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Abstract 
Purpose: To study associations between cat, dog and horse allergens in day care centres and fractional exhaled 
nitric oxide (FeNO), eosinophilic cationic protein (ECP) in serum, lung function (FEV1) and dyspnoea in day 
care centre staff. Totally 62 subjects, all females, from five Swedish day care centres participated (participation 
rate 90%). 

Methods: Dust was collected by vacuum cleaning and Petri dish sampling and analysed for cat (Fel d 1), dog 
(Can f 1) and horse (Ecu cx) allergens by ELISA. Dyspnoea was measured on an analogue rating scale. FeNO, 
serum ECP and symptom ratings were log-transformed. Associations were analysed by linear mixed models, 
adjusting for personal and home environment factors.  

Results: Geometric mean (GM) value for allergens in vacuumed dust were 1199 ng/g for Fel d 1, 666 ng/g for 
Can f 1 and 478 U/g for Equ cx, respectively. GM value for allergens in Petri dish samples (ng/m2 per day) was 
29.8 for Fel d 1 and 9.1 for Can f 1, respectively. Cat allergen (Fel d 1) were positively associated with FeNO 
both in vacuumed dust (p=0.03) and in Petri dish samples (p=0.03). Dog allergen (Can f 1) in Petri dish samples 
was negatively associated with FeNO (p=0.02). Horse allergen (Equ cx) in vacuumed dust was negatively 
associated with FeNO (P=0.03). 

Conclusion: Cat, dog and horse allergens were commonly found and cat allergen in day care centres can be a 
risk factor for lower airway inflammation, measured as FeNO, while dog and horse allergens were associated 
with lower FeNO. 

Keywords: day care centres, cat allergen, dog allergen, horse allergen, fractional exhaled nitric acid (FeNO), 
indoor environment  

1. Introduction 
Day care centres are important indoor environments for younger children but they can contain different types of 
environmental pollutants such as formaldehyde, volatile organic compounds (VOC), airborne particles and 
bacterial compounds (Bröms et al., 2006). Moreover, building dampness and indoor mould growth is common in 
Swedish day care centres and fungal DNA can be detected in the dust (Cai et al., 2009; Cai et al., 2011a). Cat, 
dog and horse allergens are common in schools and day care centres and these allergens are transferred by 
clothes and hair from the home environment by furry pet keepers (Salo et al., 2011; Zahradnik & Raulf, 2014). 
In addition, horse allergens has been detected Swedish day care centres (Cai et al., 2011a). Allergy to cat and 
dogs can be a major health risk for asthma and rhinitis (Konradsen et al., 2015). There has been a focus on the 
health significance of cat allergen (Fel d 1) in the indoor environment (Kelly et al., 2012). However, allergic 
sensitization to horse allergens have also been mentioned as an underestimated risk in urban population without 
occupation exposure to horse allergens (Liccardi et al., 2009). 

There are very few studies on associations between indoor exposure in day care centres and respiratory health in 
day care centre staff. Three older studies from Finland and Taiwan found associations between dampness and 
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mould in day care centres and respiratory symptoms among day care centre staff (Ruotsalainen et al., 1995; Li et 
al., 1997a; Li et al., 1997b). Moreover, we have recently published a study on associations between levels of 
fungal DNA in Swedish day care centres and respiratory health among day care centre staff (Norbäck et al., 
2015). However, we found no previous study on associations between cat, dog or horse allergen levels in day 
care centres and respiratory health in day care centre staff.  

The aim was to study associations between levels of cat (Fel d 1) dog (Can f 1) and horse (Equ cx) allergens in 
day care centres in mid-Sweden and four health outcomes in day care centre staff; (1) fractional exhaled nitric 
oxide (FeNO), (2) serum levels of eosinophilic cationic protein (ECP), (3) lung function (FEV1) and (4) rating of 
dyspnoea. 

2. Material and Methods 
2.1 Study Population 

We randomly selected five public day care in Uppsala, a city with 200 000 inhabitants situated in mid-Sweden. A 
list of all public day care centres in the city was provided by the local government. All staff were invited, all 
were females and 62 out of 70 the invited subjects participated (90 %). 

