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Endotoxins are microbiological agents which ubiquitously exist in an indoor
environment, and are believed to be causal agents for a number of diseases. This
study investigated the indoor levels and determinants of endotoxins and their
impact on asthma and allergy diseases among Swedish pre-school children. House
dust samples from 390 homes of 198 case children with asthma and allergy and
202 healthy control children were collected in the Dampness Building and Health
(DBH) study. House dust endotoxin levels in the child’s bedroom and living
rooms ranged from 479-188,000 EU/g dust and from 138-942,000 EU/g dust,
respectively. Pet-keeping and agricultural activities were significantly associated
with the higher endotoxin concentration levels in indoor dust. Endotoxins in
the indoor environment did not associate to asthma and allergy diseases in the
children. However, we found an association between endotoxins and the presence
of disease symptoms in the sub-group of families without indoor pets.

Keywords: asthma and allergy; building characteristics; endotoxins; lifestyle
factors; pet-keeping

Introduction

Endotoxins are amphiphilic molecules that make up the outer cell wall of gram
negative bacteria, and are believed to be causal agents for a number of diseases. In
non-occupational environments, the relation between exposure to endotoxins and
development of respiratory symptoms is not clear, where both positive (Michel et al.
1996; Park et al. 2001; Thorne et al. 2005; Tavernier et al. 2006) and negative
associations have been reported (Martinez and Holt 1999; Gereda et al. 2000; von
Mutius et al. 2000). The previous studies have also identified that this relation varied
by types of respiratory disease.

Endotoxins exist ubiquitously in indoor environments. Globally, multiple studies
have found high levels of endotoxin in indoor dust in the presence of indoor pets
(Bischof et al. 2000; Gereda et al. 2001; Giovannangelo et al. 2007; Thorne et al.
2008). Endotoxins can be imported into indoor environments — endotoxin levels are
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also reported to be higher in homes of farming families and in households in which
children have regular contact with farm animals (von Mutius et al. 2000; Waser et al.
2004). Studies have also indentified indoor tobacco smoking, the number of persons
living in the child’s home, and air conditioning as determinants for endotoxin
concentration levels (Hasday et al. 1999; Gereda et al. 2001; Gehring et al. 2004;
Wickens et al. 2003; Mueller-Anneling et al. 2004).

We found very few studies that have focused on indoor endotoxin levels in the
non-occupational Swedish settings and its impact on asthma and allergies. The
purpose of the current study was to describe the levels and determinants of
endotoxin concentrations in indoor dust in 390 Swedish homes and its impact on
asthma and allergic diseases as well as IgE sensitization among pre-school children
aged 3-8 years.

Materials and methods
Study design and study population

This study is part of a large investigation the “Dampness in Buildings and Health
(DBH)” study that focuses on the importance of indoor environments on chronic
illnesses among pre-school children (Bornehag et al. 2004). The DBH study was
initiated in Vdrmland County, Sweden during 2001-2002. All families with a child
of 1-6 years in Viarmland in 2000 were invited to a baseline questionnaire study, the
first step of DBH study. Invitations to participate in the study were sent to the
parents of 13,782 children, of which we received responses for 10,851 children,
corresponding to a response rate of 79%.

One-and-a-half years after the baseline, a follow-up questionnaire was sent to the
families of 1,056 potential case children (9.7% of the total population). Target
population was the children reporting at least two symptoms of wheezing, rhinitis
and eczema in both questionnaires. Also, we randomly identified 1,100 symptom free
children (representing 48.9% of the population) from local primary care clinics. This
resulted in 198 cases and 202 controls. The recruitment procedure as well as potential
selection bias problems are described in Bornehag et al. (2000).

A medical examination of the 400 children (3-8 years of age) was performed by a
team of physicians and nurses during the winter (November 2001 to March 2002),
simultaneously with home inspections and sample collection.

