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ABSTRACT 
 

Background Respiratory health effects of damp housing are well recognised, 
but less is known about the effect of dampness and water damage in schools. 
The HITEA study previously reported a higher prevalence of respiratory 
symptoms in pupils from moisture damaged schools, but the role of specific 
microbial exposures remained unclear.  
Objectives To study associations between school dampness, levels of fungal 
and bacterial markers, respiratory symptoms and lung function in children.  
Methods Primary schools in Spain, the Netherlands and Finland were selected 
on the basis of the observed presence (n=15) or absence (n=10) of moisture, 
dampness and/or mould. Settled dust was repeatedly sampled in 232 classrooms 
and levels of 14 different microbial markers and groups of microbes were 
determined. Parental reports of respiratory symptoms were available from 3843 
children aged 6–12 years, of whom 2736 provided acceptable forced spirometry 
testing. Country-specific associations between exposure and respiratory health 
were evaluated by multilevel mixed-effects logistic and linear regression models 
and combined using random-effects meta-analysis.  
Results The prevalence of respiratory symptoms was higher in moisture 
damaged schools, being more pronounced in Finnish pupils. Effects on lung 
function were not apparent. Levels of microbial markers were generally higher 
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in moisture damaged schools, varied by season and were lower in Finnish 
schools. Wheeze tended to be inversely associated with microbial levels. All 
other respiratory symptoms were not consistently associated with microbial 
marker levels.  
Conclusions Health effects of moisture and microbial exposures may vary 
between countries, but this requires further study.  

WHAT THIS PAPER ADDS 

• Several studies found consistent evidence for an association between 
dampness and mould observations in buildings and adverse effects on 
respiratory health in domestic and occupational settings; little is known about 
health effects related to exposure in school buildings.  

• We studied associations between school dampness, microbial exposure and 
respiratory health in children. 

• Associations were found between school dampness and respiratory 
symptoms, but not with lung function. These associations were not explained 
by levels of a range of (molecular) microbial markers.  

• Our results indicate that associations between moisture, microbial exposure 
and health may vary between countries, meaning that future studies on 
microbial exposure across different regions and countries should also take 
into account differences in culture, climate and building use.  

INTRODUCTION 

Numerous studies in dwellings have found consistent associations between reported 
dampness in buildings and respiratory symptoms, asthma and allergies.1–4 
Associations between dampness and respiratory symptoms have been observed in 
some school studies,5–7 but potential causal agents and mechanisms leading to 
health effects have not been studied extensively, particularly in schools.2–4 ,8 Only a 
few studies have examined microbial agents in school environments in relation to 
health effects.9–12 

We previously found a higher prevalence of respiratory symptoms in children 
attending schools affected by moisture damage. Effects were more pronounced in 
Finnish schools.13 However, quantitative microbial exposure assessment and 
objective respiratory health assessment were not considered. The aim of this study 
was to explore associations between school dampness and respiratory health, and to 
explore whether long-term microbial exposure in the school environment can explain 
associations between dampness and respiratory health. Levels of bacterial and fungal 
markers in airborne settled school dust were measured, including endotoxin, β-(1,3)-
glucans, ergosterol and eleven DNA based assays for specific microbial groups and 
species using quantitative qPCR. Microbial exposure was measured in 232 
classrooms, corresponding to a population of 3843 children with assessment of 
respiratory health and acceptable lung function measurements of 2736 children.  
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METHODS 

Study design and population 

Participating schools were selected as described earlier.14 Briefly, 57 schools with 
and without dampness and moisture damage problems were selected for on-site 
inspections, based on building questionnaire data. They were all schools that were 
willing to participate, had more than 200 pupils, and had not planned major repairs or 
renovations during the period of the study. Schools were categorised as damaged 
(index schools) or non-damaged schools (reference schools), based on the number, 
extent, severity and location of dampness and moisture damage observations during 
the inspector's visits. All children from the first to sixth grade (aged ±6 to ±12 years) 
were invited to complete a parent-administered questionnaire. In the next phase, 14 
index and 11 reference schools were selected for more detailed exposure and health 
characterisation. In Spain, the Netherlands and Finland, 8, 11 and 6 schools, 
respectively, participated.  