2.2 Medical Investigation 

All participants answered a general questionnaire with standardized questions on occupation, asthma, chronic 
diseases, demographic data and the home environment (Wieslander et al., 2011; Norbäck et al., 2015). Each 
subject was allergy tested in the beginning of the study by skin prick tests (ALK Abello SA, Madrid, Spain) for 
birch, timothy, mug worth, cat, dog, horse, house dust mites (D. pteronyssinus and D. farinae) and two types of 
mould (Cladosporium and Alternaria). Details on the allergy testing procedure is available elsewhere (Norbäck 
et al., 2015). A test result was considered as positive if the mean wheal diameter was more than or equal to 3 mm. 
Subjects with at least one positive skin prick test were defied as having atopy. 

Each participant answered a short medical questionnaire and was invited to the clinical test three times, with a 
two week interval. All 62 participants fulfilled the study but a few persons each time could not participate in all 
medical tests for various reasons. The study was a part of a dietary crossover intervention study. For this indoor 
environment study, clinical data from all three investigations were used since for each participant the three tests 
were balanced with respect to the dietary intervention (Wieslander et al., 2011). 

Information on current symptoms of breathlessness (dyspnoea) was obtained from the short medical 
questionnaire. Dyspnoea was rated on a 100-mm visual analogue rating scale (VAS-scale) (Nihlen et al., 1998) 
ranging from 0 to 100 mm. The scale has endpoints graded from "no perceived symptoms at all" (0), to 
"unbearable symptoms" (100). In addition, it has fixed points with verbal expressions at certain points of the line, 
7 means “hardly any”, 22 “a few”, 50 “many”, 78 “a lot” and 93 “a great many” perceived symptoms. 

Venous blood was collected in 5 ml SST tubed for analysis of eosinophilic cationic protein (ECP) in serum. 
Nitric oxide (NO) in exhaled breath (FeNO) was analysed by a portable electrochemical detection device 
(NIOX-MINO; Aerocrine Ltd, Solna, Sweden) with a flow rate of 50 ml/min. Forced expiratory flow for one 
second (FEV1) was measured by dynamic spirometry. All the tests were carried out in a standardized way by a 
trained nurse using the same well calibrated spirometer (SPIRA). The measurements were performed three times 
on each subject each time, and the highest values were noted. A test was considered adequate when the deviation 
between the two best tests was less than 5%. The results were expressed as a percentage of normal values based 
on standardization to age, sex, height, smoking habits and body mass using a local reference material from 
Uppsala (Hedenström, 1986). 

2.3 Home Environment 

The general questionnaire included questions on environmental tobacco smoke (ETS) and dampness and mould 
in the current home. Details can be found in previous publications (Norbäck et al., 2005; Wang et al., 2014; 
Norbäck et al., 1999). 

2.4 Indoor Climate and Dust Collection in the Day Care Centres 

The indoor environment in the day care centre buildings were noted. Indoor and outdoor temperature (℃), 
relative air humidity (RH, %) and concentration of CO2 (ppm) were measured and average values were 
calculated for period when the day care centres were occupied by children and staff (Norbäck et al., 2015). 
Settled dust was collected by vacuum cleaning on a special dust collector (ALK Abello, Copenhagen, Denmark) 
equipped with a Millipore filter (pore size 6 μm). A 1200 W vacuum cleaner was used. Vacuum cleaning was 
performed for 4 minutes per sample, 2 minutes on the floor and 2 minutes on other surfaces (desks, chairs) (Kim 
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et al., 2005; Norbäck et al., 2014). Dust was collected from three rooms in each day care centre in the beginning 
of the study, the same day as the first clinical investigation. Dust was sieved through 0.3-mm mesh screen to 
obtain the fine dust, weighted, and used for analysis of cat, dog and horse allergens. The sieved dust samples 
were stored in a freezer (-80˚C). In addition, airborne settling dust was collected in two Petri dishes in each 
classroom. The Petri dishes were placed on top of open bookshelves or similar areas (height about 1.5-2.0 m) 
and kept open for 7 days, as previously described (Cai et al., 2011b). The Petri dish samples were kept at room 
temperature until extraction of the allergens (within a few weeks).  

