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ABSTRACT
Objectives: The aim of the study was to estimate the risks of different symptoms after the
exposure to indoor air dampness microbiota (DM).
Methods: This cross-sectional retrospective cohort-based study compared morbidity risks in
DM exposed (n¼ 116) vs. unexposed cohort (n¼ 45). Gender-adjusted log-binomial regres-
sion models were used to calculate risk ratios (RR). The analysis of indoor dust toxicity was
based on the inhibition of the motion of boar spermatozoa in vitro. Conventional microbio-
logical work-up was performed in an accredited laboratory.
Results: Compared to the unexposed cohort, the study cohort had statistically significant
(p< 0.05) risks to develop symptoms of the central nervous system RR ¼ 2.85 (95% CI 1.19-
6.85), fatigue RR ¼ 2.82 (1.55-5.11), Multiple Chemical Sensitivity (MCS) RR ¼ 2.81 (1.06-7.46),
cardiac arrhythmia RR ¼ 9.58 (1.33-68.81) and respiratory symptoms RR ¼ 2.66 (1.58-4.48).
Conclusions: The results of this study corroborate our earlier findings that toxic indoor air
may cause a plethora of neurological symptoms. Higher than in the control group the
prevalence of MCS associated with the exposure to DM. Bad indoor air is therefore not only
a risk for respiratory problems and asthma but should be viewed broader as a systemic bio-
toxicosis. Therefore, psychologization of this disorder without mentioning the underlying
insulting mechanisms should be discouraged.
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Introduction

Convincing evidence has been initially reported by
IOM1 and later confirmed by WHO2 that there is a
causal relationship between the exposure to dampness
microbiota (DM) and respiratory diseases such as pro-
gression, exacerbation and newly-onset asthma, aller-
gic rhinitis and hypersensitivity pneumonitis (HP)
that is also called exogenous allergic alveolitis
(AA).1–14 A recent update of the literature suggested
that there is a sufficiently strong relationship between
indoor moisture and mold growth and the risk for
respiratory problems and asthmatic attacks that can
prove causality.14 The actions of mycotoxins have also
been documented.15–17 Some authors4 claim that there
is limited evidence that the exposure to DM may irri-
tate mucous membranes and evoke skin problems
such as eczema, dermatitis11 etc., whereas there are
preliminary results, but still insufficient evidence, that
the exposure to DM may cause neurologic complica-
tions15,16 or joint and muscle symptoms.18,19

This study was initiated because of high frequency of
symptoms among occupants of the police station (Oulu,
Finland). The symptoms were respiratory infections,
exacerbation of asthma, a lost voice, irritation to the eye
and nose, cardiac symptoms and rash. Almost every
second of the occupants, 138 out of 290, had contacted
the occupational health care unit because of reported
symptoms, and several new asthma cases were diag-
nosed.20 The police station building, which was built in
1988-89, had suffered from poor air conditioning, prob-
lems with plumbing, sewers, and experienced water
damage for decades. The aim of the present study was
to estimate the risks for various symptoms and illnesses
and compare the morbidity to the unexposed cohort.

Materials and methods

The cohorts

The study cohort involved 116 police officers and
assisting personnel who had been exposed to DM in
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the police station in Oulu, Finland. The average work-
ing time in the building was 11.3 years, with the range
being 0–28 years. The majority of the exposed cohort
(66%) were males.

The control cohort included 45 office workers
without any known exposure to DM. In the non-
exposed cohort, 46% (20/44) were males. A total of 11
out of 116 (10%) and two out of 45 (4%) in the study
and the control cohorts reported being smokers. The
electronic questionnaire21 that was distributed in 2018
to both cohorts, assessed both self-reported symptoms
and doctor’s diagnosed diseases.

The building, the toxicity and microbiological tests

The office building, which was constructed in 1988-89
had suffered from several leakages from its water
pipes and the sewer system. A damage evaluation was
performed in 2015 and 2017. Noteworthy, the person-
nel continued working in the building during the
renovation, and 21 new asthma cases were diagnosed
among occupants during this period.20

The toxicity analyses from the dust samples were
performed with an accredited method.22,23 Briefly, the
sedimented dust was wiped with cottonwood swabs,
the dust was extracted in pure ethanol, the liquid
phase was evaporated, and the sediment was weighted
out and then re-diluted in pure ethanol. The extract
with known concentration was added to live sperma-
tozoa (Figen Oy, Sein€ajoki, Finland) in 1:100 dilution.
After incubation and staining with potentiometric dye

JC-1 the motility and the membrane potential of sper-
matozoa were assessed by trained personnel in an
accredited laboratory (Inspector Sec, Oulu, Finland).
The typical analysis is illustrated in Figure 1.