The design of the HITEA school is presented in the online supplemental material, 
p.3. 

Respiratory health assessment 

The questionnaire survey was carried out during the fall of 2008 and was based on 
the validated International Study of Asthma and Allergy in Children questionnaire.15 
Wheeze, congestion/phlegm, nocturnal dry cough and rhinitis during the past 12 
months were considered as the health outcome (see online supplement, p.6 for 
complete definitions).  

Lung function tests were performed in winter/early spring 2009. The forced 
expiratory volume in 1 s (FEV1), forced vital capacity (FVC), forced expiratory flow 
25–75% and the peak expiratory flow were measured using NDD EasyOne 
(Andover, Massachusetts, USA) spirometers following the European Respiratory 
Society guidelines.16 All lung function manoeuvres were reviewed manually by one 
lung function expert. Only sessions which led to at least two acceptable tests and a 
reproducibility of the FEV1 and FVC within 200 mL were considered for further 
analyses.  

Dust collection, extraction and analysis 

Dust was collected during three different periods: winter/early spring 2009 (exposure 
assessment (EA1)), late spring 2009 (EA2) and winter/early spring 2010 (EA3). 
Airborne dust was passively sampled on surfaces at a minimum height of 150 cm 
above floor level in 25 schools simultaneously for 8 weeks with electrostatic dust fall 
collectors (EDC)17 and settled dust boxes (SDB).18 Sampling devices were placed 
on approximately 15 locations per school, including classrooms. In total, 232 
classrooms and 77 pooled classroom areas were sampled using EDCs and SDBs, 
respectively. At the local study centre, cloths were removed from the EDCs, dust was 
vacuumed from the SDBs, suspended in buffer and stored at −20°C. Detailed 

http://www.nivel.eu/


Jacobs, J., Borras-Santos, A., Krop, E., Täubel, M., Leppanen, H., Haverinen-Shaughnessy, U., 
Pekkanen, J., Hyvärinen, A., Doekes, G., Zock, J.P., Heederik, D. Dampness, bacterial and fungal 
components in dust in primary schools and respiratory health in schoolchildren across Europe. 
Occupational and Environmental Medicine: 2014, 71(10), 704-712 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

information on extraction and analyses of dust samples can be found in the online 
supplemental material, p.3).  

EDC extracts were tested for endotoxin content using a limulus amoebocyte lysate 
assay (Lonza Group, Basel, Switzerland) according to the manufacturer's protocol, 
and expressed in endotoxin units (EU). Glucans were analysed with a specific β-
(1,3)-glucan sandwich enzyme immunoassay (EIA) as previously described.19 The 
limit of detection (LOD) of the assay was 300 EU/m2 for endotoxin and 200 ng/m2 
for glucans. Endotoxin could be detected in all classroom samples. Four (2%) of the 
glucan samples were below the LOD and were assigned a value of 133 ng/m2.  

Ergosterol was analysed by gas chromatography in combination with an ion trap 
mass spectrometer as described earlier.20 

Dust from SDBs was pooled for predefined clusters of classrooms in the same area 
of a school, resulting in 77 pooled classroom areas. In these pooled dust samples 
DNA from Cladosporium herbarum, Eurotium amstelodami, Stachybotrys 
chartarum, Wallemia sebi, Penicillium chrysogenum, group Trichoderma 
viride/atroviride/koningii, group Penicillium spp./Aspergillus spp./Paecilomyces 
variotii, Mycobacterium spp., Streptomyces spp., Gram-positive bacteria and Gram-
negative bacteria was measured by using quantitative PCR methods.  

Covariables and confounding e 

In each school, indoor PM2.5, soot, NO2 and CO2 were measured during five 
consecutive schooldays to study whether ventilation and traffic-related exposure can 
confound associations between microbial school levels and health. Detailed 
information on the exposure assessment of the CO2 and traffic-related indices can be 
found in the online supplemental material, p.5.  

