
Endotoxin levels in settled airborne dust in European schools:

the HITEA school study

Abstract Indoor exposure to microbial agents is known to influence respiratory
health. Besides home exposure, exposure in schools can affect respiratory
health. In this study, we measured endotoxin in settled dust in primary schools
in three European countries from three different geographical regions with
different climates. Our aim was to characterize endotoxin levels in primary
schools and evaluate associations with potential determinants. Endotoxin levels
were repeatedly assessed in 23 schools in Spain (n = 7), the Netherlands
(n = 10), and Finland (n = 6) using electrostatic dustfall collectors. In total, 645
measurements were taken in 237 classrooms. Endotoxin levels differed
significantly between countries; Dutch schools had the highest levels, while
Finnish schools showed the lowest levels. In each country, differences in
endotoxin levels were observed between schools and over the sampling periods.
Estimates improved after adjustment for sampling period. Factors affecting
endotoxin levels in a school differed per country. In general, endotoxin levels
were higher in lower grades and in classrooms with higher occupancy. School
endotoxin levels may contribute significantly to total endotoxin exposure in
children and teachers. As the correlation between the repeated measurements is
reasonable, single endotoxin measurements form a reasonable basis for
estimating annual endotoxin levels in schools.
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Practical Implications
Endotoxin levels in schools can potentially be high, higher than levels that have been measured in the home
environment. Elevated endotoxin levels have to be considered as a potential health relevant exposure in schools.
Elevated levels seemed associated with the activity of the children and crowding.

Introduction

Indoor Air Quality is essential for human health as a
substantial proportion of time is spent indoors. Espe-
cially children are susceptible to potentially harmful
pollutants in the indoor environment as their lungs
are not fully developed. Associations between poor

Indoor Air Quality and respiratory symptoms have
often been reported (World Health Organization,
2009). Endotoxin, a component of the outer layer of
Gram-negative bacterial cell walls, is ubiquitous in
many indoor environments and can influence respira-
tory health. Most studies in which indoor endo-
toxin was assessed for children involved the home
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environment. Two recent studies reported higher
endotoxin levels in schools (Jacobs et al., 2013; Shee-
han et al., 2012) in comparison with the home envi-
ronment. In one study, school endotoxin levels were
associated with higher respiratory symptom rates
(Jacobs et al., 2013). This finding is in agreement with
studies reporting that increased personal endotoxin
exposure is associated with an increased occurrence of
asthma symptoms and a decrease in lung function
(Rabinovitch et al., 2005; Rennie et al., 2008). In con-
trast, endotoxin exposure during childhood may also
have a protective effect on the development of allergic
sensitization (Braun-Fahrlander et al., 2002; Douwes
et al., 2004; Gehring et al., 2002).

Few studies have explored endotoxin levels in
schools and their relations with potential determinants
(Foarde and Berry, 2004; Rabinovitch et al., 2005;
Rullo et al., 2002; Sheehan et al., 2012). The lack of
attention to this topic is surprising given that children
spend a considerable proportion of their time at
school. Moreover, schools are places with high occu-
pant density and high level of activity. Pollutants
bound to soil particles may be tracked in and lead to
airborne exposure after resuspension. Prior studies that
aimed to describe endotoxin levels in elementary
schools involve convenience samples from a few
schools or usually only a few measurements per school
were involved. Consequently, it is unclear whether
these findings reflect the situation in most schools
(Foarde and Berry, 2004; Rabinovitch et al., 2005;
Rullo et al., 2002). A recent study explored school
endotoxin levels more extensively at 117 locations in 12
schools (Sheehan et al., 2012). Inner-city children
encountered higher concentrations of endotoxin in
classrooms than in their bedrooms.

So endotoxin levels in schools are likely to contrib-
ute to the total burden of endotoxin exposure, but vari-
ability and determinants of endotoxin levels in schools
are not well-characterized. Therefore, the aims of the
present study were to evaluate the indoor levels of
endotoxin in settled dust in primary schools, to explore
differences between schools, classrooms, and countries,
and to study potential determinants of indoor endo-
toxin levels. In 23 primary schools in three different
geographical regions in Europe, we performed
repeated dust sampling from various locations in each
school. This study is part of a larger project in which
effects of agents associated with excess moisture, such
as microbes and their products, on human health in
both homes and schools in Europe are studied. The
so-called electrostatic dustfall collector (EDC) has been
used, which can be applied in large-scale surveys at low
costs. In addition, endotoxin from settled dust sampled
with the EDC showed a good correlation with both
actively sampled PM10 airborne particles and floor
dust (Noss et al., 2008). Part of the exposure data have
been published before; however, the prior work did not

explore for associations of measured levels with poten-
tial determinants (Jacobs et al., 2013).

