Review paper

Allergic diseases — current state of knowledge

Wioletta Zukiewicz-Sobczak'?, Ewelina Krasowska!, Jacek Zwolifiski!, Pawet Sobczak?, Jolanta Chmielewska-Badora’,

Paula Wréblewska', Jacek Piatek’, Andrzej Wojtyta’

1Department of Allergology and Environmental Hazards, Institute of Rural Health, Lublin, Poland

Head: Dr Wioletta Zukiewicz-Sobczak

2Department of Health Promotion, Food and Nutrition, Institute of Rural Health, Lublin, Poland

Head: Andrzej Wojtyta MD, PhD

3Department of Food Engineering and Machinery, University of Life Sciences, Lublin, Poland

Head: Prof. Kazimierz Zawislak PhD

Abstract

Postep Derm Alergol 2012; XXIX, 6: 451-455
DOI: 10.5114/pdia.2012.32393

Allergic diseases are very common in developed countries, particularly among children, adolescents and young adults.
Currently, allergies are being considered as an epidemic of the 215t century. According to the Polish Society of Aller-
gology, the percentage of adults suffering from asthma in our country is 5.4%, and in children 10%. The authors describe
current knowledge regarding the pathomechanism, incidence, epidemiology and diagnostics of the most common sig-
nificant allergic diseases, including allergic rhinitis, asthma, allergic conjunctivitis, atopic dermatitis and urticaria. One
of the most common allergic diseases is allergic rhinitis, which is the result of an allergic inflammation of the nasal
mucosa mediated by immunoglobulin E. Asthma is a lifelong chronic inflammatory disorder of the airways associat-
ed with a variety of structural changes occurring in children and adults of all ages. This disease is characterized by
bronchial hyperreactivity and obstruction which often disappear either spontaneously or with treatment. Atopic der-
matitis is a chronic and relapsing inflammatory skin disease with a varying clinical spectrum, and may often play the
role of the first stage of the atopic march. Urticaria is a heterogeneous group of diseases, characterized by the pres-
ence of wheals and/or angioedema. The mainstay of allergy diagnosis is in vivo and in vitro testing. In vivo testing includes
skin prick tests, prick-by-prick tests, atopy patch tests and also skin application skin test. In vitro testing includes mea-
surement of serum total and antigen-specific IgE using various methods. During the last years, also component-resolved

diagnostics have gained growing importance as a useful tool in clinical investigation of IgE-mediated allergies.
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Introduction

The term "allergy" (Greek — allos ergon) was introduced
in 1906, by Clemens von Pirquet, an Austrian pediatrician
and professor of the universities of Wroclaw and Vienna. Orig-
inally, the term referred to the altered organism response
to an antigen which has been introduced repeatedly. With
time, it was used as a synonym for allergic reactions of the
system [1]. Allergy may be elicited by virtually any substance,
both naturally derived and man-made. Each particle small
enough to move through the air can then enter the respi-
ratory tract and be introduced to the immunological system
(e.g., dust, mold spores and pollen) [2-4].

Allergic diseases are very common in developed coun-
tries, particularly among children, adolescents and young
adults. Currently, allergies are being considered as an epi-
demic of the 21st century. According to data from the Pol-

ish Central Statistical Office, among chronic diseases, asth-
ma and allergies belong to the most common causes of
morbidity in patients up to 30 years of age. Furthermore,
the direct costs associated with medical visits and purchase
of medicines and also indirect costs resulting from a low-
er work productivity are increasing [5]. The increasing preva-
lence of asthma, allergic skin diseases and allergic rhini-
tis is comparable with the progress of the AIDS epidemic.
In the 1960s the prevalence of ‘classical’ allergic disease
—pollinosis —in Europe, the United States and Japan was
estimated to be 0.5% to 2% of the total population. Today
the situation has changed dramatically in some parts of
the world and the percentage reaches 30% of people. It is
estimated that the number of chronically allergic patients
in Europe includes more than 10% of the population and
30% of European Caucasians experience at least one
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episode of allergy during life. According to the Polish So-
ciety of Allergology the percentage of adults suffering from
asthma in our country is 5.4%, and in children 10%. This
figure is several times higher than the data from the ear-
ly 1970s [6]. The area of Central and Eastern Europe has
a particularly high rate of growth in the incidence of aller-
gic diseases, which may be related to the socio-political
system that resulted in the development of industrialization,
"chemicalization" of life and improved hygiene (7, 8].

