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A comparison was made hetween the amount of airhorne pollen collected
by Burkard airsampler and the allergenic activity of particles trapped on glass
fibre filters in an Accu-Vol high-volume airsampler. The comparison was
made throughout the pollen seasons 1986 to 1989. Both airsamplers were
operated 24 h a day. They were placed less than 5 m apart, and estimation
of the pollen amount was rnade on a day-to-day basis during the pollen
seasons, and on a weekly basis outside the seasons. The occurrence of the
3 clinically most important allergenic types of pollen, birch, grass, and
mugwort, was analysed, and close correlations between the 2 sarnpling
techniques were found (r̂  0.5-0.8, p< 0.001). The detected range of counted
poUens/m"* was: birch 0-1075, grass 0-156, and mugwort 0-44. By
immunochemical analysis we found the corresponding amounts to be
0-80, 0-8, and 0-1 SQ-U/m\ respectively. Pollen eounts and
immunochemical estimation were compared with the sytnptom score
recordings of allergic persons for birch season 1989 and for grass seasons
1986, 1988, and 1989. A close correlation was found for both sampling
techniques for the grass seasons in 1986 and 1989 (r, 0.51-0.61,
p < 0.001-0.0001), but a less signifieant correlation was found for the 1988
grass season, and for birch in 1989 (r, 0.24-0.34, p<0.001-0.05).
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Airborne pollens in the outdoor environment are the
main cause of rhinitis and asthma in pollen-allergic
persons. The symptoms can be elicited by frag-
mented pollen grains as well as whole pollens (2, 21,
22). Since 1977, the Aerobiological Group of the

Abbreviations: NHS: normal human serum pool; PBS: sodium
phosphate 10 mmol/1, sodium chloride 150 mmol/1, sodium azide
100 mg/1; PBSE: PBS with addition of E-amino-n-caproie aeid
0.1 mol/1 (BDH 37014); PBST: PBS buffer pH 7.4 with addition
of Tween 20 0.01% v/v; SDS-PAGE: sodium dodecyl sulfate -
poly acrylamide gel eleetrophoresis; STE: S0rensen phosphate
buffer 1/15 pH 7.0, sodium azide 200 mg/1, Tween 20 0.5% v/v,
E-amino-n-caproie acid 0.1 mol/1; SQ-U: standardized quality
units.

Danish Asthma-Allergy Association has continu-
ously recorded airborne pollens in Denmark (9, 18,
27). Different kinds of high-volume airsatnpling and
evaluation of particle size distribution have revealed
that pollen-allergenic activity can be found in parti-
cle sizes smaller than whole pollen grains (3, 5, 20,
23). These particles rnay reach the lower airways,
thus causing asthma. Other data suggest that parti-
cles of sub-pollen size are clinically importatit: symp-
toms do not always correlate with pollen counts (25)
and the sub-pollen size particles cannot be classified
by morphological detection. Therefore imtnu-
nochemical detection of pollen allergens seems im-
portant.
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In a previous short-term study (14), a close cor-
relation was found between the cotnparison of mor-
phological and ininiunochetnical analyses. However,
pollen allergenic activity was seen in periods without
morphologically detectable pollens. The aim of this
study was therefore to compare, during extended
sanipHng periods, the results from microscopical and
itnmunochemical analyses used and, subsequently,
to relate the results to patient-recorded symptom
scores. The clinically most important pollens, birch
{Betula spp.), grass (Poaceae) and mugwort (Arte-
misia vulgaris L.), were chosen for the study.

Material and methods
Burkard airsampling

The Burkard® seven day recording volumetric spore
trap (Burkard) (Burkard Manufacturing Co. Ltd.,
Richmansworth, Hertfordshire, UK), a tnodified
version of the Hirst's spore trap (10), was used for
collecting pollen grains. Briefly, the airborne pollens
are trapped on an adhesive tape by sucking air at a
flow of 10 1/min through a 2* 14 mm slit in the air-
sampler. The tape is mounted on a rotating drum
driven by clockwork. This enables recording of the
time variance during the day. In this study, the drum
was replaced with another drum at 24 h intervals in
the pollen season and weekly outside the season.
The exposed tape is mounted on a slide and the
trapped pollen grains are classifled and counted by
light tiiicroscopy. Fach strip represents every 2nd
hour during the satnpling periods. The amount of
pollen is expressed as nutnber of pollen grains/m"' air
(16, 18). Throughout the year, 48 different taxonomic
species or groups have been counted by the pollen
counters. In this study the cotnparison has been
made for tree pollen {Betula spp., Corylus avellana,
Ulmus glabra Hudson, Alnus glutinosa (L.) Gaertner),
grass pollen (Poaceae), and mugwort (Artemisia vul-
garis L.).

