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Immunochemical estimations of ailergenic activities
from outdoor aero-allergens, collected by a
high-volume air sampler
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To quantify airborne allergens in amorphus and morphological particles, a survey with
collection of aero-allergens on glass fibre filters by means of a high-volume air-sampler
(HIVOL) was conducted. In preliminary laboratory experiments we compared various
filter elution techniques, and the pulverizing elution technique was found to be optimal
with regard to yield and convenience. When a surfactant, Tween 20 (0.5% v/v), was
added to the elution buffer, a recovery of 80% could be obtained. Allergens in eluates
were analysed by means of an IgG-subclass RAST inhibition assay. This immunochemi-
cal method for quantification of airborne allergens was validated, as a high recovery of
timothy grass pollen allergens was eluted from air filters, and eluates were shown specific
by RAST inhibition. The amount of immunochemically measured airborne timothy and
birch allergens collected by means of the HIVOL sampler was highly correlated with
pollen counts obtained with a Burkard sampler (pollen trap) situated in the same place.
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CLINICAL ASPECTS
The quantification of prevailing airborne allergens existing in pollen grains as well
as amorphus particles of respirable size, is valuable for making accurate associations
between symptoms in patients suffering from allergic asthma and exposure. In the
present study we describe an immunoehemical method for measuring atmospheric
allergens collected by means of high-volume air samplers, and a technique for
elution of allergens from glass fibre filters is developed.

Grains of pollen and other biological particles in
respirable sizes are known to be the causative
agents in allergic asthma and hay fever (18).
Thus it is of interest to quantify airborne
allergens.

Various quantitative sampling techniques,
e.g. the rotoslide (9) and the Andersen sampler
(4), have been used to survey pollen and fungail
spores in the atmosphere. Analysis has been
performed by microscopic identification and
enumeration, and the results have led to impor-
tant advances in our knowledge of the distribu-

tion and relative importance of naturally occur-
ring airborne allergens (13). However, the
recording of symptoms in allergic patients
before and after the pollination season may not
be related to traditional methods for quantifica-
tion of allergenic activity (16). Thus determina-
tion of sub-pollen-size allergenic particles would
be valuable.

Recently, a method for quantification of
atmospheric airborne allergens in amorphus
particles has been introduced (3). Airborne par-
ticles are captured on glass fibre filtres by high-
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volume air-samplers (flow 1.1 m^/min) and
allergens are eluted by means of the descending
elution technique. Eluates are analysed for
allergenic activity by means of immunochemical
assays. Using these principles, the aim of this
study is to validate the method with respect to
quantification of atmospheric timothy and birch
allergens.

MATERIAL AND METHODS

To collect atmospheric allergens we used an
upward facing high-volume air-sampler (Accu-
Vol, General Metal Workers, Cleves, Ohio
USA) mounted with glass fibre sheets 20 x 25
cm, grade GMS-810, which retained particles
larger than 0.3 îm in diameter with a 95 %
efficacy.

Lyophilised timothy allergen extract {^Phleum
pratense No. 225) and birch allergen extract
{Betula verrucosa No. 108) were purchased from
ALK, Denmark. When reconstituted in 1 ml of
glycerol-NaCl solution 1:1 (v/v), the concentra-
tion was 10̂  SQ-E/ml. The extracts were stored
at 4°C according to the manufacturer's instruc-
tions. Throughout the study, the solution was
used within 1 month of reconstruction.

Elution of allergens

In preliminary laboratory experiments 16,000
SQ-E of timothy allergens diluted in 100 (xl of
buffer was sprinkled uniformly on filter sheets.
After evaporation of buffer the filters were pro-
cessed the same day by various elution tech-
niques. A phosphate buffer 1/15 moI/1 (Soren-
sen) pH 7.0 was selected as elution buffer.
Three different elution techniques were com-
pared, and experiments were carried out at
room temperature:

Descending elution. Performed according to prior
descriptions (3). Allergens were eluted from fil-
ter sheets analogously to paper chromatogra-
phy. The upper end of the filter sheet was
soaked in a buffer reservoir containing 150 ml
of buffer. The lower end was folded sym-
metrically to form a trapped tip, which worked
as an outlet for the elution buffer. The eluate

was collected in a beaker. The equipment was
encapsulated in plastic to reduce buffer evapo-
ration.

