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Abstract

Introduction: Good evidence has been provided over the last three to four decades that the prevalence of allergic
diseases has been increasing in many developed countries worldwide. Recent data suggest that this increase may
now be levelling off.

Aim: Retrospective analysis of the prevalence of IgE-dependent sensitization and changes in selected environmental
allergens in the population of children and adolescents in the north-eastern region of Poland in the years 1998-2012.
Material and methods: Skin prick testing (SPT) with selected food allergens (trophoallergens) and airborne al-
lergens was used to evaluate the sensitization process of patients recruited to the study in the years 1998-2012.
A positive result of sensitization was defined when the patient had at least one positive skin prick test with the
allergen studied. The skin prick tests were done after written consent had been obtained from the parents.
Results: The retrospective study included children and adolescents aged up to 18 years with a suspicion of an al-
lergic disease, referred to the regional tertiary medical centre for further diagnosis. A total of 6577 patients were
studied, including 1556 (23.7%) in 1998, 1473 (22.4%) in 2003, 1690 (25.7%) in 2008, and 1858 (28.2%) in 2012.
Sensitization to at least one allergen was observed in 39.0% of the examined children (regardless of the allergen
type), of which 8.1% were sensitized to food allergens only, 23.9% to airborne allergens only, and 7.0% simultane-
ously to food and airborne allergens. During the 14-year study period, an increase was noted in the percentage of
the sensitized children from 35.3% at baseline to 40.4% when the study was completed. The percentage of those
sensitized to food allergens increased from 10.5% (1998) to 20.1% (2012). The percentage of children sensitized to
airborne allergens remained unchanged at the level of 28.2% in 1998 and 27.2% in 2012.

Conclusions: Measurement of skin prick test reactivity to different allergens is a useful and commonly used method
in epidemiological studies for the assessment of allergic sensitization and changes in selected populations. The
obtained results confirmed the need for systematic epidemiological research into allergic sensitization and allergic
diseases among children and adolescents in Poland.
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activity of their families. They are also a serious health
problem in adults and create a significant burden of
health care costs in some countries [7-9].

Sensitization is a specific, individual immune response
of the human body to genetic and environmental factors.
The effect of the immune reaction to their action is either
the synthesis of specific IgE antibodies (atopic sensitiza-
tion) or T-cell sensitization (allergic sensitization, priming).
For most people, sensitization is clinically asymptomatic;
appropriate allergy testing methods are used to identify
the sensitization type. In atopic sensitization, allergen-
specific IgE (slgE) antibodies are detected in the blood or
skin of patients. To identify allergic sensitization, a culture
of suspended mononuclear blood cells in a medium which
contains a suspected allergen is used. It should be em-
phasized that sensitization is the first of the three stages
in a person’s potential development of an allergic disease.
The lack of sensitization excludes completely the develop-
ment of the subsequent phases (effector and chronic) that
are important in the progression of allergic diseases [10-12].
Only some of the individuals with allergic sensitization dem-
onstrate symptoms of an allergic disease at different ages.
A pathological process caused by a harmful allergen occurs
when specific pathogenic mechanisms: IgE-dependent,
IgE-independent, mixed or cellular, are triggered in the sen-
sitized body. These mechanisms lead to the development
of allergic inflammation. Biological mediators of allergic
inflammation damage anatomically or functionally the
physiological functions of specific organs or systems, and
determine the clinical manifestation of a specific allergic
disease [13].

In the methodology of epidemiological research con-
cerning the assessment of the incidence of allergic sen-
sitization and prevalence of allergic diseases in selected
populations, different tools and methods are used. They
mainly include interview, questionnaire, telephone or
electronic surveys [14-18].

The scores obtained by these methods are much high-
er than by using such objectifying methods as assessment
of allergen-specific IgE antibodies (sIgE) in blood and skin
(Skin Prick Tests) or provocation tests with a specific al-
lergen [19, 20]. These methods allow determination of the
type and scale of the current IgE-dependent sensitivity
with selected food and airborne allergens.

The sensitization process was analysed in the years
covered by the study, and the obtained results enabled
us to compare sensitization of the paediatric population
in this region of Poland during a 14-year period.

