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ABSTRACT  

Background: Early-life exposure to environmental microbial agents may be associated with 

development of wheezing and allergic diseases.   

Objective: To assess the association of microbial exposure in rural homes with the risk of 

asthma, wheezing, atopic dermatitis and sensitization.  

Methods: Birth cohorts of rural children (n=1133), half from farmer families, were followed 

up from birth to 2 years of age by questionnaires in five European centres. Endotoxin and 

extracellular polysaccharides (EPS) of Penicillium and Aspergillus spp. were determined 

from living room floor and mother’s mattress dust samples collected at 2 months of age. 
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Specific IgE against 19 allergens was measured at 1 year of age. Discrete-time hazard 

models, generalized estimations equations (GEE) and logistic regression were used for 

statistical analyses. 

Results: The incidence of asthma was inversely associated with the amount of dust (adjusted 

odds ratio (aOR) 0.73, 95%CI 0.58-0.93) and the loads (units/m2) of EPS (aOR 0.75, 95%CI 

0.55-1.04) and endotoxin (aOR 0.79, 95%CI 0.60-1.05) in the mother’s mattress. Similar 

associations were seen with wheezing and with living room floor dust. The microbial markers 

were highly correlated and their effects could not be clearly separated. The inverse 

associations were seen especially among non-farmers. The risk of sensitization to inhalant 

allergens increased with increasing endotoxin exposure from mattress dust. No associations 

were observed with concentrations (units/g) or with atopic dermatitis.  

Conclusion & Clinical Relevance: The amount and microbial content of house dust were 

inversely associated with asthma and wheezing, but due to high correlation between 

microbial agents and amount of dust, it was not possible to disentangle their individual 

effects. New ways to better measure and represent exposure to environmental microbes, 

including indexes of biodiversity, are needed especially among farmers. 

Keywords: Respiratory disease, asthma, atopy, specific IgE, atopic dermatitis, EPS, 

endotoxin, children 

Abbreviations:  

EPS: fungal extracellular polysaccharides antigens of Penicillium and Aspergillus 

spp.  

PASTURE:  Protection against Allergy Study in Rural Environments 

OR:   Odds ratio 

aOR: adjusted Odds ratio  

95%CI 95% Confidence Interval 
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sIgE:  Specific immunoglobulin E 

kU/L: kilo units per litre 

GEE: Generalized estimating equations 

LAL:  Limulus amebocyte lysate 

LPS:  lipopolysaccharide  

 

Introduction 

 

Growing up on a farm may be protective of allergy. Several cross-sectional studies have 

shown that maternal exposure to cowsheds during pregnancy followed by children’s exposure 

in the early years [1], and also farm milk consumption are associated with a decreased risk of 

allergic diseases [2]. Mechanisms behind these protective effects are unknown. According to 

the hygiene hypothesis [3], exposure to high concentrations of microbial agents with pro-

inflammatory properties stimulates the maturation of T-helper cell 1 (Th1) -oriented 

immunity, instead of the atopic Th2-oriented immunity [4]. A recent study suggested that the 

protective effect of farming maybe due to exposure to a greater variety of fungi and bacteria 

[5]. 

 

The most commonly used indicator of bacterial exposure is endotoxin. Endotoxin commonly 

stands for lipopolysaccharides (LPS) of the cell wall of gram-negative bacteria. Its biological 

activity is routinely measured with the Limulus amebocyte lysate (LAL) test. The association 

between endotoxin in the environment and allergy and asthma in children has been studied 

extensively [6], however, with inconsistent results. Most studies on wheezing have revealed 

harmful effects in early age [7-13], whereas the effect in later, e.g. school-age, has turned to 

protective for wheezing or asthma. Higher levels of endotoxin have been inversely associated 

with allergic sensitization [4, 14]. 
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The extracellular polysaccharide (EPS) of Penicillium and Aspergillus is considered a 

relatively good marker of exposure to indoor moulds, as Penicillium and Aspergillus spp. 

belong to the most commonly found viable fungi in indoor air. EPS concentrations have been 

associated with total concentrations of culturable fungi in house dust [15, 16]. There is also 

preliminary evidence that fungal exposure as estimated by EPS levels in house dust may 

protect against atopic sensitization [17, 18], wheezing [19] and/or asthma in children [17, 20, 

21]. However, these observations need further confirmation.  

 

In contrast to EPS studies, previous studies with airborne samples have found positive 

associations between high levels of viable Penicillium spp. and respiratory disease, like 

asthma [22], asthma exacerbations [23], wheeze [24, 25] and lower respiratory infections in 

urban/suburban environments [26]. Airborne concentrations of culturable Aspergillus spp. 

have been associated with an increased risk of atopy [22]. It has been concluded that moisture 

damage and mould growth in the building are significantly associated with respiratory 

symptoms and asthma exacerbations [27, 28] and also with the development of new asthma 

[28, 29].  

