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Association of House Dust Allergen Concentrations With
Residential Conditions in City and in Rural Houses
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Background: The aim of the study was to evaluate the relationship
between house dust mite, cat and dog allergen levels with household
characteristics in the houses of children living in urban and rural
areas in central Poland.

Methods: Dust samples were collected from 141 urban and 191 rural
houses. Der f1 + Der pl, Can f 1, and Fel d1 levels were measured
and associated with residential conditions and atopy-related health
outcomes assessed by clinical examination and skin prick testing.
Results: Concentrations of mite allergens were lower, and cat and
dog allergen levels were higher in urban houses. Fel d1 and Can f1
levels depended on the presence of a respective animal in the house.
In urban houses, Der pl + Der f1 concentration was lower in house-
holds with central heating, whereas Can f1 concentration was related
to building age. Multivariate analyses revealed that the concentra-
tions of house dust mite and dog allergens were associated with
relative humidity, number of people in the household, and the pres-
ence of a dog at home. There was no significant association between
allergen level and sensitization or atopic diseases.

Conclusions: Concentrations of indoor allergens in urban and rural
houses differ significantly, and residential conditions associated with
allergen levels seem to be different in both environments.
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An increase in the prevalence of allergic diseases such as
atopic asthma and allergic rhinitis and conjunctivitis affect
dwellers of urbanized areas more than those of rural ones.
Studies conducted in various countries have suggested that
growing up in a rural environment may lead to the develop-
ment of fewer allergies.' > The rural environment seems to be
favorable for the development of the immunological system,
particularly at the stage of its maturation. Putative protective
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factors associated with the rural environment include the pres-
ence of bacterial endotoxins,® early contact with farm ani-
mals, and the consum};)tion of nonprocessed food, including
nonpasteurized milk."

The high prevalence of sensitization to house dust
allergens in the urban environment has been reported in
several countries,® including Poland.” In some studies, the
exposure to house dust allergens was shown to be the relevant
factor for the presence of mite-specific as well as cat- and dog-
specific IgE in atopic individuals.®'® Variations in the levels
of allergens have been associated with worsening of symp-
toms and remission periods in the course of allergic dis-
eases.'''* However, there are few studies comparing house
dust allergen concentration in rural and urban environments
with well-defined residential conditions and a documented
prevalence of allergic sensitization and symptoms in children.

The aim of our study was to evaluate the exposure to
inhalant indoor allergens in 2 different communities and to
determine the relationship between residential conditions and
concentrations of allergens in houses of children living in
urban and rural areas in central Poland.

METHODS

Participants

Out of 404 junior-school children (12-16 years old)
recruited from schools situated in the center of Lodz (an
industrial city in central Poland) and 2 schools from the rural
community, characterized in a previous study,’ dust samples
were taken from 141 urban and 191 rural houses.

The majority (n = 152) of rural children lived on tradi-
tional farms with farmyards, whereas 32 children lived in non-
farm houses, and only 7 children lived in multifamily buildings.
Most rural houses were built with bricks or hollow blocks. The
houses of urban children were mainly apartment buildings built
of brick (n = 72) and of concrete blocks (n = 45). The remain-
ing children (n = 24) lived in single-family houses.

Questionnaires

The questionnaire administered to parents included
questions related to residential characteristics and the pres-
ence of animals in their houses. The data on, among other
things, humidity, temperature, numbers of domestic animals,
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and types of vacuum cleaner used in houses were collected
or verified by a trained technician during the taking of dust
samples.

Assessment of Allergic Status of Children

The methodology of clinical assessment and skin
testing was described before.” In brief, a panel of skin tests
(Allergopharma, Reinbek, Germany) was performed, which
included the following allergens: Dermatophagoides ptero-
nyssinus, Dermatophagoides farinae, cat, dog, rabbit, ham-
ster, guinea pig, rat, swine, birch, grass mix, mugwort,
plantain, Alternaria tenuis, and Cladosporium herbarum. A
wheal of =3 mm in diameter was considered as a positive
result.

