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Abstract: Allergy is hypersensitive reaction by the body to foreign substances
(antigens) which in similar amounts and circumstances are harmless within the bodies
of other people. The allergic response develops when the natural immune defence
mechanism, responsible for the correct reaction to environmental agents, is disturbed.
The allergens are divided into those originating from the natural environment and those
from a chemically contaminated environment. The most frequent allergens from the
natural environment are inhalant ones present in pollen grains, mould fungi spores and
in fragments of mycelial hyphae. The airborne allergens also include: bacteria, house
dust mites, epidermis of house pets, allergens of some food products and insect venom.
The allergens originating from the natural environment are usually proteins, being highmolecular compounds of molecular weight higher than 10 kDa. Pollen allergens are
water-soluble proteins or glycoproteins of molecular masses from 10–70 kDa. Many of
them are resistant to pH changes and high temperature, even up to 100°C. Apart from
pollen grains, allergens can occur in other parts of plants: roots, stems, leaves, seeds or
fruit, in substances excreted by plants, such as juice and volatile oils, or in other
bioaerosols of plant origin, e.g. fluids released during treatment of some crops. Proteins
of some antigens show some analogies in the amino acids sequence, which determine
immunological similarity and cross reactivity. From among factors conducing pollen
allergy the most important are genetic and environmental ones (air pollution, exposure
to allergens, infections of respiratory tract, diet) and microflora of pollen grains.
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INTRODUCTION
Development of civilisation, often at the expense of the
natural environment by pollution, stimulates the appearance
of new health problems, among others an increase in
cases of allergy diseases. The number of people suffering
from allergy reaches 15–30% of population and pollinosis
- the most often observed - occurs in about 10–15% of the
inhabitants of our planet [22, 52]. Irrespective of the type
of symptoms, allergies are chronic diseases weakening the
physical condition and the ability to concentrate in the
sufferers. Fighting with them may demand a change of
lifestyle, or even profession, adhering to a diet and
Received: 30 September 2003

maintaining allergen avoidance, long-term symptomatic
treatment and immunotherapy [13, 29, 51, 52, 95].
Minimisation of the symptoms of pollen allergy is strictly
related to avoidance of exposure to large doses of the
allergen. The knowledge of the potentially allergenic pollen
count and its changes throughout the pollination period in
a given area is of great importance for allergic persons,
and for determination of the origins of the disease and
recommendation of an effective therapy [4, 52, 58]. The
recognition of allergens’ properties, mechanisms of pollen
allergy and factors conducing their appearance is of great
importance in prophylaxis of allergies (allergic diseases)
becoming a social problem on all continents [13, 35, 62].
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MECHANISM OF POLLINOSIS DEVELOPMENT
Allergy is hypersensitive reaction to foreign substances
(antigens) which in similar amounts and circumstances
are harmless within the bodies of other people. The term
allergy was proposed in 1906 by Clemens von Pirquet to
describe the state of altered reactivity of an organism. It
combines two Greek words allos - other and ergos action [52].
The allergic response develops when the natural immune
defence mechanism, responsible for the correct reaction to
environmental agents, is disturbed. The natural immunity
of the human organism is a result of the congenital
immunity and the immunity acquired in contacts with
environmental antibodies. The immunity has two components:
• The humoral - due to antibodies, especially those
belonging to the immunoglobuline classes IgG, IgA
and IgM, and to a complement system.
• The cellular immunity - depending on the cells involved
in the immunity reactions such as presenting antigen
cells (macrophages, dendritic cells), lymphocytes T and
B, monocytes and granulocytes [33].
Apart from the humoral and cellular immunities, the
human organism has specialised mechanisms of local
immunity in the organs in direct contact with the
environment, e.g. local immunities of mucous membranes
of the respiratory tract, alimentary tract and skin. In
healthy people there is a physiological balance between
the amount and the functional state of the cell mediated
immune system. In allergic reaction this statement is
disturbed. According to the classification proposed by
Gell and Coombs [24], there are four types of allergic
reactions:
Type 1 (immediate, anaphylactic), most often observed
in pollinosis; develops when the allergen stimulates the
organism to produce specific antibodies belonging to
immunoglobulines class E (IgE) [33, 40, 52, 67]. These
specific IgE antibodies bind specific allergen on the
surface of mastocytes and basophiles, and stimulate them
to release inflammatory mediators (early phase of allergic
reaction). When the organism is still exposed to the
allergen, the late phase of type 1 allergic reaction
develops followed by chronic inflammation. In this phase,
excretion of inflammatory mediators can be induced not
only by the specific allergen that has triggered the
reaction, but also by unspecific stimuli, e.g. chemicals
(pesticides, formaldehyde, phenol) or physical factors
(effort, decreased temperature, compression).
Clinical symptoms observed in type 1 allergic reaction
are: nose itching, sneezing, burning sensation, production
of watery or mucous excretion, conjunctivitis, and
possibly altered condition of other organs [6, 95]. Type 1
allergic reaction can also lead to anaphylactic shock,
urticaria, IgE-dependent swelling, or some forms of
bronchial asthma. This type reaction is typical of allergies
of genetic origin, IgE-dependent, known as atopic.
Type 2 allergic reaction (cytotoxic) develops when
allergisation is accompanied by the appearance of specific

