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and Allergy Research, National Institute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden

Summary
Background The prevalence of allergic sensitization has increased worldwide during recent years.

Objective The aim of the study was to estimate the prevalence of allergic sensitization and to

evaluate the influence of age, gender, number of siblings, pet keeping in childhood, and residential

area before the age of five on allergic sensitization among adolescents and adults aged 17–66 years in

the capital of Estonia, Tallinn. A cross-sectional study was carried out between March 1997 and

December 1998.

Methods The sensitization to 15 inhalant allergens was assessed. The associations between

sensitization based on skin prick tests (SPTs), symptoms based on a structured interview, and

possible risk factors were estimated. A random sample of 516 subjects was included in the study

analysis.

Results The prevalence of allergic sensitization was 34.5%, while it was 39.3% in subjects aged 20–

44 years. The most prevalent sensitization was against the German cockroach, 15.5%, and it was

particularly high among adolescents. It was followed by mugwort, dog, two storage mites species,

and cat dander. Subjects with wheezing during the last 12 months, attacks of shortness of breath,

wheezing due to furred animals, and allergic rhinitis or conjunctivitis had a significantly higher

prevalence of positive SPT.

Conclusion We found a surprisingly high prevalence of allergic sensitization among adults in

Tallinn. Our results suggest that the cockroach allergen should be included in the investigation panel

in order to reach a true prevalence of allergic sensitization in Estonia. Further, the pattern of allergic

sensitization in Estonia appears to be different from published data about allergic sensitization in

Scandinavia.
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Introduction

The prevalence of diseases related to allergic sensitization has
increased in western European countries during recent
decades [1–4]. A lower prevalence of allergic rhinitis and
allergic sensitization in adults was found in eastern Germany
compared with those living in western Germany [5, 6]. Atopy
data in the general population in the former Soviet Union are
sparse. Studies have generally been conducted on patients
with a variety of diagnoses or exposures. However, reports
have been published in the past few decades showing a low
prevalence of allergic diseases [7–10]. In 1980, asthma was
diagnosed in 0.9% of the students in Tallinn, Estonia [11].
According to the Estonian Bureau of Medical Statistics, the
prevalence of asthma diagnosed by physicians in 1990 was
0.5%, 0.9%, and 0.2% in Tallinn, Tartu, and Narva,
respectively [12]. The presented data so far suggest a low

prevalence of allergic sensitization in the former Soviet
Union.
The only Estonian study of allergic sensitization in a

general population sample of adults has been performed in
the city of Tartu in subjects aged 20–44 years. The prevalence
of at least one positive skin prick test (SPT) was 32% [13].
Investigations carried out among Estonian schoolchildren
found a relatively high prevalence of bronchial hyper-
responsiveness activity, but a low prevalence of allergic
sensitization [14–16].
To estimate the prevalence of respiratory symptoms,

asthma, chronic bronchitis, chronic obstructive pulmonary
disease, and type-1 allergy among Estonian adults, a large
epidemiological study is in progress. Parallel studies in
Finland and Sweden, the FinEsS studies, enable us to
compare the prevalence and characteristics of the above-
mentioned conditions between several areas in Finland,
Estonia, and Sweden [17–21].
The aim of the present study was to assess the prevalence of

allergic sensitization, to analyse the relationship between
allergic sensitization and respiratory symptoms, asthma, and
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allergic rhinitis or conjunctivitis, and to estimate the effects of
age, gender, number of siblings, pet keeping in childhood, and
residential area during the first 5 years of life on allergic
sensitization in adults and adolescents in a general population
sample in Tallinn, the capital of Estonia.

Material and methods

Study area

Estonia is the northernmost of the three Baltic countries.
Tallinn is situated on the east coast of the Baltic Sea and had
460 000 inhabitants in 1996. The major ethnic group is
Estonian (49%); other ethnic groups include mainly Russian-
speaking persons (41%). Tallinn is heavily industrialized and
has different types of residential areas, including suburbs with
modern private houses, old wooden buildings, and medieval
stone houses in the centre. Still, the majority of the
inhabitants live in blocks of apartment houses with 5–14
floors.