The total level of IgE antibodies and specific IgE
against D. pteronyssinus mite allergens were measured in the
serum by the UniCap system (Pharmacia Company, Uppsala,
Sweden). The diagnosis of allergic disease (or its lack) was
made by an allergologist, based on clinical examination and
the results of positive skin test (SPT).

Collection of Dust Samples and Measurement
of Allergen Concentrations

Samples of dust were collected from November 2003 to
April 2004 (apart from in January 2004). Samples collected at
the end of November 2003, in December 2003, and in
February 2004 were classified as winter samples, whereas
samples collected at the end of March and in April 2004 were
classified as spring samples.

In each house, 3 dust samples were collected by
vacuum cleaner with a dust-collecting device (“Micron
Magic” Hepa Filtration; Kirby Company, Cleveland, OH): 2
from a mattress and 1 from a carpet in the child’s bedroom.
The first vacuum cleaning of mattresses lasted for 2 minutes
and second for 5 minutes. Because of the absence of differ-
ences in allergen concentrations between samples 1 and 2
collected from the mattress (data not shown), the data were
averaged.

The carpet in the child’s bedroom was vacuum cleaned
for 2 minutes (in the case of no carpet being present, a sample
was collected from an armchair and a sofa or other piece of
upholstered furniture in the child’s bedroom). Allergens were
extracted from dust according to the immunoassay manu-
facturer manual. Briefly, the dust samples were taken and
after collection, immediately frozen at —20°C. Dust was
sieved and suspended in PBS-T (0.05% Tween-20 in phos-
phate-buffered saline). After this, the samples were resus-
pended using a vortex mixer and rocked for 2 hours at
room temperature. After centrifugation, the supernatant was
stored at —20°C. All dust samples were collected and then
extracted by the same person. Concentrations of mite (Der
pl + Der f1), cat (Fel d1), and dog allergens (Can f1) in dust
were assessed by enzyme-linked immunosorbent assay
(INDOOR Biotechnologies, Charlottesville, VA.), and results
were expressed in microgram per gram of dust (pg/g). Tem-
perature and relative humidity measurement was taken only
once during dust sample collection.
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Ethics

Informed consent was obtained from parents and care-
givers of all participants. The study was approved by the local
ethics committee.

Statistical Analysis

The differences between allergen concentrations were
analyzed by the Mann—Whitney U test. Allergen concentra-
tions, humidity, and temperature were expressed as medians
with 25th to 75th percentiles. Relations between temperature,
relative humidity and allergen concentrations were analyzed
by linear Pearson correlation. Odds ratios with 95% confi-
dence intervals were calculated for allergen sensitization
and allergic diseases. Before multivariate analysis, the aller-
gen data was log transformed, and principal component anal-
ysis was performed to reduce the number of variables. After
transformation, the concentrations of allergens were com-
pared using independent samples ¢ test. Multivariate logistic
regression was used to determine the association between
allergen concentrations and housing characteristics. Discrim-
inant function analysis was used to determine which variables
discriminate urban and rural environments. P < 0.05 was
regarded as significant. Statistica 6.0 PL software (StatSoft,
Inc., Tulsa, OK) was used for all statistical analyses.

RESULTS

Allergen Concentrations in Rural and
Urban Houses

The concentration of mite allergens in samples collec-
ted from mattresses were higher [median (25-75 percentiles):
1.29 pg/g (0.86-1.95) vs. 0.18 pg/g (0.09-0.57); P < 0.001],
as well as from carpets [1.41 wg/g (0.85-2.19) vs. 0.13 pg/g
(0.07-0.41); P < 0.001] in the houses of children living in
the country than in the city. The concentrations of dog aller-
gens were lower in mattresses from rural houses than in those
from urban houses [0.35 pg/g (0.22-0.66) vs. 2.44 ng/g
(1.28-5.11) P < 0.001] and lower in carpets [0.27 pg/g
(0.19-0.46) vs. 2.35 pg/g (0.81-4.15); P < 0.001]. The
median level of cat allergens in mattresses from rural homes
were significantly lower than in those from urban houses
[0.43 pg/g (0.28-0.64) vs. 0.61pg/g (0.27-0.84); P = 0.002],
whereas in the sample collected from carpets, the median
concentrations of cat allergens were higher in case of rural
children [0.45 pg/g (0.24-0.78) vs. 0.32 pg/g (0.12-0.75);
P = 0.016]. In mattresses in urban houses, the concentrations
of mite, dog, and cat allergens were higher than in carpets (for
all P < 0.001). In rural houses, only concentrations of dog
allergens in samples from mattresses were higher than in
samples from the carpet (P < 0.001).