2.5 Allergen Extraction and Analysis 

The total amount of dust was weighed in each filter sample. Samples of settled dust (100 mg) were extracted in 2 
ml of phosphate-buffered saline containing 0.05% Tween 20 (1/20 W/v) for 2 h at room temperature. The 
samples were centrifuged at 4500 rpm for 10 min followed by another at 10,000 rpm for 10 min. The supernatant 
was transferred to micro-tubes and stored at 20 ˚C until analyzed. The Petri dishes were extracted with phosphate 
buffered saline buffer (PBS, 3ml) with 1% bovine serum albumin (BSA). Then the liquid was transferred into an 
Eppendorf tube and centrifuged (Cai et al., 2011).The supernatants were stored at -20 ˚C until analysis. Two site 
sandwich ELISA (Enzyme-Linked Immunosorbent Assay) was applied to determine the levels of cat (Fel d1), 
dog (Can f1) (Indoor Biotechnologies Ltd, Manchester, UK), and horse (Equ cx) (Mabtech, Stockholm, Sweden) 
allergens as previously described (Kim et al., 2005) using monoclonal antibodies. Amplified ELISA was used for 
cat allergen analysis when the allergen levels were lower than 1.0 ng/ml by the conventional ELISA (Kim et al., 
2005).  

2.6 Statistical Analysis  

Initially, statistical analysis was performed by Mann-Whitney U-test (comparing 2 groups) or by Kendal Tau 
beta rank correlation test. As a next step, associations between allergens levels and the health parameters were 
investigated in linear mixed models adjusting for age, body mass index (BMI), current smoking, atopy, 
environmental tobacco smoke at home, dampness or mould at home and levels of total Fungal DNA and 
Aspergillus/Penicillium DNA in the vacuumed dust. In our previous article, we found consistent associations 
between FeNO and two sequences of fungal DNA (total fungal DNA and Aspergillus/Penicillium DNA) in the 
vacuumed dust (Norbäck et al., 2015). Because of this observation, we adjusted for levels of these two fungal 
DNA sequences in all models. FeNO, ECP and medical symptoms ratings, but not lung function, were 
log-transformed (10-log) and each of the three individual health data measurements were entered in the models 
(repeated measurement). The variance component on centre level was very small, and thus we analysed 
associations by one level models, only. The arithmetic mean of the measurements in the rooms was addressed to 
each day care centre. Coefficients (Beta) with 95% confidence intervals (95% CI) was calculated. Then anti-log 
data (10x) for adjusted beta values with 95% CI were calculated, giving the multiplicative associations with 
confounders and exposure variables. Statistics were performed with the STATA statistical package using 
two-tailed tests at a 5% significance level. 

2.7 Ethics Statement 

The protocol of the study was approved by the Regional Ethical Committee of Uppsala University (2005/65). 
The researchers informed all invited staff at meetings and collected participants signed consent forms before the 
investigation. All medical investigations were performed in compliance with the relevant laws and institutional 
guidelines. 

3. Results 
3.1 Personal Factors and the Home Environment 

All participants (N=62) were females and 6% were current smokers. A total of 16% had a positive skin prick test 
to pollen (11% birch, 8% timothy and 10% mug worth), 11% had a positive skin prick test to cat, 6% to dog, 2% 
to horse and 2% to house dust mites (D. pteronyssinus and D. farinae). None had a positive skin prick test to 
mould (Cladosporium or Alternaria). The prevalence of atopy was 18%. Totally 15% had ETS at home and 29% 
reported either window pane condensation, dampness or mould in the current home. Most of the staff (95%) 
were preschool teachers or assistant preschool teachers. Two worked in the kitchen and one was employed as 
cleaner.  

3.2 FeNO Levels, Lung Function, Serum ECP and Symptoms  

The average lung function (FEV1) was normal (104 %) using a local reference material adjusting for age, gender 
and smoking habits (Hedenström, 1986). The average rating of dyspnoea was relatively low. The geometric 
mean value for FeNO was 15.3 ppb, and 16% of the subjects had FeNO levels above the limit value (>25 ppb) 
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suggested by the American Thoracic Society (ATS) (Dweik et al., 2011) (Table 1). Totally 8 subjects (13%) had 
ever had asthma diagnosed by a doctor. FeNO was higher (p=0.035 by Mann-Whitney U-test) among asthmatics 
(GM=20.5 ppb) than non-asthmatics (GM=14.6 ppb).  

