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Abstract

Background: The release of the aeroallergen Bet v 1 from
pollen is a major determinant in the etiology of allergic air-
way disease due to birch pollen. Objective: We determined
the release of the major birch pollen allergen Bet v 1 from
pollen of birch trees growing in 2 different geographic re-
gions in Germany for 2 consecutive years. Methods: Catkins
were collected during pollination in 2002 and 2003 from 82
healthy trees in South (Munich) and West Germany (North
Rhine-Westphalia). The release of Bet v 1 from pollen sam-
ples was determined by a Bet v 1-specific ELISA. Results: Pol-
len from South Germany released about 3 times more Bet
v 1 than those from West Germany in both 2002 and 2003
(p =0.034 and p = 0.007, respectively). This was independent
of the number of pollen during the pollen flight season. In
2003, the release of Bet v 1 from pollen was more than 5
times higher than in 2002 in both regions (South Germany
6.1 times, p <0.001; West Germany 5.4 times, p = 0.003). Con-
clusions: Despite large individual differences, there seem to
be regional and year-to-year variations in Bet v 1 release

from birch pollen. Therefore, the combination of pollen
count and release of Bet v 1 from this pollen must be as-
sessed to estimate Bet v 1 exposure reliably.

Introduction

Allergies are on the rise in the Western world, includ-
ing allergies related to birch pollen [1-3]. About 20% of a
study population of 1,159 adult Germans was sensitized
to birch pollen [4]. The components of birch pollen (Be-
tula verrucosa Ehrh. syn. Betula pendula Roth.) respon-
sible for the observed allergic reactions are 7 unrelated
proteins [5], available from http://www.allergen.org (ac-
cessed February 2007). In a European study [6], 98% of
birch pollen-allergic individuals in Northern Europe
were allergic to the protein Bet v 1 and a minority also to
Bet v 2 (12-30%) or Bet v 4 (5-11%). In different climatic
regions, like Switzerland and Italy, sensitization is also
mainly to Bet v 1, but Bet v 2 or Bet v 4 sensitization make
up 43% of the population.

The major birch allergen Bet v 1 is likely a plant steroid
transporter that plays a role in plant defense and develop-
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Fig. 1. Pollen flight in Munich (a) and North Rhine-Westphalia (b) in 2002 and 2003. Arrows indicate the time
of sampling of birch catkins in each year and region. Shaded area is pollen flight in 2002.

ment [7]. Itis a 17.4-kDa protein of which 42 isoforms are
reported [8], but in extracts of pollen only about 9 iso-
forms were detected [7, 9, 10] with Bet v 1.0101 being the
dominant allergenic isoform [11, 12]. Differences in al-
lergenicity have been reported for some isomers of Bet
v 1 [7, 13], including a lack of allergenicity for the Bet
v 1.1001 (formerly Bet v 11) isoform [14]. Bet v 2 is a pro-
filin which cross-reacts with other profilins like Phl p 12
from grasses [15, 16] and Bet v 4 is a calcium-binding pro-
tein that cross-reacts with other polcalcins like Phl p 7
from timothy grass [17].

Although Bet v 1 is accepted as the major allergenic
compound from birch pollen, additional compounds re-
leased from birch pollen, like pollen-associated lipid me-
diators, are also factors that may influence the allergic
response to birch pollen [18-20].

Few studies have investigated the release of Bet v 1
from the pollen of individual birch trees [21]. Birch pol-
lens are the exclusive source of Bet v 1 in ambient air [21,
22]. After release of pollen from the anthers, Bet v 1 can
be redistributed, in part, from pollen into other compo-
nents of ambient air, like starch granules or ambient par-
ticulate matter [23, 24]. The release of Bet v 1 at the source
(pollen) is important to measure, as it will give an esti-
mate of the actual exposure to Bet v 1 of people living
near birch trees as is often the case in Central and North-
ern Europe [25, 26].