A case was defined as a child, whose parent reported at least two symptoms of
wheezing, rhinitis, or eczema without a cold, during the preceding 12 months on
both the baseline and the follow-up questionnaire. Additional outcomes included
asthma, rhinitis and eczema. Respective disease status required physician diagnosis
in addition to parent-reported persistent symptoms. Diagnostic criteria for current
asthma included a combination of (a) three episodes of wheezing prior to the age of
two; (b) first wheezing episode after the age of two; (c¢) the first episode of wheezing
in a child who also suffers from other atopic diseases; (d) asthma medication use; and
(e) an earlier clinical diagnosis of asthma. Lung function test was not performed.
Rhinitis case definition required: (a) ever having allergic rhinitis symptoms;
(b) symptoms presentation in the nose and/or eyes following the contact with
furred animals or pollen; (c) present use of rhinitis medicine. Eczema case definition
required at least six months of remitting itching and redness over typical body
locations. All children with asthma also met the definition of the case. Among the
controls, two children were diagnosed with rhinitis and eight were diagnosed with
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eczema. Thirteen additional cases were found among the controls. In the present
analyses, the 23 misclassified children were excluded from further analysis. The
definition of the control status required absence of symptoms without a cold within a
year in both rounds of questionnaires. Both cases and controls were excluded if their
homes were renovated due to the moisture problems or if they had changed residence
since the first questionnaire.

The IgE sensitization status (yes vs. no) of the child was determined by screening
all available children’s blood sample (n = 387) for 10 airborne allergens (Phadiatop®™,
Pharmacia & Upjohn Diagnostics, Uppsala, Sweden); timothy, mugwort, birch, cat,
horse, dog, house dust mites (Dermatophagoides pteronyssinus and D. farinae), and
two moulds (Penicillium, Cladosporium). Cut-off value of 1.2 kUA/I was used to
define IgE-positive status.

Dust sampling

During the period of October 2001 to April 2002, house dust samples from 390
homes were collected from the floor in the child’s bedroom and the living room. The
samples were collected from a representative area of hard floor and carpets (i.c., a
room with 10 m? hard floors and 2 m? of carpet — sampling 0.5 m* of carpet and
2.5 m? of hard floor. Assessments made “with the eye” by inspector). The dust
samples were collected on 90-mm membrane filters made of pure cellulose
(VaccuMark disposable nozzle; Petersen Bach, Bjerringbro, Denmark) connected
to a vacuum cleaner. House dust samples were packed in a separate plastic bag and
then stored in a refrigerator for 2-3 days under standard temperature. Before
weighing, the filter samples were conditioned at 23°C and 50% relative humidity.

Endotoxin analysis of house dust samples

Endotoxin was extracted from house dust at 50 mg/ml concentration by shaking
for 1 h at 22°C in pyrogen-free water (pfw) with 0.05% Tween-20. Samples were
then centrifuged at 600 g for 20 min, aliquot and four serial dilutions were prepared
with pfw with Tween in depyrogenated borosilicate glass tubes. These dilutions
were assayed in a temperature-controlled micro plate reader using the kinetic
chromogenic Limulus amebocyte lysate assay reading each well every 30 sec for
90 min at 405 nm. These values were compared to a 12-point standard curve to yield
EU in the sample as previously described (Thorne 2000).

Statistical method

Endotoxin levels were best described by a natural-log (In) transformed and expressed
as geometric mean (GM). Dose-response associations between endotoxin concen-
trations and health effects were tested by factoring the endotoxin concentrations into
quartiles and using simple and multiple regression analyses. For the regression
model, both randomly selected one sibling from each pairs were first excluded and
then included in the analyses, since this exclusion of siblings did not have significant
influence on the results. To control for potential confounding, multivariate models
were additionally adjusted for smoking, cleaning frequency, crowdedness and family
asthma and allergy history. Lifestyle factors, building characteristics and socio-
economic variables with a univariate association with endotoxin were subsequently



International Journal of Environmental Health Research 25

tested in multiple logistic regression models for including or excluding a variable
from the final model. The regional ethics committee at the university hospital in
Orebro approved the study.

