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Moisture damage scoring of schools
The moisture damage score was calculated based on extent, severity and location of damage
observations in classrooms or other frequently occupied spaces in school buildings as assessed
during walk-through building inspections by trained personnel, utilizing the protocols and
surface moisture detection as described by Haverinen-Shaughnessy1:
 Score = 0 if no moisture damages were observed in the school building
 Score = Score + 1 if moisture damages in locations other than classrooms exceeded 50m2
 Score = Score + 1 if moisture damages in locations other than classrooms exceeded 100m2
 Score = Score + 1 if moisture damages in classrooms exceeded 5m2
 Score = Score + 1 if moisture damages in classrooms exceeded 10m2
 Score = Score + 1 if maximum severity of damage observations in the school building
exceeded 2
 Score = Score + 1 if maximum severity of damage observations in classrooms exceeded 1
 Score = Score + 1 if observations of visible mould in classrooms exceeded 1
 Score = Score + 1 if observations of visible mould in other locations than classrooms
exceeded 2

The scale of the score was from 0 to 8, but in our dataset the values varied between 0 and 7. In
the case of a school with more than one building, the highest value for a building that was
included in the pooled sample was chosen. For the statistical analyses, the data was divided in
three categories: “no moisture damage” (0), “minor moisture damage” (1-3) and “major
moisture damage”4-7.
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Questions on health outcomes


Wheeze: “Has your child had wheezing or whistling in the chest in the last 12 months?”



Congestion/phlegm: “In the last 12 months, has your child usually seemed congested in
the chest or coughed phlegm (mucus) when he/she did not have a cold?”



Nocturnal dry cough: “In the last 12 months, has your child had a dry cough at night,
apart from a cough associated with a cold or chest infection?”



Rhinitis: “In the last 12 months, has your child had a problem with sneezing or a runny
or blocked nose when he/she did not have a cold or the flu?”



Nasal bleeding: "How many times in the last 12 months, has your child had any of the
following symptoms? Nasal bleeding (None, 1 time, 2 times, 3 times or more)*



Fatigue: "How many times in the last 12 months, has your child had any of the following
symptoms? Fatigue (None, 1 time, 2 times, 3 times or more)*
*) Categories 0-2 times were combined and compared with ≥3 times in data analysis

Dust collection and extraction
Each school was sampled during winter/spring 2009. Within each country the sample collection
periods were parallelized between the study schools as much as possible. The sampling
campaigns were also parallelized between the three countries; however, school-free periods
were avoided and local school conditions had to be respected. In each school, approximately
15 locations were sampled, with emphasis on representing well the whole school building /
study population. Classrooms were primarily targeted, but also other frequently occupied
indoor locations of the school building were considered.

Samples of settled dust were collected in settled dust boxes (SDBs) - polyethylene coated
cardboard boxes with dimensions of 45 cm x 20 cm. A similar sampling approach has been
described earlier by Wuertz et al.2. The boxes were placed in a height of 1.5 to 2.5 m, avoiding
locations with major air flow disturbances. After the standardized sample accumulation period
of 8 weeks, the SDBs were closed and transported to the local study center by a field worker.
In clean laboratory facilities, the settled dust from a single SDB was vacuumed with a pump
operated at flow rate of approximately 5 l/min onto one mixed cellulose ester (MCE)-filter
cassette (Zefon, 37 mm, 45 µm). The filter was then suspended in a glass beacher in 5 ml of
dilution buffer (1 l deionized water, 0.04 g KH2PO4, 0.25g MgSO4 * 7H2O , 0.008 g NaOH,
0.2 ml Tween 80 detergent), sonicated for 15 minutes and shaken for another 15 minutes. The
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filters were removed; the suspensions were transferred into sterile, pyrogen free 15 ml screw
cap plastic vials and stored at -20 °C until further processing.

In order to allow multiple microbial and toxicological analyses from one sample and to limit
sample numbers to a feasible quantity, pooling of settled dust suspensions from single locations
in the school was performed. For the current analyses, one ‘school pool’ combing settled dust
suspensions from all classrooms/hallways/other locations that were sampled in a given school
was used for the toxicological analyses. For the assessment of toxicity, one portion of the
pooled dust suspension was filtered through a 70 µm filter to remove the largest particles and
resulting in more homogenous sample. The filtered suspension was further aliquotted and
stored frozen (-20 C) until the experiments.

A slightly different sampling approach, but also based on passively collecting settled dust onto
a standard surface over an eight week sample accumulation period, was used for the
measurement of endotoxin and β-1,3-glucan, as described by Jacobs et al.3, 4. Settled dust for
these analyses was collected with electrostatic dustfall collectors (EDCs)5. While no pooling
of the individual samples was performed at the stage of laboratory analyses, we here calculated
the mean over the individual locations of each school.

Analysis of microbial components
1.8 ml of settled dust suspensions created from the SDBs were used for DNA extraction. The
suspensions were centrifuged (10 minutes at 16.000 * g), the supernatant was reduced to 100
µL and the dust pellet resuspended and transferred into an Eppendorf tube containing glass
beads. DNA extraction including a bead-beating step for mechanical cell disruption was
performed as described earlier6, 7.