Elution by recycling. A system for recycling elu-
tion buffer was made by means of a chro-
matographic column (Bio-Rad, 13 x 2.5 cm),
connected to a peristatic pump (Pharmacia,
P-3, flow 0.7 ml/min). The filter sheets were
folded and rolled into a small cylinder, which
was then placed in the column. Elution was
performed with 60 ml of buffer, and 40 ml of
eluate was collected. The filter retained 20 ml of
elution buffer.

Elution of pulverized filter. Filter sheets were
pressed (pressure 300 kg/cm^) and pulverized in
a mortar. The powder was transferred to a tube
and extracted under vertical rotation with 10 ml
of elution buffer. The eluate was isolated by
centrifugation.

Measurement of allergenic activity

Eluates obtained by descending elution or elu-
tion by recycling were dialysed with 3000 Dal-
tons molecular weight cutoff (Dialyse tubes,
Struers, Denmark) against deionized water,
lyophilised and then reconstituted in 2 ml of
RAST buffer (PBS; sodium-phosphate buffer
10 mmol/1, NaCl 100 mmol/1, azide 0.01 %, pH
7.0).

Eluates were analysed for allergenic activity
by an inhibition radio-allergo-sorbent test mod-
ified from IgG subclass RAST (7, 8). Sera were
selected from subjects undergoing immunother-
apy and were known to contain high titres of
IgG4 specific for timothy and birch allergens.
The inhibition IgG-subclass RAST was selec-
ted, because IgG developed during specific
immunotherapy is known to represent a
"broader" response to allergens than IgE, as
IgG is directed against more allergens (Sonder-
gaard et al., manuscript in preparation). Fur-
ther, IgG-subclass RAST is sensitive, and only
low amounts of sera are required.

Reference allergens were adsorbed to poly-
styrene tubes (Maxisorp tubes, Nunc,
Roskilde, Denmark) and three layers of anti-
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bodies were subsequently incubated. In a
series of separate tubes, sera diluted 1:800 in
PEG-buffer (4% v/v PEG 6000 in RAST
buffer) were mixed with an equal volume of
eluate or reference allergen in varying concen-
trations. The mixture was allowed to react for
24 h and was then centrifuged for 20 min at
3500 rpm (2000 g) was transferred to allergen-
coated maxisorp tubes. The second layer
included monoclonal mouse anti-human IgG-4
antibodies, and tubes were finally incubated
with '^''I-labelled rabbit anti-mouse IgG. The
tubes were counted for 1 min in a gamma
counter. The human IgG antibodies used for
the RAST inhibition assay consisted of sera
containing a high titre of IgG4 specific for
timothy or birch allergens from subjects
undergoing immunotherapy.

Results were run in duplicate and means
were calculated as % inhibition:

100 - (inhibited sample/uninhibited sample)* 100

The data producing between 20 and 80 %
inhibition was subject to linear regression
analysis to produce a straight line of best fit to
the approximately linear part of the sigmoid
relationship between inhibition and log
allergen volume. The reference allergen was
run in parallel, and values of eluate concentra-
tion (SQ/ml) were extrapolated from the dilu-
tion at which they elicited 50% inhibition. If
the coefficient of fit (r) was less than 0.9 the
data was discarded, and the extrapolation
principle was not used if the regression slopes
of eluate and reference curves were not identi-
cal (non-parallel curves). Otherwise the data
must be expressed in arbitrary units as the
reciprocal of the volume in ml required for
50% inhibition.

In the present study the allergen concentra-
tion giving 10% inhibition was defined as the
detection limit. For timothy and birch refer-
ence allergen extracts, the detection limit was
to SQ-E/ml and 25 SQ-E/ml, respectively.
The coefficient of variation for measuring tim-
othy eluates are 15% and 25% for eluates
tested repeatedly the same day and on dif-
ferent days, respectively.