Statistical analysis 

The distribution of the microbial markers was highly skewed and therefore log 
transformed. Spearman correlations coefficients were determined to evaluate the 
correlation between exposure markers. In order to calculate average exposure levels, 
left-censored regression (tobit) models were used to take into account the large 
proportion of undetectable values for some of the microbial markers.  

The school average of all classrooms sampled during the three repeated 
measurements was used for the DNA-based (qPCR) microbial determinations and 
ergosterol and classroom-specific exposure from the first exposure assessment was 
used for endotoxins and glucans.  

‘Total microbial exposure’ was assessed by creating a ‘sum score’ variable as a 
marker for multiple microbial signals. For each marker, exposure was categorised as 
low (1), medium (2) or high (3) based on country-specific tertiles. In Finland, most 
microbial markers were detected in very few samples and therefore categorised as 
non-detectable (0) or detectable (1). Only endotoxin, glucan, Gram positive and 
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negative bacteria levels were categorised based on tertiles in Finland. Since DNA 
from Penicillium chrysogenum, Stachbotrys chartarum, Trichoderma viride and 
Wallemia sebi were detected in less than 50% of the samples in each country, these 
were always categorised as non-detectable (0) or detectable (1) as well.  

Country-specific associations were evaluated using ORs for symptoms and 
regression coefficients for lung function variables with 95% CI, obtained by 
multilevel mixed-effects logistic and linear regression. Effect estimates were 
combined and potential heterogeneity effects between countries (p<0.10) were 
studied by using standardised methods for random-effects meta-analysis (Hedges 
1998). Associations with symptoms were adjusted for gender, age, parental 
educational level (as an indicator for socioeconomic level) and moisture damage in 
the home. This selection was based on the confounders considered in our previous 
study.13 For lung function, height, the assisting technician and passive smoking were 
included as well. For all associations ‘school’ was included as a group variable to 
adjust for correlations within schools. Health effects estimates were expressed as the 
change associated with an IQR increase in microbial exposure per country.  

Additional analyses were performed limited to asthmatics or children with wheeze, 
excluding children with moisture and mould at home or those who recently used 
asthma medication, to study whether associations might be limited to susceptible 
groups or whether effect-modification played a role. We also performed stratified 
analyses by gender, age group, parental education or maternal asthma.  

Statistical analyses were performed with SAS V.9.2 and STATA V.10.1 for the 
meta-analyses. 

RESULTS 

Microbial exposure 

Levels of microbial markers in classrooms differed strongly between countries and 
were higher in Spain and the Netherlands compared with Finland (table 1). 
Endotoxin, ergosterol and Penicillium chrysogenum DNA levels were higher in 
classrooms of index compared with reference schools in all three countries, although 
differences were not always statistically significant. Generally, the majority of PCR-
markers were higher in index schools, but the differences were mostly not 
significant. Most consistent differences between index and reference schools were 
seen in Dutch schools, but they were generally smaller than a factor of two for most 
markers.  

[TABLE 1] 

Between schools, differences in microbial levels were larger. For instance, Gram 
positive and negative bacteria DNA levels differed by a factor of 4–5 between 
schools with the highest and lowest measured exposure in each of the three countries. 
In Spain and the Netherlands, Cladosporium herbarum DNA and group Penicillium 
spp/Aspergillus spp/P. variotii DNA differed by a factor of 5 between schools with 
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the lowest and highest levels, whereas DNA levels of Mycobacterium spp and 
Streptomyces spp differed by a factor of more than 10. Even larger exposure 
differences between schools existed for types of microbial markers that were 
detected in only a part of the samples (data not shown). Endotoxin and glucans and 
DNA from Gram positive and negative bacteria were highly correlated in each 
country (r>0.66 and r>0.85, respectively; see online supplementary table S1). 
Correlations between other microbial markers differed between countries.  