HIVOL airsampling

The ACCU-VOL® high-volume airsampler
(HIVOL) (GMWS-2310, General Metal Works,
Inc., Cleves, Ohio, USA) was used for collection of
particles. The airsampler was operated at a flow of
962 1/min, and mounted with glass fibre filter sheets
20 X 25 cm (GMS-810 (General Metal Works, Inc.),
retaining with a 95% eflicacy particles >0.3 |am in
diameter). After a sampling period of 24 h, filter
sheets are replaced daily during the pollen season
and weekly outside the pollen season. After sam-
pling, the sheets are folded once with the exposed
side inward, and stored at - 20°C until elution and
analysis. At the time of analysis, the filter sheets are
refolded twice without opening the filter, transferred

to vellum envelopes atid pulverized at 350 kg/ctn~
(COMPAC® DP 10, Juelstninde, Denmark) in a hy-
draulic press. The pulverized filter material is trans-
ferred to test tubes, and 6 ml of Sorensen/Tween/s-
aminocaproic acid buffer (STF) added. Elution takes
place overnight on a vibrator. The eluates are iso-
lated by centrifugation (161 x g- for 20 min), and the
allergenic activity in the supernatant, the test sample,
is then analysed by immunochemical estimation, as
described below.

For sampling purposes the Burkard and HIVOL
airsamplers were placed 15 m above the ground, and
< 5 in apart, on the roof of the Danish Meteorolog-
ical Institute in central Copenhagen. The satnphng
periods were parallel for both airsamplers.

Allergens

Lyophilised allergen extracts (Aquagen®, ALK,
Horsholin, Denmark) of birch (Betula verrucosa
Ehrh.), timothy grass (Phleum pratense L.), and mug-
wort (Artemisia vulgaris L.) were reconstituted in
PBS/e-atninocaproic buffer (PBSF) to a stock so-
lution of 1000000 SQ-U/ml. ;̂  2 mg/ml. Lyophi-
lised allergen extracts (Aquagen®, ALK, Horshohn,
Denmark) of hazel (Corylus avellana) and wych-ehii
(Ulmus glabra Hudson) were recotistituted in PBSE
bulfer to a stock solution of 100000 SQ-U/ml. Alder
(Alnus glutinosa (L.) Gaertner) (Soluprick® (ALK,
Harsholni, Denmark) 1:20 w/v) was diluted 1:10 in
PBSF. Hazel, elm, and alder allergen extracts were
used to reveal unspecificity of the birch serum pool.

Serum pools

Sera from patients allergic to either birch (Betula
verrucosa Ehrh.), grass (Phleum pratense L.), or mug-
wort (Artemisia vulgaris L.) were chosen. The pa-
tients all had positive tnedical histories of reaction to
the allergen, positive skin prick tests, and RAST
class 4 for the allergen in question. Further, they had
a RAST class < 2 for any other allergen. None of the
patients had been undergoing itnmunotherapy. Re-
activity of each serum sample against individual al-
lergens in each extract was evaluated by SDS-
PAGE and itntnunoblotting (13). In brief, SDS-
PAGE was perfortned with 16% separation gels and
5% stacking gels in an electrophoresis chamber.
Samples were prepared by boiling in Laeininli satn-
ple buffer without mercaptoethanol. Pollen extracts
were loaded onto one gel and subjected to innnuno-
blotting. Molecular weights were detertnined with
prestained molecular weight tnarkers, and staining
performed with Cootnassie brilliant blue. Electrob-
lotting was tnade with a semi-dry electroblotter, and
proteins were transferred to nitrocellulose in a dis-
continuous buffer system. The nitrocellulose strips
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were cut into sizes of 0.5 x 11.5 cm and blocked in
Tris-buffered saline, containing Tween and pow-
dered milk. Serum samples, serum pools, normal
human serum pool (NHS) and buffer were applied
to the nitrocellulose strips and incubated overnight.
Nitrocellulose-bound IgE was detected by autorad-
iography after incubation overnight with '"^I-labelled
rabbit antihuman IgE. All sera had a positive band
for the major allergens and individual bands for
minor allergens. No bands were observed for NHS
or buffer. The observed molecular weights for major
[and minor] allergens were: 1) birch - 17 kD [29
and 36 kD], 2) grass - 28 and 33 kD [10, 11 and
65 kD] and 3) mugwort - 33 kD (4, 8, 11, 13). From
the results of the individual RAST and immunob-
lotting analyses, 3 IgE reference sera pools were
made: birch containing 13 sera, grass containing 17,
and mugwort containing 4.