 

Table 1. Background variables and study variables in the study (N=62) 

Background variables  Mean (SD) 

Age 46 years (10) 

Body mass index (BMI) 25.5 kg/m2 (4.1) 

 Prevalence (%) 

Atopya 18 

Current smoker 6 

Study variables Mean (SD) 

FEV1 (L/s) (% predicted) 104 % (14) 

 GM (GSD) 

Eye symptomsd 10.4% (3.40) 

Nasal symptomsd 9.9% (3.87) 

Dyspnoead 7.4 % (3.74) 

FeNO 15.3 ppb (1.78) 

Serum ECP  1.19 mg/L (2.76) 

GM=Geometric mean; GSD=Geometric standard deviation;  
aAt least one positive skin prick test to common allergens (pollen, furry pets, mould or house dust mites);  
dReports on difficulty breathing on a 0-100% rating scale. 

 

3.3 Building Characteristics and Allergen Levels 

The buildings were inspected in the beginning of the study. All were one floor buildings with a concrete slab 
constructed from 1971 to 1991 and all had a mechanical ventilation system with supply-exhaust ventilation. 
Three of the buildings had poly-vinyl chloride (PVC) floor coating while two had linoleum floors. None of the 
rooms had visible signs of dampness, visible indoor mould or mould odour. The mean amount of fine dust on the 
filters was 275 mg/sample (range 97-495). As a proxy variable for surface contamination, the amount of 
allergens per sample was calculated by multiplying the allergen concentration in the vacuumed dust with the 
amount of fine dust and was expressed as amount of allergen (ng) per sample. Data on the allergen levels is 
given in Table 2. Cat (Fel d 1), dog (Can f 1) and horse allergens (Equ cx) were detected in all vacuumed dust 
samples (Table 2). To be able to compare with other articles we give median levels for vacuumed dust. Median 
levels were 852 ng/g Fel d 1, 632 ng/g Can f 1 and 499 ng/g Equ cx. In Petri dish samples, Fel d 1 was found in 
all samples while Can f1 was detected in 5 samples (33%) and Equ cx was detected only in two samples (13%), 
both from the same day care centre (maximum level 32.4 U/m2 per day). Due to the small number of Petri dish 
samples with detectable horse allergen, this variable was not further analysed in the statistical models. 

3.4 Correlations between Allergens and Fungal DNA  

There was a positive correlation between cat allergen levels in Petri dish samples (N=15) and the concentration 
of cat allergen in vacuumed dust (Kendal Tau beta 0.42; p=0.03) and there was a tendency of a significant 
correlation between cat allergen in Petri dish samples and amount of cat allergen in vacuumed dust (p=0.07). In 
contrast there were no significant correlation between dog allergen in petri dish samples and dog allergen in 
vacuumed dust, neither as concentration nor as amount of allergen. Moreover, there were significant correlations 
between different types of allergens in Petri dish samples and in vacuumed dust. There was a positive correlation 
between amount of cat allergen and dog allergen in vacuumed dust (p=0.03), between amount of dog allergen 
and horse in vacuumed dust (p=0.01) and between amount of horse allergen in vacuumed dust and Cat allergen 
in Petri dish samples (p=0.03) Moreover, there was a positive correlation between the concentration of dog 
allergen and horse allergen in vacuumed dust (p=0.02) (Table 3). Total fungal DNA and Asp/Pen DNA was 
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previously analysed in the vacuumed dust (Norbäck et al., 2015) and in this study we analysed correlation 
between levels of these two fungal DNA sequences and allergen levels. There were no significant correlation 
between total fungal DNA or Aspergillus/Penicillium DNA in vacuumed dust and cat, dog or horse allergens in 
vacuumed or cat or dog allergens in Petri dishes (data not shown). 

 

Table 2. Concentration and amount of allergens in settled dust and Petri dishes (N=15)a 

Type of allergen 
Concentration in vacuumed dust (ng/g)  

GM (GSD) Min-Max 

Cat allergen in dust 1199(3.55) 141-7244 

Dog allergen in dust 666 (2.11) 155-2502 

Horse allergen in dust  478 (3.09) 100-4249 

 Amount in vacuumed dust filters (ng/sample)  

GM (GSD) Min-Max 

Cat allergen in dust 305 (4.21) 22-1417 

Dog allergen in dust 169 (2.33) 42-1239 

Horse allergen in dust  122 (2.63) 30-886 

 Amount per area (ng/m2 per day)  

GM (GSD) Min-Max 

Cat allergen in Petri dish samples 29.8 (3.83) 3.1-290.9 

Dog allergen in Petri dish samples 9.1 (1.86) 6.1-40.9 

GM=Geometric mean; GSD=Geometric standard deviation; 
aDust was sampled in three randomly selected rooms in each day care centres. 