Results
Distribution of endotoxin concentration levels in indoor dust

Dust samples from the living room and child’s bedroom floors were available for 390
homes. Of these, eight samples from the bedroom and seven samples from the living
room were not possible to analyze due to low sample weight or insufficient handling.
Dust endotoxin levels in the child’s bedroom and living rooms ranged from
479-188,000 EU/g dust and from 138-942,000 EU/g dust, respectively, with
geometric mean of 5,700 and 6,100 EU/g dust (Table 1).

Predictors of endotoxin in indoor dust

Table 2 shows the geometric mean of endotoxin concentration levels for different
building characteristics and behaviours in the family. Endotoxin levels were found to
be significantly higher in homes where pets were kept indoors (p =0.005) and in
homes with farming life (p =0.020). It was further found that homes with a higher
frequency of vacuum cleaning had a higher concentration of endotoxin, but such an
association was not found for wet cleaning frequency. There were no significant
associations between endotoxin concentration levels and construction period, type
of dwelling, smoking habits in the family, type of ventilation system, level of the
child’s bedroom (basement, first floor or higher in the house), flooring materials,
family size or type of building and inspector observed odour and moisture problem.
Furthermore, there was no significant association between the indoor relative
humidity or temperature and endotoxin concentrations in dust (data not shown).

Association between endotoxin exposure and asthmalallergy in children

Table 3 gives the geometric mean concentration and 95% CI of endotoxin in the
child’s bedroom dust and living room dust by case and control status as well as
doctor diagnosed asthma, rhinitis and eczema. It can be seen that there was no
significant difference in geometric mean concentrations of endotoxin between cases
and controls. However, when the sub-group of homes with no pet-keeping was

Table 1. Endotoxin (LPS) concentrations in dust from the child’s bedroom and the living
room in 390 homes.

LPS in settled dust (EU/g dust)

Homes Percentile
Min—
Room n  missing max 25%  50%  75% 95%  Mean Median GM
Child’s 382 8 479- 3,614 5324 9,628 26,342 9,138 5,324 5,729
bedroom 188,000
Living 383 7 138— 3,483 5,731 10,373 27,343 17,912 5,731 6,216

room 942,000
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analyzed separately a significant association was found between a higher
concentration of endotoxins and case status. Such an association was not found in
the sub-group of homes with pet-keeping; in fact an opposite but non-significant
association was indicated.

As shown in Table 4 (a) and (b) and Figure 1, in crude analyses including all
homes, non-significant associations were found between quartiles of endotoxins and
asthma/allergy. After adjustment for pets, significant associations were found for
quartiles of endotoxins and asthma/allergy in all homes, except for eczema-control.
In the stratified analyses, when restricted to non-pet-keeping homes, significant
associations were found between quartiles of endotoxins and case status, asthma vs.
control, rhinitis vs. control and eczema vs. control status even after adjustments
for potential confounders. Such associations were not found in pet-keeping families.
The significant associations between quartiles of endotoxins and health in non-pet
keepers’ families were only found for dust from the child’s bedroom, not for the
living room.

No association was found between endotoxin concentration levels and IgE
sensitization against 10 common allergens (data not shown), both in crude data and
stratified by pet-keeping status data. The association between endotoxin concentra-
tion levels and IgE sensitization was examined only among the cases (atopic vs. non-
atopic), since IgE was very seldom present among the controls. The association
between IgE sensitization among the cases and endotoxin concentration was still the
same after the adjustment of smoking, cleaning habits, crowdedness and family
asthma and allergy history.

Discussion

A major limitation of the current study lay in its case-control study design and the
inclusion criteria for cases, especially when examining the effects of endotoxin on
different diseases, i.e., asthma, rhinitis, and eczema where we could not separate
these diseases. Furthermore, the case-control status meant that we compared the
healthiest children with the most diseased ones. Finally, the study used a cross-
sectional design which created difficulties in assessing if exposure came before health
effects were seen.