Aim
Assessment of the incidence of IgE-dependent sensi-
tization to selected environmental allergens of children

and adolescents in the north-eastern region of Poland in
the years 1998-2012.
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Material and methods
Skin prick tests (SPT)

The tool for monitoring the sensitization process of
patients recruited to this study (1998-2012) was skin
prick testing (SPT) with selected food allergens (tro-
phoallergens) and airborne allergens (aeroallergens).
The SPT results provided information on the type and
scale of sensitization of the study group in a given year
of the study. The SPTs were carried out according to the
recommendations of the European Academy of Allergy
and Clinical Immunology [19, 20]. The presence of sen-
sitization was detected on the basis of a positive skin
test response when the diameter of the wheal formed
after introducing an allergen was not less than 3 mm in
comparison to the negative control [19]. The set of aller-
gens for skin prick testing included 12 native foods (cow’s
milk proteins, soybeans, peanuts, egg white, hen’s egg,
chicken meat, beef, wheat flour, banana, fish, sesame,
mandarin) and 6 airborne allergens (commercial aeroal-
lergens) from Allergopharma (house dust mite, cat’s fur,
dog’s fur, grass, trees and weeds).

The following terms were used to interpret the ob-
tained SPT results:

— sensitization — a positive skin test for at least one al-
lergen (regardless of the allergen type),

— sensitization to food allergens — a person who has
a positive skin test for at least one food allergen,

—sensitization to food allergens only —a person who has
a positive skin test for at least one food allergen and
who has not been allergic (negative skin test) to any
airborne allergens,

—sensitization to airborne allergens — a person who has
a positive skin test for at least one airborne allergen,
—sensitization to airborne allergens only —a person who
has a positive skin test for at least one airborne aller-
gen and who has not been allergic (negative skin test)

to any food allergens,

— simultaneous sensitization to food and airborne aller-
gens —a person who has a positive skin test for at least
one food allergen and at the same time a positive skin
test for at least one airborne allergen.

Study group

This retrospective study included children and ado-
lescents aged up to 18 years and referred for further di-
agnostics to the regional tertiary care centre with a sus-
picion of an allergic disease (i.e. to the Outpatient Clinic
or Department of Paediatrics, Gastroenterology, and Al-
lergology, Medical University of Bialystok, Poland).

A total of 6577 children were studied, including 1556
(23.7%) studied in 1998, 1473 (22.4%) in 2003, 1690
(25.7%) in 2008, and 1858 (28.2%) in 2012 (Table 1).

The distribution of the study children in the years
from 1998 to 2012 according to age, sex and season at
birth is shown in Table 2.
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No significant relationships were observed between
sex and the year of the study (p > 0.05) or between the
season at birth and the year studied (p > 0.05). A statisti-
cally significant relationship was found between children’s
age (in subgroups) and the year studied (p < 0.0001). The
year 2012 showed a higher percentage of children aged up
to 3 years in comparison to the previous years (Table 2).

In 2012, the median age of patients was 4 years, in
previous years — 6 years. Detailed comparisons of post-
hoc tests showed that the age distribution of the children
examined in 2012 differed significantly from the age dis-
tribution of those examined in 1998 (p** < 0.0001), in
2003 (p** < 0.0001), in 2008 (p** < 0.0001) (**post-hoc
comparisons for average ranks of all group pairs).

The age distribution of patients in the respective
years is shown in Figure 1.

Statistical analysis

The Shapiro-Wilk test was used to test for the compat-
ibility of distributions of measurable variables with normal
distributions. Due to strong asymmetrical distributions of
measurable variables, positional parameters (median, quar-

Table 1. Distribution of the studied children by year

Year of study Number studied Percentage
1998 1556 237
2003 1473 22.4
2008 1690 25.7
2012 1858 28.2
Total 6577 100.0

ter) were determined and nonparametric methods were
used. The Kruskal-Wallis test and post-hoc tests for average
ranks of groups were used to compare the distribution of
independent variables. Nominal variables were described in
terms of counts and percentages. The y? test of indepen-
dence was used to study the relationship between qualita-
tive variables. A significance level of o = 0.05 was assumed
for the verification of hypotheses.

