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SUMMARY
Objectives: Indoor air toxicity is of major public health concern due to the increase in humidity-induced indoor mould exposure and associated 

health changes. The objective is to present evidence for the causality of health threats and indoor mould exposure.  
Methods: PubMed search on the following keywords: dampness, mould, indoor air quality, public health, dampness, and mould hypersensitiv-

ity syndrome, sick building syndrome, and building-related illness as well as information from the health authorities of Bavaria and North Rhine-
Westphalia, the Center of Disease Control (CDC), World Health Organisation (WHO), and guidelines of professional societies.

Results: The guidelines of professional societies published in 2017 are decisive for the assessment of the impact of mould pollution caused by 
moisture damage on human health and for official regulations in Germany. Until 2017, a causal connection between moisture damage and mould 
exposure could usually only be established for pulmonary diseases. The health risk of fungal components is apparent as documented in the fungal 
priority pathogens list (FPPL) of the WHO. Since 2017, studies, especially in Scandinavia, have proved causality between moisture and mould 
exposure not only for pulmonary diseases but also for extrapulmonary diseases and symptoms. This was made possible by new test methods 
for determining the toxicity of fungal components in indoor air. Environmental medical syndromes, e.g., dampness and mould hypersensitivity 
syndrome (DMHS), sick building syndrome (SBS), building-related symptoms (BRS), and building-related illness (BRI), and fungal pathogens, 
e.g., Aspergillus fumigatus, pose a major threat to public health.  

Conclusion: There is evidence for the causality of moisture-induced indoor moulds and severe health threats in these buildings. According to 
these findings, it is no longer justifiable to ignore or trivialize the mould contamination induced by moisture damage and its effects on pulmonary 
and extrapulmonary diseases. The health and economic implications of these attitudes are clear.
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INTRODUCTION

Climate changes with heavy rain and catastrophic floods mean 
that water damage and mould infestation with serious health 
changes are becoming more and more likely in Germany. How-
ever, despite the present challenge some official regulations in 
Germany are inconsistent, reveal a lack of knowledge of recent 
scientific reports, and therefore do not provide help. This report 
refers to the causality between moisture damage resulting in 
mould infestation and serious chronic diseases, which has been 
established by new reports from Scandinavia. The objective is 
to summarize the recent developments and demonstrate a causal 
relationship between multiorgan diseases and moisture-induced 
moulds in business and private buildings.

MATERIALS AND METHODS

A PubMed search on the keywords dampness, mould, indoor 
air quality, public health, dampness and mould hypersensitiv-
ity syndrome, sick building syndrome, and building-related 

illness was performed. Personal communication from the health 
authorities of Bavaria and North Rhine-Westphalia (NRW) has 
been included as well as official open access information from 
the German Environment Agency (German acronym – UBA), the 
Robert-Koch-Institute (German National Public Health Institute 
– RKI), the Center for Disease Control (CDC), the World Health 
Organization (WHO), and guidelines of professional societies. A 
statistical analysis or meta-analysis of the presented studies has not 
been performed due to the different study characteristics and data.

Indoor Air Science 
The modern indoor air science (IAS) movement started in the 

1970s. It soon became clear that indoor air is of greater importance 
to us in terms of our health (moisture-mould-associated allergies).

Public Health and Moisture Damage-Induced Fungal 
Stress

The importance of IAS was recognized in Scandinavian coun-
tries and the USA. In industrialized countries, respiratory allergy 
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has reached an epidemiological character (1). Many volatile 
organic compounds (VOC) associated with industrial manufactur-
ing cause side effects. Until recently, indoor air pollution (IAP) 
by biological VOC had been a less recognized serious threat to 
humans, causing millions of deaths every year (2). This led to 
integrated home and hygiene regulations to protect public health 
in Italy (3).

The public health system has withdrawn from private areas in 
some states (personal communication from the Health Department 
in Bavaria). However, exposure to fungi can happen at home, 
hospital, at leisure, or work. High numbers and concentrations 
of fungal elements (conidia, hyphae fragments), bioaerosols, and 
mycotoxins should be considered potential hazards for humans 
(4). Asthma is associated with indoor humidity and mould, which 
can also occur in medical facilities (5).