Study design and population

The study was carried out between March 1997 and
December 1998, and 1332 subjects, stratified by age and
gender, were randomly selected from the 8392 responders to a
postal questionnaire in a previous study of the general
population [21]. Eighty-six subjects could not participate in
the study: eight persons were deceased, one was imprisoned,
62 had unknown location, and 15 had severe health reasons.
The sample thus consisted of 1246 persons who received an
invitation to an examination at the Department of Pulmonol-
ogy of the Institute of Experimental and Clinical Medicine
(IECM) in Tallinn. After two reminders, 579 persons aged
17–66 years, or 46.5% of the study sample, participated. They
were investigated by means of a structured interview, a
physical examination, spirometry, bronchodilation test or a
metacholine challenge test, and an SPT. Sixty-two subjects
were excluded from the skin prick testing due to acute
asthma, upper or lower airways infection, unstable heart
failure, pregnancy, breastfeeding, or cancer. Thus, skin prick
testing was undertaken in 517 persons. The interview included
questions regarding respiratory symptoms and diseases,
whether diagnoses were established by a physician, use of
medicines, symptoms at various exposures, characteristics of
childhood and profession, smoking habits, and food con-
sumption. Estonian and Russian versions of the interview
questionnaire were employed by Estonian- and Russian-
speaking persons, respectively.
The study sample included 233 (45.1%) men and 283

(54.9%) women. The age distribution is shown in Table 1.
Current smokers were 196 (38.0%), ex-smokers 65 (12.6%),
and non-smokers 255 (49.4%). Residential areas during the
first 5 years of life were 184 (35.7%) rural, 100 (19.3%)
suburban, and 232 (45.0%) urban, respectively, and 249
(48.3%) persons had had a pet at home during the first 5
years of life. Compared with the postal questionnaire study,
the prevalence of respiratory symptoms reported by these 517
subjects was similar; the prevalence of recurrent wheeze was
12.2% vs. 11.4%, wheezing with shortness of breath 7.2% vs.

7.2%, wheezing with shortness of breath apart from colds
4.2% vs. 4.3%, and physician-diagnosed asthma 2.3% vs.
2.9%. Similar proportions, 11%, had reported a family
history of asthma. The study was approved by the Ethics
Committee of Tallinn.

SPTs

SPTs were performed in duplicate on the volar aspects of the
forearms with 15 allergen extracts that were labelled in
histamine equivalent prick units (HEP), weight/volume (w/v),
or biologic units (BU). Unless otherwise stated, the allergens
were provided by ALK, Hörsholm, Denmark. The following
allergen extracts were used: two house dust mites (Dermato-
phagoides pteronyssinus (10 HEP) and Dermatophagoides
farinae (10 HEP)), two storage mites (Lepidoglyphus destruc-
tor (10 000BU/mL) and Acarus siro (10 000BU/mL, Labor-
atorium Diephuis, the Netherlands)), four furred animals (cat
(10 HEP), dog (10 HEP), cow (1 : 100w/v), and horse (10
HEP)), pollen from birch (10 HEP), timothy (10 HEP), and
mugwort (10 HEP), two moulds (Alternaria alternata
(1 : 20w/v) and Cladosporium herbarum (1 : 20w/v)), latex
(100 IR/mL, Alyostal ST-IR, Stallergenes SA, France), and
the German cockroach (1 : 10w/v, Bayer, Elkhart, IN, USA).
Lancets from ALK were used. Histamine dihydrochloride
(10mg/mL) was used as a positive control and 50% glycerol
was used as a negative control. The prick tests were
performed according to the position paper ‘Allergen stan-
dardisation and skin tests by EAACI Subcommittee on
Allergen Standardisation and Skin Tests’ [22] and carried out
by two trained physicians (A. R.-K. and E. R.).
An SPT was regarded as positive if the weal was5 3mm,

calculated as the sum of the longest and the mid-point
orthogonal diameters divided by two. The size of both
duplicated weals was registered, whereas only the size of the
larger weal was used in the analyses of the results.

Definitions

Allergic sensitization: A person was classified as sensitized if
at least one positive SPT was registered.
Adolescents: Refer to the age group 17–24 years of age.
Domestic location: The question ‘Where did you live mostly

during the first 5 years of your life’ divided the subjects into
urban, rural, and suburban groups.
The following conditions were considered as existing based

on an answer ‘yes’ to the following questions from the
interview questionnaire:
Wheezing in the last 12 months: ‘Have you had wheezing or

whistling in your chest at any time in the last 12 months?’
Attacks of shortness of breath with wheezing: ‘Have you had

any attacks of breathlessness or attacks of shortness of breath
with wheezing in the last 12 months?’
Wheezing with shortness of breath apart from colds: ‘Have

you had wheezing or whistling in your chest at any time in the
last 12 months?’, ‘Have you been at all breathless when the
wheezing noise was present?’, and ‘Have you had this
wheezing or whistling when you did not have a cold?’
Wheezing due to furred animals: ‘Does exposure to furred

animals provoke wheezing or whistling, or attacks of short-
ness of breath, with or without cough?’
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Physician-diagnosed asthma: ‘Have you been diagnosed as
having asthma by a doctor?’
Allergic rhinitis or conjunctivitis: ‘Do you have or have you

had hay fever or allergic rhinitis or conjunctivitis?’