 

3.5 Associations between Allergen Levels and FeNO, FEV1, Serum ECP and Symptoms 

Associations were analysed between each exposure variable and each health variable, adjusting for age, BMI, 
smoking, atopy, ETS at home, dampness/mould at home and amount of total Fungal DNA and 
Aspergillus/Penicillium DNA in the vacuumed dust. Antilog-values of beta coefficients on the log scale with a 
95% CI are given in Table 4. The amount of cat allergen in vacuumed dust (p=0.02), and level of cat allergen in 
Petri dish samples (p=0.02) were associated with higher FeNO values. In contrast, dog allergen in Petri dish 
samples was associated with lower FeNO values (p=0.02). Horse allergen in vacuumed dust was associated with 
lower FeNO values (p=0.03). There were no associations between amount of fine dust on the filters and any of 
the four investigated health variables (Table 4). There were no association between lung function (FEV1) and cat, 
dog or horse allergens in vacuumed dust or in Petri dish samples. Finally, significant associations were 
re-analysed excluding subjects with a positive skin prick test to the particular allergen investigated (e.g. when 
analysing associations for cat allergen those a positive skin prick test to cat were excluded). Moreover, we 
re-analysed significant associations excluding all subjects with a positive skin prick test to any of the allergens 
tested (subject with atopy). All associations remained significant when excluding sensitized subjects.  
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Table 3. Correlation (Kendal Tau beta) between different allergens (N=15) 

 Cat allergen in 
dust 

Dog allergen in 
dust 

Horse allergen in 
dust 

Cat allergen in 
Petri dish  

Dog allergen in 
Petri dish 

Cat allergen in dust  1     

Dog allergen in dust 0.41*a  

0.35(*)b 

1    

Horse allergen in 
dust 

0.35a 

0.32 (*)b 

0.49*a 

0.46*b 

1   

Cat allergen in Petri 
dish 

0.30a 

0.42* 

0.28a 

0.39b 

0.41* 

0.31 

1  

Dog allergen in 
Petri dish 

-0.08a 

-0.07b 

-0.06a 

0.18b 

0.22a 

0.25b 

-0.18a 

-0.18b 

1 

*p<0.05; (*) p<0.1 
aDust data for amount per sample; 
bDust data for concentration in vacuumed dust. 

 

Table 4. Associations between dyspnoea, FeNO and serum ECP and allergens in vacuumed dust and Petri dishes, 
and amount of fine dust (N=62) 

Type of allergen Dyspnoea Antilog-beta 
(95%CI)  

P-value FeNO Antilog-beta 
(95%CI) 

P-value ECP Antilog-beta 
(95% CI) 

P-value

Cat allergen in 
dust  

0.82 (0.32-2.09) 0.67 1.53 (1.06-2.21) 0.02 1.00 (0.64-1.56) 0.99 

Cat allergen in 
Petri dishes 

0.88 (0.42-1.86) 0.74 1.40 (1.05-1.88) 0.02 1.00 (0.70-1.43) 0.99 

Dog allergen in 
dust 

0.77 (0.54-1.09) 0.14 1.08 (0.94-1.25) 0.28 0.96 (0.82-1.13) 0.67 

Dog allergen in 
Petri dishes 

1.20 (0.41-3.53) 0.73 0.62 (0.41-0.94) 0.02 1.00 (0.60-1.66) 0.99 

Horse allergen in 
dust 

1.82 (0.50-6.54) 0.36 0.57 (0.34-0.94) 0.03 1.05 (0.58-1.92) 0.86 

Amount of fine 
dust 

2.34 (0.39-14.26) 0.35 1.51 (0.73-3.13) 0.70 1.20 (0.48-2.98) 0.29 

 