Materials and methods

Selection of the schools

As part of the HITEA school study, primary schools in
three European countries in different geographical
areas were identified to represent three different cli-
matic regions. The participating schools were selected
for this study as described elsewhere (Borr�as-Santos
et al., 2013; Haverinen-Shaughnessy et al., 2012). In
short, the aim was to enroll a minimum of 48 schools
including both moisture damaged (n ≥ 24) and control
schools (n ≥ 24). In all three countries (Spain, the
Netherlands and Finland), in total 738 schools were
contacted and asked to complete a questionnaire by
regular mail, phone interview, or Internet, focusing on
current and past dampness, moisture damage, and
mold problems and collecting extensive general infor-
mation on the school buildings. The schools were
located in a convenient geographical proximity to the
conducting study center, that is, in the region proxi-
mate to the cities of Barcelona, Utrecht, and Kuopio
for, respectively, Spain, the Netherlands, and Finland.
Eventually, 53 schools were selected for further build-
ing inspections. Only schools with complete question-
naire information, more than 200 pupils, and which
had not planned major repairs or renovations in the
next 2 years were included. The school building inspec-
tions were performed by centrally trained research per-
sonnel and included walk-throughs accompanied by a
school representative, utilizing pre-designed checklists,
and simple indoor climate measurements (Haverinen-
Shaughnessy et al., 2012). Twenty-three schools were
included for detailed exposure assessment and were
selected based on the inspection data, representing the
strongest cases and controls in each country. This
determination was based on the presence of dampness,
moisture or mold in the classrooms and their extent
and observed severity. Schools were classified as
affected by moisture damage or dampness (index
schools) or as unaffected (reference schools) as previ-
ously described (Haverinen-Shaughnessy et al., 2005).
In Spain, seven schools (five index and two reference)
participated, in the Netherlands 10 schools (five index
and five reference), and in Finland six schools (four
index and two reference).

Sampling of settled airborne dust and additional exposure information

Measurements were taken for 8 weeks with the EDC
(Jacobs et al., 2013; Noss et al., 2008), which passively
collects settled airborne dust onto electrostatic cloths
(Zeeman, Utrecht, the Netherlands) and is easily appli-
cable in large-scale studies. Each school was sampled
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repeatedly in three periods: during winter/spring of
2009 (EA1), during spring/summer of 2009 (EA2), and
during winter/spring of 2010 (EA3). The start date of
the 8-week sampling surveys was not exactly the same
in each country and school but differed slightly due to
vacation periods and logistic reasons (Table 1). During
each sampling period, the same locations were sampled
whenever possible. Sampled room types included full-
time used classrooms (attended by children from age 4
to 12), part-time used classrooms, teachers’ lounges,
hallways, libraries, dining rooms, gyms, and a group of
other rooms such as offices. Showers and toilets were
only included in the first sampling period.

Electrostatic dustfall collectors were placed on the
top of cupboards, bookshelves, or manufactured
EDC-holders at on average 15 locations per school per
sampling period. Collectors were placed away from
windows, doors, ventilation ducts, and heating units.
The minimum sampling height was 150 cm from the
floor to collect settled airborne dust rather than

tracked-in soil. After 8 weeks of sampling, samplers
were closed and transported to the local study center
where cloths were stored at �20°C. For analyses, sam-
ples were shipped on dry ice to the laboratory of IRAS,
Utrecht, the Netherlands.

For each sample, information on sampling location
and irregularities during sampling was recorded. Sam-
ples were excluded from analysis if the EDC had been
moved or had been covered during the sampling
period.

Information on cleaning policy (frequency and use
of cleaning products) and building characteristics were
derived from checklists obtained during the initial
building inspections and from a short questionnaire
completed by the cleaning manager or school represen-
tative during the last sampling period, all on building
level. Indoor air temperature, relative humidity, and
CO2 levels were measured with the Q-Trak Indoor Air
Quality Meter (Model 7565, TSI Incorporated,
St. Paul, MN, USA) every 5 min during 1 week from

Table 1 School characteristics and endotoxin levels measured with the electrostatic dust fall collectors (EDCs) in Spanish, Dutch and Finnish schools

Number of schools
(index/reference)

Spain The Netherlands Finland

7 (5/2) 10 (5/5) 6 (4/2)

EA1 (2009) EA2 (2009) EA3 (2010) EA1 (2009) EA2 (2009) EA3 (2010) EA1 (2009) EA2 (2009) EA3 (2010)

Measuring period
(start/end date)a

Jan 30th
–April 15th

April 15th
–June 30th

Jan 12th
–March 22nd

Feb 23rd
–April 22nd

May 11th
–July 7th

March 1st
–April 27th

Jan 26th
–March 30th

March 23rd
–May 25th

Feb 1st
–March 31st

Outdoor climate (8-week average)
Temperature °C –

mean (s.d.)
10.1 (0.66) 19.7 (1.32) 7.5 (0.18) 6.2 (–)c 15.9 (–)c 9.2 (–)c �5.9 (0.11) 4.2 (0.87) –8.6 (0.28)

Precipitation
mm – mean
/day (s.d.)