Analyses

One person out of 517 investigated subjects presented a
positive reaction to the negative control and was excluded
from the study analysis. Thus, the analyses were based on the
516 persons who participated in the interview and the skin
prick testing, and had a negative reaction to the negative
control. Statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS 10.0, Chicago,
IL, USA). The w2 test and one-way analysis of variance
(ANOVA) were used for bivariate calculations and test for
trend. Odds ratios (ORs) for various independent variables as
risk factors for allergic sensitization were calculated using
multiple logistic regression analysis.

Results

Allergic sensitization

Of 516 analysed subjects, 178 (34.5%) had at least one
positive SPT, and the prevalence decreased with increasing
age. The prevalence was 37.9% in subjects aged 25–44 years,
while it was 45.8% in those aged 17–24 years (Table 1). When
estimated at ages 20–44 years, the prevalence was 39.3%.
Men were significantly more sensitized to the storage mites

Acarus siro, 10.3%, and Lepidoglyphus destructor, 10.3%,
compared with women, 5.0% (P5 0.036) and 5.3%
(P5 0.049), respectively. No other gender differences were
found. Sensitization to the German cockroach was found to
be the most prevalent in all age groups, 28.8% among
subjects aged 17–24 years, 15.7% among those aged 25–44
years, and 12.4% among those aged 45–66 years, and on

average 15.5%. Overall, mugwort was the second most
prevalent allergen causing a positive SPT, 9.7%, and the
prevalence in the age group 25–44 years was 15.2%. In the
age group of 17–24 years, birch pollen yielded the second
highest prevalence, 17.0%.

Domestic location before the age of 5 years

The sensitization to at least one of the 15 allergens was 39.2%
in the urban group, 36.0% in the suburban group, and 28.3%
in the rural group (test for trend: P5 0.02). Furthermore, the
sensitization to pollen was 19.4% in the urban group, 17.0%
in the suburban group, and 8.7% in the rural group
(P5 0.003). Similarly, significant trends were found for
sensitization to cat (urban 9.9%, suburban 9.0%, and rural
3.3%, P5 0.01) and to dog (urban 12.1%, suburban 9.0%,
and rural 4.9%, P5 0.01). Also, mite and cockroach
sensitization was lowest in the rural group (both 13.0%)
but highest in the suburban groups (mites 23.0%; cockroach
19.0%, although not significantly higher for cockroach).

Allergic sensitization related to symptoms and diseases

The proportions of persons with allergic rhinitis or con-
junctivitis, physician-diagnosed asthma, attacks of shortness
of breath with wheezing, wheezing in the last 12 months,
wheezing with shortness of breath apart from colds, and
wheezing when exposed to furred animals who were SPT
positive are shown in Table 2. The presence of the defined
respiratory symptoms, physician-diagnosed asthma, and
allergic rhinitis or conjunctivitis was found to be significantly
associated with positive SPT. Of the persons having wheezing
or shortness of breath when exposed to furred animals, 68.8%
had at least one positive SPT, and allergic sensitization to
furred animals was significantly more prevalent among
subjects with almost any of the symptoms and diseases. At
the same time, allergic sensitization to pollen was significantly

Table 1. Prevalence (%) of positive skin prick tests to various allergens by age and gender