Adjusted for age, BMI, current smoking, atopy, ETS at home, dampness/mould at home and total fungal DNA 
and Aspergillus/Penicillium DNA in linear mixed models 

(Coefficient calculated for 1000 ng increase of cat allergen (Fel d 1) per gram dust sample) 

(Beta value calculated for 100 ng increase of dog allergen (Can f 1) per gram dust sample) 

(Beta value calculated for 100 U increase of horse allergen (Ecu cx) per gram dust sample) 

(Beta value calculated for 100 ng/m2 per day increase of cat allergen (Fel d 1) in Petri dish samples) 

(Beta value calculated for 10 ng/m2 per day increase of dog allergen (can f 1) in Petri dish samples) 

(Beta value calculated for 100 mg increase of vacuumed fine dust per sample) 

Coefficients with 95% CI are expressed as antilog-beta of 10-logarithm transformed data). 

 

4. Discussion 
All participants were females, few were smokers, the prevalence of atopy was relatively low (18%) and the mean 
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lung function was normal. A total of 13% had ever had doctors’ diagnosed asthma, somewhat higher than 
prevalence of doctors’ diagnosed asthma (11.5%) in a national questionnaire survey in Sweden (Wang et al., 
2014). None of the rooms had visible signs of dampness or mould and all five buildings had low CO2 levels 
(381-505 ppm), levels well below the current ventilation standards saying that CO2 should be below 1000 ppm 
(ASHRAE, 1989). Previously published measurements from these day care centres (Norbäck et al., 2015) have 
demonstrated that the NO2 concentration outside all five buildings were low (3-9 µg/m3), levels well below the 
current health-based standards from WHO (annual mean=40 µg/m3 and 200 µg/m3 for 1-hour mean) (WHO, 
2005).  

Selection bias and information bias are important issues in epidemiological studies. We selected the day care 
centres randomly in a major city in mid-Sweden and the participation rate was high (90%). The study was 
relatively small but each person participated three times which increased the precision of the clinical 
measurements. The study was a part of a dietary intervention study but the dietary intervention had no influence 
on FeNO. The medical staff or the participants had no information about any of the indoor measurements when 
the medical study was performed. Reports on dyspnoea could be influenced by attitudes but it is not likely that 
clinical data is influenced recall bias. None of the day care centres had any visible signs of dampness or moulds 
but fungal DNA could be detected in all rooms and we adjusted for levels of fungal DNA in the statistical models. 
None of the subjects had IgE meditated allergy to two common moulds (Cladosporium sp. and Alternaria sp.). 
Since exposure to indoor mould can influence respiratory health by other mechanisms than IgE mediated allergy 
we choose to adjust for levels of fungal DNA in the dust. However, one limitation is that we had no information 
on levels of bacterial compounds in the dust. We investigated four health parameters and three types of allergens, 
and the number of statistical tests were limited. Thus, it is less likely that the study was seriously biased by 
selection bias, information bias or multiple statistical testing but the cross sectional design is a limitation with 
respect to conclusions on causality.  

In this study we sampled cat, dog and horse allergens by two methods; vacuum cleaning on filters and Petri dish 
sampling. The golden standard is to measure indoor allergen exposure in the air by pumped air sampling but this 
method is difficult to apply in epidemiological studies. When investigating allergen levels in indoor 
environments collecting settled dust by vacuum cleaning on special filters is commonly used (Salo et al., 2011). 
The advantage with this method is that you get relatively large amounts of dust (typically 0.1-1 gram/sample) 
which can be used to analyse different types of compounds or allergens in the same sample. The main 
disadvantage is that we do not know if the dust has been airborne or not. Sampling of settling airborne dust on 
Petri dishes exposed to the indoor air for a defined time (typically 1-4 weeks) has been proposed an inexpensive, 
simple and feasible method for assessing airborne microbial materials from mould or bacteria (Adams et al., 
2015). During the last decades, Petri dish sampling has been applied to sample settling airborne allergens (Cai et 
al., 2011a; Cai et al., 2011b; Elfman et al., 2007; Karlsson et al., 2002; Meritt et al., 2012; Takaoka et al., 2015). 
In our study, there was a correlation between the concentration of cat allergen (Fel d 1) in vacuumed dust and 
airborne levels of cat allergen measured by Petri dish sampling (Kendal Tau beta 0.42; p<0.05). In contrast, we 
found no correlation between dog allergen (Can f 1) in vacuumed dust and in Petri dish samples (Kendal-Tau 
beta 0.18). One validation study from Swedish schools found a good agreement between cat allergen levels 
measured by Petri dish sampling and air concentrations measured by personal air sampling on filters (r=0.66; 
p<0.0001) (Karlsson et al., 2002). One previous Swedish school study compared concentrations of cat (Fel d 1), 
dog (Can f 1) and horse allergens (Equ cx) in vacuumed dust and Petri dish samples. They found significant 
correlation (Spearman rank correlation test) between these two sampling methods, with correlation coefficients 
of 0.33 for cat (p<0.001), 0.27 for dog (p=0.003) and 0.37 (p<0.001) for horse allergen (Elfman et al., 2007). 