 

The farming environment, which is rich in microbes, offers a good opportunity to evaluate 

the importance of microbial exposures to maturation of the immune system and children’s 

respiratory health. The purpose of the present study was to evaluate the association between 

the amount and EPS and endotoxin content of the house dust and the occurrence of asthma, 

wheezing, atopic dermatitis and atopic sensitization in an international birth cohort study of 

rural children.   
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Methods 

 

Study population 

The study population consisted of the European PASTURE (Protection against Allergy Study 

in Rural Environments) birth cohort, which has been followed up prospectively from the third 

trimester of pregnancy. The PASTURE study has been carried out in rural areas of Austria, 

Finland, France, Germany and Switzerland [30]. All pregnant women who lived on farms 

with livestock and an equal numbers of non-farming women who lived in rural areas were 

invited to join the study: 2871 women contacted, 1772 were eligible for the study and 1133 

were recruited to the study [31]. The study was approved by the local ethics committees of all 

participating study centres, and written informed consent was obtained from all parents.  

 

Dust collection and analysis 

Dust samples were collected by fieldworkers when the children were two months old, by 

vacuuming the living room floor and the mother’s mattress, using similar protocol and the 

same type of vacuum cleaners (Miele 516) in each study centre,. The whole surface of the 

mother’s mattress was vacuumed for 2 minutes after removing duvets or blankets. The living 

room was defined as the room where the family spends most of their time in the evenings 

after dinner. The fieldworkers were advised to vacuum either 1 m2 of wall-to-wall carpet (for 

two minutes) or 4 m2 of smooth floor (for four minutes)[32]. In the case of a smooth floor 

with a rug, an additional sample from a 1 m2 area of the rug was vacuumed (for two minutes). 

For these homes, microbial content of rug samples, if available, were selected to the final 

statistical analyses.  
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The samples were stored at -20°C until extracted in Utrecht, The Netherlands [32]. The levels 

of fungal EPS of Penicillium spp. and Aspergillus spp. were measured with an antigen-

specific sandwich enzyme immunoassay [16] and the levels of endotoxin by the kinetic 

chromogenic Limulus Amebocyte Lysate test (Bio Wittaker, Walkersville, MD) [33]. Levels 

were expressed as endotoxin units (EU) and EPS units (EPSU) both per square meter of 

sampled area (load) and per gram of sampled dust (concentration). 

 

The detection limit of the amount of house dust was 20 mg. In the case of the nondetectable 

amounts of dust (8 from mother’s mattress, and 11 from living room floor), a value of 13 mg 

(two-third of the detection limit) was assigned, and the levels of EPS and endotoxin in these 

samples were excluded from further data analyses. The detection limit of EPS was 141 

EPSU/g. In the case of the 9 samples with nondetectable amounts of EPS, a value of 94 

EPSU/g was assigned. All endotoxin levels were detectable. In the case of missing data on 

the loads of EPS or endotoxin in the rug sample, the given load was replaced from smooth 

floor samples. 

 

Questionnaire data  

The first questionnaire was administered to the mothers during the third trimester of 

pregnancy, and follow-up questionnaires at 2, 12, 18 and 24 months after delivery. The 

follow-up questionnaires, except the questionnaire at two months, enquired about the 

wheezing apart from cold and any wheezing as well as confounders for the time period after 

the preceding questionnaire. ‘Asthma’ was defined as parent-reported doctor-diagnosed 

asthma at least once or doctor-diagnosed asthmatic (or obstructive) bronchitis more than once 

during the follow-up. ‘Atopic dermatitis’ was defined as parent-reported doctor-diagnosed 
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dermatitis at least once during the follow-up. Housing characteristics were collected with a 

questionnaire during the home visit.  

 

Specific IgE determination at the age of one year  

Venous blood samples obtained from 1-year-old study children were analyzed for specific 

immunoglobulin E (sIgE) to 19 common allergens, by using the Allergy Screen Test Panel 

for Atopy (Mediwiss Analytic, Moers, Germany) [34]. The 13 inhalant allergens tested were 

two house dust mites (Dermatophagoides pteronyssinus and D. farinae), 7 pollens (alder, 

birch, European hazel, grass pollen mixture, rye, mugwort and plantain), and cat, horse and 

dog dander, and the mould Alternaria alternata. The 6 food allergens were hen’s egg, cow’s 

milk, peanut, hazelnut, carrot and wheat. Atopic sensitization was defined as sIgE 

concentration of 0.35 kU/L or greater. 

 

Statistical analysis 

For the present statistical analyses, only one living room dust sample for each house was 

selected in the following order of priority: first wall-to-wall carpet, then rug, and finally 

smooth floor. The loads and concentrations of EPS and endotoxin and the amounts of dust 

were not normally distributed and were therefore transformed using natural logarithm (ln-

transformed). Correlations were calculated as Spearman’s rho correlation coefficients. Mean 

values were expressed as geometric means with their 95 % confidence intervals (CIs). 

