allergy, especially if they improve during prolonged good weather
periods (heat waves) and deteriorate again after rainfall. How-
ever, on dry, windy days after a previous wet period, deposited
spores may release from the ground into the air. During peri-
ods of high airborne spores concentrations (especially for dry and
windy weather from May to October), staying outdoors should be
reduced if possible.
- Avoid all activities with increased exposure to mold spores (gar-
dening, handling with bark mulch or rotted leaves, compost piles).

6.3. Unconventional treatment methods and therapies

Often, patients call for unconventional treatments, but they
were also propagated by physicians and therapists from various
disciplines. It is noticeable that scientific founded methods such as
an antifungal treatment are being misused to make the approaches
appear scientific (Eis, 1998/99).

In Table 6, examples of unconventionally used and unconven-
tional therapeutic methods are shown. Due to lack of evidence, they
are not recommended.

Like all medical methods, unconventional therapeutic proce-
dures must be verified and evaluated according to the current state
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of scientific knowledge and will only be refunded, if the therapeutic
benefit has been demonstrated.

7. Remediation of living spaces (buildings) with moisture
problems and mold growth

A professional remediation of a moisture/mold damaged build-
ing includes the correction of the physical cause(s) in the building,
the drying of the construction materials, the removal of all
moldy materials, and a subsequent precision cleaning. The details
and procedures are not part of this paper. In Germany, the
requirements as well as detailed descriptions of the restoration
processes are defined in special recommendations of the Fed-
eral Environment Agency (Innenraumlufthygiene-Kommission des
Umweltbundesamtes, 2002, 2005), which are comparable to the
recommendations given by the WHO (2009a).

Surveys of the German Federal Statistical Office and the Fed-
eral Ministry of Labor and Social Affairs have shown that frequent
humidity/mold damages occur more frequently in homes of peo-
ple with lower socioeconomic status than in the general population
and that these people often suffer from energy poverty, i.e. they
have not enough money to heat their living space efficiently. Thus,
especially for people with low income, remediation measures in
the case of moisture damages and prevention measures that avoid
moisture and mold problems in advance would be important.

8. Prevention

The first important point is to inform and educate suscepti-
ble and immunosuppressed patients about risks and prevention
measures associated to mold exposure in indoor environments
(Mousset et al., 2014; Tacke et al., 2014), possibly supplemented
by indoor measurements on the presence of Aspergillus fumigatus
and Aspergillus flavus (rarely found indoors) (Rocchi et al., 2014).

For all health problems associated with exposure to envi-
ronmental factors, prevention and elimination of exposure have
priority. This particularly applies to molds. An indoor climate that
promotes mold growth (high humidity, lack of ventilation and heat-
ing) must be avoided for allergy prevention (Rao and Phipatanakul,
2011).

The decisive prerequisite for the growth of mold and other
microorganisms is moisture. Indoors, the following reasons inter
alia may lead to increased humidity on surfaces of building mate-
rials or furnishings:

- Structural reasons
- Reasons according to the use of the rooms
- Water damages

When investigating the cause of moisture/mold damage in
217 homes by a consultant of the consumer protection service in
Stuttgart, the following etiological factors were found:

- Construction defects 45%

- Increased air humidity 18%
- Incorrect furnishing 17%

- Leakages 20%

The nutrients necessary for mold growth are present in suffi-
cient quantities on almost all surfaces, e.g., on wallpaper, wood
surfaces, silicon joints, as well as in dust on plasters and in the
organic additives contained in plasters.
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