1.3 (0.62) 0.6 (0.27) 3.1 (0.10) 1.1 (–)c 2.0 (–)c 0.5 (–)c 0.6 (0.07) 1.3 (0.06) 1.4 (0.10)

Indoor climateb

Temperature °C –

mean (s.d.)
22 (1.7) 23 (1.7) 21 (1.7) 21 (1.6) 22 (1.1) 22 (1.15)

Relative humidity% –

mean (s.d.)
44 (9.3) 41 (9.4) 43 (7.5) 37 (7.6) 16 (3.9) 14 (6.5)

Excluded
samples (%)

5 10 15 5 6 3 4 4 6

Valid sampling
locations (n)

113 88 89 149 134 148 111 106 105

Number of classroom
occupants
–mean (s.d.)

24 (2.1) 24 (3.7) 21 (5.6)

Endotoxin load
(kEU/m2)

All schools
(GM, GSD)

18.3 (2.24) 14.9 (2.07)* 19.4 (2.05) 26.2 (2.06) 29.0 (1.90) 30.8 (1.85)** 1.1 (2.43) 3.8 (2.37)* 1.1 (2.16)

Index schools
(GM, GSD)

18.8 (2.17) 15.2 (2.15) 20.5 (2.12) 34.1 (1.95)*** 39.3 (1.82)*** 35.8 (1.95)*** 1.2 (2.40) 4.2 (2.24) 1.0 (2.17)

Reference schools
(GM, GSD)

17.2 (2.47) 14.2 (1.87) 16.4 (1.81) 20.4 (1.99) 21.3 (1.68) 26.4 (1.68) 1.0 (2.48) 3.0 (2.68) 1.3 (2.08)

GM, geometric mean; GSD, geometric standard deviation; s.d., standard deviation.
aAll schools were sampled for 8 weeks. Start and end dates differed per school and country due to vacation and logistic reasons.
bAssessed in one classroom per school over 1 week, with children aged 10–11 years in the classroom.
cIn the Netherlands, all 8-week measurements were taken in parallel, so the standard deviation of the outdoor temperature and amount of precipitation was 0.
*Significantly different from the measurements in period 1 (winter/spring 2009) and period 3 (winter/spring 2010; P ≤ 0.05).
**Significantly different from the measurements in period 1 (winter/spring 2009) and period 2 (spring 2010; P ≤ 0.05).
***Significantly different from reference schools (P ≤ 0.05).
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one classroom per school. Classrooms selected for
these measurements were occupied by children aged
10–11 years, and measurements were taken in the 1st
and 3rd sampling period.

Extraction

One cloth per EDC sampler was extracted as described
earlier (Noss et al., 2008). For endotoxin analysis,
cloths were incubated for 60 min in 20 ml pyrogen-free
water (B. Braun NPBI, Oss, the Netherlands) in an
end-over-end roller. After centrifugation for 15 min at
1000 g, the supernatant was stored in 200-ll aliquots
in pyrogen-free glass tubes at �20°C until analysis.

Endotoxin analysis

Extracts were tested for endotoxin content with the
Limulus amoebocyte lysate (LAL) assay (Lonza
Group, Basel, Switzerland) according to the manufac-
turer’s protocol. Samples were tested in 1:25 and/or
1:50 dilutions, and the resulting endotoxin units (EU)
per ml values were converted into EU/m2 (Noss et al.,
2008). The limit of detection (LOD) of the assay was
assessed at 300 EU/m2. Of the 1043 samples tested, five
had levels below the LOD and were assigned a value 2/
3 of the LOD (200 EU/m2; Noss et al., 2010). For
10% of the extracts, a second aliquot was measured on
a separate occasion, and the mean coefficient of varia-
tion (% CV) for duplicate samples in this series was
14%.

Statistical analysis

Statistical analyses were performed using SAS version
9.2 (SAS Institute, Cary, NC, USA). The MEANS
procedure was used to calculate average levels per
country and measuring period. Endotoxin concentra-
tions were log-normally distributed, and analyses were
performed using log10-transformed values. Because
school occupants (pupils and teachers) spend most of
their time in classrooms, only classroom levels were
modeled. A ‘zone’ was defined as a cluster of class-
rooms that was situated in the same area or wing of a
school and was classified by the person responsible for
the fieldwork in that country.

Mixed-effect models (MIXED procedure) were used
to explore the variability in endotoxin levels as well as
to study associations between endotoxin levels and
covariates, adjusting for possible correlation between
measurements within countries, schools and measure-
ments on the same location over time. Covariates con-
sidered were as follows: occupancy (i.e., number of
children per classroom), sampling period, average
indoor temperature and relative humidity during the
sampling period, school grade (as indicator of age
and activity of the children), cleaning practices, and

information of the school buildings collected during
the building inspections. School was included as a
random effect. All covariates with a P-value lower
than 0.20 in univariate analyses were selected for fur-
ther analysis by backwards regression analysis. Next,
the least significant independent variable was elimi-
nated until the model included only variables with a
P-value lower than 0.05. Country, school, school
building, zone, and classroom were considered as ran-
dom effects to explore how the range in endotoxin
levels was explained by these variables. To compare
variability in endotoxin levels within and between the
different categories, the variance ratio k was estimated
as the ratio of the within-category variance compo-
nent and the between-category variance component
(rwithin

2/rbetween
2). The intraclass correlation coeffi-

cient (q), calculated as the ratio of the between-school
variance and the sum of both variance components,
was also presented. Variance components were
expressed as geometric standard deviations (GSD) to
facilitate interpretation.

