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Abstract: Background: There is an on-going debate on how best to test toxic indoor air. Toxicological methods based 
on condensed water samples and cell culture technique are newly introduced research tools which were tested in 
this study. Methods: Pupils (n=47) from a water-damaged and (n=56) healthy schools were interviewed using a 
questionnaire. Indoor air was collected with a novel condensed water sampling technique and human THP-1 macro-
phages were exposed to the condensate. The cytotoxicity of cotton wool swab samples was tested using human BJ 
fibroblasts. Conventional microbiological culture methods were also performed. Results: Gastrointestinal problems 
(GI) were reported by 51% from the study cohort but only 4% of the control cohort, relative risk RR=14.30. For any 
neurological or neuropsychological symptoms, the RR was 63.04, muscular-skeletal pain RR=58.28, headache 
RR=31.00, respiratory symptoms RR=22.64, fatigue RR=21.45, sub febrility RR=15.49, ear infections RR=7.74, 
skin rash RR=5.96, all being statistically significant (P<0.001). All indoor air (n=7) and cotton wool samples (n=2) 
taken from the water-damaged classroom or in proximity of the problematic classrooms were toxic in cell culture as-
says. Low numbers of moisture-damage indicators were recovered from wall, passive air, and swab samples, namely 
Aspergillus ochraceus species group, Aspergillus, Eurotium species group, Fusarium, Tritirachium, Scopulariopsis 
genus group and Aspergillus versicolores species group. Conclusions: Indoor air toxicity and dampness-related mi-
crobiota recovered from the classrooms were associated with multi-organ morbidity of the school occupants. These 
results corroborated our previous reports from two adult cohorts i.e. evidence of causality. These new toxicological 
methods based on condensed water and cell culturing techniques seem to be superior to conventional microbiologi-
cal methods in correlating with clinical symptoms. 
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Introduction

Indoor air has been studied for more than 30 
years, but despite ever-increasing number of 
scientific reports describing clinical presenta-
tion and molecular mechanisms related to toxic 
indoor air, the causality between the toxic 
dampness microbiota (DM) and multiple health 
hazards has not yet been clarified. Respiratory 
adverse health effects have been studied most 
extensively [1], but neurological, cognitive [2-6] 
and muscular-skeletal [2, 7, 8] symptoms in 

occupants exposed to DM have been also 
reported. Gastro-intestinal (GI) symptoms are 
more often linked to the alimentary mycotoxin 
exposure, although there have been reports 
that indoor DM can also cause this outcome 
[9]. When the exposure to DM continues, 
reversible mucosal irritation may be trans-
formed into an irreversible disease that was 
recently called the Dampness and Mold 
Hypersensitivity Syndrome (DMHS) [10]. The 
most recent comprehensive literature review 
[11] that analyzed all of the published data 
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between 2011-2018 concluded that of 114 
epidemiological studies, the vast majority i.e. 
112 (98.2%) supported the claim that the ex- 
posure to DM causes single/multi-organ sym- 
ptoms. 

The ecological community of moisture-dam-
aged buildings consists of various fungi, yeast, 
and gram-positive and gram-negative bacteria: 
these species might vary over time depending 
on the competition of microorganisms for the 
limited availability of nutrition factors [1, 12]. 
Indoor air may contain a mixture of toxins; each 
toxin at low concentrations may be non-toxic 
but when presented as a mixture the compo-
nents might potentiate each other’s effects 
[13, 14]. Environmental exposure to toxic prod-
ucts in addition to the exposure to nanoparti-
cles from fragments of fungal spores, decay 
products from construction materials, volatile 
organic compounds (VOCs) together with bio-
cides used to cleaning have the potential to 
cause severe morbidity. The effects of second-
ary metabolic products of DM are known to be 
variable; some mycotoxins can up- or downreg-
ulate genes, inhibit DNA, RNA, and protein syn-
thesis, and cause oxidative stress and inflam-
mation [15, 16]. Other mycotoxins are va- 
soactive and exert cardiovascular effects, and 
many affect the immunological and (neuro) 
endocrine systems [4]. Mycotoxins activate the 
NLRP3 inflammasome [17], a key activator of 
innate immunity. The effects of mycotoxins on 
cellular metabolism are comparable to tobac-
co, asbestos or even the biological weapon 
ricin [18]. For example, the trichothecene my- 
cotoxins cause emesis, diarrhea, weight loss, 
disorders of the nervous and cardiovascular 
systems, immunodepression, hemostatic dys-
regulation, decreased reproductive function, 
and bone marrow damage [19]. Some mycotox-
ins are even carcinogenic [20, 21].

One important issue that hampers the research 
into mold-related illness is the current miscon-
ceptions about how indoor air should be tested. 
The prevailing belief has been that there are 
only gaseous and particulate pollutants, which 
has led to practicalities to collect and study 
only these contaminants. It has been hypothe-
sized that mycotoxins migrate with fungal 
spores. However, the research group of Pro- 
fessor Mirja Salkinoja-Salonen (Finland) in their 
book “Diagnostic Tools for Building Pathology” 
[22] shed light on what causes illness in Finnish 

buildings. They conducted experiments where 
not only indoor air, but also material samples 
were collected from a damaged building and 
cultured followed by an examination of the tox-
in-producing fungal species. These species  
produced vesicles, or the so-called “guttation 
droplets”, or exudates on the culture dish. 
These droplets contained substances that 
were toxic to all eukaryotic cell types tested at 
dilutions of 100-20,000 [23-25]. Most of the 
toxic metabolites produced by microbes have a 
molecular weight of 300-2000 g/mol, i.e. they 
are non-volatile. In addition, they are fat-solu-
ble, but move primarily in water vapour, and 
thus an increased relative humidity of the air 
promotes their aerosolization (https://aaltodoc.
aalto.fi/handle/123456789/13497). It has be- 
en demonstrated that Penicillium expansum 
recovered from gypsum boards produced toxic 
droplets, i.e. exudates, which migrated into the 
air and were approximately 100-times more 
toxic in the cell culture assays than indoor air 
isolates of Aspergillus, Chaetomium, Stachy- 
botrys and Paecilomyces [26]. It has also been 
reported that the fungal genus Trichoderma 
isolated from indoor air could produce toxic 
droplets [25]. This toxic Trichoderma thrived in 
the freshly manufactured dry gypsum board 
intended to be installed into new buildings [25]. 
Subsequently, a novel method of collection of 
indoor air water vapour was developed in 2014 
to allow an estimation of indoor air toxicity 
(https://aaltodoc.aalto.fi/handle/123456789/ 
13497). In this approach, air condensate is col-
lected on a cooled surface of a steel plate 
which is then tested for toxicity on living human 
primary cells (US Patent 10,502,722 B2). This 
innovation has changed the prevailing percep-
tion of indoor air pollutants, they are now known 
to consist of three different types: particles 
(solids), gases, and liquids.