This study is part of the exposure assessment in the
ongoing birth cohort study GINIplus (German Infant
Nutrition Intervention study) [27]. As a part of this study
we identified birch trees close to the children’s dwellings
in 2 geographic regions in Germany (40 trees in Munich
and 42 trees in North Rhine-Westphalia), sampled cat-
kins both in 2002 and 2003, and determined the Bet v 1
release of pollen of each individual tree.

Our objective was to investigate whether release of Bet
v 1 from pollen is similar between trees growing in dif-
ferent geographical regions, and between years within
these regions, in order to get additional information
about exposure to Bet v 1 apart from birch pollen
counts.

Methods

Birch Catkin Collection

Collection in 2002 was on 3 April in North Rhine-Westphalia,
during the peak period of pollination in that region (pollen count
from Bochum was considered as representative for that region;
fig. laand b) and on 9 Aprilin Munich, 3 days before a major birch
pollen peak on 12 April. In 2003 we collected on 14 April in North
Rhine-Westphalia, 3 days before the height of pollination, and on
16 April in Munich, during the peak of pollination.

About 50 catkins per tree were collected preferentially from
the south side of a tree [28]. Each tree was characterized according
to height, stem circumference at 1 m height, distance to high-traf-
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fic roads, genus (Betula pendula or Betula pubescens), site of col-
lection of the catkins (east, north, south or west), ripeness of the
catkins and position to buildings (sunny, shaded). The same trees
were sampled in both years. The catkins were put into a glass-
house at 13% humidity, 28°C for 1 day. The spontaneously re-
leased pollen was then sifted through 100- and 70-pm sieves,
weighed, and stored in 5-ml glass HPLC vials sealed with rubber
caps (Chromacol, Herts, UK) at -70°C until analysis. Samples
were analyzed within 3 months.

Extraction and Bet v 1 Determination

Birch pollens were extracted at 5 mg pollen/ml in 0.1 M
NH,HCOs3, pH 8.1, in 15-ml polypropylene tubes (Greiner, Frick-
enhausen, Germany), after 1 min vortexing and 4 h in an end-
over-end rotator (Heidolph, Schabach, Germany) at 100 rpm at
room temperature in the dark. The mixture was transferred to
2-ml Eppendorf vials (Hamburg, Germany), centrifuged for
5 min at 13,000 g, and the supernatant was collected. To 400 w1
extract, BSA was added to make 0.1% w/v and the samples were
lyophilized and stored at 4°C until analysis.

This procedure of weighing and extracting pollen was per-
formed with at least 3 separate samples of pollen from each tree.
The Bet v 1 content of each extract was then measured 3 times on
different days in duplicate (a total of 18 ELISA wells per tree).

Bet v 1 levels were determined using a sandwich ELISA with 2
Bet v 1-specific antibodies (MAK 3B4F11D6 and 2E10G6G7; Al-
lergopharma Joachim Ganzer KG, Reinbek/Hamburg, Germany)
in a 96-well Maxisorb microtiter plate (Nunc, Wiesbaden, Ger-
many) as described previously [29] with 3,3',5,5'-tetramethylben-
zidine (Sigma, Deisenhofen, Germany) as substrate. A standard
curve with affinity-purified Bet v 1 (Allergopharma Joachim
Ganzer KG) and a positive control, both in duplicate, were run
with each assay. Only values within the linear part of the calibra-
tion curve were reported.

The antibody combination used for our sandwich ELISA rec-
ognizes 6 isoforms of Bet v 1, including Bet v 1.0101, detecting 95%
of all isoforms present in a crude birch pollen extract [Dr. B. We-
ber, Allergopharma Joachim Ganzer KG, pers. commun.]. An al-
iquot of an extract of birch pollen was analyzed with each assay
as a positive control to guarantee assay reproducibility. With this
extract the intraday variability of the assay was 6.3% (n = 10). The
day-to-day variability of the assay was 12% (n = 41).

Pollen Flight Data

Pollen flight data (birch pollen/m?®/24 h) were obtained from
2 reference stations using Burkard pollen traps (Burkard Manu-
facturing Ltd., Hertfordshire, UK) of the Stiftung Deutscher Pol-
leninformationsdienst, Bad Lippspringe, Germany. One trap was
located in North Rhine-Westphalia in Bochum, Bergmannsheil
(15 m above ground, 76 m above sea level). The other trap in the
south of Germany in Munich was located at the Dermatology
Clinic of the Ludwig Maximillians University (15 m above ground,
525 m above sea level). Yearly pollen data were the sum of all dai-
ly values during the birch pollen season in Germany.

