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Summary

Introduction: Birch (Betula sp.) pollen grains are the main cause of seasonal allergies in northern and
central Europe. The allergen particles released from the grains are often well distributed
in the air. Due to their size, airborne protein particles can easily penetrate into the lower
parts of the respiratory airways and may lead to symptoms of asthma. The purpose of this
paper was to quantify both Betula sp. pollen grains and allergens in the air.

Materials Materials for the investigation were collected in the spring of 2003 with two Hirst-type
and Methods: pollen volumetric traps. Tapes from one trap served for routine birch pollen grain counts,

while those from the second for the immunodetection of birch allergens. As birch pollen
allergen concentration is seen as dark spots on X-ray films densitometric measurements
of the spots were used to quantify birch-pollen antigen concentrations in the air.

Results: In most instances, birch pollen counts corresponded with birch pollen allergen levels.
However, on several occasions outside the pollen season, only grains or only allergens
were detected. Apart from sampling variability, this could be due to faulty/dead pollen
grains or submicronic airborne allergen particles.

Conclusions: Counting intact pollen grains and antibody-based detection of allergen molecules are effi-
cient tools in controlled allergen avoidance.
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INTRODUCTION

The incidence of certain allergic diseases is increas-
ing in most industrialized countries. This is especially
striking in type I atopic diseases such as extrinsic
bronchial asthma, allergic rhinoconjunctivitis (“hay
fever”), and atopic eczema/dermatitis, but a similar
trend is exhibited by cytotoxic (type II), immune-
complex (type III), and delayed-type (type IV) hyper-
sensitivity reactions. Various hypotheses have been
suggested to explain the causes of the prevalence of
certain allergies in certain “westernized” countries
during the past few decades and it was concluded that
perhaps several factors characteristic of a “modern
society” act together18. As discussed by Ring et al.18,
these include increased awareness of the diseases,
improved diagnostics, genetic susceptibility, psy-
chosocial influences, allergen exposure, decreased
immune system stimulation, underlying diseases,
anti-allergic therapy, and pollution. The allergenic
potency of some causal factors (e.g. pollen allergens)
may be enhanced by the adjuvant activity of some
biological or chemical factors, especially urban air
pollutants due to urban traffic emissions. Conversely,
some protective inhibitory factors may be lost due to,
for example, decreased stimulation of the human
immune system because of improved hygiene (the
“hygiene” hypothesis) or vaccination programs18, 20.

The pollens of trees, grasses, and weeds are the main
cause of seasonal allergy in northern Europe27, which
is why pollen counts and pollen-count forecasts are
made available2. However, pollen allergens have to
be released from the pollen grains in order to become
allergic. Allergen liberation is an active mechanism
dependent on ambient temperature, hour of the day,
and relative humidity. Environmental factors, such as
high air humidity and thunderstorms followed by dry
and sunny weather, facilitate allergen liberation and
can explain asthma attacks after rainfall2, 6, 7.
Moreover, in highly polluted regions wind-borne
pollen grains interact with pollutants in a complex
manner which modulates allergen release and aller-
genic potency. For example, SO2 has an inhibitory
effect on allergen release, which contributes to the
decreased allergy prevalence in regions polluted by
this gaseous pollutant. However, other gaseous pollu-
tants, such as NO2, do not exhibit these effects. Other
pollutants can enhance allergen release and the gen-
eration of allergenic aerosols2. For these reasons,
allergen bioavailability should be considered more
thoroughly.

Birch (Betula sp.) pollen is an important airborne
allergen and is the main cause of the seasonal aller-
gies of 10–20% of the population of northern and

central Europe26. Birch pollen is also responsible for
cross-reactive oral allergies to fruits, nuts, and veg-
etables. The major Betula verrucosa Ehrh. pollen
allergen, Bet v 1 (17.4 kDa), is recognized by more
than 95% of birch pollen allergic patients, 60% of
them reacting exclusively to this allergen11, 24. Bet v 1
is found in almost all (>98%) Finish, Swedish, and
Austrian sera14. Bet v 1 has been extensively charac-
terized, and Bet v 2, Bet v 3, Bet v 4, Bet v 5 have also
been cloned and sequenced. Recombinant Bet v 5
has a sequence identity of 60–80% to isoflavone
reductase, a protein family (homologues in various
plants) that is involved in plant defense reactions. Bet
v 5 may be responsible for pollen-related oral allergy
to specific foods in a minority of patients who also
have birch pollen allergy12.