Assessment of specificity

To investigate whether non-timothy compo-
nents in eluates from air filters cause unspecific
interference in RAST inhibition, the following
experiment was carried out. One ml of a pool of
eluates prepared by mixing eight eluates obtain-
ed during the timothy pollen season, was added
to a tube containing gel-adsorbed rabbit anti-
bodies raised against timothy allergens. This
immunosorbent was prepared by swelling 1 mg
of protein-A-sepharose (Pharmacia, Sweden) in
5 ml of PBS and adding 100 ul of anti-timothy-
rabbit-sera (prepared according to Harboe &
Ingild (11)). The pool containing timothy
allergens reacted for 2 h with the immunosor-
bent, and the supernatant was then tested by
timothy IgG RAST inhibition. The allergenic
activity of the non-adsorbed pool was also mea-
sured. The procedure was repeated for a Cla-
dosporium allergen pool. The specificity of the
immunosorbent was checked by adding a refer-
ence timothy and reference Cladosporium
extract to anti-cladosporium and anti-timothy
immunosorbents respectively. The supernatants
were tested for allergenic activity.

Atmospheric pollen data

During the periods June to September 1986 and
April to June 1987 we collected atmospheric sam-
ples for quantification of timothy and birch
allergen activity by means of a high-volume air-
sampler 20 m above ground level, 2 km from the
centre of Copenhagen (The Danish Meterological
Insitute). A constant air flo w of 1.19 m Vmin (1713
mV24 h) was maintained, and filter sheets were
changed every 24 h. Filter sheets were stored at
-20°C. They were eluted according to the pul-
verizing technique and were kept at -20°C before
analysing. Simultaneously, pollen grains were
monitored by means of a Burkard volumetric spo-
re-trap, placed beside the high-volume sampler.
This sampler is a modified version of Hirst's spore
trap (12), in which particles are caught on adhesive
tape and the total air-volume per 24 h is 14.4 m^
The tape was analysed by light microscopy for
pollen grains, which were determined according to
species and level of genera, and counted (15).



HIGH-VOLUME AIR SAMPLING OE ALLERGENS 55

100 200 400 800
Eluate (pi)

20
100 200 400 800

Eluate (uD

Fig. 1 a, b. Kinetic study applying descending and recycling
elution of timothy allergens. Varying volumes of eluate were
mixed with 600 nl of serum (dilution:800) and tested in
inhibition IgG-subclass. RAST inhibition curves for descend-
ing eluates (a) O: 0-4 h; A: 4-8 h; • 8-12 h; D: 12-24 h
and recycling eluates (b) O: 0-1.5 h; • : 1.5-3.0 h; • : 3.0-4.5
h; D: 4.5-6.0 h obtained at four time intervals are shown.
A: reference curve (reference extract dialysed and
lyophilised according to the procedure for eluates). 800 ul of
eluace contained 400 SQ-E allergen.

Statistical tests

RAST inhibition results were evaluated accord-
ing to analysis of paradlelism using Student's
t-test. When a P-value was found to be < 0.1 we
defined that curves were parallel. Correlation
between estimations of pollen counts and im-
munochemical estimations was analysed by
Spearman's ranked correlation coefficient,

10 12 14
Time (hours)

Fig. 2. Time course study using elution of pulverized filter
exposed to timothy allergens. Results calculated as % eluted
are shown for four different time intervals.

RESULTS

Kinetic studies of various elution techniques

We compared and performed kinetic studies of
three elution techniques. The same amount of
allergen was applied to each of three separate
filter sheets which were then processed accord-
ing to the three different techniques: descending
elution, elution by recycling, and elution of
pulverized filter.

Four fractions, each containing 20 ml of
eluate, were collected within 24 h by descend-
ing elution. Four fractions were obtained by
the recycling technique as 40 ml of eluate
were collected every 90 min and replaced by
a new portion of elution buffer. All eluates
were dialysed, lyophilised and reconsitiuted in
2.0 ml RAST buffer. A reference allergen
extract diluted in 30 ml of elution buffer
underwent the same procedures for con-
centrating, and was used to produce a stan-
dard curve. RAST inhibition results are pre-
sented in Fig. 1 a, b.

Using only 10 ml buffer, elution of pul-
verized filter was performed, and it was possible
to detect allergen activity without applying con-
centration procedures before analysing by
RAST inhibition. In this way we obtained
strictly parallel eluate and standard inhibition
curves (data not shown). Results from a time
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Fig. 3. Elution of timothy allergens by pulverized filter
elution using various concentrations of Tween 20 in elution
buffer. Results calculated as % eluted are shown.

course study were evaluated in percent of eluted
allergens as a function of time (Fig. 2).