To quantitatively measure the concentration of certain microbial groups or species in the dust
samples, quantitative PCR assays were performed, targeting different microbial groups. In the
current analyses we used following assays: Penicillium spp./ Aspergillus spp. / Paecilomyces
variotii group, Mycobacterium spp., and Gram-positive and Gram-negative bacteria. The qPCR
primers and probes used in this study have been published earlier7-9. The qPCR laboratory
analyses and calculations were performed as described by Kaarakainen et al.10, using ABI
Prism 7000 (Applied Biosystems) and RotorGene 3000 (Corbett Life Science) equipment.
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Ergosterol is a compound of the fungal cell membrane and represents fungi in general.
Muramic acid is a compound of the bacterial cell wall; however, Gram-positive species have
5-10 times more muramic acid than Gram-negative species and thus, muramic acid is
commonly used as a marker of primarily Gram-positive bacterial exposures. 2 and 4 mL of
settled dust suspensions were freeze-dried for ergosterol and muramic acid determinations
prior to sample preparation. The sample preparation of ergosterol was carried out by modifying
the method published by Axelsson et al.11 and of muramic acid by modifying the method
presented by Sebastian et al.12 In our methods, hexane was used instead of heptane. The
ergosterol and muramic acid samples were diluted to 100 mL of hexane and to 150 mL of
chloroform, respectively, before analysis by gas chromatography tandem mass spectrometry
(GC–MS–MS). The analyses were performed with a PolarisQ ion trap mass spectrometer (MS–
MS) (Thermo, Austin, TX, USA) equipped with a Trace GC-ultra gas chromatograph (GC)
(Thermo Electron Corporation, Milan, Italy) with a DB-5MS fused-silica capillary column
(J&WScientific, Loveland, CO, USA)13.

The EDC sample processing and analyses of (1-3)-β-D-glucans and endotoxin from those
samples have been described previously in detail3, 4, 14. In brief, EDC extracts were tested for
endotoxin content using a Limulus Amoebocyte Lysate (LAL) assay (Lonza Group, Basel,
Switzerland) according to the manufacturer’s protocol. Samples were tested in 1:25 and/or 1:50
dilutions. The resulting endotoxin units (EU) were converted to EU/m2

15

. The limit of the

assay was assessed at 300 EU/m2. Glucans were analyzed with a specific β-(1,3)-glucan
sandwich enzyme immunoassay (EIA)16. The limit for detection of the assay was 200 ng/m2.
Analysis of particle counts
Particle counts in settled dust box samples were measured with particle counter PAMAS
SVSS (PAMAS GmbH, Rutesheim, Germany) with sensor SLS-25/25 (sixteen size classes
between 0.5 and >20 µm, 0.5 detection limit, max 13 000 particles/ml) and PMA analyzing
software. Before measuring particle counts, the samples were diluted in ultra clean water
(1:5000). The particle count of clean water was subtracted from results of all samples. The
measured sixteen size classes were combined to form one category for all particle sizes.
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Scanning Electron Microscopy (SEM)
Nine samples (two index and one reference schools per each country) were selected for detailed
imaging with Field Emission-SEM (Philips XL-30, Philips Electron Optics, NL). The dust
samples were placed on metal SEM sample stubs and coated twice with 0.5 µm layer of gold
in sputter coater machine (EMScope). The images were taken with an accelerating voltage of
10 kV, spot size of 4.0 and a working distance between 10 and 10.2 mm.

Plasmid Scission Assay
The settled dust box samples were diluted in molecular grade water (MB H2O) and incubated
in quadruplicate with 200 ng of plasmid DNA ( 174 RF DNA from Promega, London, UK)
in final volume of 20 µl for 6 hours. The same amount of DNA was incubated with MB H2O
and restriction enzyme Pst I (Promega, London, UK) digest to establish negative and positive
controls, respectively. The incubated samples were mixed with 3.33 µl of orange/blue loading
dye (Promega, London, UK) and electrophoresed on a gel (0.6 % agarose and 0.25 % ethidium
bromide) for 16 hours at 30 volts in Tris-borate-EDTA buffer. Finally, the electrophoresed gels
were imaged with VisionWorks® software (Ultraviolet Products Ltd, UK) and densitometric
analysis was performed with GeneTools® software (Syngene Systems, UK). Gels with less
than 10 % damage in the negative controls were accepted for the analysis.

Haemolysis assay
Blood samples were centrifuged at 3750 rpm at 4 C for 10 minutes. The supernatant along
with a thin layer of platelets were discarded, red blood cells (RBC) were resuspended in 0.9 %
saline to a final volume of 10 ml, and the sample was centrifuged again. The procedure was
repeated two times before preparing a working solution by adding 1 ml of packed RBC to 7 ml
of 0.9 % saline. Settled dust samples were diluted 1:2 with 0.9 % saline before the experiments.
125 µl of RBCs were mixed with 125 µl of each dust suspension in triplicate in a 96 well-plate,
sealed and shaken for 10 minutes in room temperature. Saline solution and 0.1 % Triton X-100
mixed with RBCs were used as negative and positive controls, respectively. After
centrifugation (2000 rpm, 5 minutes, 4 C), 100 µl of supernatant from each sample was
transferred into a corresponding 96-well plate. The optical density (OD) was read at 540 nm
by Opsy MR plate reader. The lower limit of detection (percentage at 3 standard deviations
over the signal of the negative control) was 1.9 %.
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