antibodies, usually from IgG or IgM class. The antibodies
react with allergens on the surface of cell membranes
(usually blood cells or bone marrow cells), which
consequently undergo decomposition.
Type 3 allergic reaction takes place when allergen
reacts with IgG, IgM, IgA immunoglobulin class
antibodies or IgE forming immune complexes, which
deposit in tissues initiating inflammations. Type 3 reaction
is often caused by drugs, foreign species serum, food
products and organic or inorganic dust.
Type 4 allergic reaction is known as a delayed or
cellular reaction. The main role in this type is played by
lymphocytes T allergised by a specific allergen, excreting
cytokines triggering inflammatory reaction in tissues.
Recent studies have indicated the possibility of the
involvement of immunoglobuline E in the type 4 reaction
[33, 52].
GENERAL CHARACTERISATION OF
ALLERGENS
Allergens are divided into those originating from the
natural environment and those originating from a
chemically contaminated environment. In the first group,
the most frequent are the airborne allergens occurring in
pollen of different plants, mould fungi spores and in
fragments of mycelial hyphae. The airborne allergens also
include: bacteria, house dust mites, epidermis of house
pets, allergens of some food products and insect venom.
The allergens originating from the natural environment
are usually proteins, being high-molecular compounds of
molecular weight higher than 10 kDa. The allergens
originating from a chemically contaminated environment
are usually low-molecular chemical compounds and
elements of the nature of heptanes. They acquire complete
antigen properties only after linking with proteins in an
organism. Their best known representatives include:
metals, drugs, additives to food products, latex, aldehydes
[33, 52].
Pollen allergens are water-soluble proteins or glycoproteins of molecular weight from 10–70 kDa [3, 13, 18,
40, 48, 50, 65, 95]. Many pollen allergens are resistant to
pH changes and to high temperature, even up to 100°C
[50]. Their nomenclature has been unified on the basis of
recommendations published by the World Health Organisation
in 1994. The designations are derived from the first three
letters of the genus and the first letter of the species. The
Arabic numeral accompanying the letters denotes the
sequence of identification and description of a given
allergen, e.g. the allergens of Ambrosia artemisiifolia are
named as Amb a 1, Amb a 2, Amb a 3 [39]. Until 1994,
the allergens were also named following this rule, but in
italics and with Roman numerals, e.g. the allergens of
Artemisia vulgaris were referred to as Art v I, Art v II, Art
v III [46, 48, 65, 95].
Apart from the pollen grains, antigens can also be
present in the other parts of plants in roots, stems, leaves,
seeds, fruit, which has been proved in e.g. ragweed, grass,
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and plantain [25, 42, 53, 59]. Allergic reaction can also be
triggered by some substances excreted by plants, such as
juice and volatile oils, or in other bioaerosols of plant
origin, e.g. fluids released during treatment of some plants
(crop, cotton, herbs) [15, 42]. It has been established that
one allergen is farnezol occurring in the volatile oil
excreted by flowers of the lime tree [80]. The pollen
grains of mugwort, also contains, apart from proteins,
sesqiterpenes stimulating allergic reactions, which cause
airborne contact dermatitis [64].
CROSS REACTIONS
Proteins of different antigens show certain analogies in
the sequence of amino acids determining immunological
similarity and cross reactivity. The cross reactions take
place between the antibody and the allergen of a chemical
structure similar to that of the antibody whose production
it stimulates [33, 58]. The major allergens of the pollen of
trees growing in the temperate climatic zone are
structurally and immunochemically similar. In the species
of the same genus the repeatability of the amino acid
sequences reaches 80÷90% [48, 94]. For example, cross
reactions are observed between allergens of grass pollen
within one genus, and between the genera [18, 50, 54,
88], between the antigens of birch and ash tree pollen [69,
70, 86], within the family Fagaceae, Corylaceae and
Betulaceae [50, 75], and between the antigens of pollen of
some trees, herbal plants and fruit, as well as edible
vegetables [14, 40, 59, 60, 89, 91, 94].
CHARACTERISATION OF SELECTED POLLEN
ALLERGENS
Hazel (Corylus spp.). The major allergen of hazel
pollen is Cor a 1 of the molecular mass 13.5 kDa.
Although the hazel pollen count is moderate to low (20–
30 grains in 1 m3), the pollen reveals strong allergenic
properties, enhanced by the fact that it can enter into
intense cross-reactions with the antigens of the pollen of
birch and alder trees [39, 40, 50, 75].
Alder (Alnus spp.). The main allergen in alder tree
pollen is Aln g 1 of the molecular mass 17 kDa [39, 50].
Its allergenic properties are related to high concentrations
in the atmosphere, reaching even above 2000 grains in
1 m3 [90], and the possibility of cross reactivity with birch
pollen. Fortunately, in the period of alder tree pollination
the exposure to its pollen is limited because low
temperatures in February and March do not favour long
outdoor presence [75].
Birch (Betula spp.). Birch pollen reaches a very high
concentration in air, reaching 5000 grains in 1 m3 [9, 16,
90]. Allergy symptoms can also occur on contact with
house dust in which the maximum concentration of birch
pollen is observed in the three weeks after the peak of
pollination [27, 63].
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The major allergen of birch pollen is Bet v 1 of the
molecular weight 17 kDa, composed of 159 amino acids.
It enters into the cross-reaction with the apple allergen of
the same molecular weight. Bet v 2 has 133 amino acids
in a sequence close to that of the proteins from the
prophilline group taking part in polymerisation of actine.
Bet v 3 of the molecular weight 20 kDa is the
kallmodulin, which activates many enzymes [39, 50]. Bet
v 7, identified by Cadot et al. [8], has the molecular mass
of 18 kDa and belongs to cyclophilines characterised by
high cross-reactivity with the other birch pollen antigens.
Over 90% of people suffering from pollinosis are allergic
to the allergens of birch pollen [9]. In 1972, Belin, using
immunochemical methods, demonstrated that antigens
leave the birch pollen grain within one minute of contact
with a solution of the physiological saline, and proved
that the majority of allergens leave the pollen grain in the
first 45 minutes of contact with physiological salt. Grote
et al. [25, 26] localised the allergy-inducing proteins in
the birch pollen grain as occurring mainly in the
cytoplasm on amyloplasts, in sporoderm and near the
pores.
Grasses (Poaceae). Allergens of grass pollen are the
most common cause of allergic inflammation of nasal
mucosa and conjuctivitis. The concentration of grass
pollen grains in air reaches the very high values of 4000–
5000 grains in 1 m3. In Holland and France, as many as
80% of pollinosis sufferers are allergic to antigens of
grass pollen [88]. Allergens of particular grass species
show intense cross-reactivity [18, 88]. The allergyinducing proteins from grass pollen have been
comprehensively studied and on the basis of the structural
similarities have been divided into 7 groups. Group 1
comprises glycoproteins of the molecular weight of 27
kDa. They are localised in sporoderm, in the vicinity of
starch grains and in cytoplasm of the pollen grain. The
best known allergen is Lol p 1. Groups 2 and 3 comprise
non-glycosylic proteins of the molecular weight of 11
kDa, and the amino acids sequence close to that of Lol p
1, the allergens of group 4 have the molecular weight of
57 kDa, together with those of group 5–30 kDa. The
allergens of group 6 are cytochromes, and those of group
7 are prophillines of the molecular weight 14 kDa [50, 60,
89]. The allergic properties of prophillines are related to
the degree of air pollution. In the highly industrialised
areas and in big cities they are the major allergens, and in
other areas they are the minor allergens [83]. Prophillines
can be responsible for the cross-reactions between the
allergens of grass pollen and the allergens of edible
vegetables [59]. Masuch et al. [47], studying the allergyinducing properties of Lolium perenne, have shown that
the presence of ozone increases the concentration of the
allergen Lol p 5 in the pollen grains of this grass. Schoene
et al. [71] have found that in the presence of ozone the
number of pollen grains of Lolium perenne containing
amyloplasts decreases and vacuolization of the grains
with amyloplasts is stronger.
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Sorrel (Rumex spp.). The species of the Rumex genus
are characterised by high pollen production as an
individual plant can produce about 400 million grains.
Despite this high number of grains, its allergen is not
particularly clinically important [20]. Horak and Jäger
[30] found allergic reaction to the antigens of sorrel in
20% of pollinosis sufferers. Maasch and Geissler [44]
have proved that as many as 70% of pollinosis patients
have positive reaction to the Rumex allergens - result of
the cross-reaction between the allergens of the pollen of
grass and sorrel.

