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Abstract: Endotoxins are common indoor biocontaminants. Our purpose was to investigate the association of endotoxin
content with mould problems in house dust in buildings, to determine whether endotoxins can be used as an indicator of
the presence of moulds in buildings. The participants were selected from the Clinic for Indoor Air Health Problems on the
basis of symptoms attributed to indoor air problems. We examined their health status. House dust was collected in new
vacuum cleaner bags from surfaces in the rooms of their homes or workplaces. We measured the endotoxin
concentrations in the house dust of 13 homes and 9 workplaces of the 19 participants, using a quantitative limulus test.
The median endotoxin concentrations in the house dust of their homes was 9.9, and the range was 1.9-103 EU/mg; and
in the house dust of workplaces it was 4.5, and the range 0.5-81 EU/mg. We found higher house dust endotoxin
concentrations in rooms in which moisture problems had been identified or in dwellings in which pets were kept. Our pilot
study suggests that endotoxins may be a useful additional tool for estimating possible mould contamination at homes or

workplaces.
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1. INTRODUCTION

Endotoxins are composed of lipopolysaccharides
(LPS) and are a non-allergenic cell wall component of
Gram-negative  bacteria, showing strong pro-
inflammatory  properties. They may initiate a
proinflammatory response from innate immunity [1].
Their toxicity is related to the chemical structure of the
lipid A portion of LPS, which varies among bacterial
species. Endotoxins are common indoor bio-
contaminants. Homes contain low but measurable
concentrations of endotoxins, and their concentrations
are linked to conditions such as the presence of
animals, smoking, crowding, and farm life [2].
Endotoxins are especially found in farm buildings, for
example, in hog houses [3-5].

For this study we used an endotoxin assay reported
in the literature as being able to detect cell components
of Gram-negative bacteria in house dust. Our purpose
was to investigate the association of endotoxin content
with mould problems in buildings to determine whether
endotoxins can be used to indicate the presence of
moulds in buildings.
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2. PARTICIPANTS AND METHODS

We selected our participants from the Clinic for
Indoor Air Health Problems, from the Departments of
Dermatology, Allergology and Venerial Diseases at the
University Central Hospital, on the basis of symptoms
attributed to indoor air problems. A trained
environmental inspector from the clinic visited the
homes of these participants and collected material
samples from water-damaged structures and surfaces.
The Mycological Laboratory of Helsinki University
Central Hospital isolated and identified various mould
genera from these samples. Certificates issued by
indoor air inspection companies were also obtained
from the water-damaged workplaces.

We selected 19 participants for the study. Of these
adult participants, 15 were female and 4 male. We
found mould problems in the homes or workplaces of
seven participants. The commonly found moulds in the
moisture-damaged homes and workplaces were
Penicillium  spp, Aspergillus ustus, Aspergillus
versicolor, Aspergillus sydowii, Stachybotrys atra,
Chaetomium globosum, Acremonium sp, Ulocladium
sp, Peacilomyces variotii, Trichoderma viride, Mucor
racemosus. In addition, the samples often contained
Rhodotorula rubra yeast and Streptomyces bacteria.

We collected house dust in new vacuum cleaner
bags from the surfaces in the rooms of the homes or
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Table 1: Endotoxins in House-Dust
. Endotoxin Endotoxin
Participant no, | dust Samples | Praplom | Smoker | Pets Concentration | Concentration
Home/ 1 2 yes no no 11.5 9.4-13.5
Home/ 2 2 no no no 9.4 9.3-9.5
Home/ 3 2 no (a yes no 6.5 6.5
Home/ 4 2 yes no no (b 103.1 81.3-125
Home/ 5 1 no no dogs 78.8
Home/ 6 1 no no cats 23.4
Home/ 7 3 no no dog 2.9 1.5-3.8
Home/ 8 1 no no no 1.9
Home/ 9 1 yes no no 6.3
Home/ 10 1 no no no 8.8
Home/ 11 1 yes no (c dog 74.4
Home/ 12 1 yes no no 12.8
Home/ 13 1 yes no no 9.9
Workplace/ 1 1 yes * no 45.0
Workplace/ 4 1 yes * no 81
Workplace/ 5 1 no * no 12.5
Workplace/ 14 1 yes * no 4.5
Workplace/ 15 3 no * no 4.3 3.3-5.0
Workplace/ 16 1 no * no 8.8
Workplace/ 17 1 no * no 1.0
Workplace/ 18 1 no * no 0.5
Workplace/ 19 1 no * no 1.5
a) Earlier mould problem, repaired,
b) Earlier dog owner,
c) Ex-smoker,
* Smoking is forbidden in enclosed workplaces in Finland.
workplaces. This dust was emptied into clean coefficient of variation (CV) for the method was 6.6%.

polyvinylchloride (PVC) bags and kept frozen until
analyses. After thawing, the dust was sieved through a
200-um steel filter to remove sand and large particles.