Maxisorp IgE RAST-inhibition methodology

For each of the sera pools, dose-response studies
were performed to estabhsh optimal dilutions of al-
lergens for coating of Maxisorp® test tubes (Nunc,
Roskilde, Denmark) and dilution of sera pools for
RAST-inhibition (15, 19). Maxisorp test tubes were
coated by addition of 300 \x\ allergen diluted in PBS
(birch and grass 1:50, and mugwort 1:100) and in-
cubated overnight at 4°C. RAST-inhibition was per-
fortned at 4 ° C by overnight incubation of 400 |il of
the 3 sera pools with 400 t̂l of allergen dilutions or
test samples. Sera pools were all diluted 1:50 and
allergen/antibody complexes spun down at 3000 xg
for 20 min. The remaining free specific IgE antibod-
ies in the inhibition mixtures were transferred to test
tubes and analysed in the IgE Maxisorp® RAST
according to the rnethod described by Poulsen et al.
(19).

In brief, 300 |.tl of the supernatant was transferred
to an allergen-coated Maxisorp test tube and incu-
bated overnight at 20° C on a vibrator. After incu-
bation, 300 \y\ of anti-IgE^"l (Pharmacia AB, Upp-
sala, Sweden), diluted 1:12 (about 10000 cpm) was
added, incubated overnight at 20°C and counted for
5 min in a gamma-scintillation counter. Between
each step test-tubes were washed 3 times in PBST.
Results were obtained from duplicate analyses and
means were expressed as:

% - inhibition = 100 - 100

/ Sample - Blank \
X

\Uninhibited - Blank/

Allergen extracts of birch, grass, and mugwort
standardized for allergen activity according to the
procedures by ALK in standardized quality units
(SQ-U) were used as reference allergens for stan-

dard curves. Standard curves were made by anal-
ysing 10-fold dilutions in PBS of stock allergen ex-
tract solutions, and the amount of allergen in the
samples was interpolated from the standard curves.
RAST-inhibition curves of dilutions of reference al-
lergens and eluates were parallel. The amount of
sampled allergen was expressed in SQ-U/rn"' air.

Symptom score

Patients sensitive to birch and grass pollen were
investigated. The diagnosis was confirmed by skin
prick test, RAST and seasonal symptoms. Patietits
were all living within the range of the HIVOE and
Burkard airsamplers, and no rnore than 10 km frotn
the sampling site. By means of a daily questionnaire,
each patient was asked to estimate conjunctival,
nasal, and bronchial symptotns and the eonsutnp-
tion of anti-allergic drugs. Symptoms were recorded
for grass-allergic patients in 1986 (« = 51), in 1988
{n = 60), and in 1989 {n = 70), and for birch-allergic
patients in 1989 (n = 37). Symptoms were graded
from 0 to a maximum value of 3, and summarized
with a weighted score for the drug used by the pa-
tients (6, 17, 18, 28). The sytnptotn recording forms,
birch 1989, originate from a follow-up study by B.
Nuchel Petersen et al. (unpublished data) on tree
pollen extract immunotherapy patients (17).

Statistics

Correlations between pollen counts, immunochem-
ical estimations and clinical symptoms were analy-
sed by Spearman's rank correlation coefficient, r,,
corrected for ties.

For each pollen type, 3 yearly seasons were de-
fined; a pre-season, tnid-season, and post-season.
The pre-season finishes on the date when 2.5% of
the total yearly amount of pollen have been col-
lected. The post-season begins on the date after
which 97.5% have been collected. The mid-season
constitutes the period between these dates (9).

Results

The detected ranges of counted pollens/m"* were
birch 0-1075, Wych elm 0-215, alder 0-74, hazel
0-21, grass 0-156, and mugwort 0-44. The corre-
sponding amounts of allergens in SQ-U/m^ were
birch 0-80, grass 0-8, and mugwort 0-1.