sporomorphs in the air in Vienna have been introduced
via long-distance transportation. Similar phenomena have
been observed in many European countries [12, 34, 61,
78].
The ragweed allergens have been thoroughly recognised
and the amino acid sequence has been determined for
Amb a 1/2, Amb a 3, Amb a 5, Amb a 6 and Amb t 5 [39,
48, 50]. Ambrosia pollen cross react with almost all other
composites, especially with mugwort pollen. Further cross
reactions are known with dandelion, goldenrod, sunflower
and chamomile [12].

Mugwort (Artemisia spp.). The antigen activity of the
Artemisia pollen is high and its allergens are responsible
for the majority of pollinosis symptoms observed in late
summer [37]. According to Wallenstein and Kersten [87],
and Spieksma [74], 3–10% of pollinosis sufferers are
allergic to the Artemisia antigens, the majority of which
are also allergic to the pollen of grass, ragweed and the
allergens of apple and celery [26, 28, 50].
The concentration of mugwort pollen just above the
ground level is several times higher than at a height of
15–25 m [77]. The major allergens of mugwort are Art v
1 of the molecular mass 60 kDa and Art v 2–20 kDa [48,
76].

Pinaceae (Pinaceae). Allergenic activity of the pollen
of Pinaceae is low [21, 32]; however, its allergens can
cause allergic reaction [55, 72]. The concentration of pine
pollen in air reaches 8000 grains in 1 m3 [23]. The pollen
may be important as adjuvant enhancing the symptoms
triggered by grass pollen allergens [55, 72].