We found house dust endotoxin levels in the child’s bedroom and living room
ranged from 479-188,000 EU/g dust and from 138-942,000 EU/g dust, respectively,
where children stay most of their time indoor. A potential explanation for the
differences of endotoxin concentrations between rooms might be that the living room
is the most commonly used place for all family members and out source place of
endotoxins. Endotoxin concentration levels in indoor dust, however, differed by
home settings and different geographic locations. Differences in endotoxin
concentration levels sampled from indoor dust at five locations within homes have
been reported by Thorne et al. (2005) with geometric mean concentration ranges
from 18.7 EU/mg in the bedding to 80.5 EU/mg in kitchen floor dust in 2,469
samples from US homes.

In a cross-national comparative study, Giovannangelo et al. (2007) found lower
endotoxin concentrations in Swedish homes compared to homes in Germany and
The Netherlands. A recent study by Thorne et al. (2008) examined predictors of
endotoxin in a representative survey of 831 US households. The higher levels
observed were likely due to the wide range of climates represented by the US as
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Figure 1. Associations between LPS exposure in quartiles (bedroom) and case status for pet-
keeping (indoors) and non pet-keeping families expressed as adjusted odds ratio with 95%
confidence interval.
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compared to Sweden, the higher utilization of carpeted floors, and the inclusion in
the study of homes experiencing cockroach problems. Further explanation for these
differences might be that the study populations between countries differ in a number
of factors such as household materials and cleaning habits, factors that have been
reported to be predictors of endotoxin levels (Park et al. 2001; Waser et al. 2004;
Giovannangelo et al. 2007). One important difference between the study by Thorne
et al. (2008) and the current study was that reservoir dust was sieved before analyzing
endotoxin in the US study but not in the present study. Sieving removes large debris
and particles too big to become airborne and be inhaled. If it is not sieved, the
collected dust particles are subjected to a biased exposure estimate as 1 particle of
material (e.g., food debris, a bit of dog/cat faecal matter, or an insect carcass) can
lead to a large exposure misclassification. However, sieving is time-consuming
and increases study costs. Comparing endotoxin levels between studies is a difficult
task since different dust collection methods and measurement of endotoxin
concentration levels are used. Besides these, there are no commonly established
analytical procedures for measuring endotoxin levels.

We found higher endotoxin concentration levels in floor dust in homes with
indoor pet-keeping, in particular for dog keeping (data not shown), compared to
homes with no indoor pet, or pets kept outside. Endotoxin concentration levels,
however, were not significantly difference between homes without pets and with
other pets such as birds, rabbits and hamsters. The current findings on pet-keeping
and endotoxin concentrations is consistent with previous studies which have
identified pets as an important predictor of indoor endotoxin levels, and
demonstrated that the presence of indoor pets, especially cats and dogs, increased
the endotoxin levels in indoor dust (Bischof et al. 2000; Gereda et al. 2001; Heinrich
et al. 2001; Waser et al. 2004; Thorne et al. 2008). Faecal contamination and pet
foods might be the possible sources for indoor endotoxins. Also pets may carry
different types of microbes from outdoors to indoor environments. Heinrich et al.
(2001) found homes with the presence of dogs or cats for a year period have been
shown to have poorer hygienic conditions with a higher load of endotoxins,
compared to homes without indoor pets.

The study found that the endotoxin levels in homes with agricultural activities
were significantly higher than in non-farming homes, which is in agreement with
earlier findings in other studies (von Mutius et al. 2000; Braun-Fahrldnder et al.
2002; Hyvarinen et al. 2006). It is likely that direct contact with farming animals or
indirect contact from carrying dust (loaded with endotoxins) on clothes and shoes
from the stables is a direct source of endotoxins. In addition, there are more
endotoxins found in ambient air in rural areas than in urban areas (Mueller-
Anneling et al. 2004; Thorne et al. 2009).

Cigarette smoking has been recognized as a source of endotoxin (Hasday et al.
1996, 1999; Park et al. 2001). The US National Survey of Endotoxin in Housing
(Thorne et al. 2008) found a significant association of endotoxins with evidence of
cigarette smoking in the household. In the present study, we also found a higher
geometric mean concentration of endotoxin in homes with smokers, but this
difference was not significant. This might be explained by the fact that a relatively
low rate smoke indoors in Sweden which give us a low statistical power, especially if
they have small children (Johansson et al. 2003, 2004).