ANOVA with ln-transformed data was used to analyze associations between levels of 

microbial exposure and potential determinants. Logistic regression was used to analyze the 

associations between microbial exposure and health outcomes. The results are presented as 

odds ratios (ORs) and their 95% confidence intervals (CIs) associated with an overall 

interquartile range increase in exposure, which corresponds to factors 15.12, 18.95 and 12.31 
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on the original scale for the amount of dust, EPS and endotoxin loads from living room floor, 

respectively, and 3.03, 7.72 and 5.36 for the amount of dust, EPS and endotoxin loads in dust 

from mother's mattress, respectively. The corresponding interquartile ranges increase for 

concentrations were 3.61 for EPS and 3.74 for endotoxin in dust from living room floor and 

3.95 for EPS and 4.12 for endotoxin from mother's mattress. 

 

Generalized estimating equations (GEE) with an exchangeable correlation structure to 

account for correlation between repeated measures within subjects were used to determine 

associations between microbial exposure and parent-reported wheezing at ages 12, 18 and 24 

months. Discrete-time hazard models were used to evaluate the association between 

microbial exposure and the onset of asthma and atopic dermatitis.  

 

All models were adjusted for study centre, farming, maternal history of allergic diseases 

(asthma, atopic dermatitis or hay fever), gender, number of older siblings and smoking during 

pregnancy. Analyses were in addition carefully tested for potential confounding effects of 20 

previously reported confounders i.e. parents’ histories of allergic diseases and educations, age 

of mother, birth weight, mode of the delivery, season and floor type of dust sampling, second 

hand smoke, dog and cat ownership and staying indoors, moisture damage, mother working 

in cow shed and hay barn during pregnancy, dung hill, breastfeeding, consumption of farm 

milk and day care attendance, as well as all the microbial determinants shown in the 

Supplement Table S1. Although many of these additional variables were significantly 

associated with the levels of microbial markers, none of them changed any of the tested 

estimated effects of exposure by more than 10% in any analyses and were therefore not 

included into any of the final analyses. Effect-modification by farming status and centre, 
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were tested using variables for interaction variables. The data were analyzed using PASW 

Statistics 18.0 for Windows. Two-sided p-values of less than .05 were considered significant. 

Results 

 

Data on house dust, EPS and endotoxin levels and information on sampled area for both 

living room and the mother’s mattress were available for 1001 (88.3%) of the 1133 study 

children. The highest levels of dust, EPS and endotoxin from the living room floor were 

found in rug samples (Table 1). Samples from a smooth floor had very low amounts of dust 

and EPS, even lower than in dust samples from mothers’ mattresses. Living room floor 

samples, which were included in the analyses, were almost solely vacuumed from a rug in 

Finland and from smooth floor in France. The amount of dust and the levels of EPS and 

endotoxin from living room floor were quite similar across centres when stratified by floor 

type (Table 1), except France due to low number of rugs. In every centre, the amount of dust 

and the loads of EPS and endotoxin were higher in farmers’ homes than in non-farmers’ 

homes on the living room floor (Figure 1) as well as in the mother’s mattress (data not 

shown).  

 

Determinants of exposure 

The following variables increased significantly the amount of dust and both loads and 

concentrations of EPS and endotoxin in the living room sample (supporting information 

Tables S1and S2): a higher number of siblings, having a cat and/or dog, living on a farm, 

more working hours of mothers in a stable or hay barn, floor type, older homes and houses 

with woodstoves. Also, the study country and floor type were in general significant 

determinants. The effect of a woodstove was independent of the effect of farming. Using a 
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gas cooker was associated with a lower amount of dust and concentrations of EPS and 

endotoxin. 

 

Frequency of outcomes 

The frequency distribution of the outcomes varied across centres (Table 2). The largest 

difference was in atopic sensitization (17.9% in Austria vs. 43.4% in France) and atopic 

dermatitis (7.6% in Switzerland vs. 29.9% in France). The French children also had the 

highest lifetime prevalence of any wheezing and highest incidence of asthma. At the age of 1 

year, 264 (28.1%) of 939 children were sensitized to at least one of the tested allergens, 217 

(23.1%) to inhalant and 87 (9.3%) to food allergens. The 19 specific allergens were not 

equally relevant in all centres. The highest prevalence of sensitization was against dog in 

Austria and against cat in other centres.  

 

Correlations between markers 

The correlations between the amounts of house dust and the loads of EPS (r = 0.86) and 

endotoxin (r = 0.82) were high in dust samples from the living room floor. The corresponding 

correlations between samples from the mother’s mattress were slightly lower (r = 0.71 for 

EPS and r = 0.58 for endotoxin loads). The correlation between EPS and endotoxin loads in 

dust from the living room floor was 0.77 and from the mother’s mattress 0.60. EPS loads 

between the two sampled locations correlated only poorly (r = 0.26) as was also seen for 

endotoxin (r = 0.30). The correlations between the amount of dust and concentrations of EPS 

or endotoxin were all much lower (r < 0.20) than those between the amount of dust and loads 

of microbial markers.  