Results

Average endotoxin levels differed greatly among coun-
tries (Table 1). The highest levels were measured in the
Netherlands and were a factor 8–28 higher than in Fin-
land, where the lowest levels were measured. There was
a 4- to 18-fold difference between endotoxin levels in
Spain and Finland. In Finland, outdoor temperatures
and indoor relative humidity were considerably lower
during all three sampling periods compared with the
Netherlands and Spain. The data also exhibited consid-
erable temporal variation in endotoxin levels. Levels
were significantly higher in Finland during spring mea-
surements compared with both winter periods
(P < 0.001). In Spain, endotoxin levels were signifi-
cantly lower (P < 0.05) in spring/summer than in win-
ter. In the Netherlands, average endotoxin levels in
both sampling periods in 2009 differed significantly
(P < 0.05) from winter/spring 2010. In general, endo-
toxin levels were higher (6–85% difference) in schools
with water damage issues (index schools) as compared
to reference schools, but this difference only reached
borderline statistical significance in Dutch schools
(P = 0.09).

Endotoxin levels for the different room types are
shown per country for the first sampling period in
Figure 1. In Spain and the Netherlands, endotoxin lev-
els were higher in full-time classrooms compared with
other location types (P ≤ 0.01; data not shown). Endo-
toxin levels were also high in hallways and bathrooms.
In Finland, endotoxin levels were highest in hallways,
but levels were also high in full-time classrooms. Also
locations such as libraries, showers, and gyms had high
endotoxin levels; however, these locations were not
present in every school.
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Differences in endotoxin levels were mainly
explained by differences between countries (83%;
Table 2) and, to a much lesser extent, by sampling
period (12%). Country-specific analyses revealed

distinctly different patterns in variability for each coun-
try. In Spain, differences between schools (43%) and
between sampling periods (51%) were predominant.
This was also observed in the Netherlands, but here
also significant differences were found in endotoxin lev-
els between moisture categories (13%) and buildings
within the same school (11%). In Finland, levels were
low and variation in endotoxin was, in absolute terms,
small, as shown by the low GSDs (see also Table 3).
Differences between the different periods were rela-
tively high and explained the major part of the total
variance (86%). Differences between schools were
smallest in Finland (7%).

In Spain, the between-school endotoxin variability
(GSD = 1.21) was comparable with the within-school
variability (GSD = 1.23; Table 3), resulting in an
intraclass correlation (q) of 0.46. This ratio hardly
changed when measurements were grouped by build-
ing, zone, or classroom, indicating that any of these
classifications produce very similar estimates of endo-
toxin level in settled dust. Comparable results were
found for the Netherlands, although the variability
between classrooms was somewhat larger than the tem-
poral variability within classroom (GSD = 1.21 vs.
1.17, q = 0.62). In Finland, differences in endotoxin
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Fig. 1 Average (geometric mean) endotoxin levels in different
type of rooms in schools across three countries

Table 2 Variance components estimates of the random-effects model for log-transformed endotoxin levels (EU/m2) in classrooms of primary schools

Country k n N Cluster level

Unconditional random-effects model

Variance component estimate GSD % Variance of total variance

Overall 23 237 645 Country 0.491 2.01 83
Moisture category 0.002 1.05 0
School 0.022 1.16 4
Buildings 0.005 1.07 1
Zone 0.005 1.08 1
Classrooms 0.000 1.00 0
Between sampling periods
(within a classroom)

0.069 1.30 12

Spain 7 64 164 Moisture category 0.000 1.00 0
School 0.032 1.20 43
Buildings 0.000 1.00 0
Zone 0.000 1.01 0
Classrooms 0.004 1.07 6
Between sampling periods
(within a classroom)

0.037 1.21 51

Netherlands 10 102 280 Moisture category 0.009 1.10 13
School 0.018 1.14 26
Buildings 0.007 1.09 11
Zone 0.000 1.00 0
Classrooms 0.000 1.00 0
Between sampling periods
(within a classroom)

0.035 1.20 51

Finland 6 71 201 Moisture category 0.000 1.01 0
School 0.012 1.12 7
Buildings 0.009 1.10 6
Zone 0.002 1.05 1
Classrooms 0.000 1.00 0
Between sampling periods
(within a classroom)