Weather Data

Weather data were obtained from the Deutscher Wetterdienst,
Offenbach (Main), Germany. Airport Greven (station No. 1766)
was representative for North Rhine-Westphalia rural, Duisburg-
Friemersheim (station No. 1084) for North Rhine-Westphalia ur-
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ban, airport Erding-Moos (station No. 1262) for Bavaria rural and
Munich city (station No. 3379) for Bavaria urban. Light intensity
data for Duisburg-Friemersheim were not recorded and the val-
ues of Diisseldorf airport (station No. 10400, about 30 km from
Duisburg-Friemersheim) were used. Ozone values for Munich
(station No. BY037) and the airport Erding-Moos were obtained
from Bayerisches Landesamt fiir Umweltschutz, Augsburg and
for Greven (Ladbergen, station No. NW093) and Duisburg-Wal-
sum (station No. NW034) from Umweltbundesamt, Berlin, Ger-
many.

Skin Prick Testing

After obtaining informed consent, 10 birch pollen-allergic
patients with allergic rhinoconjunctivitis (7 female, 3 male; age
35.8 & 10.3 years; Bet v 1-specific IgE RAST class =3) and 3 non-
atopic healthy subjects (1 female, 2 male; age 33.7 + 12.0 years;
RAST class 0) were included in the study. All individuals were
subjected to skin prick testing with (1) a 1:10 dilution of an ex-
tract of 10 mg/ml pollen in PBS pH 7.4 without BSA, and (2) re-
combinant Bet v 1.0101 allergen (16 pg/ml diluted in PBS; Bio-
may, Vienna, Austria). Skin prick testing of a saline solution,
birch pollen skin prick solution (44 ng Bet v 1/ml; Allergophar-
ma) and a 1% w/v histamine solution served as negative and pos-
itive controls, respectively. Ten microliters of each solution was
skin prick tested simultaneously with prick test lancets (Allergo-
pharma) within a double-blind, intraindividually randomized
trial in all subjects, once at both volar forearms of the subjects.
After 20 min, each skin reaction was evaluated and wheal and
erythema were measured manually and documented. In addi-
tion, planimetry was performed and skin reactions were photo-
graphed.

Statistical Analysis

Differences between groups were analyzed by a paired t-test of
the log-transformed data [30]. Values below the detection limit
but with a discernable Bet v 1 content were treated as two thirds
of the detection limit (that is 4 ng/ml Bet v 1). For the regional and
year-to-year comparison, only those trees were evaluated that
could be sampled in both years. Means were calculated as arith-
metic means * SD, unless otherwise indicated. Then, geometric
means with a 95% confidence interval were calculated instead, the
log transformation correcting for skewed data.

Results

Extraction and Stability of Bet v 1 from Birch Pollen

Extraction with 0.1 M NH,HCO; pH 8.1 at room tem-
perature yielded about 20% more Bet v 1 than with PBS
(data not shown). Also, Bet v 1 was more stable in
NH,HCO; than in PBS. Increasing the temperature of
extraction to 37°C resulted in lower yields of Bet v 1. For
these reasons we selected an extraction optimum of 4 h
with 0.1 M ammonium bicarbonate pH 8.1 for all subse-
quent experiments. Ammonium bicarbonate has the ad-
ditional advantage of evaporating upon lyophilization.
Lyophilizing the samples reduced the Bet v 1 content by
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4.9% compared to prior to lyophilization (n = 41, p <
0.01). Aliquots of the same Bet v 1 extract were stable for
at least 150 days. The procedure of determining the Bet
v 1 content of pollen from 1 tree by repeatedly weighing,
extracting and determining the Bet v 1 content of pollen
of that sample limited the variability of Bet v 1 determi-
nation to 11% (n = 121).