All dust samples contained cat allergen (Fel d 1). The geometric mean for Fel d 1 was 1199 ng/g in our study 
(median 852 ng/g dust). Similar or higher levels of Fel d 1 have been reported from six other day care centre 
studies in temperate climate (Munir et al., 1995; Instanes et al., 2005; de Andrade et al., 1995; Perry et al., 2008; 
Oldfield et al., 2007). Two studies from the tropical country Singapore (Zuraimi et al., 2008; Zhang et al., 1997) 
found lower levels. Few other studies have measured cat allergen (Fel d 1) in day care centres by the Petri dish 
methods. The geometric mean for cat allergen (Fel d 1) was 29.8 ng/m2 per day in our study. Another Swedish 
day care centre study in mid-Sweden (Österåker municipality) found that all Petri dish samples contained Fel d 1, 
but geometric mean levels were three times lower as compared to our study (9.4 ng/m2 per day) (Cai et al., 
2011a).  

All vacuumed dust samples contained dog allergen (Can f 1) and the geometric mean was 666 ng/g dust (median 
632 ng/g dust). Similar or higher levels have been reported from six other day care centre studies from temperate 
climate (Munir et al., 1995; Instanes et al., 2005; de Andrade et al., 1995; Perry et al., 2008; Oldfield et al., 2007). 
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Two studies from Singapore (Zuraimi et al., 2008; Zhang et al., 1997) reported lower levels of Can f 1. Few 
studies have measured Can f 1 in in day care centres by the Petri dish method. In our study, only 33% of the Petri 
dish samples had detectable levels of Can f 1, and the geometric mean was 9.1 ng/m2 and day. In the Swedish 
Österåker study, the geometric mean of Can f 1 was similar as in our study (7.2 ng/m2 and day) (Cai et al., 
2011a). 

Horse allergen (Equ cx) was detected in all vacuumed dust samples (Geometric mean 478 and median 499 U/g 
dust) but was found only in a few (13)% of the Petri dish samples. One recent study measured Equ cx in 
different particle fractions. The largest particle fraction (above 10 µm) contained much higher levels of horse 
allergens than the particle mass fraction PM2.5 or the particle fraction between PM2.5 and PM10 
(Haeger-Eugensson et al., 2014). Thus it is likely that most of the Equ cx in our study were in larger particles 
(above 10 µm) and such large particles can be difficult to capture by the Petri dish method. The geometric mean 
value for Equ cx was 478 Ug/g in vacuumed dust. We found no other publication on horse allergens in vacuumed 
dust in day care centres, but Equ cx has been measured in Swedish schools. The geometric mean levels in 
vacuumed dust was 1343 U/g dust and 73.9 U/m2 per day in Petri dish samples in Swedish schools (Merrit et al., 
2012). In the Swedish Österåker study, Equ cx was detected in 63% of the Petri dish samples and the geometric 
mean was 5.0 U/m2 per day (Cai et al., 2011b). The reason for the higher levels of Equ cx in the school study, as 
compared to our study in day care centres, is unclear. One explanation could be that there is less horse riding in 
families with pre-school children, since horse riding is an activity for elderly children. 