The release of submicronic protein particles from
Betula sp. pollen grains, which can penetrate into the
lower parts of the respiratory airways, can lead to
serious symptoms of asthma, besides rhinitis. The
allergen particles are often well distributed in the air
and their concentration might be high even when the
pollen grain concentration is relatively low17. Due to
this fact it seems important to monitor the air con-
centration of pollen allergens rather than that of
pollen grains.

Birch trees (Betula sp.) are common throughout
Poland28. Consequently, birch pollen is very abun-
dant in the air during the flowering season. Two
Betula sp., B. verrucosa Ehrh. and B. pubescens Ehrh.,
are sub-constituents of forests outside of the city of
Krakow. B. verrucosa Ehrh. is also commonly grown
as an ornamental tree in the town parks and along
some streets (personal observations). In Krakow
(southern Poland), airborne pollen grains and spores
have been monitored since 198222. The purpose of
this paper was to quantify for the first time both
Betula sp. pollen grains and allergens; the latter
detected by immunoblotting and chemiluminescence.

MATERIALS AND METHODS

Collection of airborne birch pollen samples

The sampling was performed using two volumetric
Hirst-type pollen samplers8 placed on the roof of
a 20-m-high building in the center of Krakow
(50°03’N, 19°57’E). Standard monitoring of pollen
and spore concentration was performed with a Hirst-
-type Burkard Seven-Day Pollen and Spore Trap
(Burkard Manufacturing Ltd., Rickmansworth,
Hertfordshire, UK). The birch pollen grains were
identified on the basis of their characteristic shape
and size13 and counted in equidistant vertical zones
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corresponding to 2-h periods. The grain counts on
the Burkard tape served to estimate the start and the
end of the local birch flowering season by the so-
-called “97.5% method”16. A Hirst-type Lanzoni
VPPS 2000 trap (Lanzoni S.R.L., Bologna. Italy) was
placed next to the Burkard trap and was used for the
immunochemical analysis described below. The sam-
pling started on March 10, 2003 (before the onset of
the birch flowering season in Poland) and finished on
May 27, 2003 (after pollination in the Krakow area).

Immunoblotting and chemiluminescence

Immunoblotting of allergens from the trap to the
blotting membrane was performed according to
a method adapted from Ekebom’s et al.4 procedure.
After every sampling, the Lanzoni tape was cut in 24-
-h segments. Polyvinylidene difluoride (PVDF) blot-
ting membranes (0.2 µm BiotransTM PVDF
Membranes, ICN Pharmaceuticals, Inc., USA) were
soaked for 5 min in methanol before use, rinsed in
distilled water for 5 min, and then saturated with
transfer buffer for an additional 5 min. The protein
particles from the sampling tape were transferred
onto PVDF membranes so prepared by 30 min capil-
lary blotting. Another part of the PVDF membrane
was used for preparation of the standard curve of
Betula sp. pollen allergen concentration. For this pur-
pose, dot blots were obtained by serial dilutions of 10
µl/dot of B. verrucosa Ehrh. pollen extract, kindly
provided by ALK-Abelló (Hørsholm, Denmark).
After blotting, the membranes were placed in block-
ing solution (fat free 5% milk in TTBS solution)
overnight. On the following day the membranes were
washed in TBS, TTBS, and again TBS for 15 min in
each solution. The membranes were then incubated
for 40 min with polyclonal antibodies against B. ver-
rucosa Ehrh. pollen antigens produced in rabbit
(kindly donated by ALK-Abelló, Hørsholm,
Denmark) diluted 1:10,000 in TBS solution. After
washings in TBS, TTBS, and again in TBS solutions
(15 min each), the membranes were incubated with
goat-anti-rabbit IgG conjugated with horseradish
peroxidase (ICN Pharmaceuticals, Inc., USA) diluted
1:5,000 in TBS solution for 40 min followed by
repeating the above 3 washings.