This study was initiated by the parents of the 
pupils from one Finnish school who contacted 
us with a request to investigate the elevated 
morbidity of their children who presented with 
multiple non-specific symptoms. The aims of 
this study were to: 1. record the clinical symp-
toms due to the exposure to DM in this prob-
lematic school and compare the morbidity risks 
to the children from a healthy school; 2. utilize 
the novel collection methods for indoor air and 
the human cell based functional toxicity tests; 
3. compare the results from these toxicity tests 
with the results from traditional microbiological 
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tests; 4. compare the risks of morbidity of the 
children calculated from this study with those 
calculated for adults in our previous investiga-
tions. Most importantly, we wanted to tackle 
the issue of causality because it seemed 
improbable that such high morbidity among 
school children occurred simply by chance. 

Materials and methods

The cohorts and the symptoms

The study cohort comprised 47 pupils aged 
6-15 years. Most pupils presented with symp-
toms compatible with their exposure to bad 
quality indoor air. The administration of the 
school was reluctant to co-operate making it 
impossible to enroll all the pupils from the prob-
lematic school.

The control cohort (n=56) was from a school 
with no history of water damage that was locat-
ed in the same region. The age and gender of 
the responders was matched to the study 
cohort. Thus, the response rates were 47/400 
(12%) and 56/313 (18%) from the damaged 
and the control schools, respectively. All the 
respondents were non-smokers, and none 
reported mold infestation at home. The demo-
graphic data for both cohorts, the proportion of 
respondents with pets at home and underlying 
allergies are presented in Table 1.

Data collection was performed with a previous-
ly used questionnaire [2]. The inclusion criteria 
were that the pupils were attending the mois-
ture-damaged school and were willing to par-
ticipate in the study. There were no exclusion 
criteria. 

room was discontinued in the spring 2019, but 
the piano was left in the stairway hall and was 
in use. Due to the complaints from parents and 
the increased morbidity among the pupils the 
school was shut down in March 2020. The 
entrance to the school was closed when we 
started our investigations and thus samples 
from the dry food stored in the kitchen (base-
ment floor) are not available for toxicological 
and microbiological studies. The technical 
woodworking classroom, the canteen with the 
kitchen, the corridor between these spaces 
and the staircase hall where the piano stood, 
were located in proximity to the water-damaged 
music classroom, all in the basement. This is a 
small school with its own kitchen, where food 
was cooked each day for the pupils and staff. 
The canteen and the kitchen, located next door 
to the music classroom, usually have lower 
indoor air pressure. We suspected that the 
indoor air from the mold-infested music class-
room could have being sucked for a long time 
into the kitchen thus contaminating the dried 
foodstuffs stored there. 

Microbiological work-up from the moisture 
damaged school

Sample collection for microbiological studies: 
The samples for microbiological cultures were 
collected as follows: A) A piece from the lower 
edge of the wall of the staircase hall (where the 
piano was located) in the basement next to the 
water-damaged space. B) Passive air samples 
were collected from four classrooms through 
passive air sampling using the sedimentation 
method, also called an open-dish method. 
MEA, DG18 and THG plates (see below) were 

Table 1. Demographic data and preceding hypersensitivity to allergens 
among pupils of the study and the control cohorts

Study cohort Control cohort
Age <12 39 83% 36 64%

12-15 8 17% 19 34%
16-19 0 0% 1 2%

Gender No answer 0 0% 1 2%
F 28 60% 31 55%
M 19 40% 24 43%

Allergy to food, plant or animal allergens no 36 77% 48 86%
yes 11 23% 8 14%

Pets no 16 34% 14 25%
yes 31 66% 42 75%

Background of the 
water-damaged school

A hot water pipe from 
the district heating ne- 
twork had been leak-
ing into the basement 
floor of the school and 
to a music classroom 
located in the school’s 
basement. The prob-
lem was identified in 
spring 2019, and the 
space was dried out 
for 11 months. The 
use of the music class-
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kept opened for 1 h to allow the microorgan-
isms or their spores to settle. Passive air sam-
ples were taken from i) the first floor of the 
water-damaged music classroom in the base-
ment, ii) classrooms numbered 123 & 128 on 
the second floor, and iii) from classrooms locat-
ed on the third floor C) In addition, a cotton wool 
swab sample was taken from the surface of a 
sewer located in the water-damaged music 
room, and cultivated on MEA, DG18 and THG 
plates. 

Sample processing for microbiological studies: 
The culture of samples was performed in a 
microbiological laboratory (Co-op Bionautit, 
Helsinki, Finland) as instructed [27]. Pieces of 
wall sample (4.5 g) were dissolved in 40.5 ml 
solution of 42.5 mg KH2PO4, 250 mg MgSO4 × 
7H2O, 8 mg NaOH dissolved in 1 l water and 0.2 
ml Tween 80; [28] and shaken for 60 min. Two 
series of dilutions were made and plated on 
malt (MEA; ISO 1600-21, 2013), dichlorane-
glycerol-18 (DG18; ISO 1600-21:2013), and 
trypsin-glucose yeast medium (THG). MEA 
media favour the growth of fungi, THG favours 
the growth of bacteria, whereas DG18 medium 
favours fungal species that thrive in dry envi-
ronments. Colonies were counted for total fun-
gal and bacterial contents after 7, 10 and 12 d 
of cultivation. Fungal species were identified 
after 10 d of cultivation. Microbial growth was 
quantified as a colony forming unit per gram of 
wall sample (cfu/g).

The number of microbial colonies grown by pas-
sive air sedimentation and from cotton wool 
swab samples were recorded, and fungal colo-
nies were identified both from original and reju-
venated plates. The growth of actinobacteria 
on THG plates was checked two weeks after 
the sample inoculation. All plates were cultured 
at room temperature.

Microbial colonies were identified by micro-
scopic examination, i.e. by studying the mor-
phology of stained samples and photogra- 
phed. 

Toxicity from the moisture damaged school

Sample collection for the toxicological studies: 
It is noteworthy, at the time of sample collec-
tion, an air dryer was in use in the school. 

Collection of indoor air samples by the water 
condensing technique: The condensed water 

samples were collected as follows: From the 
basement floor (n=5), 2/5 samples were from 
the water damaged music classroom i.e. the 
room in which the dryer was operating, one 
sample was from the woodworking classroom 
(opposite to the music classroom), one sample 
was from the corridor between the music and 
woodworking classrooms, and one sample was 
taken from the staircase hall (where the piano 
was located) between the basement (first and 
second floors), from where the material sample 
and swabs were taken. Two samples (n=2) were 
collected from the second-floor corridor.

The novel principle of indoor air sampling is 
based on the following approach: Water mole-
cules from the indoor air are frozen on the top 
of two cold surfaces of metal plates. The frozen 
samples then melt at room temperature and 
are collected from a tray below the plates and 
then the melted water is sent to the laboratory 
for analysis. The collection comprises the fol-
lowing steps: 1. The temperature and the rela-
tive humidity of the room are registered; 2. The 
steel box, called the “E-collector”, is assembled 
on a stable stand, e.g. table. 3. A block of dry 
ice (approx. 1 kg) is carefully placed inside the 
box with tongs. 4. The steel box is covered with 
a lid to facilitate freezing. 5. After collection of 
the frozen specimens, the lid and the dry ice 
are removed. 6. The frozen water with its con-
tent melts and drips into the collection plate. 7. 
The box is removed from the pedestals and 
shaken over the collection plate to collect most 
of the condensate. 8. The pedestals are shak-
en to collect the maximum amount of conden-
sate. 9. The condensed water sample is trans-
ferred e.g. into an Eppendorf tube. 10. The tube 
is closed, and the sample is ready for ship- 
ment. The box can be reutilised after proper 
washing. 