The recoveries found for the three techniques
differed only slightly, but the elution of pul-
verized filter was very efficient and offers the
great advantage of allowing eluates to be ana-
lysed without preceding concentrating pro-
cedures. Therefore further experiments were
undertaken to optimize the elution of pulverized
filter.

10

100 200 400 800
Eluate (uD

100 200 400 800
Eluate inO

Optimizing the elution of pulverized filter

16,000 SQ/ml were applied to three separate
filter sheets, then underwent the pulverizing
process. Three amounts of Tween 20 were
added to the elution buffer to constitute 0.1,
0.25 and 0.5% (v/v) solutions, respectively.
Elution was performed for 16 h. The effect of
this surfactant is outlined in Fig. 3. No further
experiments were undertaken to investigate the
effect of higher Tween 20 concentrations as
these might affect the analysing of eluates with
inhibition IgE RAST.

Specificity

A test was performed to ensure that the timo-
thy IgG inhibition RAST is specific for mea-
suring timothy allergens in eluates obtained
from outdoor filters and this test was repeated

Fig. 4 a, b. Assessment of specificity. One pool of 8
eluates obtained during the timothy pollen season (a) was
analysed by RAST inhibition before (A) and after addition
of anti-timothy-immunosorbent (O). To a timothy refer-
ence extract (A) was added anti-Cladosporium-immunosor-
bent ( • ) . One pool of 8 eluates obtained during the
Cladosporium pollination season (b) was tested in the same
way with anti-Cladosporium and anti-timothy immunosor-
bent. RAST inhibition results are shown.

for cladosporium-aero-allergens. (Fig. 4 a, b).
The allergenic activity of a pool of timothy
eluates (a) showed maximally 10% inhibition
when treated with anti-timothy-immunosor-
bent and the untreated pool showed a normal
dose-dependent curve. The timothy reference
extract treated with anti-Cladosporium-immu-
nosorbent gave an indentical dose-dependent
standard curve in proportion to the untreated
one.
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Fig. 5. RAST inhibition results from four eluates obtained 0.6
during the timothy pollination season. O: 6/10; # : 6/25;
O: 7/8; A: 7/22; A: standard curve. 0.2
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Morphological and immunochemical estimations of

atmospheric allergenicity

The high volume air-sampler was operated dur-
ing the timothy and birch pollination season,
and pulverized filter sheets were eluted with
Sorensen buffer containing 0.5% v/v Tween 20
and analysed for allergenic activity. Four exam-
ples of timothy filter eluates are shown in Fig.
5.

Timothy pollen counts (60 days) and birch
pollen counts (20 days) were compared with
atmospheric allergenic activity as shown in Fig.
6. a, b. Correlations of r̂  = 0.82, {P < 0.005)
and r̂  = 0.93 (P < 0.001) were found for
timothy and birch, respectively.

DISCUSSION

The present study demonstrates that commer-
cially available, soluble allergens exposed to
glass fibre sheets were easily eluted by means of
the three tested elution techniques.

However, for the descending elution Fig. 1 a, b)
we observed a somewhat flatter slope of the
dose response curves representing eluates eluted
for more than 8 h, indicating that some of the
allergens may have different elution kinetics or
that they have been enzymatically degraded.
The inhibition curves for elution by the recycling
technique (Fig. 1 a, b) were seen to be mutueilly
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Fig. 6 a, b. Comparison of morphological and immunologi-
cal estimations of airborne timothy allergens (a), data from
57 days (June to August) and airborne birch allergens (b),
data from 20 days (May): SQ/m^; poUen/nij.

identical. This suggests that the elution follows
a first order kinetics. It is then possible to
calculate the allergen concentration in eluates
when at least three dilutions are tested. This is
useful when accurate determinations of aller-
genicity in eluates are required.

For both descending and recycling elution we
observed a difference between slopes of stan-
dard and eluate inhibition curves, and the
estimation of allergenicity in eluates may be
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inaccurate. In addition, the reference extract,
treated according to eluates, produced a weaker
slope in a % inhibition-concentration plot, and
loss of allergenicity was noted (data not shown).