Accredited environmental laboratory cultured and
identified the microbiological samples.

Diagnoses and symptoms

The symptoms related to the central nervous system
(CNS) included “brain fog”, vertigo, problems with
concentration and memory, body balance and finding
words. The symptoms mediated by the autonomous
nervous system were numbness in the limbs, face or
tongue, tetanus or muscle weakness. We also inquired
about doctor’s diagnosed asthma, allergic rhinitis,
atopy, urticaria, rheumatoid diseases, fibromyalgia,
hypothyroidism, inflammatory bowel disease, cardiac
disease, migraine, diabetes, multiple sclerosis, epilepsy,
cancer, anxiety, depression, sleep disorder, chronic
fatigue, hematologic disease and medicated high blood
pressure. Self-reported MCS and respiratory symp-
toms such as cough, dyspnea, cardiac arrhythmia,
fatigue, muscle or joint pain were also defined as pri-
mary variables. The questionnaire has been published
elsewhere.21

Data analysis

The primary variables utilized in this study were doc-
tor-diagnosed asthma, self-reported MCS and a

Figure 1. Epifluorescence micrograph of boar spermatozoa stained with the potentiometric dye JC-1. The stained cells emit yel-
low-orange fluorescence from membranes with high membrane potential, Dw, yellow orange (Dw �140mV). Membranes with
low Dw emit green fluorescence ?? (�100mV). Left panel shows unexposed motile sperm cells (sham exposed), exhibiting high
yellow Dw in the mitochondrial sheath and low Dw in the sperm head. Middle panel shows immobilized sperm cells exhibiting
depolarized mitochondrial in the green fluorescing mitochondrial sheath. Right panel shows sperm cells with hyperpolarized
plasma membrane in sperm head and distal sperm tail (yellow fluorescence) and depolarized mitochondria (green fluorescence in
the mitochondrial sheath). This picture is reproduced from the publication Tuuminen et al. “Indoor air nontoxicity should be pro-
ven with special techniques prior claiming that it may cause a variety of mental disorders, IJHEH, 2020, in press.
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predefined list of symptoms such as cardiac arrhyth-
mia, CNS symptoms, dysfunction of the peripheral
nervous system, chronic fatigue and muscle or joint
pain (Table 1).

Log-binomial regression models were used to com-
pare the exposed study cohort to the unexposed con-
trol cohort with respect to the primary variables.
There was a significant mismatch in the distributions
of potential prognostic factors such as age and gender.
However, age was not included as a covariate due to
high number of missing values. The results were cal-
culated as gender adjusted risk ratios (RR) with 95%
confidence intervals. The Chi-squared test was used to
compare the groups with respect to other diagnoses
and symptoms. All statistical tests were two tailed,
and p-values <0.05 were considered statistically sig-
nificant. The analyses were performed using IBM
SPSS Statistics for Windows (version 26.0, Armonk,
NY, USA, IBM Corp).

Ethical consideration

This retrospective cohort study required no eth-
ical approval.

Results

Strong dust toxicity (EC50 ¼ 6.5 – 12.5mg/ml) was
observed in 14/21 samples (67%), four of them with
very strong toxicity (EC50 < 6 mg/ml). In cultured
dust samples, strong mold toxicity (EC50 � 16mg/ml)
was found in 5/21 cases (24%) and strong bacterial
toxicity (EC50 � 9 mg/ml) in 20/21 cases (95%).20 The
following species and genera were recovered:
Aspergillus versicolor, Aspergillus restricti, Fusarium,
Engyodontium, Sphaeropsidalis and Actinobacteria.20

The results of the log-binomial regression are pre-
sented in the Table 1, that reveals a statistically signifi-
cant difference between the study and that control
cohorts in the prevalence of CNS symptoms i.e. at

least one of the following: “brain fog”, vertigo, con-
centration and memory problems, body balance and
finding words, RR ¼ 2.85(95% CI 1.19-6.85),
p¼ 0.02). The symptoms related to the autonomous
nervous system i.e. at least one of the following symp-
toms: numbness of limbs, face or tongue, tetanus
or weakness of muscles, were also more prevalent,
RR ¼ 2.57(0.95-6.95) but using log-binomial regres-
sion model the difference did not reach statistical
significance.