Plantain (Plantago spp.). The concentration of plantain
pollen in air reaches low to moderate values. The allergies
to its allergen are accompanied by allergies to pollen of
other plant species. On the basis of studies performed in
many European cities [43, 73] the concentration of
plantain pollen in air has been found to be low and
irregular. In the period of plantain pollination, Bryant et
al. [5] reported (from Sydney) that the patients developing
asthma symptoms were simultaneously allergic to the
plantain allergens. The allergy to plantain allergens was
noted in 84% patients with asthma.
As the peak of pollination occurs in June, the allergic
symptoms can be mistakenly associated with grass pollen
allergy [29].
Ragweed (Ambrosia spp.). Ragweed pollen is a
common cause of pollinosis in North America. Until the
end of the 60s, it was believed that ragweed did not occur
in Europe, and therefore had not been considered as a
source of serious allergenic threat. In recent years,
ragweed appeared in Europe in hitherto unknown
localities, and the number of people allergic to the
allergens of this plant has been gradually increasing [45,
61, 79].
In Europe, the ragweed pollen has a non-uniform
distribution. It is abundant in Hungary, Ukraine and
northern Italy, less frequent in France, the Balkan
Peninsula, Switzerland, Austria, Slovakia and the Czech
Republic [34, 36, 45, 92]. In 1993, about 20% pollinosis
sufferers were allergic to Ambrosia pollen, while in 1997
their number increased to about 70% [93]. Horak et al.
[31] have shown that high concentrations of the ragweed

FACTORS CONDUCIVE TO ALLERGY TO
POLLEN
Genetic factors
Inherited susceptibility to allergies depends on many
genes. The processes affected by inherited features include:
regulation of immunoglobulin E production, enhanced
capability of activation of cells involved in allergic reactions,
release of histamine and production of cytokines and
oversensitivity of tissues or organs affected by allergic
reaction [52]. If both parents have the same pollinotic
symptoms the probability of allergy to pollen in their
child is of about 80% [49].
Environmental factors
Air pollution. Increasing air pollution in industrialised
areas and big cities with ozone, formaldehyde, sulphur
dioxide, nitrogen oxides, and industrial dust increases the
risk of allergies [10, 13, 38, 51, 66].
Ozone has an irritating effect on the airways mucous
membrane. It is formed as a result of complex
photochemical reactions between the volatile organic
substances, nitrogen oxides and sunlight. These reactions
are particularly intense in big cities in summer after the
morning rush hour. Kehrl et al. [38], Spieksma [74] and
Riediker et al. [62] have proved a sensibilising effect of
ozone in people suffering from asthma of allergic origin.
Formaldehyde irritates the respiratory tract, impairing the
ciliary apparatus, which in turn facilitates the access of
allergens to the tissues. It is released as a gas from paints,
lacquers, glues, carpets, floor coverings, insulating
materials and furniture made of chipboards [64]. Sulphur
dioxide is formed as a result of combustion of highsulphur-content coal. Nitrogen oxides come mainly from
exhaust gases, especially diesel exhausts, and gas cookers.
These compounds can damage the mucous membrane of
the respiratory tract, cause an increase in the mucus
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Table 1. Threshold values of pollen count (at which allergy symptoms develop).
Taxon

Threshold of pollen counts
[pollen grains/1 m3]

City, country

Author

Ragweed (Ambrosia spp.)

20
20–30
20–30
13
20

Vienna, Austria
Italy
Lyon, France
Burgundy, France
Lyon, France

Jäger [34]
Mandrioli et al. [45]
Thibaudon [82]
Laaidi & Laaidi [41]
6W SDOVND>@

Birch (Betula spp.)

100
100
30–80

Poland
Triest, Italy
Norway

Hofman & Michalik [29]
Filon et al. [19]
Vik et al. [84]

Mugwort (Artemisia spp.)

6–12
12

Poland
Genoa, Italy

Hofman & Michalik [29]
Voltolini et al. [85]

Hazel (Corylus spp.)

6–12
20–30
25–30

Poland
Triest, Italy
Warsaw, Poland

Hofman & Michalik [29]
Filon et al. [19]
Rapiejko & Lipiec [58]

Alder (Alnus spp.)

50
50
45

Poland
Triest, Italy
Warsaw, Poland

Hofman & Michalik [29]
Filon et al. [19]
Rapiejko & Lipiec [58]

Grasses (Poaceae)

30
37
53
71
20

Finland
Bilbao, Spain
Warsaw, Poland
Mazury, Poland
Rabka, Poland

Rantio-Lehtimäki et al. [56]
Antepara et al. [1]
Rapiejko [57]
Rapiejko [57]
Rudzki [64]

Rye (Secale spp.)

20–25
10
10

Warsaw, Poland
Rabka, Poland
Poland

Rapiejko & Lipiec [58]
Rudzki [64]
Hofman & Michalik [29]

viscosity, irritate the endings of nerve fibres in bronchi,
and thus can trigger inflammation. They have also been
found to occur on the surface of pollen grains [10, 62].
According to a recent study, many more pollinosis
sufferers live in the cities than in the country [4, 6, 7, 11,
13, 51, 67].

sulphur dioxide. In agriculture, there is an increasing use
of pesticides, nitrogen fertilisers, antibiotics and hormones
in animal production. These chemicals contain many
agents inducing allergy [14].

Exposure to allergens. People with atopy (predisposed
to type I allergies) should try to avoid prolonged contact
with large doses of the allergen. In the cities, between tall
buildings, the air circulation is disturbed, which can lead
to an increased level of pollen counts in the area [17].
People working in certain professions (farmers, orchard
growers or greenhouse workers) are periodically exposed
to very high pollen counts, which may be related to the
increased incidence of pollinosis [15].
Apart from an effective pharmacological therapy, people
suffering from allergies should be informed about the
mechanisms of allergies and methods of avoiding
exposure to allergens in order to improve their quality of
life. The threshold values of pollen count at which clinical
symptoms can develop are given in Table 1.