3. ENDOTOXIN ASSAY

We extracted fine dust using a physiological NaCl
(0.9%) phosphate buffer (pH 7.4) at a concentration of
5 g/l. The eluted endotoxin was assayed with a
quantitative Limulus test (Limulus Amebocyte Lysate
QCL-1000 Quantitative Chromogenic LAL method no.
50-650 U; Bio Whittaker, USA) at 37°C, as described
[6]. The Escherichia coli 055:B5 endotoxin (Bio
Whittaker) was used as the standard endotoxin. We
analysed serially diluted samples in duplicate in two
independent test runs. The endotoxin concentrations
were expressed per gram of house dust. The

Nearly half of the participants brought several samples
from their homes and/or workplaces; the endotoxin
contents of these parallel dust samples varied only
slightly (Table 1).

4, HEALTH EXAMINATION

The general health of the participants of this study
was examined by the staff physician (HMR). The
clinical assessment included eliciting medical history
and current symptoms, a physical examination,
pulmonary function tests, chest and maxillary sinus
radiographs, a complete blood cell count, skin prick
tests to common allergens and moulds, sputum tests
(concentration of eosinophil cationic protein (ECP) and
myeloperoxidase (MPQO), as an indicator of an
inflammation process in the mucous membranes) and
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determinations of IgG and IgE antibodies to moulds. In
some cases, we also performed examinations such as
high-resolution computer  tomography, flexible
bronchoscopy and/or diffusing capacity determination.

4.1. Statistics

We calculated the results using the IBM SPSS
Statistic for Windows (IBM Corporation, USA). They
are represented as means, and we tested the
significance of the differences between the means
using the non-parametric Mann-Whitney U-test. Alpha
levels of less than 0.05 were considered statistically
significant.

4.2. Results

The median and mean concentrations of endotoxins
in house dust in the participants’ homes were 9.9 and
26.9 EU/mg, respectively. The range was 1.9-103
EU/mg (Table 1). At the workplaces, the corresponding
median and mean were 4.5 and 17.7 EU/mg, range
0.5-81 EU/mg (Mann-Whitney test p> 0.05). Higher
endotoxin concentrations in house dust were found in
the sampling dwellings in which mould problems were
identified (mean 38.7, median 12.8 (range 4.5-103)
EU/mg vs. not identified 12.3 and 6.5 (range 0.5-78.8)
EU/ mg, Mann-Witney U-test, p= 0.02. We found no
statistically significant difference between the endotoxin
concentrations of dwellings with and without pets.

4.3. Health Effects

Most of the participants whose houses we
examined reported eye and nose irritation, shortness of
breath, and coughing (Table 2). Only one person
experienced a pulmonary disease such as allergic
alveolitis  (hypersensitivity pneumonitis) or ODTS

(organic dust toxic syndrome), i.e., ‘flu-like’ episodes
with chills, fever, malaise, dyspnoea, coughing and
chest tightness. Asthma was diagnosed in three cases,
but nearly all the participants often had asthma-like
symptoms. Shortness of breath was slightly prevalent
even among those whose homes or workplace
environment contained more than 20 EU/mg of
endotoxins.

Increased MPO concentrations were found in the
sputum of 75% of the participants (reference value
<1200 pg/L), whereas the ECP levels were within the
reference value (<2500 ug/L) in all but two samples.
ECP is released from eosinophilic as well as
neutrophilic white cells during inflammation [7]. We
have previously shown that high MPO contents in
sputum may also suggest exposure to indoor air
pollutants [8].

5. DISCUSSION

Douwes et al. [6] showed that the endotoxin levels
in Central European houses were 4.2-48.6 EU/mg in
living rooms and 1.2-19.5 EU/mg in bedrooms,
comparable to the levels found in our study. The
geometric mean of the living room floor content of 454
German homes with children aged 5-10 years were
reported to be higher, averaging at 1973 ng/g dust
(1807 ug/mz) [9]. Having a dog or a cat at home
significantly increased exposure to endotoxins,
whereas no major statistically significant association
was found for other animals such as ants and mice. In
all these studies, endotoxins were assayed using the
LAL method also used in the present study. Elevated
endotoxin concentrations in house dust were also
found in the present study in homes in which pets
(dogs or cats) were kept.