Using these conditions, the extractable Bet v 1, divided
by total extractable protein of pollen, was 0.95% in North
Rhine-Westphalia in 2002 and 3.94% in 2003. In Munich
the Bet v 1 content was 1.06% of extractable total protein
in 2002 and 7.4% in 2003 (about 0.05% of Bet v 1 per total
pollen weight, n = 30).

The release of Bet v 1 from birch pollen within each
region varied from below detection (<6.2 ng Bet v 1/10
mg pollen) to 15,028 ng Bet v 1/10 mg pollen.

Skin Prick Testing

The variation in Bet v 1 content of extracts from birch
pollen from different trees was also confirmed in skin
prick test reactions with birch pollen-allergic individuals.
In a trial with 10 allergic subjects and 3 nonallergic con-
trols, a wheal similar to the histamine-positive control
was obtained in most allergic subjects with a 1:10 dilution
of 10 mg birch pollen/ml extract of pollen with a high re-
lease of Bet v 1 (fig. 2). Extracts with alow Bet v 1 content
gave limited wheals (diameter 2.0 * 1.7 and 2.6 £ 2.0
mm) and extracts with a high Bet v 1 content gave large
wheals (diameter 5.2 = 2.3 mm). The difference in wheal

size was significant between extracts of trees Mu2 and
NRW?20 (low allergenic) and tree Mu32 (high allergenic)
from 2002 (both p < 0.001). From tree NRW 10, the pre-
dicted high allergenicity from the ELISA values was not
confirmed in the skin prick test.

Weather Data

The climate was different in both regions of our study
during the period from 1 January to 1 May, the period rel-
evant for birch pollen development. Within each region
an urban and a rural location were investigated as being
representative for weather characteristics of that area (ta-
ble 1). As expected, North Rhine-Westphalia was warmer
in that period than Munich, had more days =5°C, and
received more precipitation and generally less sunshine in
both seasons. 2003 was colder in average temperature in
the period from 1 January to 1 May, 2003 had fewer days
=5°C, and received less precipitation but more sunshine
(cumulative and average) than 2002 in both regions.

Regional and Year-to-Year Differences in

Birch Pollen Flight

The pollen season (days >15 pollen/m?/24 h) was long
in 2002, about 30 days in both regions, but brief in 2003
(about 17 days; fig. 1a and b). About 10 times more birch
pollen was released in North Rhine-Westphalia in 2002
(Bochum, 23,961 pollen/m3/season) than in 2003 (2,557
pollen/m?/season). Four additional Burkard pollen traps
spread over theregion of North Rhine-Westphalia showed
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Table 1. Climate characteristics for rural and urban North Rhine-Westphalia and Bavaria in 2002 and 2003

North Rhine-Westphalia Bavaria
rural® Duisburg, urban rural® Munich, urban
2002 2003 2002 2003 2002 2003 2002 2003
Temperature, °C
Average 6.59 4.97 7.65 6.42 4.65 2.30 5.61 3.49
Minimum 2.92 0.56 4.49 2.75 -0.92 -3.06 1.53 -6.64
Maximum 10.28 9.38 11.06 10.50 9.22 7.39 10.08 8.01
40 days before 1 April° 6.4 6.5 7.7 8.3 6.4 5.2 5.5 3.6
Days with average above 5°CP 84 (725) 59 (564) 89 (856) 72 (725) 75(674) 43 (471) 69 (572) 59 (564)
Humidity, %
Average 76.4 74.5 73.4 68.5 73.8 76.7 73.8 66.8
7:00 h 86.1 85.1 84.1 79.9 83.8 88.3 84.4 77.0
13:00 h 67.3 64.2 61.9 55.7 61.1 65.8 60.1 56.7
Sunshine
Average, h/day 3.80 4.85 3.914 5.26¢ 4.66 5.05 4.87 4.93
Cumulative, h® 460 586 4734 6374 563 611 588 595
Precipitation, mm/day’ 20.7 15.7 24.6 18.8 14.04 9.18 14.50 12.08
Ozone, mg/m?®/day 34.48 33.18 337 317 46.3 27.3 32.8 41.6

Data are presented as averages from 1 January to 1 May.