While airborne, pollen grains interact with different
substances suspended in air, including microorganisms
that deposit on the pollen grain surface [11]. According to
Schäppi et al. [68], these interactions can change properties
of pollen grains.
A mixed microflora, consisting of bacteria and fungi, is
present on the surface of pollen grains of anemophilous
plants. Most probably the pollen grains are infected at the
moment of pollination by microorganisms originating
from the plant surface. It cannot be excluded that some
allergic symptoms appearing as a result of exposure to
pollen are enhanced by the microorganisms and endotoxins
on the pollen grains that can act as adjuvants [81].

Infections of the respiratory tract. Virus infections,
particularly in children, can stimulate an allergic inflammatory
response [29] and cause the exacerbation of allergic
disease [52].

1. Antepara I, Fernandez JC, Gamboa P, Jauregui I, Miguel F: Pollen
allergy in the Bilbao area (European Atlantic seaboard climatie): forecasting
methods. Clin Exp Allergy 1995, 25, 133-140.
2. Becker WM, Sliva-Tomczok W, Tomczok J, Behrendt H: Die
Beeinflussung von Struktur und Mediatoreneigenschaften von Pollen
durch Luftschadstoffgebiete. In: 4. Europäisches Pollenflug-Symposium,
28 February–2 March 1997, 14. Bad Lippspringe 1997.
3. Belin L: Separation and characterization of birch pollen antigens
with special reference to the allergenic components. Int Arch Allergy
Appl Immunol 1972, 42, 329-324.

Diet. Everyday diet includes increasing amounts of
processed food, conserved food products and products
containing leavening agents, stabilisers, artificial dyes and

Microflora of pollen grains

REFERENCES

148

Puc M

4. Brabäck L, Kälvesten L: Urban living as a risk factor for atopic
sensitization in Swedish schoolchildren. Pediatr Allergy Immunol 1991,
2, 14-19.
5. Bryant DH, Burns WM, Lazarus L: The correlation between skin
tests, bronchial provocation tests and the serum level of IgE specific for
common allergens in patients with asthma. Clin Allergy 1975, 5, 145157.
6. %XF]\áNR . 0XOWL-organ manifestation of hay fever. Ann Agric
Environ Med 1996, 3, 165-169.
7. Burt PJA, Sharma P: Effects of aeroallergens on the lung function
of primary school children at two contrasting sites. In: Second European
Symposium on Aerobiology, 5-9 September 2000, 47. Abstracts. Vienna
2000.
8. Cadot P, Diaz JF, Proost P, Van Damme J, Engelborghs Y,
Stevens EAM, Ceuppens JL: Purification and characterization of an 18kd allergen of birch (Betula verrucosa) pollen: Identification as a
cyclophilin. J Allergy Clin Immunol 2000, 105, 286-291.
9. Clot B: Airborne birch pollen on Neuchatel (Switzerland): onset,
peak and daily patterns. Aerobiologia 2001, 17, 25-29.
10. Comtois P, Schemenauer RS: Tree pollen viability in areas
subject to high pollutant deposition. Aerobiologia 1991, 7, 144-151.
11. Cox CS, Wathes CM (Eds): Bioaerosols Handbook. CRS Press,
Boca Raton 1995.
12. Dahl A, Strandhede S-O, Wihl J-A: Ragweed – An allergy risk in
Sweden? Alergologia 1999, 15, 293-297.
13. D’Amato G: Allergens and Pollution: Consequences for Asthma.
In: Second European Symposium on Aerobiology, 5-9 September 2000,
16-17. Abstracts. Vienna 2000.
14. Dreborg S, Foucard T: Allergy to apple, carrot and potato in
children with birch pollen allergy. Allergy 1983, 38, 162.
15. Dutkiewicz J, Górny RL: Biologiczne czynniki szkodliwe dla
zdrowia -NODV\ILNDFMDLNU\WHULDRFHQ\QDUD*HQLDMed Pr 2002, 53, 29-39.
16. Emberlin J, Savage M, Woodman R: Annual variations in the
concentrations of Betula pollen in the London area. Grana 1993, 32,
359-363.
17. Emberlin J: Mechanisms of atmospheric transport. In: Ariatti A,
Galán C (Eds): Advanced Aerobiology Course. Cordoba 1994.
18. Esch RE, Klapper DG: Isolation and characterization of a major
cross-reactive grass group I allergenic determinant. Mol Immunol 1989,
26, 557-561.
19. Filon FL, Bosco A, Barbina P, Sauli ML, Longo LR: Betulaceae
and Corylaceae in Trieste (NE-Italy): Aerobiological and clinical data.
Aerobiologia 2000, 16, 87-91.
20. Frank E, Leonhardt L, Geissler W, Jäger S: Allergenic
significance of Rumex pollen. In: D’Amato G, Spieksma FTM, Bonini
S (Eds): Allergenic Pollen and Pollinosis in Europe, 119-120. Blackwell
Scientific Publications, London 1991.
21. Freeman GL: Pine pollen allergy in Northern Arizona. Ann
Allergy 1993, 70, 491-494.
22. Frei T, Wüthrich B: Das nationale Pollenmessnetz in der Schweiz
auf Hintergrund epidemiologischer Entwicklung zur Pollenallergie. In:
4. Europäisches Pollenflug-Symposium, 28 February–2 March 1997,
27-29. Bad Lippspringe 1997.
23. Fornaciari M, Bricchi E, Frenguelli G, Romano B: The result of
2-year pollen monitoring of an urban network in Perugia, Central Italy.
Aerobiologia 1996, 12, 219-227.
24. Gell PGH, Coombs RRA: Clinical Aspects of Immunology.
Blackwell Scientific Publications, London 1968.
25. Grote M, Vik H, Elsayed S: Immuno-electronmicroscopic
identification and localization of the antigen protein of tree pollen
grains. Allergy 1988, 43, 603-613.
26. Grote M, Fischer S, Müller W-D, Valenta R: In situ licalization of
a high molecular weight cross-reactive allergen in pollen and plantderived food by immunogoldelectron microscopy. J Allergy Clin
Immunol 1998, 101, 250-257.
27. Hicks S, Helander M, Heino S: Birch pollen production, transport
and deposition for the period 1984-1993 at Kevo, northenmost Finland.
Aerobiologia 1994, 10, 183.
28. Hirschwehr R, Heppner C, Spitzauer S, Speer WR, Valent P,
Berger U, Horak F, Jäger S, Kraft D, Valenta R: Identification of
common allergenic structures in mugwort and ragweed. J Allergy Clin
Immunol 1998, 101, 196-206.
29. Hofman T, Michalik J: $OHUJLD3\áNRZD7203R]QD