Cotton swab samples

Two cotton wool wipe samples were collected 
from the furniture in the basement floor; one 
was from the top of the piano (in the stairway 
hall) and the other was from the windowsill (in 
the corridor between music and woodworking 
classrooms). The stairway hall had poor ventila-
tion and there was an abundance of settled 
dust. In the corridor, the ventilation was better, 
and this location was less dusty. The swabs 
were placed into sterile plastic tubes and sent 
for toxicological analysis. 
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Toxicological studies

Toxicological studies were performed at FICAM 
(University of Tampere. Finland) in a Good La- 
boratory Practice - compliant laboratory. 

Cytotoxicity of the condense water samples 
from indoor air using human THP-1 macro-
phages and WST-1 assay: The toxicity of in- 
door air condensed water samples was studi- 
ed using human THP-1 macrophage/WST-1 
assay. The WST-1 assay [2-(4-iodophenyl)-3-(4- 
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazo- 
lium, monosodium salt] is based on the mito-
chondrial activity of living, metabolically active 
cells that reduce WST-1 to a coloured product. 
The optical density of the enzymatic product is 
measured at 450 nm. The greater the absor-
bance value, the higher the metabolic activity 
and thus larger the number of living cells that 
are present [29]. The viability of cells exposed 
to water samples is compared to that of the 
unexposed control cells. 

Immediately after arrival, the water samples 
were sterile filtered (pore size 0.2 µm) and 
stored at +4°C until use. THP-1 cells (ATCC, 
#TIB-202) were seeded into 96-well plates at a 
density of 10000 cells/well, and differentiated 
into THP-1 macrophages for 48 hrs by challen- 
ging to 25 nM Phorbol 12-myristate 13-acetate 
(PMA) (Sigma Aldrich) in a cell-specific medium 
[RPMI 1640 supplemented with 10% fetal 
bovine serum (FBS) (both components from 
Gibco Invitrogen)], followed by 24 hrs recovery 
without PMA. The indoor air and control sam-
ples (sterile distilled water) were pre-warmed to 
37°C for 1 h before use. THP-1 macrophages 
were exposed to two sample concentrations, 
10% and 25% at 6 replicates. Nickel II sulpha- 
te hexahydrate (2.0 and 20.0 µg/ml) was used 
as a positive control of toxicity. Cells were incu-
bated at 37°C, 5.0% CO2 for 24 hours before 
the WST-1 assay. 

Cytotoxicity of the cotton wool swabs using 
human BJ fibroblasts and the neutral red 
uptake (NRU) assay: The toxicity of the samples 
was interpreted using the neutral red uptake 
assay (NRU), that assesses lysosomal activity 
and cell membrane integrity. Only living cells 
can take up neutral red and thus the absor-
bance (560 nm) is directly proportional to the 
number of living cells [30].

The cotton wool swab samples were extracted 
according to the ISO 10993-12 for medical 
devices, when applicable. The samples were 
sterilized by autoclaving and then extracted for 
72 h in a cell culture incubator (37°C, 5.0% 
CO2), 0.05 g sample/ml in Minimum Essential 
Medium (MEM) supplemented with 10% FBS,  
2 mM L-Glut and 1% non-essential amino acids 
(all from Gibco Invitrogen). Eight sample dilu-
tions were done using the 2.15 dilution factor. 
Thus, the concentrations of the final extract in 
the cell culture ranged from 0.47% to 100%. BJ 
cells (ATCC #CRL-2522) were seeded into 
96-well plates at density of 4000 cells/well in 
culture medium and exposed to each extract 
dilution with 6 replicates. The extraction solu-
tion without cotton wool was used as a nega-
tive control. Extracts of polyurethane film con-
taining 0.1% zinc diethyldithiocarbamate, (Ha- 
tano Research Institute, Japan) were used as a 
positive control. In addition, a control cotton 
wool (Pharmacare, Finland) extract was used 
as a reference for the toxicity of cotton wool. 
Cells were incubated at 37°C, 5.0% CO2 for 48 
h before the NRU assay.

Estimated volume of inhaled vapour

The water content in the indoor air depends on 
the relative humidity (RH%) and the tempera-
ture. The humidity ratio and the density of wa- 
ter in the air in each sampling site were calcu-
lated using the Psychrometric Chart (http://
www.flycarpet.net/en/PsyOnline). The theoreti-
cal daily inhaled water amount was calculated 
assuming that a person inhales daily approxi-
mately 10 m3 air.

Data analysis 

The cohorts and the symptoms: The primary 
variables were gastrointestinal, respiratory, 
and neurological or neuropsychological symp-
toms, headache, fatigue, eye irritation, rash, 
sub febrility, ear infections, muscular-skeletal 
pain, multiple chemical sensitivity (MCS) and 
cardiac symptoms. We also obtained informa-
tion on diagnosed diseases such as asthma. 
Risk ratios (RR) were calculated to compare the 
exposed study cohort to the non-exposed con-
trol cohort with respect to the primary vari-
ables. The risk ratio is the proportion of sub-
jects with symptoms in the exposed group 
divided by the proportion of subjects with 
symptoms in the non-exposed group. For symp-
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toms with zero prevalence in the non-exposed 
group, a zero-count adjustment was done by 
adding 0.25 to all four cell counts. All statistical 
tests were two-tailed, and p-values <0.05 were 
statistically significant. The analyses were per-
formed using NCSS 2019 Statistical Software 
(2019). NCSS, LLC. Kaysville, Utah, USA.

Toxicological studies

In the cell culture studies of the indoor air con-
densates the absorbance values were normal-
ized, i.e., the viability of the untreated control 
was set as 100%, and all other data were ca- 
lculated in relation to this control value as 
either % decrease in cell viability (negative val-
ues) or % increase in mitochondrial dehydroge-
nase activity (positive values). 

In the studies with the swabs, the absorbance 
values were normalized, i.e., the viability of 
untreated control (0% extract concentration) 
was set as 100%, and viabilities of the cells 
treated with different swab extract concentra-
tions were calculated relative to this control 
value.

Samples were interpreted as being toxic at 
either concentration when statistically signifi-
cant changes between the samples of indoor 
air condensate or cotton wool swabs samples 
were compared to the respective controls were 

compared in the Student’s t-test (Sigma Plot 
14.0) and achieved P<0.05. 

Ethical consideration

This retrospective study did not require ethical 
approval. The Ethical Committee from the No- 
rthern Ostrobothnia gave a recommendation to 
allow the search for biomarkers in mold-related 
disease among school children, EETTMK 10/ 
2020. All guardians of pupils gave a written 
informed consent to conduct this study. 