Investigation of European Community Offices’ Con-
tamination

In an investigation by the European Union of the offices of 
the EC (European OFFICAIR research project), it was found out 
that employees in offices with higher concentrations of volatile 
organic compounds suffered more from health problems. Indoor 
air pollution poses a major threat to humanity, causing millions of 
deaths every year (6). That is why the causes need to be control-
led and strategies to enable an improvement in indoor air quality 
(IAQ) need to be designed. The following diseases are attributed 
to IAP: sick building syndrome (SBS), and building-related ill-
ness (BRI). To do this, new tests, sensors, and IAQ monitoring 
systems must be developed (7).

Several studies shed light on the negative health effects con-
cerning indoor fungus exposure and asthma, respiratory, and 
allergic diseases. Consequently, the Australian Government has 
recognized that both older and newer homes are at risk of indoor 
fungal contamination (8). This must be taken into account, par-
ticularly in the case of dust-intensive renovation measures (9). 
Removing the exposure event has the potential to improve symp-
toms and spirometry results compared to continuous exposure, 
increasing the risk of unemployment for affected employees (10). 
Pandemics and the associated quarantine regulations deteriorate 
the quality of indoor air (e.g., SARS-CoV-2 pandemic) (11).

Public Health Recommendations in Bavaria
While in North Rhine-Westphalia the health department is 

responsible for water damage and mould growth in publicly 
accessible buildings, this is not the case according to the Bavar-
ian health administration. In Bavaria, according to a personal 
communication, it is reported that even in the case of damage to 
medical facilities in privately owned buildings, the health depart-
ment has no way of influencing the owner to control the damage. 
Reference is made to numerous regulations and recommendations 
by the local health authorities but no limit value for mould indi-
cates the concentration at which a specific health hazard must be 
expected. If mould is suspected in the interior, the cause should 
always be clarified by an expert, eliminated, and the moisture 
damage repaired professionally (RKI) (12). 

While this recommendation applies to interiors generally (e.g. 
offices and other rooms in medical facilities), the Federal Envi-

ronment Agency (UBA) guidelines for the prevention, recording 
and elimination of mould infestations in buildings point out that 
hospitals and similar facilities have special hygienic requirements 
that are not dealt with in the UBA guidelines (13). The recom-
mendation of the Commission for Hospital Hygiene and Infection 
Prevention at the RKI describes the requirements for hygiene in 
the medical care of immunosuppressed patients (14). 

Public Health Control of Water-Damaged Buildings 
in North Rhine-Westphalia  

The situation in NRW is regulated differently. The tasks of the 
lower health authorities (German acronym uGB) are regulated in 
the “Law on the Public Health Service of North Rhine-Westphalia 
(German acronym ÖGDG NRW)”. The mould problem is a 
mandatory self-government task of the uGB. The uGB promotes 
the protection of the population against health-endangering or 
health-damaging influences from the environment. It “can” take 
the necessary measures to prevent damage to health or long-term 
effects in public buildings. The exposure of a building to mould 
represents a health-endangering or -damaging influence. The 
term “public building” (cultural and educational facilities, sports 
and leisure facilities, healthcare facilities, office, administration, 
court buildings, retail, restaurant, and accommodation facilities) 
is based on the concept of “publicly accessible building” used in 
building regulations. Physical structures are publicly accessible 
if and to the extent that they can be visited by persons who can-
not be determined in advance according to their purpose during 
the period of their use. The purpose is to prevent communicable 
diseases in humans, detect infections at an early stage, and prevent 
them from spreading prevent. Fungi are among the pathogens that 
must be prevented and combated. The public health department 
can take necessary measures to avert danger (15). 

Center for Disease Control Statement
The Center for Disease Control (CDC) in Atlanta, USA, states 

that moisture and mould exposure cause reactions in the nasal 
mucosa, eyes, and skin in people who are exposed to these ef-
fects. People with an allergic reaction to mould or asthma have 
more intense reactions. In particular, severe illness with fever and 
shortness of breath can follow in people who are occupationally 
exposed to large amounts of mould. In 2004, the Institute of 
Medicine found sufficient evidence to identify respiratory diseases 
and moisture-injury asthma to be causally related to mould (16). 