17–24 years (n5 59) 25–44 years (n5 198) 45–66 years (n5 259) Total

Allergen Male Female All Male Female All Male Female All Abs. %

Dermatophagoides pteronyssinus 4.2 5.7 5.1 10.3 8.9 9.6 6.3 3.4 4.6 34 6.6

Dermatophagoides farinae 4.2 2.9 3.4 8.3 6.9 7.6 8.9 2.7 5.4 31 6.0

Cat 12.5 17.1 15.3 9.3 8.9 9.1 1.8 6.1 4.3 38 7.4

Dog 8.3 14.3 11.9 9.3 7.9 8.6 5.4 10.9 8.5 46 8.9

Cow F F F 2.1 1.0 1.5 0.9 2.0 1.5 7 1.4

Horse F F F 2.1 1.0 1.5 1.8 0.7 1.2 6 1.2

Birch 20.8 14.3 17.0 7.2 8.9 8.1 0.9 4.8 3.1 34 6.6

Timothy 20.8 2.9 10.2 8.3 10.9 9.6 0.9 2.7 1.9 30 5.8

Mugwort 16.7 2.9 8.5 17.5 12.9 15.2 3.6 7.5 5.8 50 9.7

Alternaria alternata 4.2 2.9 3.4 3.1 F 1.5 F 2.7 1.5 9 1.7

Cladosporium herbarum F F F 4.1 F 2.0 0.9 3.4 2.3 10 1.9

Acarus siro 12.5 F 5.1 12.4 5.0 8.6 8.0 6.1 7.0 38 7.4

Lepidoglyphus destructor 16.7 5.7 10.2 12.4 3.0 7.6 7.1 6.8 7.0 39 7.6

Cockroach 41.7 20.0 28.8 19.6 11.9 15.7 13.4 11.6 12.4 80 15.5

Latex F F F 2.1 F 1.0 0.9 2.0 1.5 6 1.2

Total 50.0 42.9 45.8 41.2 34.7 37.9 27.7 30.6 29.3 178 34.5
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associated only with allergic rhinitis or conjunctivitis, but not
with lower respiratory symptoms or asthma (Table 2).
The sensitization to cockroach was associated with an

increase in symptoms and diseases. Positive SPT to cockroach
was found in 29.4% of the subjects who had wheezing with
shortness of breath apart from colds vs. 14.7% among those
without this symptom (P5 0.042). The corresponding per-
centages of rhinitis or conjunctivitis were 19.6% vs. 11.5%
(P5 0.016), and for asthma 22.2% vs. 15.4% (not significant)
(Table 2). In comparison, of all persons having at least one
positive SPT, 5.6% had been diagnosed as having asthma,
while the corresponding figure was 2.4% among those not
having positive SPT. Monoallergy to cockroach occurred in
3.0%, while sensitization to at least one more allergen added

to cockroach was registered on 12.5%, among them 3.9%
with cockroach–mite (D. pteronyssinus, D. farinae) combined
allergy.

Multivariate relationships

ORs for different independent variables, which might have an
influence on allergic sensitization, were calculated using
multiple logistic regression analysis (Table 3). Being 17–24
years yielded an OR of 1.6 for having at least one positive
skin test compared with the oldest age group of 45–66 years.
The age group of 25–44 years was significantly associated
with a positive SPT to pollen, OR 2.5, compared with the
oldest age group.

Table 2. Prevalence of positive SPTs to various allergens among the subjects who responded to have vs. not to have the symptoms and diseases

% of positive SPT

Symptom or condition

At least one

positive SPT P-value Pollen P-value

Animal

dander P-value Mould P-value Cockroach P-value

Wheezing in the last 12 months Yes 44.1 P5 0.018 19.5 NS 21.2 P5 0.004 1.7 NS 20.3 NS

No 31.8 13.8 10.5 3.5 14.3

Attacks of SOB with wheezing Yes 55.6 P5 0.032 3.7 NS 37.0 Po0.001 3.7 NS 25.9 NS

No 33.5 15.7 11.6 3.1 15.1

Wheezing with SOB

apart from colds

Yes 41.2 NS 14.7 NS 23.5 NS 2.9 NS 29.4 P5 0.042

No 51.9 15.1 12.2 3.1 14.7

Wheezing when exposed

to furred animals

Yes 68.8 P5 0.008 25.0 NS 62.5 Po0.001 25.0 Po0.001 37.5 P5 0.037

No 33.5 14.8 11.4 2.3 15.0

Physician-diagnosed asthma Yes 55.6 NS 11.1 NS 38.9 P5 0.003 5.6 NS 22.2 NS

No 33.9 15.2 12.0 3.0 15.4

Allergic rhinitis or conjunctivitis Yes 42.6 Po0.001 20.0 P5 0.002 18.9 Po0.001 3.4 NS 19.6 P5 0.016

No 26.2 9.9 6.8 2.8 11.5

The P-values are calculated between symptomatic vs. non-symptomatic subjects and the subjects with asthma or allergic diseases vs. subjects without asthma or
allergic diseases. SPT: skin prick test; SOB: shortness of breath; NS: not significant.