Results

The symptomology of the cohorts and cases

The comparisons of the risks for the develop-
ment of multi-organ symptoms and the dia- 
gnosis of asthma are presented in Table 2. 
Importantly, a high frequency of GI-symptoms 
was reported; 51% of the respondents of the 
problematic school suffered from at least one 
of the following symptoms: pain in the abdomi-
nal area n=19 (40%), nausea n=15 (32%), diar-
rhea n=11 (23%), and vomiting n=4 (9%). Thus, 
the RR for the GI-symptoms was 14.30 (95%  
CI 3.73-86.25, P<0.001). Respiratory symp-
toms were also prevalent with an RR of 22.64 
(3.60-453.3, P<0.001). However, the statist- 
ical analysis also detected highly significant dif-
ferences between the cohorts in the reported 

Table 2. The comparison of risks for symptom manifestations and asthma diagnosis among exposed 
(n=47) vs. unexposed school children (n=56)

Disease or symptom Study cohort 
(exposed) n=47

Control cohort  
(non-exposed) n=56

Exposed vs. unexposed
RR 95% CI p-value

GI- symptoms* 24 51% 2 4% 14.30 (3.73-86.25) <0.001
Respiratory symptoms** 19 40% 1 2% 22.64 (3.60-453.3) <0.001
Neurologic symptoms*** 13 28% 0 0% 63.04 (3.03-850.2) <0.001
Headache 26 55% 1 2% 31.00 (5.16-612.4) <0.001
Fatigue 18 38% 1 2% 21.45 (3.38-430.5) <0.001
Eye irritation 16 34% 3 5% 6.35 (1.93-26.79) <0.001
Rash 15 32% 0 0% 5.96 (1.78-25.29) <0.001
Sub febrility 13 28% 1 2% 15.49 (2.32-316.8) <0.001
Ear infections 13 28% 2 4% 7.74 (1.82-49.11) <0.001
Muscular-skeletal pain 12 26% 0 0% 58.28 (2.77-787.1) <0.001
Asthma 5 11% 3 5% 1.99 (0.43-10.25) 0.32
Multiple chemical sensitivity (MCS) 4 9% 1 2% 4.77 (0.53-4.91) 0.35
Cardiac symptoms**** 2 4% 0 0% 10.71 (0.31-155.4) 0.15
*Pain in the abdominal area, nausea diarrhea, vomiting, abdominal swelling, obstipation. **Cough, dyspnea, difficulty in 
breathing. ***Problems with concentration, brain fog, memory difficulties, muscle traction, dizziness, hearing abnormalities, 
balance problems. ****Tachycardia, palpitations.
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neurological symptoms i.e. brain fog, memory 
problems, balance problems, dizziness, muscle 
traction, hearing abnormalities and concentra-
tion problems such that their combined risk 
ratio was as high as RR 63.04 (95% CI 3.03-
850.2). The risks for other symptoms were also 
high: headache RR 31.00 (5.16-612.4), fatigue 
RR 21.45 (3.38-430.5), eye irritation RR 6.35 
(1.93-26.79), skin rash RR 5.96 (1.78-25.29), 
occasional sub febrility RR 15.49 (2.32-316.8), 
ear infections RR 7.74 (1.82-49.11), muscle or 
joint pain RR 58.28 (2.77-787.1), all statistically 
highly significant, P<0.001. The risks for asth-
ma RR 1.99, multiple chemical sensitivity RR 
4.77 or cardiac symptoms RR 10.71 were not 
statistically significant. 

Microbiological work-up 

Figure 1. Cultivation of microbes in the water 
damaged school. According to the results of 
serial dilutions of the sampled wall material 
originating from the water-damaged space in 
the basement, i.e. the area in proximity to the 
music room contained only a low amount of 
fungi (110 cfu/g) but all colonies belonged to 
the Aspergillus, Eurotium species group (Table 
3), species which are mentioned as moisture 
damage indicators in the Guidelines for the 
Application of the Housing Health Regulation 
(https://www.valvira.fi/-/asumisterveysasetuk-
sen-soveltamisoh-1). Inoculation and cultiva-
tion of wall material pieces onto agar plates 
resulted in a small number of fungi but the fun-
gal community composition was more diverse 
and consisted of four species groups or genera 
that are also listed as moisture damage indica-

tors: Aspergillus ochraceus species group, As- 
pergillus, Eurotium species group, Fusarium 
and Tritirachium (Table 3). These data suggest 
that the sampled wall had suffered from mois-
ture but later this had dried out. 

The cotton wool swab sample taken from the 
surface of a dry cement alcove with 150 cm 
diagonal area located in the music room in the 
basement produced a low number of colonies 
on MEA and DG18 plates, but they all belonged 
to moisture indicator fungi, namely Aspergillus 
versicolores species group (Table 3). A passi- 
ve air sedimentation sample taken from class-
room 123, located above the music room, also 
resulted in a small number of colonies. Out of 
the four fungal species or genera detected,  
the Scopulariopsis genus group, those growing 
both on MEA and DG18 plates, represented 
moisture indicators (Table 3). Except for the 
occasional Penicillium colony (Table 3), passi- 
ve air samples collected from classrooms on 
the first and second floors detected no evi-
dence of growth of fungi. 

Direct cultivation of wall pieces produced a 
small number of bacteria on THG agar and 
none of those after serial dilution. A few bacte-
rial colonies were found from a passive air  
sample taken from classroom 123 located 
above the music room and cultured on MEA 
(Table 3). No bacteria were detected on bacte-
ria favouring THG plates when they had been 
kept open for 1 h. Figure 1 illustrates the spe-
cies recovered from the moisture-damaged 
school.

To sum up, based on microbial analyses of pas-
sive air, material and cotton wool swab sam-
ples, the number of fungi or their spores was as 
low as in that present in buildings not affected 
by fungi-related damage. 

Toxicity of the condensed water samples

The combined results are presented in Table 4. 
All condensed indoor air samples (n=7) were 
shown to be toxic. 

Toxicity of the cotton wool swab samples

The results of the toxicity studies from the cot-
ton wool swabs are shown in Table 5. 

The swab sample taken from the top of the 
piano was the most toxic, the control swab 

Figure 1. Microbial species recovered from the mois-
ture-damaged school.
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sample was the least toxic, and the swab sam-
ple from the windowsill was moderately toxic. A 
swab sample from the piano caused approxi-
mately 32% cell death (i.e. 68% viable cells) 
tested at the concentration of 10.6% conden-
sate. At the same test concentration, a window 
swab and a control cotton wool swab showed 
no toxicity. The following 100% extracts were 
toxic: Piano-top swab specimen caused 77% 
cell death (23% viability), windowsill swab sp- 
ecimen caused 43% cellular death (57% viable 

cells), and control cotton wool swab alone ca- 
used approximately 41% cell death (59% viable 
cells). Thus, computationally, dust collected 
from the piano increased cell death by 36% as 
compared to the pure cotton wool control.