 

Microbial markers, wheezing and asthma 
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Asthma and wheezing tended to be less common in children who lived in homes with higher 

amounts of dust and loads of EPS and endotoxin (Table 3). Increased amounts of dust in the 

mother’s mattress decreased the risk of asthma. Endotoxin load in the living room floor 

sample showed a significantly inverse association with asthma as did EPS load in the living 

room floor with any wheezing. No significant associations were observed with asthma and 

wheezing and EPS or endotoxin concentrations (supporting information Table S3).  

 

Microbial markers, serum sIgE and atopic dermatitis 

The risk of sensitization to inhalant allergens was increased at the age of 1 year with 

increasing endotoxin in the mother’s mattress (Table 4 for loads and supporting information 

Table S3 for concentration). Similar associations were found between increasing endotoxin 

exposure in the mother’s mattress and sensitization to any tested allergens (aOR 1.21, 95%CI 

0.99-1.48 for endotoxin load and aOR 1.25, 95%CI 1.03-1.52 for endotoxin concentration). 

The estimates were closer to one when the cut-off level was elevated to 0.7kU/L: 

sensitization to inhalant allergens (aOR 1.13, 95%CI 0.87-1.45 and aOR 1.14, 95%CI 0.89-

1.46, respectively) and sensitization to any tested allergens (aOR 1.16, 95%CI 0.92-1.47 and 

aOR 1.16, 95%CI 0.92-1.46, respectively). No associations were found with sensitization to 

food allergens (data not shown) or with atopic dermatitis (Table 4 for loads and supporting 

information Table S3 for concentration).  

 

Microbial markers analysed together 

In an effort to disentangle the roles of amounts of dust, EPS and endotoxin loads, fully 

adjusted models were run for asthma, where two markers at a time and finally all three 

markers were entered simultaneously into the same model. Due to the high correlations 

between the markers, the direction and size of the observed associations for the three markers 
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changed in general strongly. However, the inverse association between the amount of dust 

from the mother’s mattress and asthma was not substantially confounded by endotoxin and 

EPS although the association did not reach statistical significance (aOR 0.72, 95% CI 0.50-

1.04). Also, the estimate of endotoxin load in dust from living room floor and asthma became 

more protective after mutual adjustments (aOR 0.55, 95% CI 0.30-1.00). When the 

association between endotoxin load in the mother’s mattress dust and sensitization to inhalant 

allergens was adjusted for EPS and amount of dust, the association did not change (OR 1.37, 

95% CI 1.07-1.77).  

 

Effect modification in farming status 

In further stratified analyses, inverse associations between three microbial markers and 

asthma or wheezing were seen especially among non-farmers’ children. Farming status 

seemed to be an effect modifier particularly in the models using mother’s mattress samples, 

and especially asthma and wheezing apart from cold (Table 5), but not atopic dermatitis or 

sensitization (data not shown).  

 

Heterogeneity between countries 

There was little heterogeneity in the associations between centres (supporting information 

Table S4). There was significant heterogeneity for endotoxin load from living room floor and 

wheezing apart from cold. Endotoxin loads tended to be inversely associated with wheezing 

apart from cold in other countries, but among Finnish children the association was positive. 

In the German children, microbial markers from living room sample appeared to protect from 

the risk of atopic dermatitis.  
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Discussion  

 

In the present study, the amount and microbial content of house dust were inversely 

associated with asthma and wheezing, but due to high correlation between microbial agents 

and amount of dust, it was not possible to disentangle their individual effects.  The inverse 

associations were especially seen among non-farmers’ children. The associations were clearly 

weaker when microbial exposures were calculated as concentrations (per gram of dust). The 

risk of sensitization to inhalant allergens at the age of 1 year increased with increasing 

concentration of endotoxin in the mother’s mattress. No significant associations were found 

for atopic dermatitis.  

 

High endotoxin load in infancy seemed to decrease the risk of wheezing by 2 years of age. 

Our results are very similar to the findings of Douwes et al. [17], who observed a decreased 

risk of wheezing at the age of 4 years with higher amount of dust, endotoxin and EPS. 

However, the present results are in contrast to most other birth cohort studies with short 

follow-ups [7, 8, 10, 11], in which endotoxin has been associated with an increased the risk of 

wheezing, although the association may turn [35]. Other results among children have been 

inconsistent [14, 20, 36, 37]. In adults endotoxin is a well-known respiratory irritant [38], 

especially in the workplaces. In contrast, endotoxin exposure has mostly been protective of 

atopy both among children [39] and among adults in the workplaces [38]. 
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EPS loads tended to be inversely associated with asthma and wheezing, which is in line with 

earlier studies among older children [17, 19, 21]. To date, knowledge on the health effects of 

EPS in early age is limited. In contrast to studies on EPS, two studies with airborne samples 

have found associations between high levels of viable Penicillium spp. and increased risk of 

wheeze [22, 24, 25] in 1-year-old children with high risk of asthma. A potential explanation 

for these opposite findings might be the difference in the measure of exposure used. EPS is 

extracellular polysaccharide of the fungal species Penicillium and Aspergillus and is 

measured from house dust. In contrast, viable fungi were measured from airborne samples. 