30. Horak F, Jäger S: Die Erreger des Heufiebers. Urban &
Schwarzenberg, München 1979.
31. Horak F, Jäger S, Türk R: Ragweed Pollen Allergy in Austria New Trends in Allergy. Springer-Verlag, Berlin 1981, 175-177.
32. Hosen H: Allergy to pine pollen. Ann Allergy 1990, 55, 678-679.
33. Jakóbisiak M (Eds): Immunologia. PWN, Warszawa 2002.
34. Jäger S: Allergenic significance of Ambrosia (Ragweed). In:
D’Amato G, Spieksma FTM, Bonini S (Eds): Allergenic Pollen and Pollinosis
in Europe, 125-127. Blackwell Scientific Publications, London 1991.
35. Jäger S, Nilsson S, Berggren B, Pessi AM, Helander M, Ramfjord
H: Trends of some airborne tree pollen in the Nordic countries and
Austria, 1980-1993. Grana 1996, 35, 171-178.
36. Jäger S, Litschauer R: Ragweed (Ambrosia) in Austria. In:
Ragweed in Europe. 6th International Congress on Aerobiology,
Perugia, 31 August–5 September 1998, 22-23. Perugia, Italy 1998.
37. Katial RK, Lin FL, Stafford WW, Ledoux RA, Westley CR,
Weber RW: Mugwort and sage (Artemisia) pollen cross-reactivity:
ELISA inhibition and immunoblot evaluation. Ann Allergy Asthma
Immunol 1997, 79, 340-346.
38. Kehrl HR, Peden DB, Ball B, Folinsbee LJ, Horstman D:
Increased specific airway reactivity of persons with mild allergic asthma
after 7.6 hours exposure to 0.16 ppm ozone. J Allergy Clin Immunol
1999, 104, 1198-1204.
39. King TP, Hoffman D, Løwenstein H, Marsh DG, Platts-Mills
TAE, Thomas W: Allergen nomenclature. Allergy 1995, 50, 765-774.
40. Knox RB, Suphioglu C: Environmental and molecular biology of
pollen allergens. Trends in Plant Science 1996, 1(5), 156-164.
41. Laaidi K, Laaidi M: Airborne pollen of Ambrosia in Burgundy
(France) 1996-1997. Aerobiologia 1999, 15, 65-69.
42. Lacey J, Dutkiewicz J: Bioaerosols and occupational lung disease.
J Aerosol Sci 1994, 25, 1371-1404.
43. Longo LR, Cristofolini G: Airborne pollen sampling in Trieste
(Italy). Grana 1987, 26, 91-96.
44. Maasch HJ, Geissler W: In-vitro-Untersuchungen zur Allergen
Bedeutung von Sauerampferpollen. Allergologie 1983, 6, 10-12.
45. Mandrioli P, Cecco M, Andina G: Ragweed pollen: The
aeroallergen is spreading in Italy. Aerobiologia 1998, 14, 13-20.
46. Marsh DG, Goodfriend L, King TP, Løwenstein H, Platts-Mills
TAE: Allergen nomenclature. Bull WHO 1986, 64, 767-770.
47. Masuch G, Franz JT, Schoene K, Müsken H, Bergmann K-Ch,
Wahl R: Einflu von Ozon auf den Gehalt von Gruppe 5 in Pollen und
Pflanzen-bestandreilen von Lolium perenne. In: 4. Europäisches PollenflugSymposium, 28 February–2 March 1997, 10-11. Bad Lippspringe 1997.
48. Matthiesen F, Ipsen H, Løwenstein H: Pollen Allergens. In:
D’Amato G, Spieksma FThM, Bonini S (Eds): Allergenic Pollen and
Pollinosis in Europe, 36-44. Blackwell Scientific Publications, London
1991.
49. Munshi AH: Gene expression in allergenic pollen. Aerobiologia
2000, 16, 331-334.
50. Negrini AC: Pollen as allergens. Aerobiologia 1992, 8, 9-15.
51. 2EWXáRZLF] . .RWOLQRZVND 7 6WRELHFNL 0 'HFKQLN .
2EWXáRZLF] $ 0DQHFNL $ 0DUV]DáHN 0 6FKHMEDO-Chwastek M:
Environmental air pollution and pollen allergy. Ann Agric Environ Med
1996, 3, 131-138.
52. 2EWXáRZLF] . $OHUJRORJLD RJyOQD In: 2EWXáRZLF] . (GV):
Alergologia Praktyczna, 17-56. PZWL, Kraków 2001.
53. Ong EK, Singh MB, Knox RB: Aeroallergens of plant origin:
molecular basis and aerobiological significance. Aerobiologia 1995, 11,
219-229.
54. Peltre G, Derouet L, Cerceau-Larrival M-T: Model treatments
simulating environmental action on allergenic Dactylis glomerata
pollen. Grana 1991, 30, 59-61.
55. Pettyjohn ME, Levetin E: A comparative biochemical study of
conifer pollen allergens. Aerobiologia 1997, 13, 259-267.
56. Rantio-Lehtimäki A, Koivikko A, Kupias R, Makinen Y, Pohjola
A: Significance of sampling high of airborne particles for aerobiological
information. Allergy 1991, 46, 68-76.
57. 5DSLHMNR 3 :\NRU]\VWDQLH PRQLWRULQJX ]DZDUWRFL S\áNX UROLQ
w atmosferze w medycynie. In: 0DWHULDá\ ] .RQIHUHQFML 1DXNRZHM:
%LRORJLD .ZLWQLHQLD1HNWDURZDQLD L =DS\ODQLD5ROLQ 243-248. Lubelskie
Towarzystwo Naukowe, Lublin 1997.
58. 5DSLHMNR3/LSLHF$1DMF] VWV]HDOHUJHQ\SRZLHWU]QRSRFKRGQH
In: /LJ ]LVNL $ -XUNLHZLF] ' (GV  3RVW S\ Z 5R]SR]QDZDQLX L