Study population characteristics 

Health questionnaires were received from 3843 children (response rate: 62%). 
Information on lung function was obtained from 3538 children (response rate: 57%). 
From 2736 children, valid and reproducible lung function measurements and 
confounder information were available.  

Exposure to passive smoking at home was more common in Spain and the 
Netherlands than in Finland (table 2). Moisture damage or mould at home was 
reported by 4% of the Finnish participants, while in Spain and the Netherlands 19% 
of the participants reported moisture or mould at home during the past year.  

[TABLE 2] 

Nasal symptoms were reported more frequently in Finland compared with Spain and 
the Netherlands (33% vs 23%). Also, current wheeze (13%), congestion and phlegm 
(10%) and asthma prevalence (8%) were slightly higher in Finland compared with 
Spain and the Netherlands, while the frequency of nocturnal dry cough was lowest in 
the Finnish children, that is, 13% compared with 19% in the Netherlands and 21% in 
Spain. Asthma and congestion and phlegm were lowest in Spain (4% and 6%, 
respectively), while in the Netherlands wheeze was reported less frequently (9%) 
compared with the other two countries.  

Dampness, microbial exposure and respiratory health 

In general, respiratory symptoms were reported more often in pupils attending 
schools affected by moisture, but meta-associations were only significant for dry 
cough at night (OR 1.31; 95% CI 1.04 to 1.64; figure 1A). Country-specific 
associations were mainly significant in Finland. No associations were found between 
school moisture and lung function (figure 1B).  

[FIGURE 1] 
Association between moisture at school and respiratory health. Forest plots of 
country-specific ORs and estimates (EST) (95% CI). The box area is proportional to 
the statistical weight for the individual study. The diamond indicates the 95% CI of 
the combined risk estimate from the model, with county as a random effect; * = p for 
heterogeneity<0.10.  

Symptom prevalence during the past 12 months was not clearly associated with 
microbial exposure (figure 2 and see online supplementary figure S1). Increased 
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exposure tended to be associated with less symptoms, especially for wheeze and 
especially in Spanish schools. In Spain also, prevalence of phlegm and nocturnal dry 
cough was lower when exposure was higher; associations with combined microbial 
exposure were significant (sum score; ORs between 0.63 and 0.68). However, there 
was no clear consistency overall across countries and between specific microbial 
markers. Exploring associations separately for sum scores of fungal or bacterial 
DNA markers did not clearly change associations (data not shown).  

[FIGURE 2] 

No clear and statistically significant associations were found between microbial 
exposure and lung function (figure 3).  

[FIGURE 3] 
Association between measured microbial levels and lung function, Forest plots of 
country-specific estimates (est) (95% CI) for the effect of measured microbial levels 
(IQR increase). The box area is proportional to the statistical weight for the 
individual study. The diamond indicates the 95% CI of the combined risk estimate 
from the model, with county as a random effect; * = p for heterogeneity<0.10.  

Inclusion of microbial markers did not change moisture-health associations for 
symptoms or for lung function (see online supplementary table S2, figure S2). There 
were also no indications for non-linear exposure-health associations when the 
prevalence of wheeze was explored in relation to tertiles of endotoxin, glucan and 
total sum score of exposure (data not shown). Taking into account CO2 and traffic-
related exposures, such as indoor PM2.5, soot or NO2 levels, as potential determinants 
that can affect respiratory health (as confounder) did not change the association 
between moisture and health either (data not shown).  

Sensitivity analyses 

Analyses limited to asthmatics or children with wheeze did not indicate that 
symptoms or lung function were associated with moisture damage or microbial 
exposure in these subgroups. Also, excluding children with moisture and mould at 
home or those who recently used asthma medication did not alter associations 
between school dampness, lung function or symptom prevalence (data not shown). 
Stratification by gender, age group, parental education or maternal asthma (see 
online supplementary figure S3) did not indicate that results were explained by effect 
modification.  