Cultivation also only measures viable, biologically active fungi, in contrast to EPS, which 

measures cumulative exposure to both viable and non-viable fungi.   

 

Another explanation for the present results on endotoxin and EPS might be that most of the 

earlier birth-cohort studies have been done in urban/suburban areas, whereas the present 

study was done in rural areas with very different sources of microbes, such as stables and 

dung hills. In addition, most of the houses in the present study were detached houses and half 

of them were farm homes, in contrast to other studies, where most homes have probably been 

apartments. Measurements of endotoxin and EPS are only crude markers of the total 

microbial exposure and [5, 40, 41] in different environments may reflect quite different 

microbial exposures. The microbial diversity has been shown to be much higher in farming 

homes than in non-farming homes and there are also significant differences in prevalence of 

dominant microbes [5]. It can also be hypothesized that microbial exposure coming from 

different sources, e.g. farm environment or moisture damage, may have different effects on 

health. 
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The above may also partly explain our finding that inverse associations with respiratory 

outcomes were stronger among non-farmers than farmers. Another possible explanation is 

that farmers’ children may be exposed to high levels of microbes outside the home, e.g. in the 

stables. Endotoxin and EPS levels in stable dust are 5- to 7 fold higher than in dust from 

living room floor in farm houses [32]. Thus, there may be greater misclassification of 

exposure among farm children than among non-farm children. 

  

High endotoxin exposure in mattress dust increased the risk of sensitization to inhalant 

allergens, as was also suggested in another birth cohort study [10]. No association was found 

in two other birth cohort studies among children of similar age as in our study [11, 42]. On 

the contrary, cross-sectional studies have mostly found an association between high 

endotoxin exposure and lower prevalence of atopy in school-aged children [39] as was also 

observed in a birth cohort study in 5-year-old children [43]. Early sensitization in most 

children is transient and part of the normal maturation of the immune system [44]. Most 

children with low levels of specific IgE (0.35-1.0 kU/L) at the age of 2 years lose their 

sensitization until the age of 5 years, whereas stronger sensitization with higher levels of 

specific IgE (above 3.5 kU/L) is more persistent [44]. In our study, only 2% of the study 

children had such stronger sensitization, and so, most of the sensitization at age 1 is likely to 

be transient. Therefore, also the association between endotoxin and sensitization is likely to 

depend on age.  

 

We did not find any associations between EPS or endotoxin and atopic dermatitis during the 

first two years of life. Birth cohort studies among children around 1 year have found inverse 

associations between endotoxin and dermatitis or atopic dermatitis [7, 12, 45]. A birth cohort 

study found inverse association only in children with the genotype CC of the CD14 gene 
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[43]. No association between EPS and atopic eczema has been observed in a cross-sectional 

study [46]. Thus, the evidence from earlier studies and from the present study suggests that 

the role of microbial exposure in the development of atopic dermatitis is weaker in early 

childhood than in case of asthma or atopic sensitization or that the association may have been 

masked by genetic variation.    

 

The strongest and most significant associations were observed with diagnosed asthma, 

whereas wheezing without cold and especially any wheezing showed few associations. This 

is likely to be due to the higher specificity of asthma definitions, as compared to parent-

reported wheezing, but may also indicate severity of the disease. The follow-up of the 

children in the present study continued only for the first 2 years of life, which is too short a 

time to draw definite conclusions concerning asthma in children.  

The main strengths of the present study are the prospective birth cohort design, over 88% 

participation rate and dust collections by field workers using a standardized protocol in 5 

European centres. The lack of assessments for other microbial products than fungal EPS and 

endotoxin and the short follow-up are the main limitations of the study. We also did not do 

microbial measurements from children’s mattresses, as other studies have shown that the 

mattresses of infants are often new and the levels of microbes low [47]. Although mother’s 

mattress dust is only an indirect indicator of child’s exposure, at least for the children who do 

not sleep with their mothers, it reflects the exposure at home and also in the stables, as there 

is a fair correlation between the time that the mother and her baby spend in the stables (r=.45 

in our study).  

In conclusion, the amount and microbial content of house dust were inversely associated with 

asthma and wheezing, but due to high correlation between microbial agents and amount of 

dust, it was not possible to disentangle their individual effects. New ways to better measure 
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and represent exposure to environmental microbes, including indexes of biodiversity, are 

needed especially among farmers. 

 

 

Acknowledgement 

 

We would like to thank the families, all the fieldworkers and laboratory technicians for 

enthusiastic collaboration. This study was supported by research grants from the European 

Union QLK4-CT-2001-00250, Graduate School in Environmental Health (SYTYKE), EVO-

funding, Farmers’ Social Insurance Institution (Mela), Academy of Finland (139021) and by 

the National Institute for Health and Welfare, Finland.   

A conflict of interest 

E. von Mutius has received funding from Airsonett AB for conducting a clinical trial. Also, 

she has been serving as a paid consultant for GlaxoSmithKline, Novartis, and Protectimmun. 

The rest of the authors have declared that they have no conflict of interest.   