0.139 1.45 86

k, number of schools visited; n, number of classrooms sampled; N, total number of samples included.
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levels between sampling periods were large, resulting in
a relatively large temporal variability in endotoxin lev-
els within classrooms over time and little variability
between schools, buildings, school zones or class-
rooms. Within-group GSDs were large (1.44–1.48)
compared with between-group GSDs (1.07–1.17), thus
resulting in strongly overlapping endotoxin-level distri-
butions and little contrast. After adjustment for sam-
pling period, the intraclass correlations for Spain and
the Netherlands improved slightly (to 0.51 and 0.65
for, respectively, Spain and the Netherlands). In Fin-
land, however, differences in endotoxin levels within
classrooms became smaller when adjusting for sam-
pling period (q = 0.51) and the between- and within-
classroom GSDs became comparable with Spain and
the Netherlands.

Determinants affecting endotoxin levels in a school
differed by country. A selection of these determinants
is presented in Table 4. The full list can be found in
Table S1 in the online supporting information. Overall,
higher classroom occupancy was positively and signifi-
cantly associated with endotoxin levels, while signifi-
cantly lower endotoxin levels were found in classrooms
that were occupied by children of a higher grade
(Table 4). Cleaning tended to be associated with lower
endotoxin levels, but only in Finland and the Nether-
lands. In Finland, sweeping was associated with higher
endotoxin levels, probably caused by resuspension of

dust. School buildings that were built more recently
had lower endotoxin levels, while major water intru-
sion during the past 5 years was associated with higher
endotoxin levels. In Spain, increased endotoxin levels
were found in schools with higher indoor relative
humidity and temperature. Other factors, such as floor
material in classrooms, the condition of the building,
and complaints of dampness and mold and odor, were
not consistently associated with endotoxin levels
(Table 4 and Table S1). In the stepwise backward
regression analysis, sampling period and indoor rela-
tive humidity remained significant for Spain; in the
Netherlands, sampling period, grade, the presence of
stuffed toys, and the roof condition were significantly
associated with endotoxin levels; and, in Finland, the
sampling period, grade, and the sweeping frequency
remained in the model. These covariates explained,
after inclusion in the mixed-effect model, 8%, 30%,
and 60% of the total endotoxin variability within
schools in Spain, the Netherlands, and Finland, respec-
tively (Table S2).

Discussion

In the present study, we analyzed endotoxin levels in
school buildings from an extensive survey in a large
number of schools in three geographical zones of Eur-
ope. Repeated endotoxin measurements over a year
sampled during three occasions were available from 23
schools in three countries. This density of data con-
trasts with earlier studies, where data are typically
available only from a very limited number of schools
or locations within schools (Foarde and Berry, 2004;
Rabinovitch et al., 2005; Rullo et al., 2002). Average
levels were highest in the Netherlands, approximately
20–60% lower in Spain and considerably lower (>85–
90%) in Finland. In each country, major sources of
endotoxin variability were the school and the sampling
period. We found smaller differences in endotoxin lev-
els between different buildings, zones, or classrooms
within the school. Factors affecting endotoxin levels in
a school differed per country.

Endotoxin levels in schools are likely to contribute
considerably to the total burden of endotoxin exposure
in children as indicated recently by two studies. A
study in the Boston area of the USA found higher
endotoxin levels in schools than in bedrooms of asth-
matic children (Sheehan et al., 2012). Similar findings
were obtained in the Netherlands: Classroom endo-
toxin levels were up to four times higher than home
endotoxin levels in both asthmatic and non-asthmatic
children (Jacobs et al., 2013). We also found border-
line significant associations between school endotoxin
levels and the occurrence of asthma symptoms. Endo-
toxin levels in this study, in particular in the Spanish
and Dutch schools, were relatively higher compared
with Dutch and Danish non-farming homes (Frankel

Table 3 The variance components, variance ratio (k = ratio within/between variance)
and intraclass correlation (q) of endotoxin levels for different grouping approaches in three
countries across Europe

Cluster level

Random-effects model

Variance
component
estimate GSD

k qBetween Within Between Within

Spain
Moisture 0.000 0.043 1.01 1.31 987 0
School 0.035 0.041 1.21 1.23 1.18 0.46
Building (within school) 0.041 0.042 1.23 1.23 1.01 0.50
Zone (within school) 0.034 0.040 1.20 1.22 1.16 0.46
Classroom (within school) 0.036 0.038 1.21 1.22 1.06 0.49

Netherlands
Moisture 0.013 0.055 1.12 1.26 4.21 0.19
School 0.027 0.037 1.18 1.21 1.37 0.42
Building (within school) 0.026 0.035 1.17 1.20 1.34 0.43
Zone (within school) 0.026 0.033 1.18 1.20 1.25 0.45
Classroom (within school) 0.038 0.024 1.21 1.17 0.62 0.62

Finland
Moisture 0.005 0.155 1.07 1.48 30 0.03
School 0.016 0.144 1.13 1.46 9.17 0.10
Building (within school) 0.019 0.140 1.15 1.45 7.38 0.12
Zone (within school) 0.023 0.135 1.17 1.44 5.79 0.15
Classroom (within school) 0.011 0.146 1.11 1.47 13 0.07

k: Variance ratio: Ratio of within-group vs. between-group variance.
q: Intraclass correlation: Ratio of between-group vs. sum of between- and within-group
variance; representing reproducibility of repeated measurements within groups.
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et al., 2012; Madsen et al., 2012; Noss et al., 2008) and
compared with Dutch animal clinics (Samadi et al.,
2010). This outcome underlines the importance of
characterizing endotoxin levels and exposure estima-
tion in schools in studies on respiratory health effects
in children.