Results
Sensitization to at least one allergen

Sensitization to at least one allergen was observed
in 39.0% of the examined children (regardless of the al-
lergen type), of which 8.1% were sensitized to food al-
lergens only, 23.9% to airborne allergens only, and 7.0%
were sensitized simultaneously to food and airborne al-
lergens (Table 3).

Our results concerning the incidence of sensitiza-
tion from the first year of the study were compared with
those obtained every 3 years. The final results allowed
the authors for a dynamic evaluation of the sensitization
process of the examined patients within the analysed
14 years (Figures 2, 3).

The percentage of the sensitized children (sensitiza-
tion regardless of the allergen type) accounted for 35.3%
in the first analysed year (1998) and reached 40.4% in 2012
(14-year period). The percentage of paediatric patients
sensitized to airborne allergens was 28.2% in 1998 and
did not differ statistically significantly from that found in
2012 (27.2%). Interestingly, an increase was noted in the
percentage of children sensitized to food allergens from
10.5% in 1998 to 20.1% in 2012, when the study was com-
pleted. The results are presented in Figures 2 and 3.

Table 2. Distribution of children in various years of the study according to sex, age, season at birth

Characteristics Total 1998 2003 2008 2012 P-value*
n/% n/% n/% n/% n/%

Sex Female 3105/47.2 712/45.8 713/48.4 840/49.7 840/45.2 0.052
Male 3472/52.8 844/54.2 760/51.6 850/50.3 1018/54.8

Age [years] Upto3 1970/29.9 402/25.8 314/21.3 386/22.8 868/46.7 < 0.0001
4-7 2457/37.4 597/38.4 585/39.7 688/40.7 587/31.6
8-12 1245/18.9 349/22.4 314/21.3 360/21.3 222/11.9
13-18 867/13.2 193/12.4 251/17.1 255/15.1 168/9.1
Missing** 38/0.6 15/1.0 9/0.6 1/0.1 13/0.7

Season at birth  Spring 1729/26.3 404/26.0 404/27.4 469/27.8 452/24.3 0.5934
Summer 1693/25.7 398/25.6 372/25.3 445/26.3 478/25.7
Autumn 1588/24.1 370/23.8 351/23.8 394/23.3 473/25.5
Winter 1516/23.1 363/23.3 337/22.9 381/22.5 435/23.4
Missing™* 51/0.8 21/1.3 9/0.6 1/0.1 20/1.1

*¥? test of independence, **missing data.
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Discussion

Epidemiological data of the last three to four decades
indicate that the prevalence of allergic diseases among
residents of countries with high economic and hygienic
standards is systematically increasing. This trend in-
cludes both developmental age populations and adults
[1, 14, 21, 22].

The problem of the prevalence of allergic sensitiza-
tion and the ensuing development of allergic diseases
concerns the populations of children and adolescents
worldwide [14]. The results of epidemiological studies
described in the literature on the incidence/prevalence
of allergic diseases in different populations are diverse
(3, 4, 6, 18]. The discrepancies are caused by different
inclusion criteria for research participants: the size and
type of the study groups, different sex and age distribu-
tions, health status, place of residence, eating and hy-
giene habits. These research criteria as well as different
study methods used are very important when comparing
this type of research conducted in various countries [3,
18, 22-28]. For these reasons, data from epidemiological
studies need to be constantly verified and updated [8, 18,
29]. In a significant part of allergy-related publications,
the skin prick tests (SPTs) are used as a method to as-
sess sensitization or to determine the cause of allergic
symptoms of the study populations. The method is quick,
simple to perform and fairly inexpensive [30].

It should be mentioned that a few studies have been
conducted so far on the type and incidence of allergic
sensitization/diseases among Polish residents.

The first research was performed in 1993, using
a questionnaire as the main research tool. However, this
study omitted the Polish youngest age group, i.e. children
up to 3 years old [23].