Allergen Concentrations and Presence
of Animals

In the houses of urban children, where animals were kept
(cats were present in 12 houses, dogs in 57 houses), the con-
centrations of allergens were higher than the concentrations
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of allergens in houses without a respective animal (Table 1). In
rural houses, only the median concentration of cat allergens in
the sample from mattresses in houses with a cat (n = 23) was
higher than in houses without a cat (n = 168). In rural houses,
there were no differences in the median level of allergens,
regardless of having (n = 13) or not having (n = 176)
a dog. The concentrations of mite allergens in both envi-
ronments were not related to the presence of an animal (data
not shown).

Influence of Temperature, Relative Humidity
of the Air, and Seasons of Collecting Samples
on Allergen Concentrations

At the time of dust sample collection, the temperature
of the air in children’s bedrooms in the country was lower
19°C [18-20°C] vs. 20°C [19-21°C]; P < 0.001), and relative
humidity of the air in bedrooms was significantly higher (67%
[63-70%] vs. 48% [42.5-55.5%]; P < 0.001) than those of
the air in bedrooms in the city.

A negative correlation was found between the concen-
trations of dog allergens in mattresses in the country and the
relative humidity of the air in the child’s bedroom (» = —0.17;
P =0.019).

The concentrations of mite allergens in the sample from
carpets in the urban houses decreased with increaes in
temperature (r = —0.25; P = 0.015), whereas in the houses
of rural children, a weak positive correlation was observed
between the dog allergen concentrations from mattresses and
temperature (r = 0.18; P = 0.017).

Allergen Concentrations and
Residential Conditions

For urban children living in old buildings (n = 72), the
median concentrations of dog allergens were lower [mat-
tresses: 1.99 pg/g (0.87-3.91) vs. 3.18 pg/g (1.88-5.47),

P = 0.007; carpets: 1.82 wng/g (0.73-3.47) vs. 2.87 pg/g
(1-4.51), P = 0.042].

Urban houses with the central heating (n = 84) had
lower concentrations of mite allergen in the mattresses and
the carpet than houses heated in another way (n = 42) [mat-
tresses: 0.14 pg/g (0.09-0.34) vs. 0.39 pg/g (0.13-1.64);
P < 0.003, carpets: 0.1 pg/g (0.07-0.2) vs. 0.39 pg/g
(0.09-1.31); P = 0.003].

Multivariate Analysis

Allergen concentrations were log transformed and then
transformed using principal component analysis to reduce the
number of variables. The first component positively correlated
with Can f1 and negatively with Der pl and Der f1, and the
second principal component was positively associated with
Fel d 1. Factor loadings of the first component clearly dif-
ferentiate the variability of allergens between rural and urban
areas (t° = 18,99; df = 221; P < 0,0001). Hence, a higher
concentration of dog allergens and lower level of mite allergens
were present in the city. An inverse relationship was observed
in the rural houses. In addition, the concentration of allergens
in samples taken from mattresses and carpets was significantly
correlated (Fig. 1). The second component did not differ
between urban and rural houses (t° = 1.28; df = 221;
P = 0.2). Multivariate logistic regression was conducted to
estimate the association between allergen concentrations in both
environments and housing characteristics. In multivariate anal-
ysis, only relative humidity, number of people in the household,
and the presence of a dog at home were associated with the
first component (for all P < 0.001). The second component was
not related to residential conditions.