Estimated volume of inhaled vapour

The calculated daily inhaled water ranged 
between 43.30-128.90 ml depending on the 
sampling site. More specifically the volumes 
are presented in Table 4. 

Table 3. Fungal or bacterial species recovered from the wall, passive air sampling and cotton swabs 
collected from the moisture-damaged school

Sample Medium Identified species Number of 
colonies Place 

Piece of wall material  
- serial dilution

MEA 0 Basement, near music room

DG18 *Aspergillus, Eurotium species group 110 cfu/g

THG 0

- direct cultivation MEA *Aspergillus ochraceus species group <20 Basement, near music room

*Aspergillus, Eurotium species group occasional

*Fusarium <20

Penicillium occasional

*Tritirachium <20

DG18 *Aspergillus ochraceus species group <20

*Aspergillus, Eurotium species group <20

THG bacteria <20

Passive air DG18 Cladosporium 1 Classroom 123, the 2nd floor above the moisture-dam-
aged music room (the 2nd floor)*Scopulariopsis genus group 1

Passive air MEA *Scopulariopsis genus group 1 Classroom 123, the 2nd floor above the moisture dam-
aged music room (the 2nd floor)Aureobasidium 1

Rhodotorula (yeast) 1

bacteria 4

Passive air DG18 Penicillium 1 Classroom 128 at the 2nd floor 

Cotton swab MEA *Aspergillus versicolores species group 1 Surface of a hollow area from music class (the 1st floor) 

Cotton swab DG18 *Aspergillus versicolores species group 2 Surface of a hollow area from music class (the 1st floor) 
Passive air samples were collected for 1 h. *Moisture indicator microbes.

Table 4. Toxicity of the water condensed from indoor air tested in the THP-1 macrophage viability as-
say

Sample
Conditions at 
sampling site

Water 
inhaled  
ml/day

The % change in THP-1 macrophage  
viability after exposure to indoor air samples Interpretation

RH%1 T°C 10% condensate 25% condensate
Music classroom (basement) 45.5 17.5 109.00 1.80±5.00 -15.90±5.90*** Toxic

Music classroom (basement) 45.5 17.5 109.00 1.50±5.50 -11.10±10.20* Toxic

Woodworking classroom (basement) 32.5 18.4 43.30 -3.00±5.30 -12.70±3.30*** Toxic

Corridor (basement) 31.2 22.0 127.10 -6.10±1.90** -5.60±3.30** Toxic

Staircase hallway (with piano) (basement) 31.7 22.1 128.90 -1.90±2.40 -4.40±2.30** Toxic

1st floor corridor 33.0 21.8 128.40 -2.90±2.10 -9.60±2.60*** Toxic

1st floor corridor 34.6 21.3 126.50 -2.00±3.70 -7.00±2.20*** Toxic
1RH% = relative humidity. Two volumes of the condensate were used: 10% and 25% of the total culture volume. The results are normalized against (untreated) control 
and expressed as % change in cell viability, mean ± stdev, as compared to the control (0% change in cell viability). Negative values refer to decreased viability, positive 
values refer to increased mitochondrial activity, both are adverse effects. Each sample was tested at six replicates. The statistically significant changes in viability as 
compared to the respective control are indicated as *P<0.05; **P<0.01 and ***P<0.001.
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Discussion

Here, we describe the clinical picture of mold-
related illness in children attending a moisture-
damaged school. Toxicological and microbio-
logical analyses from the school are also 
presented. At the first glance, the low cfu of 
fungi and bacteria isolated from the wall mate-
rial, air sedimentation and cotton swabs, may 
erroneously lead to the assumption that the 
building had not been affected by moisture 
damage. However, the presence of several fun-
gal species and genera, especially the indica-
tors of moisture-damage (Guidelines for the 
Application of the Housing Health Regulation 
(https://www.valvira.fi/-/asumisterveysasetuk-
sen-soveltamisoh-1) such as Aspergillus ochra-
ceus species group, Aspergillus, Eurotium spe-
cies group, Fusarium, Tritirachium, Scopular- 
iopsis genus group and Aspergillus versicolores 
species group indicated the presence of harm-
ful moisture. Although the microbial growth 
taken from samples from several locations 
remained small, positive toxicity findings from 
condensate air samples (n=7) and cotton wool 
swab samples (n=2) were unambiguous and 
associated with the symptoms reported by the 
participants. 

In Finland, due to its cold climate, people tend 
to spend most of the time indoors. In this situa-
tion, continuous or cumulative exposure to to- 
xic DM in homes, schools, or workplaces may 
lead to chronic and poorly specified adverse 
health effects. Here, children attending the 
moisture-damaged school did not report multi-

ple chemical sensitivity (MCS), which has been 
attributed to advanced mold-related disease, 
or DMHS, as is now designated [10]. In con-
trast, the calculated risks for MCS have been 
high in adults of both genders of moisture-dam-
aged buildings occupants [2, 3] indicating that 
under continuous exposure to moisture-dam-
age in buildings the disease may become ch- 
ronic in its nature. Importantly, toxic DM may 
decrease the quality of life i.e. immaterial 
effects and it may increase health care costs. 
Direct health care costs can be calculated. For 
example, when calculated per inhabitant, in 
2019 the expenses for annual visits to the doc-
tor’s office and health care providers in the 
town with the water-damaged school were 
4-fold higher than in the nearby municipalities 
i.e. affected school town 171000 € (inhabit-
ants n=7000) vs. 17 000 € (municipality with 
2700 inhabitants) or 35000 € (municipality 
with 5700 inhabitants). There were more visits 
to pediatric and oto-rhino-laryngological ser-
vices, i.e. these were 3-5 and 4-5 times more 
frequent, respectively, in the community with 
the moisture-damaged school when compared 
to the neighboring communities (The data are 
from Financial Statement of the community in 
question).

It is known that exposure to DM can cause 
mucosal irritation and lead to chronic inflam-
mation, stimulation and/or disturbances in the 
functions of immune system [31]. Mucosal dys-
function increases the susceptibility to infec-
tions [1-3, 10, 18, 32]. The risk for respiratory 
symptoms was exceptionally high in our study 

Table 5. The toxicity of cotton wool swabs tested in the BJ fibroblast viability assay

Extract concentration % Control sample  
(pure cotton wool)

The swab from the window 
bench (basement corridor)

The swab from the piano (staircase 
hallway in the basement)