In the years 2006-2008, the Epidemiology of Aller-
gic Diseases in Poland (ECAP) study was conducted. The
prevalence of allergic diseases and asthma was assessed.
The telephone questionnaire interview concerned three
age groups: children aged 67 years, 13-14 years, and
adults aged 20-44 years. Positive skin test results were
observed in 39.3% of children aged 6—7 years and 46.8%
of children aged 13-14 years [31-33].
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Figure 1. Distribution of patients’ age by year

A study involving the general Polish population of the
Lodz Province with patients aged 3-80 years showed that
25.4% of children and 24.0% of adults were sensitized to
at least one allergen (airborne allergens only were ana-
lysed) [34].

Rymarczyk and Rogala assessed the prevalence of
food allergy in the Silesian population in a group of 796
randomly chosen patients at a mean age of 41.5 years.
Using a questionnaire, they found that 196 (24.5%) peo-
ple reported undesirable reactions after the consumption
of certain food products. None of them had any skin test
performed [35].

This paper presents our results of the research into
the prevalence of sensitization to food and airborne al-
lergens among patients in a developmental age with sus-
pected symptoms of allergy, living in the north-eastern
region of Poland. As a research tool, the method of skin
prick tests was chosen, allowing the authors to objec-
tively assess the process of sensitization in the Polish
population. Poland is a homogeneous country in terms

Table 3. Prevalence of sensitization among the studied children in the years 1998-2012

Prevalence Number Percentage
Sensitization (regardless of the allergen type) 2565 39.0
Sensitization to food allergens 996 15.1
Sensitization to airborne allergens 2030 30.9
Sensitization to food allergens only 537 8.1
Sensitization to airborne allergens only 1571 23.9
Sensitization to both food and airborne allergens 459 7.0
Advances in Dermatology and Allergology 5, October/2020 793
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Figure 2. The prevalence of allergic sensitization in the
study group in 1998 as compared to 2012

of ethnicity, culture and rules of nutrition and hygiene;
therefore, the results obtained from the regional research
can be considered representative of the entire country.
In addition, the uniqueness of the current study is that
the analysis of the frequency and type of sensitization
involved patients with a suspected allergic disease aged
from 2 to 18 years. Among the available publications
analysing the results of skin prick tests, none referred to
such age ranges.

During the research period, sensitization to at least
one allergen was observed in 39.0% of the children ex-
amined (regardless of the allergen type); 15.0% of the
children being hypersensitive to food allergens (trophoal-
lergens) and 31.0% to airborne allergens (aeroallergens).

In the study group, 8.1% were sensitized to food aller-
gens only, 23.9% to airborne allergens only, and 7.0% were
sensitized simultaneously to food and airborne allergens.

The predominant group consisted of patients sensi-
tized to aeroallergens, the causative agents predisposing
to such allergic diseases as asthma or allergic rhino-con-
junctivitis. The hypersensitive children predisposed to the
development of food or skin allergies constituted a much
smaller group.

Importantly, within the 14-year study period, the
percentage of patients sensitized to airborne allergens
who underwent retrospective analysis was not increased,
whereas that of patients with food allergy increased
twice: from 10.5% in 1998 to 20.1% in 2012. This rise re-
ferred to all food allergens (12) examined using the SPT.

The results presented in this paper should be interpret-
ed with consideration of the following limitations. Firstly,
SPTs were performed by four people during the 14-year
period; despite their high qualifications (allergic diseases
specialists), there was a possibility of various uses of the
lancet. The classical method uses a lancet at an angle
of 90° and in the modified method the lancet’s angle of
inclination was from 30° to 70°, which may cause a dif-
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Figure 3. The prevalence of sensitization to the respective
food allergens observed in time intervals within the 14-year
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ference in the amount of the allergen introduced to the
skin. Secondly, the assessment of the SPT results may dif-
fer depending on the specialist performing the tests. The
coefficient of variation (CV) was 25.0% for negative control
and 16.6% for positive control, respectively.

Conclusions

IgE-dependent sensitization to food and airborne al-
lergens assessed by skin prick tests in the years 1998-
2012 concerned 39.0% of the paediatric population liv-
ing in the north-eastern region of Poland. In the years
1998-2012, in the population of children and adolescents
studied, an increase was noted in the percentage of pa-
tients sensitized to food allergens.
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