The most common allergic diseases

Allergens are proteins or glycoproteins with a molec-
ular weight of 5-50 kDa that initiate and are responsible
for the manifestation of the IgE-mediated type | allergic
reaction. The lower value is important for immunogenic-
ity, while the upper value determines penetration through
the mucosa. There are no physicochemical differences
between allergens and other antigens that may explain the
ability of the former to induce IgE responses. Thus, there
is no common characteristic of the amino acid sequences
of different allergens. The differences in the immune
response in examined patients depend not only on the vari-
ety of allergens, but also on the different epitopes (anti-
genic determinants) of the same allergen molecules.
This variation in response is genetically determined. An indi-
vidual patient's sensitivity to an allergen depends on the
major histocompatibility complex class Il (MHC), which con-
trols the processing and presentation of antigen [9-11].

One of the most common allergic diseases is allergic
rhinitis (AR), which is the result of allergic inflammation
of the nasal mucosa mediated by IgE (immunoglobulin E).
Currently, the disease occurs in 10-30% of the population,
and the incidence of AR has increased around the world.
The disease is considered as a risk factor in the develop-
ment of asthma [12-15]. Allergic conjunctivitis is an
increasingly common allergic disease with the same clin-
ical significance as allergic asthma and allergic rhinitis. This
term includes various distinct disease entities, ranging from
benign, but troublesome form of conjunctivitis associat-
ed with IgE hypersensitivity to airborne allergens to dis-
orders with severe allergic inflammation and involvement
of the conjunctivae and cornea. The latter are more diffi-
cult to diagnose and treat and can lead to permanent eye
damage and even blindness. Inflammation of the nasal
mucosa and paranasal sinuses is one of the most common
and the most cost-generating diseases occurring in many
forms [15]. Asthma is a lifelong chronic inflammatory dis-
order of the airways associated with a variety of structural
changes occurring in children and adults of all ages. This
disease is characterized by bronchial hyperreactivity and
obstruction which often disappear either spontaneously
or with treatment. Asthma is a serious public health prob-
lem throughout the world, especially in countries with low
and middle income, because of the very rare diagnosis and
inappropriate treatment [15-20]. Atopy is a genetic pre-
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disposition to the development of hypersensitivity to com-
mon airborne allergens with IgE. It is the most frequent-
ly detected predisposing factor for the development of asth-
ma, especially in children. Atopic dermatitis is a chronic and
relapsing inflammatory skin disease with a varying clini-
cal spectrum, and may often play the role of the first stage
of the atopic march. In spite of variable research methods,
the pathomechanism of the dermatosis has not yet been
fully elucidated. An important role in the pathophysiolo-
gy of atopic dermatitis is associated with structural and
functional disturbances of the epidermal barrier, as well
as disturbances of innate and adaptive immunity, inflam-
mation, infectious factors, and the surrounding environ-
ment (airborne allergens, food allergens). Additionally, IgE
antibodies directed against autoantigens may be the cause
of the immediate reaction, but also may stimulate dendritic
cells [15, 21-23].

According to the World Allergy Organization (WAQ), ana-
phylaxis has been defined as a severe, life-threatening gen-
eralized or systemic hypersensitivity reaction. It is sug-
gested that the term allergic anaphylaxis should be used
to describe immunological reactions involving IgE, 1gG or
immune complexes. An IgE-mediated allergic anaphylax-
is is associated with systemic release of mediators by mast
cells and basophils. If, on the other hand, non-immuno-
logical mechanisms are involved, WAO suggests that the
term ‘non-allergic anaphylaxis’ be used. It is estimated that
about 220-250 million people worldwide suffer from food
allergies [11].

Urticaria is a heterogeneous group of diseases, char-
acterized by the presence of wheals and/or angioedema.
Urticaria is a common condition, and the overall lifetime
incidence rate is more than 20%. Chronic urticaria is char-
acterized by recurring episodes of spontaneous tran-
sient wheals and pruritus, with or without angioedema,
which can persist for > 6 weeks. It has to be emphasized
that chronic urticaria impairs the quality of life, and
there is still a need for seeking new effective treatment
methods. The pathogenesis of urticarias is variable, and
some types of urticarias are associated with allergic
reactions, mostly IgE-mediated (type | hypersensitivity
reactions) and mediated by immune complexes (type IlI
hypersensitivity reactions).

Drug adverse reactions occur in nearly 1/10 of the world
population and in nearly 20% of all hospitalized patients.
Over 10% of adverse drug reactions are unpredictable hyper-
sensitivity reactions. Clinical forms of drug hypersensitivi-
ty reactions are heterogeneous, but urticaria and macu-
lopapular eruptions are the most frequent manifestations.
The tools allowing a definite diagnosis of drug hypersen-
sitivity include a thorough clinical history, standardized skin
tests and drug provocation testing.