The results from 3 years' collection of birch
pollens/allergens and a sutnniation of alder and hazel
pollens are given in Fig. lA- lC. For each year, the
mid-pollen birch season is shown in the figures as an
insert. The results of the summing up of syniptotn
score and the weighted consumption of drugs for
birch-allergic patients are shown in Fig. lC. The re-
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Jonuary Fobrunry

Fig. 1. Cotrtparison between daily quantification of birch pollen
and birch aeroailergen activity sampled by high-volume airsam-
pler and itrttiiunochemical quantification ( ) and Burkard
airsampling and morphological counting (—•—•)• Values for A
(1987), B (1988), and C (1989), Values areexpressed/m' air sucked
through the airsamplers for a period of 24 h. Inserted diagrams
represent mid-pollen seasons as described in Material and tneth-
ods. For 1989 the mean symptom scores for birch-allergic patients
are shown ( ). The sum of alder and hazel pollen counts are
shown for comparison ( ),

suits of the 4 years' sampling of grass pollens/
allergens are given in Fig. 2A-2D with inserts rep-
resenting grass mid-pollen season. The results of the
sutntning up of symptom score and weighted con-
sumption of drugs for grass-pollen allergic patients
are given in Fig. 2A, 2C, and 2D. The results from
3 years' measurements of mugwort allergens and
pollens are given in Fig. 3A-3C. Disconnected
curves in Figs. 1, 2, and 3 represent periods with
operational malfunction of the airsampler.

The statistical analysis comparing results from
airsamplers and symptom scores, and airsamplers
mutually, are given in Tables 1 and 2.

Discussion

In this study we have chosen an IgE-RAST-inhibition
assay to quantify collected pollen allergens. In a pre-
vious work (14), subclass-IgG4-RAST-inhibition
assay was used for quantification. Using a lower
detection hmit defined as a 20 % inhibition, we found
equal sensitivity between the 2 immunochemical as-

Symptom SQ/m''
score (log)

20 T

15 --10

tO--1

5-0.1

Pollen/m^ (log)

1000-,
(B) Grass 1987

100-

10-

(log)

•10

May June July August Sept Oktober Nov

SQ/m^ (log)Pollen/m-5 Symptom
(log) score

1000^24

(C) Grass 1988

100+13

10-I-12

1--6

• 1 0

0,1

Pollen/m^ Symptom
(log) score

1000x24

(D) Gross 1989

100 4-18 ,;•

10--12

SQ/m^ (log

1 - 6

April May June July August Sept Oktober

Fig. 2. Comparison between daily quantification of grass pollen
and grass aeroailergen activity sampled by high-volume airsam-
pler and immunochemical quantification ( ) and Burkard
airsampling and morphological counting ( ), Values for A
(1986), B (1987), C (1988), and D (1989). Values are expressed/
tn' air sucked through the airsamplers for a period of 24 h. In-
serted diagrams represent tiiid-pollen season as described in Ma-
terial and rnethods. For 1986, 1988 and 1989 the tnean symptom
scores for grass-allergic patients are shown ( ),
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Poll«n/m-' (log)
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f'° r 10
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100-
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Fig. 3. Comparison between daily quantification of mugwort pol-
len and mugwort aeroallergen activity sampled by high-volume
airsampler and immunoehemical quantification ( ) and
Burkard airsampling and morphologieal counting ( •). Val-
ues for A (1987), B (1988), and C (1989). Values are expressed/m^
air sucked through the airsamplers for a period of 24 h. Inserted
diagrams represent mid-pollen seasons as described in Material
and methods.

Table 1. Comparison between Burkard and HIVOL air sampling

Pollen Year Pre-season d-season Post-season Whole period

Birch 1987 NA 0.9 *(11)
1988 NA (5) 0 . 8 * * * (23)
1989 0.3 *(77) 0 . 7 * * * (30)

Grass 1986 NA 0 . 8 * * * (51)
1987 0.7 NS (6) 0 , 5 * * * (51)
1988 0,4 *(44) 0.9*** (54)
1989 0.4 **(60) 0.6*** (57)

Mugwort 1987 0,5 **(33) 0,6 **(28)
1988 0 , 6 * * * (36) 0,3 NS(27)
1989 0,4 *(26) 0,6 **(22)

0,3 NS(50) 0 , 5 * * * (61)
0,2 NS(50) 0 , 5 * * * (88)
0 , 5 * * * (53) 0 , 7 * * * (160)

NA 0 , 7 * * * (58)
0,1 NS(54) 0 , 6 * * * (111)
0,3 *(37) 0 , 8 * * * (135)
0,4 **(49) 0 , 8 * * * (166)

-0,2 NS(37) 0 , 6 * * * (98)
-0,1 NS(21) 0 , 7 * * * (84)

0.1 NS(39) 0 , 5 * * * (87)

Coefficients of correlation (rj were calculated using Spearman's rank correlation cor-
rected for ties. Number of days compared in] in brackets.
NS=not statistically significant, *p<0 .05 , * * p < 0 , 0 1 , * * * p < 0 . 0 0 1 , NA=not ap-
plicable.

says at 10 SQ-U/ml eluate for all allergens. This is
comparable to other allergen testing systems (15, 24).
We decided to proceed with igE-RAST-inhibition
because of the disputable, allergenically significant
role of IgG4 subclasses, and because relevant IgE
sera are more readily obtained.