We found consistent positive associations between cat allergen levels (Fel d 1) and FeNO. FeNO is a biomarker 
of allergic (TH2 driven) inflammation in the lower airways (Alving and Malinovschi, 2006). It is well known 
that adults sensitized to cat allergen have higher FeNO levels (Malinovschi et al., 2006; Lim et al., 2015) but in 
our study associations remained significant even when excluding those with a positive skin prick test to cat. This 
indicate other mechanisms for the observed associations than IgE-mediated cat allergy. It could be either a direct 
effect of the cat allergen on the immune system, other than via allergic sensitization to cat, or an effect caused by 
other risk factors correlated with cat allergen levels (confounding). One recent study have demonstrated that 
allergens can act as immune-modulatory proteins influencing the innate immune system. The study demonstrated 
that Fel d 1 bind to the toll like receptor (TLR) four (TLR4) agonist lipopolysaccharide, which can explain why 
Fel d 1 enhance TLR signalling (Herre et al., 22013). Two previous studies from Swedish schools found positive 
associations between the concentration of Fel d 1 in vacuumed dust from schools and the prevalence of asthma 
(Smedje et al., 1997) as well as the incidence of asthma (Smedje and Norbäck, 2001 among the students. In 
contrast, two school environment studies from Asia did not find any association between Fel d 1 in schools and 
respiratory symptoms among the students (Zhao et al., 2008; Takaoka et al., 2015). In these two studies the level 
of cat allergen in vacuumed dust was very low (Zhao et al., 2008; Takaoka et al., 2015). We found no previous 
publication on associations between cat allergen levels in schools or day care centres and FeNO levels in 
children or staff. 

Dog allergen (Can f 1) levels in Petri dish samples were associated with lower FeNO levels. A protective effect 
of dog allergen on respiratory health have not been previously described in day care centres or schools. In 
contrast, one Swedish school environment study found positive associations between the concentration of Can f 
1 in vacuumed dust and wheeze and day time breathlessness in the students (Kim et al., 2005). Two other school 
studies from Asia found no association between Can f 1 levels in schools and respiratory symptoms in students 
(Zhao et al., 2008; Takaoka et al., 2015). To our knowledge, there is no previous publication available on 
associations between Can f 1 levels in schools or day care centres and FeNO levels in staff or children. One 
possible explanation is that there was a correlation between dog allergen and bacterial components in dust in our 
study and that the bacterial compounds could have immune-modulating properties lowering FeNO levels. Dog 
keeping is associated with increased levels of various bacterial components in home dust, including 
mycobacteria species DNA, gram positive bacteria DNA, gram negative bacteria DNA and muramic acid, an 
indicator of gram-positive bacteria (Tischer et al., 2015). Moreover, dogs can be a source of endotoxin in home 
dust (Chen et al., 2012). One review concluded that dog keeping may reduce development of allergic disease in 
children (Lodge et al., 2012) and one prospective birth cohort study demonstrated that FeNO at school age was 
lower in children exposed to endotoxin at age 2-3 months (Casas et al., 2013). The effect of endotoxin depends 
on genetic disposition and timing so observed effects of endotoxin exposure in early childhood may not be 
comparable with effects in adults (Radon, 2006). One study among office worker in a tropical area did not find 
any association between endotoxin levels in office dust and FeNO (Lim et al., 2015). 

We found a negative association between horse allergen (Equ cx) and FeNO levels. We found no previous 
studies on associations between horse allergen exposure in day care centres or schools and FeNO but found one 
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intervention study in a horse stable measuring FeNO in workers and riding students. Installation of a mechanical 
ventilation system reduced the level of Equ cx in air but had no effect on the FeNO levels (Walinder et al., 2011). 
One school environment study has investigated associations between Equ cx in vacuumed dust and respiratory 
symptoms. Positive associations were found between levels of Equ cx in vacuumed dust and asthmatic 
symptoms in the students (Kim et al., 2005).  

5. Conclusions 
Cat, dog and horse allergens were commonly found in Swedish day care centres and different type of allergens 
may have different associations with FeNO in staff. It could be speculated that allergenic proteins such as Fel d 1, 
Can f 1 and Equ cx could influence the immune system by other mechanisms than IgE mediated reactions in 
sensitized subjects, modifying the FeNO level in the airways. Further larger and longitudinal studies are needed 
to test this hypothesis. Our study suggests that cat allergen (Fel d 1) in day care centres can be a risk factor for 
lower airway inflammation, measured as FeNO. There is a need for more investigations on possible associations 
between allergens in schools and day care centres and respiratory health among staff and students. 
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