2 Values measured at airport Greven (North Rhine-Westphalia) and airport Erding-Moos (Bavaria).
b The sum of temperature between 1 January and 1 May is given in parentheses.

¢ Average temperature 40 days before 1 April [44].

4 Values of Diisseldorf airport (about 30 km distance).
¢ Sum of sunshine hours between 1 January and 1 May.
f Measured from 7:30 to 7:30 h the next day.

8 Values of Ladbergen.

similar birch pollen counts in 2002 (sampled in a shorter
period from 4 to 25 April: Wesel 9,442 pollen/m?/season,
Borken 6,132 pollen/m?/season, Bocholt 14,758 pollen/
m?/season, Duisburg 9,015 pollen /m?/season; compared
to Bochum 8,090 pollen/m?/season in the same period).
The peak concentration of birch pollen in Bochum, North
Rhine-Westphalia in 2002 was also about 10 times higher
than in 2003 (4,544 birch pollen/m?3/24 h in 2002 and 440
birch pollen/m?®/24 h in 2003).

In Munich, the season for birch pollen was similar to
North Rhine-Westphalia: about 32 days in 2002 and
about 17 days in 2003. In contrast to North Rhine-West-
phalia, the release of birch pollen in Munich over the
whole season was comparable in both years (2,666 pol-
len/m?/season in 2002 and 2,968 pollen/m3/season in
2003). In Munich, pollen were released in 4 peaks in 2002,
whereas in 2003 they were released as 2 somewhat higher
peaks (4 peak pollen counts around 280 pollen/m?/24 h
in 2002; a peak count of 440 pollen/m?/24 h and another
one of 664 pollen/m?/24 h in 2003).
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Regional Differences in Release of Bet v 1

A 3-fold regional difference in release of Bet v 1 from
birch pollen was seen between the populations of trees
that were sampled in Munich and North Rhine-Westpha-
lia, both in 2002 and in 2003. Munich exhibited a higher
release of Bet v 1 from pollen than North Rhine-West-
phalia (Munich versus North Rhine-Westphalia: 2.9
times in 2002, p = 0.034; 3.3 times in 2003, p = 0.007;
fig. 3). Our conclusions were not altered by removing
trees of the genus B. pubescens from our analysis (1 in
North Rhine-Westphalia and 4 in Munich).

Year-to-Year Differences in Release of Bet v 1

The release of Bet v 1 from birch pollen varied substan-
tially in each season. In 2003 the geometric mean values
for Bet v 1 in both regions were more than 5 times higher
than in 2002 (5.4 times in North Rhine-Westphalia, p =
0.003; 6.1 times in Munich, p < 0.001; fig. 3).
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Discussion

In this paper we report the release of the major birch
allergen Bet v 1 from pollen of individual trees, located at
different geographical regions in the west and south of
Germany in 2 consecutive years. The mean release of Bet
v 1 from birch pollen differed significantly between years,
with pollen from 2003 having a more than 5 times higher
release of Bet v 1 than pollen from 2002, pointing to a
year-to-year variability. This year-to-year difference was
the same for both regions of Germany. A regional differ-
ence of 3 times in the release of Bet v 1 from birch pollen
was observed, with Munich pollen liberating more aller-
gen than pollen from North Rhine-Westphalia, indicat-
ing a higher Bet v 1 concentration in birch trees in the
south. Both observations were independent of birch pol-
len counts.

We collected birch pollen by cutting catkins from birch
trees, excluding cross-contamination with hazel (Corylus
avellana) or alder (Alnus glutinosa) pollen. These pollen
would have cross-reacted in our ELISA [29]. We do not
know whether our method recognizes all Bet v 1 isoforms.
Currently, 37 isoforms of Bet v 1 are described, but it is
questionable how many of these are true naturally occur-
ring isoforms. For Bet v 1.0101, which makes up at least
50% of birch pollen Bet v 1 allergens [12], it was shown that
a skin prick test solution with this isoform is sufficient for