To evaluate the eluation efficacy of the pre-
liminary experiments we estimated the yield of
every elution fraction by means of the standard
curve at one point, e.g. the eluate diflution
giving 50% inhibition. Nearly half of the
applied allergens were eluted by descending elu-
tion within the first two fractions (40 mi, 8 h),
but a higher yield, 2/3, was obtained by means
of recycling elution (8: ml, 3 h). A yield of up to
90% could be obtained if the four recycled
fractions were tested together.

In spite of these results, the loss of aller-
genicity in eluates undergoing lyophilisation
presents a considerable disadvantage.

Eluates produced by the pulverizing elution
technique (Fig. 2) gave increased allergenic
activity when elution was continued to 8 h, and
after 16 h nearly 50 % of the applied allergens
could be recovered.

The effect of adding a surfactant (Tween 20)
to elution buffer is remarkable and recovery
increases drastically with increasing concentra-
tions of Tween 20. Up to 90% of the apphed
allergens are recovered when pulverized filters
are eluted with phosphate buffer added 0.5%
surfactant. However, these results confirm only
the recovery of soluble allergens and do not
indicate the magnitude of the elution efficacy of
pollen grains.

Results of other investigators indicate that
pollen grains are very efficiently extracted
under the conditions applied: it has been shown
that some allergens are released almost instantly
from the pollen wall, and all active allergens
from grass pollen are extracted completely with-
in 15 min in PBS buffer pH = 7.0 (5). These
results were confirmed under conditions sim-
ulating in vivo activities (14). Thus, we con-
cluded that the pulverizing elution technique
offers a useful method for elution of atmos-
pheric allergens from glass fibre filters.

Inhibition curves representing filters collected
during the timothy and birch pollination season
were mutually parallel {P < 0.05), suggesting
that no qualitative differences exist in the

atmospheric timothy allergen activity during
the pollination season. But the eluate slopes
differed significantly from the slope of the refer-
ence curve (P > 0.01) and a specificity test was
performed to investigate whether eluates from
outdoor filters contained non-relevant compo-
nents able to influence the IgG RAST inhibi-
tion test.

Eluates with immuno-adsorbed timothy al-
lergens gave no inhibitory activity when tested
in timothy inhibition IgG RAST, indicating
that no other aero-allergens, particles from out-
door air, or micrscopic glass fibres are able to
cause unspecific inhibitory activity. It was con-
firmed that the elimination of inhibitory activity
of immunoadsorbed eluates was not caused by
sepharose protein A, rabbit sera, or non rele-
vant particles, as reference timothy extract
immunoadsorbed by anti-Cladosporium-rabbit-
sera gave a normal response corresponding to
the unsorbed one. These results were confirmed
by the specifity test for atmospheric Cladospo-
rium allergens. These results established the
specificity of the immunochemical assay for
measuring outdoor allergenic activities, and the
significant differences in inhibition slopes ob-
served for reference allergen extract and atmos-
pheric allergens are not caused by unspecific
inhibition due to non-pollen sources in eluates.

A highly significant correlation was found
between pollen data and immunochemical
estimations of airborne timothy and birch
allergens. In spite of differences in the volumes
sampled by the high-volume sampler and the
Burkard sampler, we did not, in contrast to
Agarwal and co-workers (2), identify allergenic
activity in the filter eluates on days with no
detectable pollen grains in the air. However,
there was a greater response of these estima-
tions of airborne timothy in relation to pollen
counts at the end of the season than at the
beginning. This indicates a possible cumulative
effect of non-pollen sources or aJlergenic amor-
phous particles, not detected by the traditional
method during the pollination season.

Busse et al. have reported the existence of
non-pollen particles, e.g. ragweed allergens, in
aerosol fractions smaller than intact pollen
grains from plant debris (6), and later, Agarwal
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et al. were able to demonstrate that ragweed
plant debris could offer measureable values of
atmospheric allergenicity, noted before and
after the ragweed pollination season, and these
observations correlated with small increases in
mean symptom-score in patients with ragweed
allergy (1). Solomon et al. have confirmed these
observations by both clinical and in vitro assay
criteria (17). To prove this theory it will be
necessary to collect airborne allergens with size-
selecting air samplers.
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