Allergy to insect venoms may be associated with severe
local reaction or systemic allergic reaction [24]. Mild sys-
temic reactions may be limited only to the skin as a sud-
den facial erythema, urticaria and angioedema, while severe
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reactions can cause system bronchospasm, laryngeal
edema, and hypotension. Insects, foods and medica-
tions are the three most common triggers for anaphylax-
is. All of the mentioned triggers are sources of consider-
able morbidity and mortality, but of the 3, only insect allergy
is treatable through means other than trigger avoidance.
Itis suggested that at least 40 deaths per year are attrib-
uted to insect stings and healthcare workers should be
aware how to establish proper diagnosis as well as how
to conduct long-term treatment of this potentially life-
threatening allergy. The diagnosis of insect allergy relies
on a history of a systemic allergic reaction with appropri-
ate testing for venom-specific IgE. Insect venom specific
immunotherapy should be considered as disease-modifying
therapy that may provide effective protection against future
adverse reactions to the affected allergic patient.
Allergic occupational diseases are an important health
problem because of their high prevalence and socio-economic
burden. To a large extent, they are under-recognized by physi-
cians and patients and in occupational medicine. In indus-
trialized countries, the incidence of allergic diseases has been
increasing for more than 50 years, while the incidence of aller-
gy to at least one of the allergens commonly found among
children of school age is currently 40-50% [15, 25-27].

Predisposition to the development
of allergic diseases

Among the predisposition of individuals to the devel-
opment of allergic diseases genetic factors play the main
role. The importance of genetic factors can be shown using
an example of the compatibility of cases of atopic der-
matitis, which was found in 86% of monozygotic twins and
only in 21% of dizygotic twins. Inheritance is likely to be
multigenic. According to the literature, the child inherits
the tendency to developing atopic disease, individual organ
involvement or disease severity. There is evidence that
administration of infant food containing potential allergens
contributes to increased risk of atopic diseases. A signif-
icantly lower incidence of food allergy and atopic dermatitis
in infants breast-fed without exposure to cow's milk pro-
teins and other foods rich in allergens during the first
months of life was reported. Exposure to various allergens
is considered to be the primary cause of the development
of asthma in children and young adults.

House dust mites are considered as the most impor-
tant aeroallergens worldwide. It is interesting to note that
there is a strong correlation not only between children's
mite exposure and asthma morbidity, but also manifes-
tation of atopic dermatitis. It is probable that cat allergens,
cockroaches and molds can increase the likelihood of aller-
gies and asthma, although their role is not as significant
as house dust mites [9, 28-30]. Numerous studies have
shown that the first months of life (when the process of
immune system maturation still takes place) is a period
of high sensitivity linked with increased risk of allergic reac-
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tions from both the gastrointestinal and respiratory tract.
What is more, there is probably a link between month
of birth and sensitization to pollen. Subjects who were born
in the months preceding the pollination season are at
twofold increased risk of manifestation of allergy to pol-
lens compared to those born just after its completion. Sev-
eral epidemiological studies have indicated an increased
incidence of childhood asthma, allergic rhinitis and atopic
dermatitis in urban areas compared to rural areas (ratio
2:1). Although it is not fully proven, it is commonly believed
that air pollution acts as an adjuvant and promotes
development of allergies. Atopic diseases are more com-
mon in populations that migrate to industrialized countries
and adopt Western style living conditions [9, 31-34].

Allergic diseases — epidemiology

Globally, two systems of epidemiological studies on al-
lergies and asthma have been conducted recently: the Inter-
national Study of Asthma and Allergies in Childhood (ISAAC)
and the European Community Respiratory Health Survey
(ECRHS). The ISAAC study included a survey of children and
young people in the age groups 6-7 and 13-14 years and
was conducted in 3 phases in 1992-2003 in 56 countries
of different regions of the world [5]. The ISAAC study found
significant, up to 15-fold differences between various
research centers in the prevalence of asthma (defined as
the occurrence of wheezing). In the group of younger chil-
dren (6-7 years) asthma symptoms were most common-
ly reported in Costa Rica (37.6%), Brazil (24.4%) and New
Zealand (22.2%), and among European countries in the UK
(20.9%). Symptoms of asthma in this age group were
detected least frequently in Indonesia (2.8%) and Albania
(5.0%). In the group of older children (13-14 years), the high-
est incidence of asthma was observed in Ireland (26.7%),
the UK (24.7%) and the USS. (22.3%), and the lowest in chil-
dren from Albania (3.4%), Georgia (5.1%) and Indonesia
(5.2%) [7, 35].