Table 3. Effects of independent variables on positive skin prick tests, odds ratios, and 95% confidence interval (95% CI) were calculated by multiple logistic
regression analysis

Independent variables Dependent variables

Variable Category Any* Pollen Animal dander Mite Cat Dog Cockroach

Age (years) 45–66 1 1 1 1 1 1 1

25–44 1.4 (0.88-2.12) 2.5 (1.41-4.59) 0.8 (0.42-1.46) 1.1 (0.63-1.91) 2.0 (0.88-4.71) 0.8 (0.38-1.59) 1.2 (0.67-2.14)

17–24 1.6 (0.83-2.95) 1.9 (0.84-4.43) 1.4 (0.63-3.07) 0.9 (0.37-2.06) 3.0 (1.05-8.31) 0.9 (0.34-2.34) 2.6 (1.23-5.61)

Gender M 1 1 1 1 1 1 1

F 0.9 (0.61-1.34) 1.0 (0.61-1.70) 1.6 (0.90-2.79) 0.5 (0.31-0.87) 1.2 (0.60-2.55) 1.3 (0.68-2.51) 0.6 (0.38-1.05)

No. of siblings 42 1 1 1 1 1 1 1

0–1 1.4 (0.90-2.13) 1.4 (0.83-2.38) 1.7 (0.88-3.19) 1.2 (0.67-2.04) 2.5 (0.94-6.37) 1.9 (0.89-4.23) 1.3 (0.73-2.32)

Animals at home

o5 years

No 1 1 1 1 1 1 1

Yes 1.2 (0.80-1.81) 1.4 (0.83-2.38) 1.2 (0.70-2.12) 1.5 (0.92-2.60) 2.4 (1.15-4.80) 1.1 (0.56-2.06) 1.1 (0.64-1.83)

Domestic area

o5 years

Rural 1 1 1 1 1 1 1

Suburban1

urban

1.3 (0.80-2.05) 1.8 (0.93-2.38) 2.1 (1.02-4.21) 1.7 (0.90-3.09) 2.4 (0.86-6.46) 2.3 (0.96-5.25) 1.0 (0.53-1.85)

*At least one positive skin prick test.
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An urban or suburban environment in early childhood
revealed an increased risk for sensitization to cat and dog, OR
2.4 and 2.3, respectively, although not significantly so in the
multivariate model, and a significantly increased risk for
sensitization to at least one of the animal dander antigens,
OR 2.1. The age group of 17–24 years yielded a significantly
increased risk for sensitization to cockroach compared with
that of 45–66 years (OR 2.6).
The OR of having a positive SPT against cat dander among

subjects with animals at home before the age of five yielded an
OR of 2.4 compared with subjects without this risk factor. An
interesting finding was that the sensitization to animal dander
in general, and to dog dander in particular, was not
dependent on whether the subject had had a furred animal
at home before the age of five or not. This was the case for
sensitization to all allergens, except cat allergens (Table 3).

Discussion

The present study is a complex audit of the overall prevalence
of allergic sensitization, the distribution of sensitization to
different allergens relevant in Tallinn, and the relation
between allergic sensitization and respiratory symptoms and
allergic diseases presumably influenced by atopic status. The
prevalence of SPT reactivity to common airborne allergens
among the adult and adolescent general population of
Tallinn, Estonia, was 34.5%. In the ages of 20–44 years, the
prevalence was 39.3%.
In comparison with skin test reactivity in other studies of

the general population, our results reach prevalence rates
similar to the findings in western European countries ranging
from 21% to 46% [23–30]. On comparing with the ECRHS
results covering the ages of 20–44 years, the prevalence in
three Swedish centres was 35–37% [30], and in Tartu,
Estonia, it was 32% [13]. Our data yielded a surprisingly
high prevalence of allergic sensitization in this age group, and
suggest that previous results had underestimated the pre-
valence of allergy in Estonia.
An important factor that may influence the study outcome

is the higher number of allergen extracts used in the current
study compared with previous studies of allergic sensitization
in Estonia. The high prevalence of positive SPT is partly due
to the inclusion of cockroach in our test panel. However, the
total prevalence of allergic sensitization stays at 31% after
omitting the cockroach SPT results. The low level of
cockroach monoallergy, 3.0%, indicates the probability that
the registered cockroach prevalence rate is true and not
depending on other factors, such as errors in SPT procedures
or the choice of the current cockroach antigen extract. At the
same time, there are publications about a positive covariation
between cockroach and Anisakis simplex as well as D.
pteronyssinus [31, 32].
A. simplex, a parasite of salt ocean water fish, has also been