Table 2: Occurrence of llinesses and Participants’ Symptoms

Symptoms/ illnesses All (N= 19) participants % en dpcft:;‘::,p:nztg I(E"ll;n% o,
Flu 65 33
Sinusitis 24 17
Headache 83 65
Eye irritation 91 83
Nasal irritation 75 67
Coughing 65 67
Skin symptoms 47 50
Wheezing 35 33
Shortness of breath 77 83
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Endotoxins are also released from cigarettes during
smoking [10]. Finns very seldom smoke at home; if
they are smokers they generally smoke on balconies or
near open windows. Thus, we suggest that smoking did
not bias the result of our study.

To examine stability over time and seasonal
variation, measured concentrations of mite and cat
allergens, endotoxins and mould spores in the living
room floor dust of 745 German homes were collected
biannually during two different seasons [11]. The
median interval between the two dust samplings was
approximately seven months. Endotoxins were
measured in settled house dust using the LAL method,
and total spore counts using cultural methods. Crude
Pearson's correlation coefficients between log-
transformed concentrations in the first and second dust
samples ranged between 0.59 for endotoxins and only
0.06 for total spore counts. Heinrich et al. [11]
concluded that although repeated measurements of
endotoxins in settled house dust improve the estimate
of annual mean concentrations, even a single
observation of these biocontaminants may be a good
proxy for an exposure, as the repeated measures
correlated highly. We observed only a single case of
endotoxins in this study, and the endotoxin contents of
the parallel dust samples varied only slightly.

Endotoxin concentrations in house dust have shown
to remain constant over a storage period of one year at
room temperature and at -20°C [12]. High endotoxin
concentrations in settled dust may be an indicator of
deficient hygienic conditions in homes [13]. This was
also reported by Ownby et al. [14], who found that cats
and dogs are not the major endotoxin source in homes,
but that the more dominant factors are the density of
human occupation and poor cleaning.

The results of the Gehring et al. [15], Huang et al.
[16] and Bischof et al. [13] suggest that mould growth
may be associated with an increased endotoxin level.
Huang et al. [16] found that the mean endotoxin
concentration was 773 ng/mg dust in homes with prior
water damage, and 25.4 ng/mg dust in homes without
prior water damage.

Our participants suffered from shortage of breath,
which is commonly connected to endotoxin exposure
[17]. A limitation of this study is that the number of
participants was too low to draw any conclusions
regarding health status or illnesses connected to
endotoxin exposure. Severe symptoms and illnesses
were associated in our study with mould exposure [18-
20].

Michel et al. [21] showed that in comparison to
saline, inhaling a purified derivative of LPS induces a
significant rise in both sputum MPO and ECP. The
response was dose-dependent, and the no-response
threshold for an acute inhalation of LPS was < 0.5ug.
This may be one explanation for the increased levels of
MPO observed in the sputum of our participants.

From the early 2000s, the relationship between
exposure to bacterial endotoxins and several illnesses
such as asthma and atopy has been widely studied to
understand the origins of these illnesses. Endotoxins
are a protective factor against asthma in children [22-
24], but contradictory results have also been reported.
Inverse associations between domestic exposure to
endotoxins, and doctor-diagnosed asthma were found
among German, but not among Dutch school children
[25]. Among inner-city children with asthma who were
exposed to high levels of airborne endotoxins at
school, endotoxin exposure resulted in increased
asthma symptoms among children with non-atopic
asthma [26-27].

Among adults, for example, among an occupational
cohort of laboratory animal workers, the atopic workers
seemed to be more susceptible to, and non-atopic
workers protected from, endotoxin-associated upper
and lower respiratory symptoms [28]. In the US farming
population, house dust endotoxins were associated
with current atopic and non-atopic asthma. The degree
of association with lower pulmonary function depended
on early-life exposure [29]. In a study of a US
nationwide representative sample, higher endotoxin
exposure was significantly associated with measures of
wheezing, but no protective effects were observed,
regardless of sensitization status [30].

Protective effects have also been reported among
adults: a European study supported the potentially
protective effect of Gram-positive bacteria and
endotoxin exposure [30]. Douwes et al. [31] concluded
that endotoxin exposure may prevent the primary
causation of allergic asthma, but that it may be both a
primary and secondary cause of non-allergic asthma.

The WHO review concluded in 2009 that there is
sufficient evidence of an association between moisture
damage, mould and dampness in dwellings and the
development of asthma among children [32]. A
subsequent extensive review on asthma development
among children and adults agreed with this conclusion
[20]. The effect of moulds as a confounding factor,
however, has rarely been investigated in studies on
endotoxins.
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CONCLUSION

Based on the results of the present study, we

suggest that endotoxins may be a useful additional tool
for estimating possible mould contamination in homes
without pets, or at workplaces.
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