Importantly, fatigue and cardiac arrhythmias were
significantly more prevalent in the exposed cohort.
The risk of MCS was also considerably different; 22%
vs. 9%, RR ¼ 2.81(1.06-7.46) p¼ 0.04). There was a
broad range of partly overlapping neurologic symp-
toms in the exposed cohort. For example, 17 of 116
(15%) of the exposed participants reported four or
more different neurologic symptoms out of the eleven
listed in the questionnaire, whereas only one out of
the 45 (2%) of the non-exposed individuals had four
or more neurologic symptoms. When an individual
had four or more neurologic symptoms, the preva-
lence of MCS was 71% (12/17), whereas in those with
less than four symptoms, the prevalence of MCS was
only 13% (13/99). As expected, the risk of respiratory
symptoms was significantly higher in the exposed
cohort, RR ¼ 2.66(1.58-4.48), p< 0.001). The preva-
lence of asthma was 30% vs 20%, RR ¼ 1.56 (0.81-
3.00), p¼ 0.18) in an exposed vs. non-exposed cohort,
that was not however significant.

The rates of infections were also higher in the
exposed cohort vs. non-exposed: e.g. otitis 16% vs 4%,
sinusitis 42% vs. 16%, bronchitis 34% vs. 13% and
pneumonia 15% vs. 4%.

On the basis of the results obtained from this
study, we confirm that all of the clinical criteria for
Dampness and Mold Hypersensitivity Syndrome
(DMHS) described by Professor V. Valtonen24 were
met by 13% (15/116) of the participants of the study
and none in the control group.

Table 1. The prevalence of different symptoms and asthma in a cohort of police officers exposed to dampness microbiota
(n¼ 116) compared to an unexposed control cohort (n¼ 45).

Disease or symptom
Study cohort
(exposed)

Control cohort
(non-exposed)

Exposed vs. non-exposed
RR1 95% CI p-value

CNS symptoms 35/115 30% 5/44 11% 2.85 1.19-6.85 0.02
Autonomous nervous system symptoms 23/115 20% 4/44 9% 2.57 0.95-6.95 0.06
Asthma 35/116 30% 9/45 20% 1.56 0.81-3.00 0.18
MCS 25/114 22% 4/43 9% 2.81 1.06-7.46 0.04
Fatigue 67/113 59% 10/42 24% 2.82 1.55-5.11 0.001
Muscle or joint pain 29/103 28% 9/41 22% 1.50 0.75-3.00 0.25
Respiratory symptoms 79/111 71% 12/42 29% 2.66 1.58-4.48< 0.001
Cardiac arrhythmia 23/101 23% 1/41 2% 9.58 1.33-68.81 0.02

CNS, central nervous system.
MCS, multiple chemical sensitivity, if at least four substances caused symptoms.
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The average duration of working in the damaged
building for those reporting MCS and those who did
not develop MCS was approximately the same 11 years
(min 1 year - max 28 years). However, it is impossible
to estimate the real exposure time because there is no
information on the exact time when the building
became infested with microbial growth.

Discussion

Here, we show that the occupants of a moisture-
damaged building presented a broad spectrum of
symptoms including respiratory, cardiac, neurological
symptoms and MCS. Our results fit well with the
description of DMHS, a newly introduced concept24

to describe an “old” clinical paradigm. Briefly, these
criteria of DMHS are a) the history of exposure to a
water-damaged building; b) re-occurrence of infec-
tions especially at the early stage of the disease; c)
Sick Building Syndrome; d) MCS. e) increased scent
sensitivity such as the ability to smell a moldy odor,
e.g., from the clothes of a person standing nearby.

The pathogenesis of this syndrome has been exten-
sively reviewed.17,24–26

Over the decades, this syndrome had been endowed
with several other names, such as mold-related illness,
biotoxin-related illness, chronic inflammatory response
syndrome due to water-damaged buildings, etc. but it is
only the term, DMHS, that highlights the characteristic
hypersensitivity of sensory and immunological systems,
and most importantly of the central and peripheral ner-
vous systems that are associated with chronic inflamma-
tion,27 oxidative and nitrosative stress reactions.28