found in herring and other Baltic Sea fish common in the
Estonian diet, and has not been investigated yet by
allergologic means in any of the Estonian studies. Investiga-
tions in Spain strongly suggest that sensitization to A. simplex
is caused only by living larvae and not by allergens contained
in fish tissue [33]. Regarding cross-reactivity with mite

allergen, we estimated cockroach and house dust mite
polyallergy, and the corresponding polyallergies of cockroach
and A. siro and L. destructor, and they stayed at 3.9%, 5.6%,
and 5.4%, respectively. The prevalence of symptoms
among those sensitized to cockroach remained similar after
the exclusion of subjects also sensitized to mites and to cat.
For instance, after the exclusion of subjects sensitized to
cat, the prevalence of wheezing in the last 12 months
remained at 23–24%.
An important source of variability among different

epidemiological studies is the use of different allergens and
the significance of the allergens on sensitization and disease in
defined areas. A major finding of our study was that the
distribution of allergens causing allergic sensitization was
more or less incomparable to those from studies previously
conducted in Estonia and in countries geographically close to
Estonia, as these did not include allergen from cockroach [13,
15, 30, 34–37]. However, in some areas, cockroach allergen
does not exist [29], according to analyses of dust and sera
from northern Sweden [38]. In contrast, allergy to cockroach
is significant in Norway [39]; further, sensitization to
cockroach is common in the former Soviet Union areas,
particularly in St Petersburg located at the Baltic Sea [40].
The prevalence of allergic sensitization to German cock-

roach exceeded the prevalence of sensitization to any other
allergen nearly twice, followed by sensitization to mugwort,
dog dander, and two storage mite species. Unfortunately, at
least three recent studies did not include cockroach allergen in
their SPT investigation among Estonian infants and school-
children [15, 36, 37]. Our data suggest that allergic sensitiza-
tion against cockroach should be examined in order to reveal
the true prevalence of allergic sensitization in Estonia and
probably adjacent geographic locations.
Furthermore, other allergens such as cow dander, storage

mites, and latex were included in our panel. Sensitization to
these allergens has previously not been studied in Estonia.
However, omitting these allergens from the analyses did not
significantly influence the total prevalence of allergic sensiti-
zation, implicating that a larger allergen panel per se does not
have a major influence on the prevalence of positive SPT in a
general population sample. The awareness of allergy and its
symptoms may still be lower in Estonia than in western
European countries [34]. However, the rapid assimilation of
daily life in many aspects is easily detectable and the large
number of positive SPT may be an indication of lifestyle
changes in Estonia.
Our study may have been influenced by the low participa-

tion rate. In order to correct for the possible bias caused by
non-participants, we analysed the representativity of the
participating persons by comparing the prevalence of rhinitis,
physician-diagnosed asthma, respiratory symptoms common
in asthma, and smoking habits with the prevalence rates of all
responders to the postal questionnaire. We did not observe
any significant differences in these aspects.
In Scandinavian studies of the general population, common

allergens have been birch and timothy pollen as well as cat
and dog dander [29, 30, 35]. Although the pattern of allergens
used in the test panels has not been identical, the proportion
of sensitized subjects with asthma and rhinitis or conjuncti-
vitis in previous studies was similar to the results in the
present study [29, 30, 35]. In contrast to Swedish studies,
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having animals at home in childhood was found to be a risk
factor for sensitization to cat [29, 30].
Italian students living in an urban area were more

frequently sensitized to pets, while students living in a rural
area were more often sensitized to pollen [41]. In our
investigation, living in urban and suburban areas up to the
age of five was a strong risk factor for allergic sensitization,
particularly against animal dander but also to pollen and to
allergic sensitization in general. This finding is in concordance
with results from several recent studies [29, 42–44]. Explana-
tions may include environmental exposure to immune
modulating agents in rural locations during childhood. Such
exposure may trigger immune tolerance and diminish the
probability of atopy [44]. Another explanation may be the
production of IgG related to high allergen exposure instead of
development of allergy [45].
In conclusion, our study showed that 46% of persons aged

17–24 years and more than one-third of the general adult and
adolescent population of Tallinn, Estonia, had positive SPT.
Subjects with asthma, symptoms associated with asthma, and
rhinitis or conjunctivitis were found to have a significantly
higher prevalence of allergic sensitization. Cockroach allergy
dominated in the general population in all age groups, and
was related to wheezing symptoms and rhinitis.
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