The ECRHS is a study to assess the prevalence of asth-
ma and allergies in young adults aged 20-44 years, which
was carried out in two stages. The first stage of this study,
carried out in the early 1990s in 22 countries, mostly Euro-
pean, was a screening study. The second stage, initiated
in the late 1990s in 38 centers in Europe, aimed to verify
the diagnosis of asthma and allergies. The ECRHS survey
covered a total of more than 400 000 respondents world-
wide [5, 36]. Also, this study showed significant geographic
differences in the incidence of asthma. It was the least often
recognized in Greece and Estonia (2%), and most often in
the United Kingdom (8.4%). Among the reasons for such
large geographical differences are mentioned urbanization,
the level of industrial development, the associated air pol-
lution and the differences of race, culture, hygiene and
lifestyle. It is estimated that in Europe, asthma affects about
30 million people [36]. Both studies show an upward trend
in the occurrence of allergic diseases in all European coun-

453



W. Zukiewicz-Sobczak, E. Krasowska, J. Zwolifiski, P Sobczak, J. Chmielewska-Badora, P Wrdblewska, J. Pigtek, A. Wojtyta

tries, but mainly covering regions with rapid economic
growth and relatively small, so far, prevalence of allergic
diseases. The last 20 years in Poland were a period of sig-
nificant acceleration of the development of Polish indus-
try and economy, which could also affect the increase in
the incidence of allergic diseases as in Western Europe. This
fact has led scientists to conduct large-scale, standardized
epidemiological studies on this topic.

In 2006-2008, a nationwide survey, Epidemiology of
Allergic Diseases in Poland (ECAP), was conducted, based
on the complete survey of ECRHS Il and ISAAC, translat-
ed and validated first through a pilot study and evaluat-
ed by experts in the field of asthma, rhinology and der-
matology. The study included 22 703 respondents in 9 centers
and was planned in such a way that the updated epi-
demiological data were methodologically consistent with
pan-European analysis. The data showed a high incidence
of asthma and allergies in the Polish population, placing
our country within the mean values for Europe [5].

To summarize: the ISAAC study found that in countries
where the environment is clean and the food is processed
into almost sterile products, allergy occurs much more often
than in ethnically comparable but contaminated areas. The
study resulted in the refutation of the hypothesis that the
explosion of allergies in the 20th century corresponds to
the pollution of the natural environment. Moreover, sup-
plementation of food with bacteria present in the envi-
ronment for thousands of years inhibits unfavorable epi-
demiological trends. These observations were the basis for
the creation of the ‘hygiene hypothesis’, according to which
escape from external stimuli caused by infectious factors
caused abnormal development of the immune system, rec-
ognizing antigens fully tolerated as foreign [6]. In the occu-
pational environment allergy diagnosis is very difficult, and
the detection of a specific allergen is not practicable. In such
situations, for many years a diagnostic tool has been the
natural exposure test [6].

Allergic diseases — diagnostics

The mainstay of allergy diagnosis is in vivo and in vit-
ro testing. In vivo testing includes skin prick tests, prick-
by-prick tests, atopy patch tests and also the skin appli-
cation food test (SAFT). In vitro testing includes measurement
of serum total and antigen-specific Igk using various meth-
ods (ELISA, fluoroenzyme immunoassay).

During the last years, also component-resolved diag-
nostics (CRD) have drawn growing attention as a useful
tool in clinical investigation of IgE-mediated allergies.
This type of microarray-based testing may be performed
using a very small amount of serum sample and it gives
a specialist a possibility to determine specific-Igk antibodies
against multiple recombinants or purified natural allergen
components. Component-resolved diagnostics may be used
in the diagnosis of airborne allergy (pollens, animal dan-
der, house dust mites), as well as in allergies to hymenoptera
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venom or in food allergies to plants (Bet v 1 homologues,
lipid transfer proteins, storage proteins).

One of the most significant advantages of CRD is the
possibility to evaluate whether sensitization is primary in
nature (specific to a particular species) or is associated with
cross-reactivity to similar protein structures. This way CRD
helps to evaluate the clinical relevance of sensitization
and to predict severity of clinical reactions. It may also give
a clinician useful information considering the therapeu-
tic effect of specific immunotherapy and may serve as a sup-
port in choosing treatment and educating the patient on
targeted allergen exposure reduction.

Undoubtedly, all diagnostic tests should be evaluated
together with a thorough clinical history, because allergen
sensitization may not necessarily be associated with the
clinical responsiveness.
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