Characterisation of pollen allergens
Leczeniu Chorób GórQ\FK'UyJ2GGHFKRZ\FKR3RGáR*X,PPXQRORJLF]Q\P,
37-72. 8UEDQ 3DUWQHU:URFáDZ
59. Ree R, Voitenko V, Leeuwen WA, Aalberse RC: Profilin is a
cross-reactive allergen in pollen and vegetables food. Int Arch Allergy
Immunol 1992, 98, 97-104.
60. Reindl J, Anliker MD, Karamloo F, Vieths S, Wüthrich B:
Allergy caused by ingestion of zucchini (Cucurbita pepo): Characterization
of allergens and cross-reactivity to pollen and other foods. J Allergy Clin
Immunol 2000, 106, 379-385.
61. Rich TCG: Ragweeds (Ambrosia L.) in Britain. Grana 1994, 33, 38-43.
62. Riediker M, Monn Ch, Koller T, Stahel WA, Wüthrich B: Air
pollutants enhance rhinoconjunctivitis symptoms in pollen-allergenic
individuals. Ann Allergy Asthma Immunol 2001, 87, 311-318.
63. Rizzo MC, Arruda LK, Chapman MD: IgG and IgE antibody
responses to dust mite allergens among children with asthma in Brazil.
Ann Allergy 1993, 71, 152-158.
64. Rudzki E: &R/XG]L8F]XODL-DN7HJR8QLNDü. Medycyna Praktyczna,
Kraków 1998.
65. Ruffilli A, Sacerdoti G, Oreste U, D’Abusco SA: Molecular
biology of pollen allergens. In: D’Amato G, Spieksma FTM, Bonini S
(Eds): Allergenic Pollen and Pollinosis in Europe, 45-48. Blackwell
Scientific Publications, London 1991.
66. Santra SC, Gupta S., Chanda S: Air pollutants and aeroallergens
interaction. Grana 1991, 30, 63-66.
67. Sato H, Nakazawa T, Sakoski N, Kochibe N: Yearly and seasonal
changes of specific IgE to Japanese cedar pollen in a young population.
Ann Allergy Astma Immunol 1997, 79, 57-61.
68. Schäppi GF, Monn Ch, Wüthrich B, Wanner H-U: Analysis of
allergens in ambient aerosols: Comparison of areas subjected to different
levels of air pollution. Aerobiologia 1996, 12, 185-190.
69. Schmid-Grendelmeier P, Peeters A, Wüthrich B: L’allergie aux
pollen de frêne existe en Suisse, nous I’avons rencontrée. Rev Fr
Allergol 1992, 32, 139-140.
70. Schmid-Grendelmeier P, Peeters A, Wahl R, Wüthrich B: Zur
Bedeutung der Eschenpollenallergie. Allergologie 1994, 17, 535-542.
71. Schoene K, Masuch G, Franz JT, Müske H, Bergmann KCh:
Einfluss von Ozon auf histologische Structuren in Pollen und
Pflanzenbestandteilen von Lolium perenne. In: 4. Europäisches PollenflugSymposium, 28 February-2 March 1997, 12-13. Bad Lippspringe 1997.
72. Southworth D: Isolation of exines from gymnosperm pollen.
Amer J Bot 1988, 75, 15.
73. Spieksma FTM, Charpin H, Norlard N, Stix E: City spore
concentrations in the European Economic Community (EEC) in Summer
weed pollen (Rumex, Plantago, Chenopodiaceae, Artemisia) 1976 and
1977. Clin Allergy 1980, 10, 319-329.
74. Spieksma FTM: Airborne pollens concentrations in Leiden, The
Nederlands, 1977-1981. III. Herbs and weeds flowering in the summer.
Grana 1986, 25, 47-54.
75. Spieksma FTM, Frenguelli G: Allergenic significance of Alnus
(alder) pollen. In: D’Amato G, Spieksma FTM, Bonini S (Eds): Allergenic
Pollen and Pollinosis in Europe, 85-87. Blackwell Scientific Publications,
London 1991.
76. Spieksma FTM, Wahl P-G: Allergenic significance of Artemisia
(mugwort) pollen. In: D’Amato G, Spieksma FThM, Bonini S (Eds):
Allergenic Pollen and Pollinosis in Europe, 121-124. Blackwell Scientific
Publications, London 1991.