diagnosis of birch pollen allergy [31]. Purified Bet v 1 from
birch pollen could be separated into 6 or 9 isoforms [10,
12]. We identified 9 isoforms of Bet v 1 in a purified birch
pollen extract (data not shown), of which Bet v 1.0101 and
5 other isoforms were recognized in our sandwich ELISA.
Also, a Bet v 1-depleted birch pollen extract was produced
by using affinity purification with monoclonal antibodies
3B4 or 2E10, and immunoblotting with a birch pollen-al-
lergic patients’ serum pool did not reveal remaining Bet
v 1. Therefore, we estimate that the assay is suitable for the
quantification of at least 95% of Bet v 1 in our extracts.

The extracted amount of Bet v 1 of 0.05% of total pol-
len mass was in agreement with that of Schéppi et al. [32],
who observed levels of 0.07%. Our values for Bet v 1 per
milligram of protein are between 1 and 7.4% of total ex-
tractable protein, which is about half of that reported by
others (13.9%) [32]. The differences in release of Bet v 1
compared to Schippi et al. [32] can be explained by our
longer extraction procedure which was aimed at maxi-
mum release of Bet v 1. This also yielded more total pro-
tein, resulting in a higher release of Bet v 1 per pollen, but
a lower Bet v 1 content per milligram of protein. Other
authors with other extraction buffers have reported a
more rapid release from birch pollen [33]. However, be-
cause the Bet v 1 protein was stable in our extraction buf-
fer we opted for complete Bet v 1 extraction. Additionally,
our extraction buffer mimics the pH of the nasal fluids of
allergic patients, which is also slightly alkaline [34].

Extracts of birch pollen were skin pricked and those
with a low Bet v 1 content provoked limited reactions in
the skin of birch-allergic subjects, whereas pollen with a
high Bet v 1 content provoked a strong wheal reaction (see
Results; fig. 2). Thus, the measured release of Bet v 1 cor-
related with the clinical signs and symptoms of pollen
allergy. It cannot be excluded that allergic inhabitants of
North Rhine-Westphalia react differently than those in
Munich. The clinical effects for tree NRW10 did not dis-
criminate this tree, which could be due to the presence of
a hypoallergenic isoform of Bet v 1 in this particular tree
[14].

The release of Bet v 1 from pollen is known to depend
on the climatic conditions and side of the tree sampled
[28, 35, 36]. The composition of the soil, the stage of the
natural cycle the tree is in [37, 38], and the health status
and genus of a tree are all likely to be important factors
[39], as is well known for many commercially used plants
[40]. Components of air pollution such as NO, can also
influence the release of allergen from pollen [21, 41].

North Rhine-Westphalia was warmer and received
more rain than Munich in both years (table 1). A region-
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Table 2. Parameters of Bet v 1 exposure in 2 regions in Germany

2002 2003 Ratio 2002/2003
North Rhine-Westphalia
Peak pollen count, pollen/m?/24 h 4,544 440 0.10
Season pollen count, pollen/m*/season 23,961 2,557 0.11
Bet v 1 release, ng/10 mg pollen 176 (81-380)* 950 (499-1,810)* 5.40%*
Peak Bet v 1 exposure, ng/m3/24 h? 0.63 0.33 0.52
Season Bet v 1 exposure, ng/m?/season 3.35 1.93 0.58
Munich
Peak pollen count, pollen/m?/24 h 276 664 2.41
Season pollen count, pollen/m?/season 2,666 2,968 1.11
Bet v 1 release, ng/10 mg pollen 518 (273-982)! 3,135 (1,781-5,520)! 6.05%**
Peak Bet v 1 exposure, ng/m3/24 hP 0.11 1.65 14.50
Season Bet v 1 exposure, ng/m*/season 1.10 7.39 6.74
South/west difference (Bet v 1 release) 2.94% 3.30%*

Exposure can be estimated either by birch pollen count, Bet v 1 release from pollen or, as proposed in this paper, as content of Bet

v 1/m? of air. * p < 0.05; ** p < 0.01; *** p < 0.001.