Also, some other studies have measured endotoxin
in schools, but with other sampling approaches. Levels
in schools were in general relatively high (Foarde and
Berry, 2004; Fromme et al., 2008; Rullo et al., 2002;
Zhao et al., 2008) compared with levels found in stud-
ies in homes (Gehring et al., 2008; Tischer et al., 2011).
However, comparisons are limited as measurements
are taken in different populations and media (air, floor,
or mattress dust) and are expressed in different units
(EU per m3, EU/m2 or EU/mg dust). In most studies,
endotoxin levels are derived from floor dust. Although
the use of floor dust samples is generally accepted,
studies in homes found that levels differed extensively
between settled floor dust and airborne particles col-
lected with active sampling methods (Noss et al., 2008;
Park et al., 2000). This outcome indicates that floor
dust may not represent the inhaled endotoxin fraction
as measured in airborne particulate matter. In addi-
tion, a major part of the collected floor dust in schools
consists of large and heavy particles such as sand and
breadcrumbs, which will not become airborne. Conse-
quently, the use of endotoxin expressed as EU/mg may
be less representative as an indicator of actual airborne
inhalation exposure. Additional limitations of actively
measuring endotoxin in air include the availability of
equipment and the high costs. In addition, the noise of
sampling pumps and the use of space by the equipment
can be burdensome in classrooms. A previous valida-
tion study showed a good correlation between endo-
toxin measurements from settled dust collected on the
EDC and both actively sampled PM10 airborne parti-
cles and floor dust (Noss et al., 2008).

Endotoxin levels in settled dust in schools varied
strongly among the three countries, being consistent
with already observed differences in home endotoxin
levels in mattress dust sampled in different European
countries (Chen et al., 2012; Giovannangelo et al.,
2007). Differences in endotoxin levels among countries
may be influenced by several factors. First, the climate
differed considerably between the three countries. The
average outdoor temperature during all three 8-week
sampling periods was considerably lower in Finland as
compared to Spain and the Netherlands. In addition,
Finland is completely snow-covered during winter.
Also, indoor relative humidity was lower in Finland.
Low outdoor temperatures and snow cover may have
reduced the influx of outdoor bacteria into schools.
Together with the much drier air indoors, this might
explain the considerably lower endotoxin levels in
Finnish schools.

Second, cultural differences and differences in clean-
ing habits could also have influenced the endotoxin
load in the three countries. For instance, Finnish chil-
dren generally take off their shoes when entering
school, which is not the common practice in the
Netherlands or in Spain. The expected result would be
a lower extent of tracked-in soil and associated

Table 4 Covariates potentially affecting endotoxin levels (univariate analyses)

Covariate
Spain Netherlands Finland
GM ratio (95% CI) GM ratio (95% CI) GM ratio (95% CI)

Specific measurement information (location specific)
Sampling period

1 1.00 (ref) 1.00 (ref) 1.00 (ref)
2 0.90 (0.84–0.97) 1.02 (0.98–1.07) 1.76 (1.64–1.89)
3 0.99 (0.93–1.07) 1.08 (1.04–1.13) 1.02 (0.95–1.09)

Moisture status school
Index vs. reference 1.03 (0.88–1.19) 1.19 (0.98–1.44) 1.13 (0.89–1.44)

Grade
Two grades increase 0.97 (0.94–1.01) 0.97 (0.95–1.00) 0.92 (0.87–0.98)

Occupancy
Five people increase 1.04 (0.90–1.20) 1.04 (0.99–1.10) 1.13 (1.08–1.19)

Information on cleaningb (on school building level)
Hours cleaning

5 h increase 0.99 (0.96–1.03) 0.96 (0.83–1.12) 0.90 (0.72–1.13)
Frequency dusting

Less often 1.15 (0.97–1.37) 1.02 (0.95–1.09) 1.15 (1.06–1.25)
Frequency sweeping

Less often a 1.05 (1.01–1.09) 0.91 (0.87–0.95)
Information from building inspections (on school building level)

Building year
+10 years 0.95 (0.85–1.05) 0.97 (0.94–1.00) 0.93 (0.87–1.00)

Floor material used
Linoleum/PVC a 1.00 (ref) 1.00 (ref)
Carpet a 0.96 (0.67–1.39) a