WHO Statement
In 2009, the World Health Organization explained in its 

guidelines on damp-induced microbial loads in buildings, that 
there is sufficient epidemiological evidence that occupants of 
damp or mould-contaminated buildings (both private and public) 
suffer from an increased risk of respiratory symptoms, respira-
tory infections, and aggravation of asthma. Eliminating moisture 
can eliminate health disorders. There is clinical evidence that 
exposure to mould and other moisture-induced microbial compo-
nents increases the risk of rare diseases such as hypersensitivity 
pneumonia, allergic alveolitis, chronic rhinosinusitis, and fungal 
allergic sinusitis. In vivo and in vitro toxicological evidence 
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was obtained that diverse inflammatory and toxic responses to 
exposure to microorganisms isolated in damp buildings occur.

Atopic and allergic people are particularly sensitive to this; 
however, serious diseases occurred even in non-atopic people. 
There is an increasing prevalence of asthma and allergies in many 
countries due to exposure to the effects of dampness and mould. 
Indoor humidity affects 10–50% of the indoor environment in 
Europe, North America, Australia, India, and Japan. The amount 
of water on or in the building material is the decisive trigger for 
the growth of microorganisms which results in increased levels 
of spores, cell debris, allergens, mycotoxins, endotoxins, beta-
glucan, and volatile organic compounds in indoor air. An excess 
of each of these components in the indoor environment has the 
potential to pose a serious health hazard and must therefore be 
eliminated. The building standards and regulations do not take this 
into account sufficiently. If humidity occurs due to water leakage, 
heavy rain, and flooding, persistent moisture and microbial growth 
in interior walls and building structures should be eliminated as 
this is what leads to adverse health effects. In case of condensa-
tion on surfaces or in structures, visible mould, odour, and water 
damage which are indicators of moisture and microbial growth 
professional damage control is warranted. Proper construction and 
building maintenance are fundamental for a healthy work- and 
living space. The WHO guidelines, e.g., fungal priority patho-
gens list (FPPL) serve to guide public health action and support 
the goal of optimal indoor air quality, covering both private and 
public buildings (17, 18). 

Socioeconomic Burden of Moisture-Induced Mould 
Pollution

From 21.8 million Americans who suffer from asthma, 4.6 
(2.7–6.3) million contracted the condition from dampness and 
mould in the home in which they live. In 2004, the economic 
impact of damp and mould growth was estimated at 3.5 billion 
($2.1–4.8 billion). This poses a significant risk to public health 
and the American economy as well elsewhere in the world. Since 
dampness and mould growth have a significant impact on the 
health of Americans, the occurrence of damp damage and mould 
growth in new and older buildings must be controlled (19). 

Water Damage and Fungal Contamination in Build-
ings

Dampness and mould are substantially and significantly as-
sociated with increased risks and rates of respiratory infections, 
bronchitis, and allergic respiratory diseases, including in children. 
Older buildings in Europe are more prone to mould growth from 
moisture (20). Water damage in buildings is associated with 
adverse health effects such as respiratory disease and asthma, 
as demonstrated by fungal infection using culture and immuno-
chemical methods and epidemiological studies. Mould growth 
in a home, school, and office and certainly in medical facilities 
cannot be tolerated because of the dangers to humans and the 
decomposition of the building by fungi. In water damage in build-
ings, high-output sequencing can distinguish between visible and 
non-visible fungi and thus detect water damage in houses (21). 
The fraction of fungal hyphae fragments is in higher concentration 
than the corresponding spores in indoor air infestation. Hyphae 

fragments have a higher inflammatory potential and are consid-
ered the main cause of respiratory diseases in moisture mould 
infestation. Therefore, a better characterization of the biological 
components, including hyphal fragments, should be carried out to 
distinguish between pathogenic and non-pathogenic germs (22).