149

77. Spieksma FTM, Noort P, Nikkels H: Influence of nearby stands
of Artemisia on street-level versus roof-top-level ratio’s of airborne
pollen quantities. Aerobiologia 2000, 16, 21-24.
78. 6WDFK$6LOQ\:3\áHN z dalekiego transportu w aeroplanktonie
Poznania w latach 1995–1997 (Wybrane taksony alergogenne). Bibliotheca
Fragmenta Agronomica 1999, 6, 209-216.
79. 6W SDOVND'=DJUR*HQLHS\áNLHPAmbrosia w Europie. Wiad Bot
1999, 3/4, 80-84.
80. Strassmann RA: Baum-Heilkunde. Renatus-Verlagsföroderungsgenossenschaft, Wilen OW, 1983.
81. SLHZDN 5 .U\VLVND-Traczyk E, Sitkowska J, Dutkiewicz J:
Microflora of allergenic pollens - a preliminary study. Ann Agric
Environ Med 1996, 3, 127-130.
82. Thibaudon M: Ragweed in France. In: Ragweed in Europe. 6th
International Congress on Aerobiology, Perugia, 31 August–5 September
1998, 15. Abstracts. Perugia, Italy 1998.
83. Vieths S: Die allergologische Bedeutung von Profilin aus Pollen
und pflanzlichen Lebensmitteln. In: 4. Europäisches Pollenflug-Symposium,
28 February-2 March 1997, 17-18. Bad Lippspringe 1997.
84. Vik H, Florvaag E, Elsayed S: Allergenic significance of Betula
(birch) pollen. In: D’Amato G, Spieksma FThM, Bonini S (Eds):
Allergenic Pollen and Pollinosis in Europe, 94-98. Blackwell Scientific
Publications, London 1991.
85. Voltolini S, Minale P, Troise C, Bignardi D, Modena P, Arobba
D, Negrini AC: Trend of herbaceous pollen diffusion and allergic
sensitisation in Genoa, Italy. Aerobiologia 2000, 16, 245-249.
86. Wahl R, Schmid-Grendelmeier P, Cromwell O, Wüthrich B: In
vitro investigations of cross-reactivity between birch and ash pollen
allergens extracts. J Allergy Clin Immunol 1996, 98, 99-106.
87. Wallenstein B, Kersten W: Die Bedeutung einzelner Wildkräuterpollen
bei der Pollinosis. Allergologie 1985, 8, 251-253.
88. Weeke ER, Spieksma FTM: Allergenic significance of Gramineae
(Poaceae). In: D’Amato G, Spieksma FTM, Bonini S (Eds): Allergenic
Pollen and Pollinosis in Europe, 109-112. Blackwell Scientific Publications,
London 1991.
89. Weerd NA, Bhalla PL, Singh MB: Aeroallergens and pollinosis:
Molecular and immunological characteristic of cloned pollen allergens.
Aerobiologia 2002, 18, 87-106.
90. Weryszko-Chmielewska E, Puc M, Rapiejko P: Comparative
analysis of pollen counts of Corylus, Alnus and Betula in Szczecin,
Warsaw and Lublin (2000-2001). Ann Agric Environ Med 2001, 8, 235-240.
91. Wüthrich B, Stäger J, Johansson SGO: Celery allergy associated
with birch and mugwort pollinosis. Allergy 1990, 45, 566.
92. Yankowa R, Baltadjieva D, Peneva R, Zlatev V: Pollen grains of
Ambrosia in the air of Sofia, Bulgaria. Aerobiologia 1996, 12, 273-277.
93. Zanon P, Berra D, Alesina R, Cirla A, Corsio R, Guidoboni A:
Spread of ragweed allergy in Lombardy (North Italy). In: Ragweed in
Europe. 6th International Congress on Aerobiology, Perugia, 31 August–5
September 1998, 20-21. Abstracts. Perugia, Italy 1998.
94. =DZLV]D ( 6DPROLVNL % &] VWRü Z\VW SRZDQLD L UHDNFMH
NU]\*RZH QDGZUD*OLZRFL QD DOHUJHQ\ Z]LHZQH PLHU]RQH WHVWHP
skaryfikacyjnym. Otolaryngologia Pol 1992, Suppl. 14, 618.
95. =DZLV]D ( (WLRSDWRJHQH]D RVWU\FK L SU]HZOHNá\FK QLH*\WyZ
górnych dróg oddechowych. In: /LJ ]LVNL $ -XUNLHZLF] ' (GV 
3RVW S\Z5R]SR]QDZDQLXL/HF]HQLX&KRUyE*yUQ\FK'UyJ2GGHFKRZ\FK
R3RGáR*X,PPXQRORJLF]Q\P, 1-12. Urban & ParWQHU:URFáDZ