Stuffed toys in classroom
Yes 0.89 (0.57–1.39) 1.17 (1.08–1.27) 1.00 (0.77–1.32)

Type of ventilation presentc

Mechanical exhaust 1.01 (0.71–1.44) 1.03 (0.88–1.21) a

Mechanical support
of outdoor air

0.99 (0.70–1.41) 0.96 (0.82–1.14) a

Signs of moisture damage
Yes 1.04 (0.73–1.48) 1.18 (1.04–1.35) 1.14 (0.88–1.48)

Signs of visible mold
Yes 0.78 (0.52–1.17) 1.18 (1.04–1.35) 0.88 (0.63–1.23)

Major water intrusion past 5 years
Yes 1.09 (0.80–1.50) 1.16 (1.06–1.27) 1.09 (0.84–1.43)

Complaints on dampness
Yes 0.78 (0.52–1.17) 1.18 (1.04–1.35) 0.90 (0.7–1.15)

Complaints on IAQ
Yes 0.90 (0.54–1.49) 0.98 (0.89–1.08) 1.15 (0.91–1.45)

Information on indoor classroom climate (during school hours)
Ventilation (median CO2)

Per 100 ppm+ 1.01 (0.99–1.02) 0.98 (0.96–1.00) 0.93 (0.89–0.98)
Temperature (°C)

Per 1°C+ 1.05 (1.01–1.09) 0.99 (0.96–1.03) 1.08 (0.99–1.18)
Relative humidity (%)

Per 10%+ 1.27 (1.14–1.42) 0.96 (0.92–1.01) 0.99 (0.8–1.22)

aNo estimation possible (within a country the covariate was similar for all schools).
bInformation was completed by the person responsible for the cleaning or otherwise by a
school representative. Frequency in cleaning was categorized as: daily, 2–4 times a week,
once a week and less than once a week and analyzed and treated as a continuous variable
in the model.
cCompared with only natural ventilation (windows).
Bold values indicate significance of P ≤ 0.05.
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endotoxin by shoes in Finland. In addition, all Finnish
schools had mechanical ventilation, which may reduce
the penetration of dust particles from outdoor air into
the classroom as compared to natural ventilation.
However, with this study design, we could not explore
the effect of ventilation type on endotoxin levels in
detail.

We found large differences in winter and spring
endotoxin levels in Finland compared with Spain and
the Netherlands. This outcome could be a result of the
climatic differences, with average daytime temperatures
below zero during winter and with mild summers in
Scandinavian countries. Park et al. (2000) observed a
seasonal pattern in kitchen dust and airborne endo-
toxin levels of 20 Boston homes, and an even larger
variation in outdoor airborne endotoxin levels, per-
haps because of the shorter sampling time compared
with our study. Other studies have found, however,
small seasonal effects, like we found in the Netherlands
and Spain, and have concluded that domestic endo-
toxin levels were relatively stable (Abraham et al.,
2005; Heinrich et al., 2003; Simpson and Martinez,
2010). Although levels in our study varied between sea-
sons, the intraclass correlation was high after adjust-
ment for season, meaning that a single observation
may be a good proxy for the annual endotoxin level in
classrooms.

Endotoxin levels also differed within schools. In
homes, endotoxin has been associated with dampness,
pet ownership, farm animal contact, environmental
tobacco smoke exposure, family size, and social eco-
nomic status (Park et al., 2001; Thorne et al., 2009). It
is likely that in schools, other factors may affect endo-
toxin levels as the user function differs from homes. No
pets were present in the studied schools. In this study,
rooms with high occupancy, such as full-time class-
rooms, generally had elevated endotoxin levels. The
regression models also suggest a possible association
between occupancy and endotoxin. This finding may
indicate that bacteria or endotoxin may have been
brought in by occupants, that occupants shed epithelial
cells, or that other sources associated with the occu-
pants influence the bacterial load and endotoxin levels,
as previously found in studies in homes. Endotoxin lev-
els were also high in wet areas, such as showers and
bathrooms. In addition, hallways and gyms had high
endotoxin levels. High activity of children in the class-
rooms, hallways, and gyms probably affects resuspen-
sion of settled floor dust into the air, increasing levels
determined by the EDCs. Also, the grade of the class-
room was inversely associated with endotoxin levels,
which may be explained by the difference in physical
activity or classroom characteristics (e.g., number of
stuffed toys, drawings on the wall) for different age
groups. As we only had limited information of these
characteristics, we could not study these factors in
detail in our analysis. We are not aware of other stud-

ies that explored the effect of grade on microbial levels
in classrooms. A study in 64 schools in Germany found
increased concentrations of particulate matter in class-
rooms with younger children. However, as not more
than two classrooms per schools were sampled, part of
the difference might also be explained by different char-
acteristics between schools (Fromme et al., 2007).