The next steps were performed in total darkness.
First the membranes were incubated with chemilumi-
nescence ECL Plus Western Blotting Detection
Reagents (Amersham Biosciences, USA) for 5 min.
Then excess reagent was absorbed by filter paper and
the membranes were sealed in thin plastic wrap. Next
they were inserted into the exposure cassette and
covered with a sheet of Kodak BioMax MR film.
After 5 min exposure, the film was developed accord-

ing to the directions given by Kodak. Light emitted at
the sites of Betula sp. allergen was visualized as black
or gray spots on the film. Densitometric measure-
ments of spots on the film were performed with
a Fluoro-STM MultiImager (BioRad, USA) and
expressed as optical density units.

Statistical analysis

After verification of the empirical distribution of the
data sets (rejection of the normal distribution), the
Spearman Rank correlation coefficient of pollen
grain number and allergen concentration was calcu-
lated (non-parametric statistical correlations).
Analyses were performed using statistical software
package Statistica (version 6.1).

RESULTS AND DISCUSSION

The quantification of airborne birch pollen antigens
by immunoblotting and chemiluminescence was orig-
inally used by Ekebom et al.4. They used a 0.45 µm
PVDF membrane, overnight blockade by 4% BSA,
secondary antibodies conjugated with alkaline phos-
phatase, product of reaction detected by a Lumi-Phos
530, and the emitted light measured by a luminome-
ter. Our modifications consisted of a more sensitive
0.2 µm membrane, overnight blockade by 5%
skimmed milk, HRP-conjugated secondary antibod-
ies, and an ECL detection system followed by X-ray
film exposure and densitometry. The resulting light
intensity4 and dark spots (in our studies) gave good
quantitative relationships with protein concentra-
tions of serially diluted birch pollen extracts from
ALK-Abelló, with regression coefficients of
0.95–0.994 and 0.98 in our system (Fig. 1). Thus, the
sensitivity of the method used here is fully compara-
ble with the original method of Ekebom et al.4
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Figure 1. Densitometric measurements (in optical density – OD
units) of the dark spots on films exposed to chemiluminescent light
originating from secondary antibodies bound to various concen-
trations of Betula verrucosa Ehrh. pollen allergen extracts (mg/ml).
The linear regression coefficient was 0.98. R2 – regression coeffi-
cients.



The Nilsson and Persson’s method16 applied for count-
ing birch pollen grains in the Burkard trap (collected
from March 10th to May 27th) suggested that in 2003
the local Betula sp. flowering season began in Krakow
on March 28th and ended on April 29th (Fig. 2).

Representative results of the quantification of birch
pollen grains and allergens collected by Burkard and
Lanzoni traps in Krakow are given in Fig. 3. Birch
pollen allergen concentrations, which are document-
ed by dark spots on films, show allergen sites on the
tape from the Lanzoni trap. Spot concentrations var-
ied considerably during the period of investigation
(see top rows of Figs. 3a–c), and were converted to
the densitometric data shown in hourly intervals on
the bottom of Figs. 3a–c (right axis). The same bot-
tom rows of Figs. 3a–c illustrate the numbers of
pollen grains collected in the same hourly intervals
on the tape from the Burkard trap (left axis). Three
types of interdependencies of birch pollen allergens
and birch pollen grains are illustrated in Fig. 3. First,
presence of both pollen grains and allergens (Fig.
3a); second, presence of pollen allergens and absence
of grains (Fig. 3b); and third, presence of pollen
grains and absence of allergens (Fig. 3c).