Here, we confirmed the hypothesis,17,24–26,29 that
the interpretation of the clinical course of DMHS
should be broader than simply focusing on pulmonary
problems. Symptoms attributable to disturbances in
the central and autonomic nervous systems were very
prevalent in our study cohort. The RRs were high i.e.
2.82 (95%CI 1.55-5.11, p< 0.001) for fatigue and 9.58
(1.33-68.81, p¼ 0.02) for cardiac arrhythmia in the
exposed cohort indicating the involvement of the CNS
and peripheral nervous system. Neurological symp-
toms in relation to DMHS have also been described
by others.17,30,31

This study corroborated results of our recently pub-
lished study on midwives and nurses.21 As has been
shown earlier21 MCS is associated with the exposure to
DM and is a feature of advanced, the so-called mold-
related disease, or DMHS, as we call it now. This study
was a cross-sectional study investigating the risks and
therefore we cannot claim causality. To prove causality,

it would be unethical to conduct experimental studies
and it would be very difficult from practical stand-
points to perform longitudinal studies. Based on these
data we can only extrapolate our findings and suggest
that causality is however possible. In our study, more
than every fifth previously healthy policemen exposed
to DM (22%) reported MCS. It is therefore question-
able to interpret MCS as idiopathic, functional, somato-
form disorder that may be caused by anxiety, fear or
Pavlovian’s conditioning.32 Instead, it would be rational
to refer to the complex pathophysiology of MCS pre-
sented as extended hypersensitivity as a result of toxi-
cant-induced loss of tolerance (TILT).33 Although
psychological aspects might have taken place and may
have an impact on the development of MCS, nonethe-
less we consider MCS a true physical disease.25,26,34

Diagnosis of DMHS is based on clinical experience
that carries some problems because of the absence of
any relevant biomarker. In our view, DMHS is a spec-
trum of symptoms24 with some symptoms perhaps
obscuring other manifestations e.g. fatigue, “brain
fog”, cognitive disorders or cardiac arrythmia which
have been reported extremely commonly in this study.

According to our clinical experience, when dealing
with the indoor air moisture exposure, it is uncom-
mon that the patient will be examined in a holistic
way. Instead, there is a focus on asthma,35 completely
ignoring the possibility of the development of HP/
AA36 and the involvement of other organs. Exposure
to DM may evoke lung damage; in most cases, this is
not an allergic asthma mediated by specific IgE-class
antibodies, but it is attributable to HP/AA.36 Re-
exposure to biotoxins or organic particles from DM
may aggravate neuroinflammation, because in this
situation, the toxins can gain a direct passage through
the nervus olfactorius into the brain.37 In issues related
to insurances, demand of the workplace Peak
Expiratory Flow (PEF) monitoring,35 the principle of
primum non nocere (first, do no harm) is violated and
therefore should be abandoned.

There are several controversial issues in the current
literature regarding the interpretation of DMHS that
tend to underestimate the damage to the health of a
DM exposed individual. One statement is that recur-
rent infections are rare in immune-competent persons
because of the exposure to DM.4 Without doubt, inva-
sive mycosis is not a dominating feature of DMHS,
but recurrent respiratory infections such as bronchitis
and sinusitis or unusual infections such as herpes
virus relapses can often be encountered in patients in
the early stages of the disease by treating physicians.
Recurrent infections are the second of the clinical
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criteria proposed by Valtonen.24 Here, in our study
cohort, we also detected a high prevalence of recur-
rent infections.

We also disagree with the statement that the “indoor
air concentrations of mycotoxins are always (italics by
the authors) very low.4 A report from Finland described
an association between the indoor dust toxicity and
morbidity in school classrooms.38 Several other publica-
tions reported that toxin-producing fungi and Gram-
positive bacteria have been isolated from day care
centers and other public institutions, where the person-
nel and the children had symptoms related to the expos-
ure.25 Many indoor air toxins have been characterized
and their biological properties have been reviewed.25

Many toxins are neurotoxic, some are carcinogenic,
whereas some others may disturb the cellular respiration
cycle, leading to energy deprivation. In our study we
demonstrated dust toxicity in a problematic building.