Water Damage-Induced Fungal Load in Buildings 
and Health Changes

Fungal contamination can cause allergies and trigger asthma. 
Positive associations were found with mild sensitization, asthma, 
and exposure to fungi, but not with environmental sensitization 
without fungal sensitization (23). IgE sensitization to Aspergillus 
fumigatus – a critical priority pathogen according to the WHO 
FPPL – means an increased risk of lung damage. Reactivity to 
Aspergillus fumigatus in asthmatic patients may worsen due to 
allergen exposure (24). In recent times mould exposure has been 
increasingly identified as the major cause of multi-organ changes 
and symptoms in patients unexplained by any other cause (25). 
There is a clear temporal relationship between water damage in 
home renovation and work-related asthma (26). The assessment 
of occupational diseases (allergic respiratory diseases, asthma, 
allergic rhinitis, hypersensitivity pneumonia, and increased risk of 
respiratory infections and bronchitis recognized) of water build-
ing damage with a fungal infestation is carried out in Germany 
according to the S2 guideline (2017) (27). However, there are 
more recent studies on test methods to prove the causality of the 
health changes induced by moisture damage.

Tests for Detection of Microbial Load and Indoor 
Air Toxicity

Antibody determination in mould infections and serology are 
still the basis of fungal diagnostics. Living or working in a damp, 
fungus-infested environment increases the risk of diseases such as 
asthma and other respiratory diseases. Identifying the cause of the 
disease is to focus on those fungi that are detectable in these humid 
environments and are associated with moisture damage. There 
are new specific tests to demonstrate the toxicity and causality 
of mould and its volatile output components. Repeated inhalation 
of fungal aerosols results in significant pulmonary pathology and 
dynamic-specific immune changes. Specific Aspergillus sensitiza-
tion such as A. fumigatus – sIgE can be detected in patients with 
severe asthma. Immune changes should be routinely monitored 
because of the risk of acute exacerbation (28). High-output 
sequencing and an analysis of fungal fragments, detection of 
toxicity (boar sperm cell motility inhibition assay), cytotoxicity 
tests, monocyte-derived macrophage (MDM) test, focusing on 
microbiota that thrives particularly well in humid environments 
(dampness-related microbiota), and mass spectrometer imaging 
(MSI) have already been successfully used to demonstrate causal-
ity between moisture-associated mould growth and health changes 
caused by moisture-causing microbial pathogens and their volatile 
output components. Indoor air toxicity determinations and the 
investigation of particular dampness-related microbiota sampled 
in classrooms were causally associated with multi-organ diseases 
in students and teachers (29). This supported the results of two 
cohort studies in terms of evidence of causality. The new toxico-
logical methods are based on condensed water and cell culture 
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techniques, which are superior to previous methods in terms of 
correlation with clinical symptoms. Occupants of fungus-infested 
buildings showed complement activation, particularly in the clas-
sical pathway. This proved that these residents have an increased 
risk of systemic subclinical inflammation and increased health 
risk (p < 0.001) (30). Mycotoxins in indoor air are the cause of 
diseases in people in this environment. Indoor air cytotoxicity 
testing is a risk assessment method in moisture-damaged buildings 
(31). Monocyte-derived macrophage MDM is an experimental 
macrophage model to evaluate fungal-contaminated indoor air 
(32). The boar sperm cell motility inhibition assay is a test for 
detecting toxicity in the causal relationship with building-related 
symptoms (33). 

Dampness and Mould Hypersensitivity Syndrome 
Patients living or working in water-damaged buildings have 

a large number of non-specific findings. In the beginning, 
these symptoms are reversible, and mild, with irritation of the 
mucous membrane, increased respiratory diseases, and asthma-
like symptoms. These health problems later become chronic. 
The determination of a dampness and mould hypersensitivity 
syndrome (DMHS) represents a challenge for a physician who 
makes the diagnosis. The diagnosis is based on the information 
provided by the patient and a detailed examination. Five clinical 
criteria exist for the diagnosis of DMHS: exposure to mould in 
a building with water damage; increased illness from infections; 
sick building syndrome; multiple chemical sensitivity; and scent 
sensitivity (34).

Prolonged or increased exposure to damp microbiota (DM) can 
make SBS life-threatening and lead to irreversible DMHS. The 
main feature is a dysregulation of the immune system in the direc-
tion of hypersensitivity (type I–IV) and simultaneous immunosup-
pression, which manifests an increased susceptibility to infections. 
DMHS is systemic low-level inflammation and biotoxicosis. There 
is evidence that DMHS is associated with autoimmune changes. 
DMHS is a mitochondrial disease and an endocrinopathy (35).