The first type of birch pollen-allergen dependency
was the most frequent during the local Betula sp.
flowering season. Good quantitative relationships are
visible in Fig. 3a, where the high pollen grain number
recorded on April 25 corresponded with the highest
allergen concentration, while on April 26 the low
grain number was accompanied by the small amount
of allergen (r=0.9504; p=0.0000).

The detection of birch allergens on the tape from the
Lanzoni trap when there were few or no pollen grains
on the tape from the Burkard trap happened on sev-
eral occasions during the whole observation period.

This is illustrated by the records from 10–12 May, i.e.
after the birch pollination season (r=0.1619, p=
0.4497; Fig. 3b). The opposite situation, namely the
presence of birch pollen grains in the Burkard trap
without birch pollen allergens in the Lanzoni trap,
was seldom and recorded only before the Betula sp.
flowering season, e.g. on March 22–24 (r=0.6421,
p=0.0007; Fig. 3c).

It has been demonstrated that the major birch aller-
gens are cytoplasmic proteins and cannot be detected
on the surface of dry pollen5, while they are quickly
exposed during hydration6. Pollen hydration occurs
not only during pollination, but also in contact with
body fluids and during rainfalls. Allergen elution dur-
ing pollen contact with the mucosa of the upper res-
piratory tract is responsible for allergic rhinoconjunc-
tivitis. However, because of their size, pollen grains
are unlikely to intrude into the deeper airways, thus
are unlikely to explain the occurrence of allergic asth-
ma during or after the pollination period, especially
after rainfall. The latter phenomenon can be
explained by rainwater-induced abortive pollen ger-
mination connected with the release of allergen-bear-
ing submicronic particles able to penetrate the deep
airways6, 19, 21. Moreover, such liberated allergens may
be associated with other submicronic particles (such
as diesel exhaust, dust, fuel combustion) playing the
role of adjuvants in allergic sensitization3, 15, 23.

The blotting procedure applied to the tape from the
Lanzoni trap causes extensive pollen grain hydration,
which may induce a massive allergen release.
Therefore the fact that the birch allergen abundance
paralleled the presence of pollen grains (as on Fig.
3a) is not surprising. It might be even enhanced by
the presence of airborne allergens released from the
grains earlier due to the abortive germination men-
tioned above6. The existence of airborne allergens,
connected with other submicronic particles originat-
ing from the pollen itself or from various airborne
pollutants, may explain the results in Fig. 3b. Such
a possibility will be elucidated further during future
experiments.

The intriguing absence of allergens during the period
of a detectable number of birch pollen grains (as
exemplified on Fig. 3c) may be tentatively explained
by reduced allergen liberation due to a temporary
high concentration of some air pollutants, such as
SO2 

2. We cannot exclude, however, that the grains
were not fully mature before the pollination season
and were thus faulty and non-allergenic. On the other
hand, some dead, emptied grains might be trapped
after the pollination season. The existence of only
grains or only allergens detected during the experi-
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Figure 2. Time scale of the observation period and the estimated
local pollination season of Betula sp. in Krakow in 2003. The results
obtained during the periods indicated on the bottom are illustrated
in Fig. 3.



ments presented here could also be due to sampling
variability on the two different air samplers.

Further knowledge of pollination, pollen allergen
release, its concentration in the air, and factors that
might have impact on it is very important for clinicians
and allergic persons. The results presented here con-

firm the notion that the traditional and commonly used
pollen grain counts do not always reflect the concen-
trations of pollen allergens in the air. The visualization
and quantification of birch pollen allergens should be
further improved before being routinely performed
either directly on air-sampling filters1, 9, 10 or on blotting
membranes as presented here and in other papers4, 25.
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Figure 3. Analysis of Betula sp. pollen
grains and allergens within (a), after (b)
and before (c) the local pollination sea-
son in Krakow. Top rows: allergen visu-
alization on the X-ray films; bottom rows:
quantitative analysis of allergen concen-
trations (right axes, lines) and pollen
grain numbers (left axes, solid bars).
Compare Fig. 2.
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