The discriminant analysis was performed to select
housing characteristics potentially associated with the con-
centrations of allergens, which differentiate urban and rural
houses. The mean canonical variable was —1.12 for the rural
area and 2.72 for the urban area, which shows a discrimination
between rural and urban housing conditions. The most

TABLE 1. Concentration of Cat and Dog Allergens in Urban and Rural Houses With and Without Respective Domestic Animals
Concentration of Allergen in House With Concentration of Allergen in House Without
Allergen Respective Animal (pg/g) Respective Animal (pg/g) P
Urban
Cat (Feld 1)
Mattresses 0.8 (0.65-1.07) 0.59 (0.26-0.83) 0.04
Carpets 1.18 (0.69-1.47) 0.3 (0.1-0.7) <0.001
Dog (Can f1)
Mattresses 5(3.25-7.07) 1.55 (0.85-2.44) <0.001
Carpets 3.95 (2.72-5.25) 1.01 (0.59-2.14) <0.001
Rural
Cat (Feld 1)
Mattresses 0.62 (0.42-0.77) 0.42 (0.26-0.61) 0.006
Carpets 0.43 (0.28-0.72) 0.46 (0.22-0.78) 0.94
Dog (Can f1)
Mattresses 0.55 (0.17-2.47) 0.35 (0.22-0.64) 0.23
Carpets 0.37 (0.25-1.53) 0.27 (0.19-0.45) 0.10

Results are expressed as medians and 25th to 75th percentiles.
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1=18,90;d1= 221;p <0,0001

FIGURE 1. The table presents the
factor loadings, which
characterizes association of
allergen concentrations with the
first component. PC |, first principal
component; PC Il, second principal
component. The figure beside

[ shows comparison of the first
component between urban and
rural houses. Student ¢ test was
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significant factors for environmental discrimination were rela-
tive humidity, number of people in the household, the type of
vacuum cleaner (with or without disposable dust bag), the pres-
ence of a dog at home, and the age of the buildings (Table 2)
(for all P < 0.001).

Indoor Allergen Concentrations and Allergy
in Children

The prevalence of sensitization to house mites, cat, and
dog allergens and the prevalence of atopy (defined as
sensitization to at least one of tested allergens) were
significantly higher among urban than among rural children
(Table 3). Living in a city was a significant risk factor for the
presence of allergic diseases and allergic sensitization.

The concentrations of mite and dog allergens were
similar in allergic and nonallergic children in both environ-
ments. However, cat allergen concentrations in mattresses and
carpets in children with allergic rhinitis were significantly
higher as compared with those of healthy children [mat-
tresses: 0.71 pg/g (0.46-0.93) vs. 0.55 pg/g (0.19-0.8);
P = 0.015, carpets: 0.46 pg/g (0.18-0.96) vs. 0.25 ng/g
(0.09-0.69); P = 0.027]. The presence of SPTs to mites,
cat, or dog allergens was not associated with concentrations
of their respective allergens.

No correlation was observed between the level of
specific IgE against Der pl or total IgE in children and the
concentrations of mite allergens in the investigated houses.

rural used for comparison; ranges
indicate 95% confidence intervals.

DISCUSSION

In our study, different concentrations of cat, dust
mite, and dog allergens were found in rural and urban
houses. All these levels were low in relation to the house
dust allergen concentrations reported in other countries.
This could be due to an unidentified technical error con-
nected with sample collection or storage but might be
related to the climatic conditions in Poland because similar
concentrations of Der p,'> and Der pl and Der f1'® were
found in 2 different studies conducted in Poland. The higher
level of mite allergens in rural than in urban houses has
been reported in studies from different regions of Europe:
Sweden,!” New Zealand,” and in the ALEX study conduc-
ted in Germany, Austria and Switzerland.® In our study, the
most plausible explanation for the differences between mite
allergen concentration in rural and urban houses seemed to
be related to building characteristics. The majority of rural
children lived in single-family detached houses, whereas
the urban children in the study lived in multifamily build-
ings. The type of building seems to have a vital impact on
indoor relative humidity, creating favorable conditions for
the development of mites in single-family buildings.'® Our
observations are in line with other studies showing higher
levels of mite allergens in single-family detached houses
as compared with multifamily buildings.'”*° In addition,
other factors like age of the building, type of ventilation,
age of mattresses or carpets, and floor coverings may con-
tribute to an indoor microclimate that is favorable for the

TABLE 2.