Indoor air dampness microbiota is a major health concern. 
There is ample evidence that exposure to DM causes asthma 
(new or worsening), dyspnoea, respiratory tract infections, and 
allergic alveolitis. In a recently published Finnish study examining 
hospital workers versus controls for health changes after exposure 
to dampness and mould, it was found that respiratory symptoms 
were significantly more common in the studied patients exposed 
to DM than in the controls (80% vs. 29%, p < 0.001). Central 
nervous system and peripheral nervous system symptoms were 
found significantly more frequently in the studied patients than 
in the controls (81% vs. 11%, p < 0.001). Fatigue (77% vs. 24%, 
p < 0.001), multiple chemical sensitivity (40% vs. 9%, p = 0.01), 
so-called brain fog (62% vs. 11%, p < 0.001), arrhythmias (57% 
vs. 2.4%; p < 0.001), and musculoskeletal pain (51% vs. 22%, 
p = 0.02) were found to be higher in the studied patients than in 
the controls. This provided evidence that exposure to DM leads 
to a variety of extrapulmonary disorders. This confirmed further 
previous study results on health impairments caused by moisture 
and mould at a workplace (36). The particular risk at the workplace 
from moisture damage (MD) was verified by the occurrence of 
asthma, larynx diseases, and rhinosinusitis in the studied patients, 
with the exclusion of atopy as a cause (37).

Sick Building Syndrome 
Sick building syndrome is caused by environmental changes. 

With SBS, patients suffer from headaches, fatigue, lack of con-
centration, and irritation of the skin and mucous membranes. 
SBS is caused by indoor air pollution, among other causes, with 
bioaerosols as the main cause of respiratory and general diseases 
(headache 28%, allergy 20%) (38).

Building-Related Symptoms and Building-Related 
Illness 

The causes and pathophysiological mechanisms of building-
related symptoms (BRS) have been further clarified in recent 
studies. Classroom dust intrinsic toxicity was statistically signifi-
cantly associated with the following 11 symptoms in 231 teachers: 
stuffy nose, runny nose, hoarseness, pharyngeal globus sensation, 
pharyngeal itching, shortness of breath, dry cough, weeping eyes, 
sensitivity to noise, difficulty falling asleep, and increased need 
for sleep. Toxicity tests of germ cultures were associated with 8 
symptoms: headache, dry nasal mucosa, dry mouth, hoarseness, 
sore throat, pharyngeal congestion, weeping eyes, and increased 
need for sleep. The toxicity of classroom dust and the germ dis-
tribution in the interior demonstrated by the boar sperm motility 
inhibition assay proved to represent an increased risk of work-
related respiratory and eye changes for teachers (39).

In 2010, water and moisture damage caused a massive fungal 
infestation in a family in a single-family home. The five family 
members then developed serious health changes. Symptoms, 
consistent with the literature, were fatigue, sleep disturbances, 
poor concentration, infantile nosebleeds, headaches, and recurrent 
respiratory infections caused by microbial volatile organic com-
pounds released from the mould. All family members recovered 
after the removal of the causes after 6 years of exposure. There 
can therefore be no doubt that the building-related illness was 
caused by the massive exposure to mould (40).

CONCLUSIONS

According to IAS, indoor air is more important for our health 
than outdoor air. Interior building moisture and mould exposure 
caused by water damage are mostly caused by damage or defects 
in the building. Undeniably, this increases the risk of suffering 
from respiratory diseases and allergies. In Germany, these diseases 
are assessed according to the guidelines of professional societies 
from 2017. Recent studies, especially from Scandinavia, prove 
the causality between moisture-induced mould pollution in the 
interior and occupational respiratory diseases, but now also for 
extrapulmonary changes in the central nervous system and the 
peripheral nervous system. More diagnostic studies on mould-
induced health damage are necessary. According to the study 
results and WHO warning on top priority pathogens, monitoring 
the effects of fungal VOC on human health is indispensable. The 
socioeconomic impact is huge. According to these more recent 
findings on the causality and effects of moisture-induced mould 
exposure, the symptoms and illnesses that arose in the temporal 
context of the occurrence of moisture and mould damage should 
no longer be ignored and trivialized. The renovation of moisture 
and mould damage in a publicly accessible building caused by 
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construction defects and poor maintenance must be declared 
a mandatory task due to the unacceptable health risks and the 
socioeconomic burden on society.
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