DISCUSSION 

This is the largest study in Europe that has been performed on dampness and 
microbial markers in schools, with strong and detailed exposure and health 
assessment components. Symptom and lung function data were available for 3843 
and 2736 children, respectively, and microbial markers were repeatedly measured in 
almost 700 samples from more than 200 measurement locations over three seasons. 
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Schools that experienced dampness problems were oversampled, resulting in an 
increased potential to find associations between dampness and microbial markers. 
This means that the power of this study is high and that it can thus be considered as 
highly informative. Despite this power, we did not find clear associations between 
microbial exposure and respiratory health.  

Respiratory symptoms in schoolchildren were reported more frequently in schools 
that were affected by moisture and mould, but mainly in Finland. Paradoxically, 
measured microbial levels in Finnish schools were considerably lower than in 
Spanish and Dutch schools and the differences between index and reference schools 
were not consistent. Although microbial levels tended to be higher in damp schools, 
significant differences between schools with and without dampness were 
predominantly found in Dutch schools. The microbial markers measured in this study 
and determined from settled dust in classrooms were not able to explain the observed 
association between moisture and mould and increased risk of respiratory symptoms 
in pupils. There was a suggestion that respiratory symptoms decreased with 
increasing microbial exposure, particularly for wheeze, but these findings were not 
significant and not consistent between countries. No associations of moisture and 
mould or microbial growth with lung function in schoolchildren were observed.  

The associations between moisture at school and symptoms that we found previously 
were confirmed in the subsample of schools and children in this study.13 Previously, 
we found a significant and consistent association with school moisture and dry cough 
at night (OR 1.15; 95% CI 1.00 to 1.33). In this study, we also found borderline 
significant associations with recent cough, phlegm and nasal symptoms. These 
associations are likely to be related to the selection of schools; in this follow-up 
survey, exposure contrast was increased by selecting index schools that were most 
affected by dampness, moisture damage and mould, whereas the least affected 
schools were selected as reference schools.  

We did not observe associations between school dampness and lung function. 
Consistent with this, no associations have been found between dampness and lung 
function in children and teachers in previous school studies.21–23 Few studies have 
investigated associations between home dampness and lung function;1 ,24 ,25 
although lung function tended to be lower in children living in damp houses, the 
evidence for an association is considered inconsistent.4 

A limited number of previous studies have examined microbial exposures in schools 
and the impact on health, with conflicting results. Some found positive associations 
between (viable and non-viable) microbial levels and respiratory symptoms,5 ,10 ,12 
while negative associations between viable bacteria, moulds and respiratory 
symptoms in pupils have also been found.26 

Endotoxin in the school environment is likely to contribute considerably to the total 
burden of endotoxin exposure. Levels are higher in schools than in bedrooms from 
schoolchildren27 ,28 and school endotoxin levels were also associated with non-
atopic asthma symptoms in a Dutch subsample of children in this study.28 We do not 
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have information on atopic status for the complete study population, so in this study 
we cannot differentiate between atopic and non-atopic symptoms.  

A study of 10 Chinese schools showed protective effects of microbial exposure to 
muramic acid and ergosterol in combined dust from floors, chairs and desks of 39 
classrooms on asthma symptoms of 1993 pupils, while the effect of endotoxin 
lipopolysaccharides (LPS) depended on the chain length of the fatty acid chains of 
the LPS molecules.11 We were not able to reproduce these associations between 
endotoxin exposure and asthma-like symptoms.  

Microbial DNA targets were measured in only two other studies. Aspergillus 
versicolor DNA and Streptomyces DNA measured in petri dish dust samples during 
1 week in 32 classrooms of 8 Malaysian schools were associated with respiratory 
symptoms in 462 children aged 14–16.12 Associations between S. chartarum DNA 
and daytime breathlessness were inverse. A study that investigated 46 classrooms in 
21 schools in 5 European countries found inverse associations between A. versicolor 
DNA and Streptomyces DNA in floor dust and lung function.10 Furthermore, 
Aspergillus/Penicillium DNA was significantly associated with wheeze, and A. 
versicolor DNA was significantly associated with wheeze, rhinitis and cough.  