0 100.00±5.72 100.00±4.65 100.00±5.34
0.47 101.27±4.17 107.58±3.61 101.57±6.69
1.01 96.11±3.11 102.67±5.37 99.20±7.26
2.18 101.53±1.76 101.54±3.96 103.90±6.61
4.68 101.56±6.60 98.59±3.03 94.19±4.65*
10.06 99.04±4.11 96.96±2.87 68.08±15.44***
21.6 90.69±3.32** 87.47±4.53*** 67.44±18.68***
46.5 79.66±3.98*** 80.07±2.31*** 42.16±13.33***
100.0 59.45±2.02*** 56.79±1.65*** 22.93±5.81***
Eight different cotton wool swab extract concentrations, i.e., 0.47-100%, were tested in six replicates each. The results are nor-
malized against the control (0% extract concentration and 100% cell viability) and expressed as % cell viability, mean ± stdev. 
The statistically significant changes in viability as compared to the respective control are indicated as *P<0.05; **P<0.01 and 
***P<0.001.
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cohort, RR 22.64; an observation that corrobo-
rated earlier results [2, 3]. In addition, there 
were other striking symptoms experienced by 
the children of the moisture-damaged school 
e.g. neurological symptoms and GI-symptoms 
with the RR values being 63.04 and 14.30, 
respectively, and highly statistically significant. 
The involvement of the GI-tract in the clinical 
pathology of mold-related disease has been 
reported [9]. More often, however these symp-
toms have been attributed to the alimentary 
entry of mycotoxins through food or feed [33, 
34]. The very high prevalence of GI-complaints 
observed in our study cohort could be interpret-
ed in two ways: The GI-tract is a highly inner-
vated organ, and therefore the complaints may 
represent autonomous dysregulation that oc- 
curs in occupants of mold-infested buildings. 
The second possibility takes into account the 
ground plan of the school building and the fact 
that the lunchtime food was prepared in the 
school’s own kitchen, with dry food being st- 
ored in the larder adjacent to the mold-infested 
classroom, making it difficult to exclude the ali-
mentary route of toxin exposure.

Several Finnish studies have identified a link 
between muscular-skeletal symptoms and 
moisture damage in the dwellings [2, 7, 8]. In 
our schoolchildren the risk for muscular-skele-
tal pain was also high, RR 58.28, and statisti-
cally significant. The interviewed pupils from 
the problematic school also frequently reported 
fatigue with a calculated risk of RR 21.45. 
Fatigue is a common complaint of people living 
in moisture-damaged buildings [2, 3, 35-37]. 
Fatigue is a neurological symptom and is re- 
versible but may persist over time even after 
prolonged avoidance of the insulting agent  
[10]. Fatigue often associates with poor ventila-
tion and high CO2 concentrations, i.e. condi-
tions that may have nothing to do with moisture 
damage [37]. However, when the ventilation is 
inadequate, hazardous compounds such as 
DM may become concentrated in the indoor air, 
thus potentiating the effects of an elevated CO2 
concentration. In our view, this may well be an 
explanation for the cognitive and emotional 
impairments reported by our study cohort; 
these disturbances are not enigmatic; i.e. the 
so-called “functional disorders” but may have 
an immuno-toxicological background such as 
encephalopathy.

Until now, the multicentre HITEA study has 
been the largest study investigating the rela-

tionship between moisture damage, indoor 
toxic dust and morbidity in school children [38-
41]. This study examined primary schools fr- 
om Finland (n=6), the Netherlands (n=10) and 
Spain (n=7). The most striking outcome of this 
investigation was that the levels of endotoxin, 
used as a surrogate for gram-negative bacteria, 
were highest in the Dutch schools, whereas the 
Finnish schools showed the lowest levels [39]. 
However, the prevalence of respiratory symp-
toms was more pronounced in the Finnish 
pupils and wheeze tended to be inversely asso-
ciated with microbial levels [40]. This apparent 
contradiction has been addressed in studies of 
Professor Mirja Salkinoja-Salonen’s research 
group. They reported that several toxin-produc-
ing microbial strains could be isolated from the 
dust present in the kindergartens: avrainvilla-
mide and stephacidin B producing fungi As- 
pergillus westerdijkiae [42] mitochondriotoxic 
Bacillus simplex, Streptomyces and Nocar- 
diopsis, and cytotoxic Trichoderma harzianum 
Rifai and Bacillus pumilus [43]. In other words, 
the results of this study indicate that if one 
wishes to prove causality, then it is essential to 
consider the potency of the mycotoxins, rather 
than simply calculating the numbers of the 
recovered fungi or bacterial colony forming 
units. This view is new and challenges the exist-
ing practices.

There are several limitations in this study that 
was initiated by the schoolchildren’s parents. 
The administration of the problematic school 
was reluctant to cooperate. We were able to 
gather information from only 47/400 (12%) of 
the pupils, and none of the teachers volun-
teered to participate in our investigation. We 
were unable to retrieve dry foods from the 
kitchen to investigate the possibility of ali- 
mentary exposure because after we started 
our investigation, the entrance to the school 
became prohibited.

However, there are several strengths of our 
study. We collected the data on all the symp-
toms reported by our study participants and did 
not focus only on asthma and respiratory sym- 
ptoms, which was the approach applied in the 
HITEA project. With our set-up, we confirmed 
that mold-related illness is a multi-organ dis-
ease probably related to systemic inflamm- 
ation and the development of a biotoxicosis [5, 
16, 21]. Importantly, we demonstrated that 
children reacted to toxic DM very similarly to 
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adults [2, 3], however with symptoms affecting 
both the central and autonomous nervous sys-
tems being remarkably prevalent. The impact 
of DM on the nervous system has often been 
overlooked, even ignored. Likewise, children 
may experience muscular-skeletal pain that is 
associated with the exposure to DM. When the 
results from the conventional microbiological 
tests and those from the human cell based 
functional tests were combined with the clini- 
cal symptoms, concordance can be found. This 
finding promotes the usefulness of novel indoor 
air testing to prevent harmful health effects.

In this study, the risk for respiratory symptoms 
was high and statistically significant, but the 
risk for asthma was lower than expected. This 
observation by no means undermines the rec-
ognised causality between mold infestation 
and asthma. If anything, it underlines the fact 
that different mycotoxins may cause different 
symptoms and that there will be extensive 
interindividual variability in the clinical presen-
tation. Exposure to DM may cause cough with-
out diagnosis of asthma [12], but on the other 
hand, asthma can be accompanied by COPD 
[44]. Another strength of our study is that  
we substantiated our clinical findings by care- 
ful conventional microbiological investigations 
which were compared against the novel water 
condensation technique for indoor air sam-
pling. The latter techniques allowed us to esti-
mate the toxicity of inhaled air at any given mo- 
ment and to evaluate its relation to the relati- 
ve humidity. To prove this causality further, it 
would be imperative to analyse the condensate 
e.g. by mass spectrometry, to identify the tox-
ins and compare them to the identified toxins 
from the exudates of fungi [25]. We hope that 
researchers with access to this specialized 
equipment will take up this challenge. The 
methods presented here to collect and test 
condensed water vapor from indoor air repre-
sent the current state-of-the-art. 