Summary of Discriminant Function Analysis Between Housing Characteristics in Urban and Rural Houses

Correlation Between Square Root

Housing Characteristics Standardized Coefficient and Housing Characteristics P

Relative humidity —0.707 —0.613 <0.001
Number of people in the household —0.423 —0.404 <0.001
Age of the building —0.387 —0.278 <0.001
Presence of dog in the house 0.394 0.392 <0.001
Type of vacuum cleaner 0.402 0.333 <0.001

The negative value of standardized coefficient indicates the greater influence of housing condition in the rural area, whereas positive value indicates the greater influence of housing

condition in urban area.

© 2012 World Allergy Organization
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TABLE 3. Prevalence of Asthma, Rhinitis, and Allergic Sensitization in Urban and Rural Children
Urban, n = 141, n (%) Rural, n = 191, n (%) P Odds Ratio (95% Confidence Interval)

Asthma 22 (15.6) 3(1.57) <0.001 11.58 (3.75-39.75)

Allergic rhinitis and conjunctivitis 55 (39) 21 (10.99) <0.001 5.18 (2.93-9.14)

SPT+ Der pl 49 (34.75) 29 (15.18) <0.001 2.98 (1.76-5.04)

SPT+ Der fl 49 (34.75) 18 (9.42) <0.001 5.11 (2.81-9.32)

SPT+ cat 34 (24.11) 7 (3.66) <0.001 8.35 (3.57-19.56)

SPT+ dog 27 (19.45) 3(1.57) <0.001 14.84 (4.38-50.28)

SPT+, positive skin prick test.

development and proliferation of mites.?'?* Interestingly,
association of house dust mite allergen concentrations with
indoor housing conditions were found only in urban but not in
rural houses. This observation may result from less variability
in residential conditions in rural area because most children
lived in single-family houses and only few in multifamily
buildings. Alternatively, it cannot exclude that other housing
conditions not assessed in our study were associated with the
variability of allergen concentrations in rural houses.

The most significant factor affecting cat and dog
allergen levels in the house dust seems to be the presence
of a pet in the house.” In our study, room temperature,
relative humidity, and seasons of the year have not been
associated with pet allergen levels. Some studies suggest a
potential influence of the periodical growth and loss of fur
on the level of animal allergens in houses.”** The concen-
trations of cat and dog allergens in urban, but not rural,
houses with an animal were higher than in case of children
not having neither a cat nor a dog.>>?° This discrepancy
between rural and urban houses could be explained by dif-
ferent habits of keeping these animals: in the country, ani-
mals are kept mostly outdoors, whereas the opposite
situation was observed in the city. The fact that detectable
levels of cat and dog allergens were found in both rural and
urban houses without animals can be explained by an easy
transmission of these allergens on clothes or other objects.
Such way of transferring Can fl1 and Fel dl allergens is
probably responsible for the presence of pet allergens in
public transzportation, cinemas, hotels, schools, and public
institutions.””*®

Although the essential role of exposure to indoor
allergens in the process of allergic sensitization and develop-
ment of allergy symptoms has been documented, its relation-
ship with allergen concentration and timing of exposure is not
well understood. In our study, there was no clear association
between the current concentrations of allergens in house dust
and the presence of allergic sensitization. However, only
a single measurement of allergen concentration was performed
at the time of clinical assessment, and it is not clear to what
extent it may reflect exposure to allergens earlier in life, when
the sensitization process was likely to occur. Furthermore, the
presence of factors modulating the immune response in the
environment (ie, endotoxins and -glucans) seem to be equally
important for the development of allergic sensitization and
symptoms, questioning the predictive value of allergen con-
centration measurement.?*~*°
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To conclude, our study documented differences in
concentrations of mite, cat, and dog animal allergens in the
house dust in the homes of children from rural and urban
environments. We also identified factors related to the indoor
environment that have an influence on allergen levels and
should be considered while preventive measures are taken.
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