Dampness is one of the main contributors of microbial growth in buildings. In our 
study, levels of microbial markers varied considerably between countries, with the 
lowest levels being found in Finland. The differences between index and reference 
schools within countries were, however, relatively small with only consistent 
findings in the Netherlands. Other studies, mainly in Scandinavia, have found 
differences in microbial markers between schools with dampness and reference 
schools,18 ,29 ,30 but here also the differences were small. In addition, viable 
moulds were measured or active air sampling was used, so they cannot be directly 
compared with our results. Higher levels of viable moulds and total fungal DNA 
were found in buildings with mould or dampness problems in another pan-European 
study.10 Like in our study, a north-south gradient in exposure was found, with the 
lower levels in the Nordic countries. This was only the case for viable moulds and 
not for total fungal DNA. Nevertheless, effects of dampness and country were not 
mutually adjusted and it remains unclear whether the schools affected by dampness 
were heterogeneously distributed over countries, possibly resulting in biased 
estimates of the effects of dampness and the north-south differences.  

Several factors may explain the large differences in microbial levels between 
countries, and the relatively small differences between damp and reference schools 
within a country. The microbes and microbial markers we measured—an extensive 
set—still characterise the dampness-related microbial exposure only to a limited 
extent, as previously found for homes.31 At the same time, it is known that microbial 
levels indoors are determined by a variety of factors that may vary between 
countries. In home dust, a considerable part of the bacteria is of human origin.32 In 
schools, which are places with a high occupant density, a large part of the 
(particularly bacterial) microbes is most likely of human origin (derived from 
occupants’ skin, hair, breathing and clothes). Moreover, microbial growth on 
building materials is typically diverse and complex because it can be influenced by 
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the nature of the moisture problem, type and use of materials, outdoor sources and 
several other factors.33 ,34 In our study, for instance, the type of moisture problems 
in schools differed between the three countries. In Spain, a relatively high prevalence 
of moisture or water damage from outside sources and rising damp occurred. In the 
Netherlands, the schools commonly reported signs of dampness (like condensation 
on windows), while mould odour was relatively commonly reported in Finnish 
schools.14 This might have resulted in the different microbial exposure patterns that 
were found in our study. In Finland, snow coverage during a long period of the year 
most likely contributed to the lower microbial marker levels compared with Spain 
and the Netherlands.  

Microbial exposure is also affected by cultural differences and building use. Finnish 
children change shoes at the entrance, which is not common in Spain and the 
Netherlands. This most likely influenced the ‘influx’ of soil and associated 
microorganisms into the indoor environment and in indoor dust. In all Finnish 
schools, mechanical ventilation with filtered incoming air was present, while a 
substantial part of the Spanish and Dutch schools only had natural ventilation 
(opening windows) and no filtering of the supply air. Even though the literature lacks 
dedicated and conclusive studies on this subject, it can be expected that the type of 
ventilation as well as air exchange rates affects microbial levels indoors.35 ,36 

Even though the overall microbial levels were low and differences between index 
and reference schools were inconsistent, the associations between moisture damage 
and respiratory symptoms were strongest in Finland. The three countries seem to 
have markedly different exposure patterns for most microbial markers and groups. 
While in Spain and the Netherlands exposure is always relatively high and 
measurable, microbial exposure during winter in Finland generally seems to be very 
low. It can be hypothesised that this different pattern in exposure between countries 
might contribute to the difference in symptoms occurrence and relations with school 
dampness and microbial exposure. Also, the dry and cold conditions in Finland, 
mainly during winter, might have predisposed children to suffer from symptoms 
more easily, particularly in damp schools as a result of possible (unmeasured and 
unmeasurable) exposure. In addition, possibly higher microbial levels and diversity 
in Spain and the Netherlands are protecting, to some extent, against development of 
respiratory and allergic symptoms. We found a tendency of lower symptoms 
prevalence in relation to higher microbial levels in schools (particularly in Spain), 
and this was also found in previous studies in farms and homes.37 ,38 One could 
hypothesise that (early-life) microbial exposure in Finland is generally lower due to 
less contact with different microbe-rich environments (like daycare centres (table 2)), 
which could result in less protection against development of respiratory symptoms 
later in life.39 This pattern of lower and larger temporal microbial exposure in 
Finland might influence development of tolerance and susceptibility of children 
despite the low levels of microbial exposure.  