Taken together, we describe the adverse health 
effects experienced by the children exposed to 
toxic DM, mainly impacting on the CNS, GI-tract 
and muscular-skeletal system. The multi-organ 
involvement may lead to the assumption that 
they are suffering a biotoxicosis [21]. The re- 
sults of toxicological and microbiological inves-
tigations supported the presumed causality 
between toxic building moisture (= the cause) 
and the higher morbidity in the exposed group 

(= the outcome). In fact, causality is a philo-
sophical concept, not a mathematical formula. 
We cannot say with certainty how much evi-
dence needs to be gathered to prove causality. 
However, spending a long time in a moisture-
damaged building results in morbidity, that is 
irrefutable [2, 3, 45, 46]. It is therefore tempt-
ing to conclude that the causality exists and 
that the outcomes do not occur by chance. 
Therefore, the collection of clinical evidence 
focusing only on respiratory symptoms (as in 
the HITEA study) and the techniques to investi-
gate indoor air fungi by the traditional agar 
plate collections and short cultivation times 
seem to be inadequate. To this end, major mis-
conception was the assumption that the toxici-
ty is mediated only by fungal spores (the par-
ticulate matter). Our results question the 
statement that “human mycotoxicosis are 
implausible following inhalation exposure to 
mycotoxins in mold-contaminated home, sch- 
ool, or office environments” [47]. There is now 
an awareness that fungi can expel tiny liquid 
droplets that aerodynamically migrate into the 
airways in conditions of increased relative hu- 
midity. These data have not yet been incorpo-
rated into new mathematical models. In conclu-
sion, we advocate a recognition of DMHS as a 
systemic multi-organ and multi-systemic dis-
ease and recommend that the current practic-
es used to study the toxicity of indoor air should 
be updated.

Acknowledgements

Sisäilmatutkimuspalvelut Elisa Aattela Oy is 
acknowledged for providing technical aid with 
toxicity and microbiological studies. The invo- 
lvement of parents from the water-damaged 
school is highly acknowledged. We feel grateful 
for the discussion on the current topic with 
Professor Mirja Salkinoja-Salonen and Profess- 
or Ville Valtonen. This investigation has receiv- 
ed a grant from Outpatient Research Foun- 
dation, Finland (Avohoidon tutkimussäätiö).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Saija M Hyvonen, 
Medical Faculty, Turku University, Kiinamyllynkatu 
10, Turku 20520, Finland. Tel: +358442173317; 
E-mail: saija.m.hyvonen@utu.fi

mailto:saija.m.hyvonen@utu.fi


Multi-organ symptoms in pupils of a moisture-damaged school

112 Am J Clin Exp Immunol 2020;9(5):101-113

References

[1] World Health Organization (WHO). Damp and 
Mould. Health Risks Prevent and Remedial Ac-
tions. Copenhagen: WHO; 2009.

[2] Hyvönen S, Lohi J and Tuuminen T. Moist and 
mould exposure is associated with high preva-
lence of neurological symptoms and MCS in a 
Finnish hospital workers cohort. Saf Health 
Work 2020; 11: 173-177. 

[3] Hyvönen S, Poussa T, Lohi J and Tuuminen T. 
High prevalence of neurological sequelae and 
multiple chemical sensitivity among occupants 
of a Finnish police station damaged by damp-
ness microbiota. Arch Environ Occup Health 
2020; 16: 1-7. 

[4] Jedrychowski W, Maugeri U, Perera F, Stigter L, 
Jankowski J, Butscher M, Mroz E, Flak E, Ska-
rupa A and Sowa A. Cognitive function of 6-year 
old children exposed to mould-contaminated 
homes in early postnatal period. Prospective 
birth cohort study in Poland. Physiol Behav 
2011; 104: 989-995. 

[5] Ratnaseelan A, Tsiolioni I and Theoharides T. 
Effects of mycotoxins on neuropsychiatric 
symptoms and immune processes. Clin Ther 
2018; 40: 903-917.

[6] Karunasena E, Larrañaga M, Simoni J, Doug-
las D and Straus D. Building-associated neuro-
logical damage modeled in human cells: a 
mechanism of neurotoxic effects by exposure 
to mycotoxins in the indoor environment. Myco-
pathologia 2010; 170: 377-390. 

[7] Luosujärvi R, Husman T, Seuri M, Pietikäinen 
M, Pollari P, Pelkonen J, Hujakka H, Kaipiainen-
Seppänen O and Aho K. Joint symptoms and 
diseases associated with moisture damage in 
a health center. Clin Rheumatol 2003; 22: 
381-385. 

[8] Myllykangas-Luosujärvi R, Seuri M, Husman T, 
Korhonen R, Pakkala K and Aho K. A cluster of 
inflammatory rheumatic diseases in a mois-
ture-damaged office. Clin Exp Rheumatol 
2002; 20: 833-836.

[9] Johnson E, Cole EC and Merrill R. Environmen-
tal health risks associated with off-campus 
student-tenant housing. J Environ Health 
2009; 71: 43-49; 51-52.

[10] Valtonen V. Clinical diagnosis of the dampness 
and mould hypersensitivity syndrome: review 
of the literature and suggested diagnostic cri-
teria. Front Immunol 2017; 10: 951. 

[11] Dooley M and McMahon S. A comprehensive 
review of mold research literature from 2011-
2018. Int Med Rev 2020; 6: 1. 

[12] Tuuminen T and Lohi J. Immunological and 
toxicological effects of bad indoor air to cause 
dampness and mould hypersensitivity syn-
drome. AIMS Allergy Immunol 2018; 2: 190-
204. 

[13] Kuhn D and Ghannoum M. Indoor mould, toxi-
genic fungi, and stachybotrys chartarum: in-
fectious disease perspective. Clin Microbiol 
Rev 2003; 16: 144-172. 

[14] Schmidt K and Spiteller D. Ammonia released 
by streptomyces aburaviensis induces droplet 
formation in streptomyces violaceoruber. J 
Chem Ecol 2017; 43: 806-816. 

[15] Doi K and Uetsuka K. Mechanisms of mycotox-
in-induced neurotoxicity through oxidative 
stress-associated pathways. Int J Mol Sci 
2011; 12: 5213-5237. 

[16] Holme J, Øya E, Afanou A and Ovrerik J. Char-
acterization and pro-inflammatory potential of 
indoor mould particles. Indoor Air 2020; 30: 
662-681.

[17] Kankkunen P, Rintahaka J, Aalto A, Leino M, 
Majuri M, Alenius H, Wolff H and Matikainen S. 
Trichoethecene mycotoxins activate inflamma-
tory response in human macrophages. J Immu-
nol 2009; 182: 6418-6425.

[18] Wong J, Magun B and Wood L. Lung Inflamma-
tion caused by inhaled toxicants: a review. Int J 
Chron Obstruct Pulmon Dis 2016; 11: 1391-
1401. 

[19] Rocha O, Ansari K and Doohan F. Effects of 
trichothecene mycotoxins on eukaryotic cells: 
a review. Food Addit Contam 2005; 22: 369-
378. 

[20] Clark HA and Snedeker SM. Ochratoxin a: its 
cancer risk and potential for exposure. J Toxi-
col Environ Health B Crit Rev 2006; 9: 265-
296. 

[21] Tuuminen T and Lohi J. Dampness and mould 
hypersensitivity syndrome is a biotoxicosis that 
should be diagnosed promptly. Adv Clin Toxicol 
2019; 4.

[22] Salkinoja-Salonen M. Diagnostisia työkaluja 
rakennusten patologiaan. (Diagnostic Tools for 
Building Pathology). Helsinki: Helsingin yliopis-
to, Elintarvike- ja ympäristötieteiden laitos. 
2016. pp. 8-54.