2 Geometric means (with 95% confidence interval in parentheses) of trees sampled in both years.
b Birch pollen grain weight according to Schippi et al. [23] (7.94 ng/pollen).

al difference in the release of Bet v 1 was observed be-
tween North Rhine-Westphalia in the west of Germany
and Munich in the south during 2002 and 2003. The re-
lease of Bet v 1 from pollen was higher when temperature
and humidity were lower (table 1). None of the observed
weather parameters showed a significant correlation with
release of Bet v 1 from birch pollen. Nevertheless, trends
might be identified over longer periods of observation
[42].

Betv 1 is expressed late in pollen development [22, 43]
and individual birch trees have their own pattern of pol-
len development. We therefore cannot exclude that dif-
ferences in ripeness of the harvested birch pollen con-
founded our results. Indeed, the observed variation in Bet
v 1 release from pollen from individual trees might be due
to this effect. However, we analyzed 31 trees in Munich
and 26 in North Rhine-Westphalia, each year close to the
maximal peak of pollination in that area. The average of
all trees in Bet v 1 release from pollen is taken as repre-
sentative for that region for that year. In Munich in 2002
we sampled 3 days before maximal pollination for that
area and in 2003 on the maximal peak of pollination
(tig. 1a). For North Rhine-Westphalia this was exactly the
opposite, we sampled on the peak of maximal pollination
in that area in 2002 and 3 days before in 2003 (fig. 1b). In
our results, however, in 2002 in both regions the release
of Bet v 1 from pollen was at least 5 times lower than in
2003, and between regions in both years, pollen from
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Munich released 3 times more allergen than those from
North Rhine-Westphalia (fig. 3; table 2). These findings
are more consistent with regional and year-to-year differ-
ences in Bet v 1 release from pollen than with differences
in ripeness of the harvested pollen.

The large intratree variation within each region dem-
onstrates that factors other than climatic ones can influ-
ence the release of Bet v 1 from pollen, as is also exempli-
fied by the 2- to 3-year rhythm in birch pollen flight no-
ticed by other authors [38, 44]. It is also possible that the
populations in Munich and North Rhine-Westphalia are
genetically different.

We sampled the same trees in 2 consecutive years and
found that birch pollen in 2003 contained about 5 times
more Bet v 1 than in 2002 in both regions of Germany
(fig. 3). Pollen counts or the sum of pollen released during
a season in Munich in 2002 (2,666 pollen/m?/season) was
not very different from 2003 (2,968 pollen/m?/season),
but the allergen release during each season was different.
Thus, to estimate exposure of a population to the major
birch allergen Bet v 1, both pollen counts and release of
Bet v 1 of that pollen must be known. The exposure to
pollen in 2003 in Munich according to the peak birch pol-
len count was 2.4 times higher than in 2002 (table 2). The
actual release of Bet v 1 from pollen was 6.1 times higher
in 2003 than in 2002 (p < 0.001). Thus, peak exposure to
Bet v 1 in Munich in 2003 was 14.5 times higher than in
2002 (more pollen with more Bet v 1 in 2003). If we ac-



count for the whole season, then exposure to Bet v 1 in
Munich was 6.7 times higher in 2003 than in 2002.

Using the same calculations for North Rhine-West-
phalia in 2003 (table 2), Bet v 1 peak exposure was 0.52
times that of 2002 (10 times less pollen in 2003 with a 5
times higher release of Bet v 1), and for the whole season
the exposure was 0.58 times lower in 2003, showing that
Bet v 1 exposure in 2002 was higher than in 2003 in that
region. The high release of pollen in Bochum, North
Rhine-Westphalia in 2002 was not an aberration, as oth-
er traps in North Rhine-Westphalia showed similar high
pollen counts in 2002.

Differences in exposure to Bet v 1 from birch pollen
could influence allergic symptoms and sensitization of
individuals. Thus, determining the release of Bet v 1 in
addition to pollen count may be a valuable parameter to

environmental exposure studies [25, 26]. Our results also
provide a rationale to evaluate whether differences in re-
lease of Bet v 1, independent of the number of pollen,
show consequences in patients in both epidemiological
and clinical settings.
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