The effect of dampness on microbial exposure was small, generally smaller than a 
factor of two for most markers in the Netherlands, where associations with dampness 
seemed to be most clear and present. The IQR in exposure between all measurement 
locations was higher and ranged between 0 and 60, dependent on the microbial 
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marker or group considered (data not shown), indicating that despite the absence of a 
dampness effect, there is a contrast in microbial exposure within this study and that 
the study had sufficient contrast in exposure to pick up associations between 
symptoms and lung function differences related to microbial exposure. We only 
studied schools that had no planned renovations during the entire survey period of 
the HITEA school study, which was 2 years due also to longitudinal elements in the 
study design, which will be reported elsewhere. Schools with more severe moisture 
problems that would require immediate or intermediate counteraction were not able 
to participate in this study, resulting in lower moisture damage exposure contrast and 
subsequently lower contrast in microbial contamination.  

In our study, settled dust was measured at a sampling height of at least 1.50 m. This 
might better reflect inhalable microbial exposure compared with dust sampled from 
floors or mattresses.17 To reduce temporal variation, which is a limitation of studies 
that measure exposure by active sampling, dust was sampled for 8 weeks Although 
dust was sampled when children were absent, it was shown in an earlier study that 
exposure was negligible during weekends and nights, indicating that sampling 8 
weeks continuously did not distort the exposure estimations.40 Also, cleaning 
methods and frequency might affect dust levels.41 Despite the potential effects of 
these factors, good correlations were described earlier between endotoxin 
measurements from settled dust collected on the EDC and ‘true exposure’ by actively 
sampled PM10 airborne dust, indicating that the used sampling methods are a good 
alternative for floor dust measurements.17 ,42 

Earlier studies found associations between microbial exposure assessed on a more 
detailed level (eg, classroom level) and health symptoms.10–12 In this study, pooling 
of settled dust collected with the SDB was performed in order to collect the 
necessary amount of dust. Therefore it was, except for endotoxin and glucans, not 
possible to study associations between the individual classroom levels and specific 
health outcomes of students. Refined analyses that included only the exposure 
measurement taken during the health survey, and exposure averages based on 
clusters of pooled classroom samples instead of overall school averages, did not 
change the results.  

As was found in other studies, moisture at the homes of study participants was 
associated with the prevalence of several symptoms (data not shown). In ∼20% of 
the houses of the Spanish and Dutch participants, moisture or mould was reported, 
which might bias our associations between school moisture and health. Therefore, 
analyses were also performed excluding this group. The tendency of the associations, 
however, was comparable as for the whole data set.  

The response rate of our study was 60%. A comparison of symptoms of the 
participants and non-participants of the lung function tests revealed no major 
differences between the two groups. The possibility of over-reporting symptoms in 
moist schools as a result of public awareness, as well as selective avoidance of 
schools with dampness problems by symptomatic children, cannot be ruled out 
completely in this study.  
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In conclusion, this study can be considered highly informative, being unique in that it 
explored microbial exposure in primary schools qualitatively and quantitatively in 
great detail and with a strong and detailed exposure assessment strategy. Our results 
indicate that associations between moisture, microbial exposure and health may vary 
between regions and countries. We found associations between observed dampness 
in schools and respiratory symptoms, in the absence of effects on lung function, with 
associations mainly being observed in Finland. The microbial exposure as 
determined in this study did not explain the observed associations between dampness 
and respiratory symptoms; less wheezing was observed when microbial levels were 
higher. Associations for other respiratory symptoms and lung function were not 
consistent. It was hypothesised that the exceptional exposure pattern in Finland, with 
very low exposure during winter, as well as low microbial levels during warmer 
periods of the year, might have contributed to symptom occurrence; however, this 
requires further longitudinal studies.  
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