[23] Gareis M and Gareis E. Guttation droplets of 
penicillium nordicum and Penicillium verruco-
sum contain high concentrations of the myco-
toxins ochratoxin A and B. Mycopathologia 
2007; 163: 207-214. 

[24] Gareis M and Gottschalk C. Stachybotrys spp. 
and the guttation phenomenon. Mycotoxin Res 
2014; 30: 151-159. 

[25] Castagnoli E, Marik T, Mikkola R, Kredics L, An-
dersson M, Salonen H and Kurnitski J. Indoor 
trichoderma strains emitting peptaibols in gut-
tation droplets. J Appl Microbiol 2018; 125: 
1408-1422. 

[26] Salo J, Marik T, Mikkola R, Andersson M, 
Kredics L, Salonen H and Kurnitski J. Penicilli-
um expansum strain isolated from indoor 
building material was able to grow on gypsum 
board and emitted guttation droplets contain-



Multi-organ symptoms in pupils of a moisture-damaged school

113 Am J Clin Exp Immunol 2020;9(5):101-113

ing chaetoglobosins and communesins A, B 
and D. J Appl Microbiol 2019; 127: 1135-1147. 

[27] Pessi A and Jalkanen K. Laboratorio-opas. Mi-
crobiologisen asumisterveystutkimuksien näy- 
tteenotto ja analyysimenetelmät. 2018. 

[28] Pasanen AL, Juutinen T, Jantunen M and Kall-
liokoski P. Occurrance and moisture require-
ments of microbial growth of building materi-
als. Int Biodeterior Biodegr 1992; 30: 273- 
283. 

[29] Mosmann T. Rapid colorimetric assay for cel-
lular growth and survival: application to prolif-
eration and cytotoxicity assays. J Immunol 
Methods 1983; 65: 55-63.

[30] Borenfreund E and Puerner J. Toxicity deter-
mined in vitro by morphological alterations and 
neutral red absorption. Toxicol Lett 1985; 24: 
119-124.

[31] Campbell A, Thrasher J, Grey M and Vojdani A. 
Mould and mycotoxins: effects on the neuro-
logical and immune systems in humans. Adv 
Appl Microbiol 2004; 55: 375-406.

[32] Lanthier-Veilleux M, Baron G and Généreux M. 
Respiratory diseases in university students as-
sociated with exposure to residential damp-
ness or mould. Int J Environ Res Public Health 
2016; 13: 1154.

[33] Nesic K, Ivanovic S and Nesic V. Fusarial tox-
ins: secondary metabolites of fusarium Fungi. 
Rev Environ Contam Toxicol 2014; 228: 101-
120. 

[34] Alshannaq A and Yu J. Occurrence, toxicity, and 
analysis of major mycotoxins in food. Int J Envi-
ron Res Public Health 2017; 14: 632.

[35] Zhang X, Norbäck D, Fan Q, Bai X, Li T, Zhang Y, 
Li B, Zhao Z, Huang C, Deng Q, Lu C, Qian H, Xu 
Y, Sun Y, Sundell J and Wang J. Dampness and 
mould in homes across China: associations 
with rhinitis, ocular, throat and dermal symp-
toms, headache and fatigue among adults. In-
door Air 2019; 29: 30-42.

[36] Park J, Cho S, White S and Cox-Ganser J. 
Changes in respiratory and non-respiratory 
symptoms in occupants of a large office build-
ing over a period of moisture damage remedia-
tion attempts. PLoS One 2018; 13: e0191165.

[37] Rosbach J, Krop E, Vonk M, van Ginkel J, Me-
liefste C, de Wind S, Gehring U and Brunekreef 
B. Classroom ventilation and indoor air quality-
results from the FRESH intervention study. In-
door Air 2016; 26: 538-545.

[38] Huttunen K, Tirkkonen J, Täubel M, Krop E, 
Mikkonen S, Pekkanen J, Heederik D, Zock J, 
Hyvärinen A and Hirvonen M. Inflammatory po-
tential in relation to the microbial content of 
settled dust samples collected from moisture-
damaged and reference schools: results of 
HITEA study. Indoor Air 2016; 26: 380-390.

[39] Jacobs J, Krop E, Borras-Santos A, Zock J, 
Täubel M, Hyvärinen A, Pekkanen J, Doekes D 
and Heederik J. Endotoxin levels in settled air-
borne dust in european schools: the HITEA 
school study. Indoor Air 2014; 24: 148-157.

[40] Jacobs J, Borràs-Santos A, Krop E, Täubel M, 
Leppänen H, Haverinen-Shaugnessy U, Pe-
kkanen J, Hyvärinen A, Doekes G, Zock J and 
Heederik D. Dampness, bacterial and fungal 
components in dust in primary schools and re-
spiratory health in schoolchildren across Eu-
rope. Occup Environ Med 2014; 71: 704-712.

[41] Casas L, Tischer C, Wouters I, Valkonen M, 
Gehring U, Doekes G, Torrent M, Pekkanen J, 
Garcia-Esteban R, Hyvärinen A and Sunyer J. 
Endotoxin, extracellular polysaccharides, and 
β(1-3)-glucan concentrations in dust and their 
determinants in four european birth cohorts: 
results from the HITEA project. Indoor Air 2013; 
23: 208-218.

[42] Mikkola R, Andersson M, Hautaniemi M and 
Salkinoja-Salonen M. Toxic indole alkaloids 
avrainvillamide and stephacidin B produced by 
a biocide tolerant indoor mold Aspergillus 
westerdijkiae. Toxicon 2015; 99: 58-67. 

[43] Peltola J, Andersson M, Haahtela T, Mussalo-
Rauhamaa H, Rainey F, Kroppenstedt R, Sam-
son R and Salkinoja-Salonen M. Toxic-metabo-
lite-producing bacteria and fungus in an indoor 
environment. Appl Environ Microbiol 2001; 67: 
3269-3274.

[44] Jaakkola M, Lajunen T and Jaakkola J. Indoor 
mould odor in the workplace increases the risk 
of Asthma-COPD overlap syndrome: a popula-
tion-based incident case-control study. Clin 
Transl Allergy 2020; 10: 3.

[45] Vornanen-Winqvist C, Järvi K, Andersson M, 
Duchaine C, Létourneau V, Kedves O, Kredics 
L, Mikkola R and Salonen H. Exposure to in-
door air contaminants in school buildings with 
and without reported indoor air quality prob-
lems. Env Int 2020; 141: 105781.

[46] Salin J, Salkinoja-Salonen M, Salin P, Nelo K, 
Holma T, Ohtonen P and Syrjälä H. Building re-
lated symptoms are linked to the in vitro toxic-
ity of indoor dust and airborne microbial propa-
gules in schools: a cross-sectional study. 
Environ Res 2017; 154: 234-239.

[47] Kelman B, Robbins C, Swenson L and Hardin 
B. Risk from inhaled mycotoxins in indoor of-
fice and residential environments. Int J Toxicol 
2004; 23: 3-10.