The association between endotoxin levels and more frequent vacuum cleaning
indoors is relatively contradictory and unclear. Findings from a study from
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Germany by Bischof et al. (2000) were in contrast to our study’s observation that less
frequent vacuum cleaning was associated with higher levels of endotoxin in living
room floor dust. A possible explanation of this difference may be that houses with
pets are more often cleaned than non-pet-keeping houses; however, our study data
did not demonstrate this. In other studies, there has not been an observed effect of
cleaning habits on endotoxin concentration levels (Gereda et al. 2001; Wickens et al.
2003). An association between endotoxin concentration and a higher ventilation
rate in the home — as indicated in the current study — may indicate that there are
outdoor sources of endotoxin. However, Bischof et al. (2002) found that poor
ventilation habits (fewer opened windows) were associated with increased endotoxin
concentration levels in living room floor dust in Germany. In another study set in
Germany, Gehring et al. (2004) found that regular ventilation significantly increased
endotoxin concentration levels in the mother’s mattress dust samples during the
summer when outdoor endotoxin levels are high. These contradictory findings may
be based on seasonal variation of ventilation as endotoxins often come from outdoor
sources.

In this study we found no significant differences in exposures to endotoxin
between healthy and symptomatic children. We found significant associations
between endotoxins and asthma/allergy problem after adjusting for pet-keeping,
except for eczema and healthy children. However, in homes with no indoor pets,
significantly higher levels of endotoxin were found in homes of children diagnosed
with a minimum of two possible symptoms of asthma, eczema and rhinitis
(Table 3). This finding might be explained by the ecarlier study using DBH data,
where Bornehag et al. (2003) found that pets are not randomly distributed in the
population. A ‘“‘healthy pet-keeping effect” was suggested meaning that families
who have pets are those who can tolerate them, and that families where someone
reacts or is allergic to pets more often avoid having pets. In a large population-
based study set in the late 1980s, Brunekreef et al. (1992) found that families with
members who suffered allergic symptoms admitted to having avoided pets. In a
prospective birth-cohort (BAMSE) study in Sweden, Almqvist et al. (2003) found
selective avoidance of pet ownership depended on the family history of allergic
diseases. In addition, there may even be another pet-bias: families with allergic
children may choose to have less contact with animals in places other than the
home, and thus may bring home less endotoxin on clothing, suggested another
pet-related behaviour.

The impact of health-related information about the consequences of pet-keeping
and related allergies may also influence family’s choice to avoid pets in when
children are young. Information from doctors and health authorities has taught the
general Swedish population that if they are going to have a baby they should avoid
pets if there is a family history of pet allergy (Hesselmar et al. 1999). This means
that children at risk of developing allergic diseases — due to asthma and allergy in
the family — in general are less exposed to pets at home in Sweden. Our study’s
finding with the positive association between endotoxins and the presence of
diseases in families without pets is not easy to interpret. One possibility is that
children from non-pet-keeping families are more sensitive in general — i.e., the
families avoid pets because of allergic problems from pets — and therefore maybe
react to endotoxin exposure at lower concentrations compared to children from less
sensitive families, i.e., families without an avoidance behaviour and/or family
history.
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Conclusion

This Swedish DBH data demonstrated that house dust endotoxin concentration
levels depend on the location sampled within the home. Endotoxin concentration
levels increased with pet-keeping and agricultural activities. More people in the
family, higher ventilation rates and higher frequency of cleaning were also associated
with endotoxin levels but to a lesser degree. Other building-related factors did not
predict endotoxin levels indoors including moisture-related problems observed by
professional inspectors. Endotoxin concentration levels in indoor dust were not
associated with asthma and allergic diseases in the children. However, we found an
association between endotoxins exposure and the presence of disease in the sub-
group of families without indoor pets.
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