It is necessary to examine the most crucial issue of
sampling for air toxicity in water-damaged buildings
and especially the variability of methodologies. In a
recently published article, samples from schools were
collected from settled dust on cardboard boxes (SDB)
or by electrostatic dust fall collectors (EDF).39

However, in recent years, convincing evidence has
accumulated that toxigenic indoor microbes, such as
Stachybotrys, emit toxins as liquid vesicles (micro
vesicles, exoms) in which the concentrations of toxins
are more than 1000-fold higher than in the same
microbial particle emissions (spores, hyphae frag-
ments).40 Biotoxins, collectively called peptaibols, have
been claimed to be emitted from water-damaged surfa-
ces in guttation droplets in a building with indoor-iso-
lated Trichoderma sp.41 Therefore, the concentrations
measured from the dust particles may be underesti-
mated by more than 1000-fold when compared to the
real amount of toxins released by indoor water vapor.
Many of the toxins are rather large, fat soluble mole-
cules (molecular weight 300 to 1000Da) that adhere to
indoor micro-cavities and surfaces at low indoor air
humidity. This is especially the case in schools or office
buildings during cold seasons when at certain times
e.g. nights, weekends, when the indoor air humidity is
low, 6-20%. Such a low humidity is not enough to
allow the aerosolization of toxins. In contrast when the
environment is crowded with people exhaling water
vapor, humidity rises to 60%, especially in school-
rooms, day care centers and other locations with high
human densities (personal communication from Prof.
Mirja Salkinoja-Salonen). New methods to collect air
samples which better reflect the environmental toxicity
have been described.42

There are several limitations to our study. The
cohorts were not completely matched in terms of age
and gender. Gender-adjustment was used in the ana-
lysis in order to minimize this effect. Age was not
included as a covariate due to missing values.

Secondly, in this study, the risk for the incidence of
asthma did not reach a statistically significant level
when compared to the exposed to the non-exposed
cohort. This drawback can be explained by a con-
founding factor. Indeed, the prevalence of asthma in
the control group exceeded by almost 2-fold the
prevalence of asthma in the Finnish society; in our
cohorts, it was 20% whereas in 2016, it was estimated
9.5/11% in the Finnish males and females.43 In this
respect, our control group was suboptimal. Only 45
out of 150 (30%) replied to the questionnaire. It may
turn out that there was an enrichment among the res-
ponders in the control cohort with those individuals
who might have had diseases or symptoms.
Symptomatic individuals might have been more moti-
vated to participate.

Thirdly, we were able to contact only 116 out of
270 occupants of the police station. Our calculations
might have been biased, but not underestimated,
because a total of 138 out of 290 persons (48%)
reported symptoms to the treating physician (SH). In
addition, due to the small sample size of the presum-
ably non-exposed controls, the power of our study
was not enough to demonstrate statistically significant
RRs for asthma, musculoskeletal pain and dysregula-
tion of autonomic system.

The strength of our study is the demonstration of
high morbidity with DMHS among police officers and
assisting personnel that have been working in a mois-
ture damaged building with toxic indoor air.

Here, we applied in addition to the conventional
mycological and bacteriological methods also modern
toxicological tests.22,23 Sperm suspension is obtained
easily and painlessly. Ejaculated spermatozoa were
found to be a good biosensor also for preclinical toxi-
cology to study mito-toxic components of potential
drugs.23 This model (Figure 1) was developed already
in 1997 in Finland22 to study toxicity of microbes
from water-damaged building materials. We hope that
this test will be finally accepted by official bodies for
the assessment of indoor environmental hazards.

The most important message of this study is that
again we could confirm the clinical observation of
professor Valtonen24 who for the first time linked
MCS to the prolonged exposure to indoor air molds.
Indeed, the risk for MCS in this cohort predominantly
of the male gender was statistically significant, RR
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2.81(95% 1.06-7.46). This finding is well in agreement
with our previously reported results for midwives and
nurses exposed to bad indoor air in the hospital, RR
3.44(95%1.39-6.44).21 Therefore, it is improbable that
MCS is idiopathic or a nocebo effect.32 MCS develops
upon exposure to organic compounds. In different
countries the origin of MCS may be different, but as
has been shown e.g. for the Gulf War veterans that
this disorder was associated with the exposure to pes-
ticides.44 The length of this communication does not
allow to go into the very details of the mechanisms of
the MCS development, but we believe that the theory
of Professor Martin Pall may have a leading role. He
explained the hyperactivation of sensor transient
receptors potential vanilloid 1 TRPV1.45

Conclusions

This is an epidemiologic survey investigating the mor-
bidity of occupants exposed to DM and highly toxic
indoor air dust. The study describes the high risks for
MCS and other neurological sequelae. These data
highlight the need for clinicians to change treatment
of DMHS to more holistic approach. The psycholog-
ization of this disorder without mentioning the under-
lying insulting mechanisms should be discouraged.

1. Log-binomial regression analysis including gender
as a dichotomous covariate.
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