References 

 

1. Douwes J, Cheng S, Travier N, Cohet C, Niesink A, McKenzie J, Cunningham C, Le Gros G, von 

Mutius E, Pearce N. Farm exposure in utero may protect against asthma, hay fever and eczema. Eur 

Respir J 2008; 32: 603-11. 

2. Waser M, Michels KB, Bieli C, Floistrup H, Pershagen G, von Mutius E, Ege M, Riedler J, Schram-

Bijkerk D, Brunekreef B, van Hage M, Lauener R, Braun-Fahrlander C. Inverse association of farm 

milk consumption with asthma and allergy in rural and suburban populations across Europe. Clin Exp 

Allergy 2007; 37: 661-70. 

3. Strachan DP. Hay fever, hygiene, and household size. BMJ 1989; 299: 1259-60. 

4. Braun-Fahrlander C, Riedler J, Herz U, Eder W, Waser M, Grize L, Maisch S, Carr D, Gerlach F, Bufe 

A, Lauener RP, Schierl R, Renz H, Nowak D, von Mutius E. Environmental exposure to endotoxin and 

its relation to asthma in school-age children. N Engl J Med 2002; 347: 869-77. 



A
cc

ep
te

d
 A

rt
ic

le
 

© 2012 Blackwell Publishing Ltd 

5. Ege MJ, Mayer M, Normand AC, Genuneit J, Cookson WO, Braun-Fahrlander C, Heederik D, 

Piarroux R, von Mutius E. Exposure to environmental microorganisms and childhood asthma. N Engl J 

Med 2011; 364: 701-9. 

6. von Mutius E, Radon K. Living on a farm: impact on asthma induction and clinical course. Immunol 

Allergy Clin North Am 2008; 28: 631-47, ix-x. 

7. Gehring U, Bolte G, Borte M, Bischof W, Fahlbusch B, Wichmann HE, Heinrich J. Exposure to 

endotoxin decreases the risk of atopic eczema in infancy: a cohort study. J Allergy Clin Immunol 2001; 

108: 847-54. 

8. Park JH, Gold DR, Spiegelman DL, Burge HA, Milton DK. House dust endotoxin and wheeze in the 

first year of life. Am J Respir Crit Care Med 2001; 163: 322-8. 

9. Litonjua AA, Milton DK, Celedon JC, Ryan L, Weiss ST, Gold DR. A longitudinal analysis of 

wheezing in young children: the independent effects of early life exposure to house dust endotoxin, 

allergens, and pets. J Allergy Clin Immunol 2002; 110: 736-42. 

10. Bolte G, Bischof W, Borte M, Lehmann I, Wichmann HE, Heinrich J. Early endotoxin exposure and 

atopy development in infants: results of a birth cohort study. Clin Exp Allergy 2003; 33: 770-6. 

11. Gillespie J, Wickens K, Siebers R, Howden-Chapman P, Town I, Epton M, Fitzharris P, Fishwick D, 

Crane J. Endotoxin exposure, wheezing, and rash in infancy in a New Zealand birth cohort. J Allergy 

Clin Immunol 2006; 118: 1265-70. 

12. Perzanowski MS, Miller RL, Thorne PS, Barr RG, Divjan A, Sheares BJ, Garfinkel RS, Perera FP, 

Goldstein IF, Chew GL. Endotoxin in inner-city homes: associations with wheeze and eczema in early 

childhood. J Allergy Clin Immunol 2006; 117: 1082-9. 

13. Celedon JC, Milton DK, Ramsey CD, Litonjua AA, Ryan L, Platts-Mills TA, Gold DR. Exposure to 

dust mite allergen and endotoxin in early life and asthma and atopy in childhood. J Allergy Clin 

Immunol 2007; 120: 144-9. 

14. Gehring U, Bischof W, Fahlbusch B, Wichmann HE, Heinrich J. House dust endotoxin and allergic 

sensitization in children. Am J Respir Crit Care Med 2002; 166: 939-44. 

15. Chew GL, Douwes J, Doekes G, Higgins KM, van Strien R, Spithoven J, Brunekreef B. Fungal 

extracellular polysaccharides, beta (1 -> 3)-glucans and culturable fungi in repeated sampling of house 

dust. Indoor Air 2001; 11: 171-8. 



A
cc

ep
te

d
 A

rt
ic

le
 

© 2012 Blackwell Publishing Ltd 

16. Douwes J, van der Sluis B, Doekes G, van Leusden F, Wijnands L, van Strien R, Verhoeff A, 

Brunekreef B. Fungal extracellular polysaccharides in house dust as a marker for exposure to fungi: 

relations with culturable fungi, reported home dampness, and respiratory symptoms. J Allergy Clin 

Immunol 1999; 103: 494-500. 

17. Douwes J, van Strien R, Doekes G, Smit J, Kerkhof M, Gerritsen J, Postma D, Travier N, Brunekreef 

B. Does early indoor microbial exposure reduce the risk of asthma? The Prevention and Incidence of 

Asthma and Mite Allergy birth cohort study. J Allergy Clin Immunol 2006; 117: 1067-73. 