Table 2, Comparison between Burkard and HIVOL airsampling mutually compared with
symptom score

Correlation to symptoms

0,1

0.01

0

(log)

10

Pollen

Birch

Grass

HIVOL

0,28 **(141)

0,60 ** (32)
0,27 * (65)
0 , 6 1 * * * (43)

Burkard

0,34 **

0,51 **
0,24 *
0,53 ***

(154)

(50)
(72)
(63)

Year

1989

1986
1988
1989

patients

37

51
60
70

Coefficients of correlation (r j were calculated using Spearman's rank correlation. Number
of days compared in brackets, *p<0 .05 , * * p < 0 , 0 0 1 , * * * p < 0 . 0 0 0 1 .

In January through March, we were able to detect
allergenic activity, when analysing for bireh aller-
gens. During these tnonths birch pollens are not
present on the Burkard shdes, and the reason for the
results may be sampling of hazel and alder aeroaller-
gens. Data not presented show that, although it gave
a smaller percentage of inhibition, the chosen birch
sera pool could not distinguish between hazel, alder,
and birch. Cross-reactivity is well known for these
pollens (29) and may be the reason for the result.
Elm allergens could not be analysed using birch
serum pool. By Burkard satnpling and morpholog-
ical detection, hazel and alder pollen seasons are
found in the first 3 months of the year (9), and if for
comparative purposes we add hazel and alder pol-
len countings, we find a good correlation to HIVOL
(dash-dot-dot lines in Fig. 1 A-C represent the sum
of alder and hazel pollen countings).

In general, we found a close correlation between
the 2 satnpling methods for the whole season and,
especially during mid-season, for all 3 allergens and
for all the years (Table 1). The data revealed pre-
and post-seasonal differences with a tendency to-
wards allergenic activity outside the counted pollen
period, particularly for birch and mugwort. In agree-
ment with the findings of others (3, 12, 26) we ob-
served large day-to-day variations in both pollen
counts and the amount of aeroallergens. The start
and duration of the mid-season varied for each pol-
len species, as seen in previous studies (9, 18). Since
1978, the scale shown in Table 3 has been used with
the purpose of forecasting daily atnounts of pollen in

Table 3. Symptom-related frequencies and number of allergenic pollen/m^ in the air,
24 h mean

Scaling
of
pollen

Low
Moderate
High

Birch

0-10
10-100
>100

Grass

0-10
10-30
>30

Mugwort

0-10
10-30
>30

Patients with
allergic symp-
toms reacting

Most sensitive
patients only

t
All patients
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the air. The scale is based on clinical experience
related to symptoms, pollen counts for earlier peri-
ods and meteorological data. When this sealing is
transformed to the presented results, it shows a high
correlation to the severity of symptoms recorded,
eounted pollens and pollen allergen analysis. A ten-
dency towards exacerbation of bireh and grass symp-
toms could be seen when the SQ-load in the air was
higher than 1 SQ-U/m-\ The recording of symptoms
correlated to the 1989 birch season was also per-
formed pre- and post-seasonally. For the grass sea-
son, symptom recording was only undertaken for a
short period during mid-season. For this reason it is
not possible to give any correlation outside the sea-
son in order to diiferentiate between the sensitivity/
speeifieity of the 2 sampling techniques concerning
symptoms. Further studies elucidating this problem
are in progress. For the birch-allergic patients, mild
symptoms were present outside the "birch season",
but these may have been ascribable to other aller-
genie pollens with eross-reacting allergens such as
hazel and alder.

Taking into aeeount the different prineiples of
sampling and eounting/analysis of pollens, a high
correlation was found for the 2 methods (Table 1).
Both airsamplers are placed at high levels for the
purpose of trapping pollens representative for a large
geographical area. Theoretically, the particles smaller
than whole pollen grains should stay airborne for a
longer period. In contrast to studies performed by
others (1, 2, 22, 23), our study did not differentiate
between the sampled partiele size, sinee the HIVOL
when operated without an impaction head does not
separate the particles according to size. Further
studies must be conducted to demonstrate whether
the detection of aeroallergens outside the "counted
pollen" season is ascribable to sub-pollen partieles
present in the outdoor environment, as described by
Fernandez-Caldas et al. (7).

Conclusions

Both methods could be used for counting pollen
concentrations relevant for clinical symptoms in
pollen-allergic patients. Burkard pollen sampling
and morphological recognition require less efFort and
are less expensive and more useful in forecasting
because of the shorter time needed to count pollen,
as eompased with immunochemical quantitation.
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