The use of different building materials, differences in
school building age, or different ventilation types might
explain the variability in endotoxin levels, but our anal-
yses did not clearly show this. Although this was a very
large study, it was designed to investigate the effects of
moisture in schools. Therefore, some other school
determinants were very country specific (e.g., systemat-
ically different flooring materials, such as tiles only in
Spain and linoleum in Finland), and it was not always
possible to explore this factor fully. Another limitation
is that some of our analyses, mainly on building char-
acteristics and cleaning policy, are based on informa-
tion obtained at the school level and sets of
determinants may characterize one specific school
building. However, it should be noted that this is also
an issue in most other observational studies, as factors
such as cleaning and the use of materials typically are
uniform across classrooms within schools and do not
differ per classroom. Sometimes exposure measure-
ments are influenced by change of behavior owing to
awareness of the measurements. It is not likely that
occupants changed their physical behavior pattern dur-
ing the 8-week sampling period. Also, cleaning behav-
ior probably did not change over time as classrooms
were cleaned daily by external staff.

Because an aim of this study was to investigate
Indoor Air Quality in schools in relation to dampness,
the results cannot be easily generalized to the larger
general school population. In addition, only 6–11
schools per country were sampled. On the other hand,
only in the Netherlands was moisture directly related
to endotoxin levels. Other sources may be more rele-
vant and the findings did not necessarily reflect endo-
toxin levels in schools that were specifically affected by
dampness. In addition, although per country no more
than 11 schools were included, this study is the largest
available to date and the extensive number of measure-
ments taken per school resulted in a methodologically
strong study for assessing endotoxin levels in settled
airborne dust in schools with highly relevant results.

Moisture, the independent variable of primary inter-
est in the HITEA study, explained little endotoxin vari-
ability between schools. Dampness problems explained
differences in endotoxin levels only in the Netherlands.
This finding corroborates earlier observations that,
unlike Spain and Finland, in the Netherlands, moisture
problems were frequently observed in the classrooms
(Haverinen-Shaughnessy et al., 2012). Also, among the
three countries studied, long-term annual precipitation
averages were highest in the Netherlands (World
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Weather Information Service). This might indicate that
dampness problems are more difficult to control in the
Netherlands compared with Spain and Finland. In
addition, not all studies found evidence for a relation-
ship between observed dampness, mold, and endotoxin
in house dust (Simpson and Martinez, 2010; Solomon
et al., 2006; Thorne et al., 2009).

We explored variability in endotoxin for the different
cluster strategies to assess whether exposure estima-
tions should be based on classroom measurements or
based on school averages. Our results indicate that
future studies in which exposure needs to be associated
with health outcomes, differences in endotoxin levels
between schools are the driving force. The use of class-
room average endotoxin levels gives only slightly better
estimates. However, adjusting for sampling period
(season) improved the reproducibility (q > 0.50), espe-
cially in Finland (from q = 0.07 to 0.52). This improve-
ment in intraclass correlation suggests that a single
observation is a reasonable estimate for annual endo-
toxin levels, as long as all measurements are taken at
all locations simultaneously.

From a public health perspective, it is important to
increase the insight in the microbial flora in schools.
Despite the fact that children spend a large part of their
time at school and are susceptible for exposure to
indoor pollutants, the state of knowledge is limited
regarding Indoor Air Quality in schools. Endotoxin in
schools can be a potential public health concern as lev-
els can be higher compared with homes and there are
indications that asthma symptoms are higher in
schools with higher endotoxin levels (Jacobs et al.,
2013; Sheehan et al., 2012). Whether and how these
endotoxin levels in schools can affect respiratory health
will be studied in a separate part of the HITEA study.
Previous research has shown that while high endotoxin
levels can provoke asthma (Rabinovitch et al., 2005;
Rennie et al., 2008), endotoxin might also have protec-
tive effects on the development of allergies (Braun-
Fahrlander et al., 2002; Douwes et al., 2004; Gehring
et al., 2002). With regard to teachers and pupils that
are already asthmatic, it is recommended to control the

levels of dust in schools. Measures that may be helpful
to lower dust levels in order to decrease endotoxin and
other microbial exposure include the use of entrance
mats to reduce tracked-in soil, decreasing the number
of occupants per room, and minimizing dust-collecting
areas (such as open shelves). Also proper cleaning and
maintenance of school building and the heating, venti-
lation, and air conditioning system are important in
dust control (Health Council of the Netherlands,
2010).

In conclusion, endotoxin levels in our study are high
and mainly influenced by country-specific differences,
but levels between schools within the different coun-
tries are also significantly different, especially between
different sampling periods. A single measurement may
be a sufficient proxy for the annual average endotoxin
level as the correlation between the repeated measure-
ments is reasonable. Determinants of endotoxin levels
differed per country. In general, endotoxin levels were
higher in lower grades and in classrooms with higher
occupancy. Effects of these determinants on endotoxin
levels are generally modest and can only be identified
sufficiently in large surveys with repeated measure-
ments, like the HITEA project.
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