18. Gehring U, Heinrich J, Hoek G, Giovannangelo M, Nordling E, Bellander T, Gerritsen J, de Jongste 

JC, Smit HA, Wichmann HE, Wickman M, Brunekreef B. Bacteria and mould components in house 

dust and children's allergic sensitisation. Eur Respir J 2007; 29: 1144-53. 

19. Schram-Bijkerk D, Doekes G, Douwes J, Boeve M, Riedler J, Ublagger E, Mutius E, Benz MR, 

Pershagen G, Hage M, Scheynius A, Braun-Fahrlander C, Waser M, Brunekreef B, Parsifal Study Grp. 

Bacterial and fungal agents in house dust and wheeze in children: the PARSIFAL study. Clin Exp 

Allergy 2005; 35: 1272-8. 

20. Ege MJ, Frei R, Bieli C, Schram-Bijkerk D, Waser M, Benz MR, Weiss G, Nyberg F, van Hage M, 

Pershagen G, Brunekreef B, Riedler J, Lauener R, Braun-Fahrlander C, von Mutius E. Not all farming 

environments protect against the development of asthma and wheeze in children. J Allergy Clin 

Immunol 2007; 119: 1140-7. 

21. Tischer C, Gehring U, Chen CM, Kerkhof M, Koppelman G, Sausenthaler S, Herbarth O, Schaaf B, 

Lehmann I, Kramer U, Berdel D, von Berg A, Bauer CP, Koletzko S, Wichmann HE, Brunekreef B, 

Heinrich J. Respiratory health in children and indoor exposure to (1,3)-{beta}-D-glucan, EPS mould 

components, and endotoxin. Eur Respir J 2011; 37: 1050-9. 

22. Garrett MH, Rayment PR, Hooper MA, Abramson MJ, Hooper BM. Indoor airborne fungal spores, 

house dampness and associations with environmental factors and respiratory health in children. Clin 

Exp Allergy 1998; 28: 459-67. 

23. Bundy KW, Gent JF, Beckett W, Bracken MB, Belanger K, Triche E, Leaderer BP. Household 

airborne Penicillium associated with peak expiratory flow variability in asthmatic children. Ann Allergy 

Asthma Immunol 2009; 103: 26-30. 



A
cc

ep
te

d
 A

rt
ic

le
 

© 2012 Blackwell Publishing Ltd 

24. Gent JF, Ren P, Belanger K, Triche E, Bracken MB, Holford TR, Leaderer BP. Levels of household 

mold associated with respiratory symptoms in the first year of life in a cohort at risk for asthma. 

Environ Health Perspect 2002; 110: A781-6. 

25. Rosenbaum PF, Crawford JA, Anagnost SE, Wang CJ, Hunt A, Anbar RD, Hargrave TM, Hall EG, Liu 

CC, Abraham JL. Indoor airborne fungi and wheeze in the first year of life among a cohort of infants at 

risk for asthma. J Expo Sci Environ Epidemiol 2010; 20: 503-15. 

26. Stark PC, Burge HA, Ryan LM, Milton DK, Gold DR. Fungal levels in the home and lower respiratory 

tract illnesses in the first year of life. Am J Respir Crit Care Med 2003; 168: 232-7. 

27. Institute of Medicine. Damp Indoor Spaces and Health. Washington D.C.: The National Academies 

Press. 2004. 

28. World Health Organization. WHO guidelines for indoor air quality: dampness and mould, 2009. 

29. Pekkanen J, Hyvarinen A, Haverinen-Shaughnessy U, Korppi M, Putus T, Nevalainen A. Moisture 

damage and childhood asthma: a population-based incident case-control study. Eur Respir J 2007; 29: 

509-15. 

30. von Mutius E, Schmid S. The PASTURE project: EU support for the improvement of knowledge about 

risk factors and preventive factors for atopy in Europe. Allergy 2006; 61: 407-13. 

31. Ege MJ, Herzum I, Buchele G, Krauss-Etschmann S, Lauener RP, Roponen M, Hyvarinen A, Vuitton 

DA, Riedler J, Brunekreef B, Dalphin JC, Braun-Fahrlander C, Pekkanen J, Renz H, von Mutius E. 

Prenatal exposure to a farm environment modifies atopic sensitization at birth. J Allergy Clin Immunol 

2008; 122: 407-12, 12 e1-4. 

32. Schram D, Doekes G, Boeve M, Douwes J, Riedler J, Ublagger E, von Mutius E, Budde J, Pershagen 

G, Nyberg F, Alm J, Braun-Fahrlander C, Waser M, Brunekreef B, Parsifal Study Grp. Bacterial and 

fungal components in house dust of farm children, Rudolf Steiner School children and reference 

children - the PARSIFAL Study. Allergy 2005; 60: 611-8. 

33. Douwes J, Versloot P, Hollander A, Heederik D, Doekes G. Influence of various dust sampling and 

extraction methods on the measurement of airborne endotoxin. Appl Environ Microbiol 1995; 61: 

1763-9. 

34. Herzum I, Blumer N, Kersten W, Renz H. Diagnostic and analytical performance of a screening panel 

for allergy. Clin Chem Lab Med 2005; 43: 963-6. 



A
cc

ep
te

d
 A

rt
ic

le
 

© 2012 Blackwell Publishing Ltd 

35. Mendy A, Gasana J, Vieira ER, Forno E, Patel J, Kadam P, Ramirez G. Endotoxin exposure and 

childhood wheeze and asthma: a meta-analysis of observational studies. J Asthma 2011; 48: 685-93. 

36. Thorne PS, Kulhankova K, Yin M, Cohn R, Arbes SJ, Jr., Zeldin DC. Endotoxin exposure is a risk 

factor for asthma: the national survey of endotoxin in United States housing. Am J Respir Crit Care 

Med 2005; 172: 1371-7. 

37. Rennie DC, Lawson JA, Kirychuk SP, Paterson C, Willson PJ, Senthilselvan A, Cockcroft DW. 

Assessment of endotoxin levels in the home and current asthma and wheeze in school-age children. 

Indoor Air 2008; 18: 447-53. 

38. Smit LA, Heederik D, Doekes G, Lammers JW, Wouters IM. Occupational endotoxin exposure 

reduces the risk of atopic sensitization but increases the risk of bronchial hyperresponsiveness. Int Arch 

Allergy Immunol 2010; 152: 151-8. 

39. Simpson A, Martinez FD. The role of lipopolysaccharide in the development of atopy in humans. Clin 

Exp Allergy 2010; 40: 209-23. 

40. Pitkaranta M, Meklin T, Hyvarinen A, Paulin L, Auvinen P, Nevalainen A, Rintala H. Analysis of 

fungal flora in indoor dust by ribosomal DNA sequence analysis, quantitative PCR, and culture. Appl 

Environ Microb 2008; 74: 233-44. 

41. Pakarinen J, Hyvarinen A, Salkinoja-Salonen M, Laitinen S, Nevalainen A, Makela MJ, Haahtela T, 

von Hertzen L. Predominance of Gram-positive bacteria in house dust in the low-allergy risk Russian 

Karelia. Environ Microbiol 2008; 10: 3317-25. 

42. Iossifova YY, Reponen T, Bernstein DI, Levin L, Kalra H, Campo P, Villareal M, Lockey J, Hershey 

GKK, LeMasters G. House dust (1-3)-beta-D-glucan and wheezing in infants. Allergy 2007; 62: 504-

13. 

43. Simpson A, John SL, Jury F, Niven R, Woodcock A, Ollier WE, Custovic A. Endotoxin exposure, 

CD14, and allergic disease: an interaction between genes and the environment. Am J Respir Crit Care 

Med 2006; 174: 386-92. 

44. Matricardi PM, Bockelbrink A, Keil T, Gruber C, Niggemann B, Hamelmann E, Wahn U, Lau S. 

Dynamic evolution of serum immunoglobulin E to airborne allergens throughout childhood: results 

from the Multi-Centre Allergy Study birth cohort. Clin Exp Allergy 2009; 39: 1551-7. 

45. Phipatanakul W, Celedon JC, Raby BA, Litonjua AA, Milton DK, Sredl D, Weiss ST, Gold DR. 

Endotoxin exposure and eczema in the first year of life. Pediatrics 2004; 114: 13-8. 



A
cc

ep
te

d
 A

rt
ic

le
 

© 2012 Blackwell Publishing Ltd 

46. Karadag B, Ege MJ, Scheynius A, Waser M, Schram-Bijkerk D, van Hage M, Pershagen G, 

Brunekreef B, Riedler J, Braun-Fahrlander C, von Mutius E. Environmental determinants of atopic 

eczema phenotypes in relation to asthma and atopic sensitization. Allergy 2007; 62: 1387-93. 

47. Gehring U, Bischof W, Borte M, Herbarth O, Wichmann HE, Heinrich J. Levels and predictors of 

endotoxin in mattress dust samples from East and West German homes. Indoor Air 2004; 14: 284-92. 

 

 
Legends to figure 

 
Figure 1. Amount of dust and the loads of EPS and endotoxin in dust from living room floors among non-

farmers and farmers in Austria (A), Switzerland (C), France (F), Germany (G) and Finland (S). EPSU= 

extracellular polysaccharides units, EU=endotoxin units. Extreme values have been removed from the figures. 

Note that the differences between centres are mainly explained by differences in the dust sample type (smooth 

floor, rug or wall-to-wall carpet). 
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Figure 1. Amount of dust and the loads of EPS and endotoxin in dust from living room floors among non-
farmers and farmers in Austria (A), Switzerland (C), France (F), Germany (G) and Finland (S). EPSU= 
extracellular polysaccharides units, EU=endotoxin units. Extreme values have been removed from the figures. 
Note that the differences between centres are mainly explained by differences in the dust sample type (smooth 
floor, rug or wall-to-wall carpet). 
 
 


