
Comparison of outdoor allergenic particles and
allergen levels
Charles Barnes, PhD, BS; Keith Schreiber, MS†; Freddy Pacheco, MS*; Julie Landuyt, BS*;
Frank Hu, DVM*; and Jay Portnoy, MD*

Introduction: Spore and pollen counts have been used traditionally to determine
aeroallergen exposure. Using a liquid based collector and enzyme immunoassays,
we have developed methods for measuring airborne allergen concentrations. In this
work we test the hypothesis that airborne allergen concentrations are directly related
to spore and pollen counts.

Methods: Test samplers used included a high-volume cyclonic liquid impinger
(SpinCon) and a standard spore trap (Burkard). Samples were collected on a weekly
basis from May to October and were analyzed microscopically for spores and pollen
grains. The liquid samples were analyzed by enzyme-linked immunoassay for the
presence of allergens from Alternaria, Cladosporium, Aspergillus, oak, fescue,
ragweed, and plantain. Specific Alternaria allergens Alt al and GP70 also were
measured.

Results: Pollen counts for the SpinCon and Burkard collectors were similar,
though spore counts were lower with the SpinCon. Detectable amounts of three of
the seven allergenic species including fescue, ragweed, and Alternaria were present
in air samples. Concentrations of pollens were seen in their respective seasons while
fungal allergen levels varied throughout the period. Allergen levels generally agreed
with particle counts, however peak allergen levels and peak particle counts for
individual species did not correlate well.

Conclusions: At flow rates of 236 L/min, the SpinCon is comparable to the
Burkard for counting airborne pollen and spores. Samples collected by the SpinCon
permit quantitative determination of allergen levels in outdoor air. The poor corre-
lation between measured airborne allergen and related particles indicates the po-
tential for significant allergen exposure in the absence of identifiable particles in air.
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INTRODUCTION
Techniques for sampling airborne bio-
particles have progressed from initial
experiments involving inspection of
gravity slides1 and identification of
proteins in the walls of pollen grains2

to the complete bioaerosol survey un-
dertaken by the AAAAI Aeroallergen
Monitoring Network.3 These studies
have mostly focused on particle iden-
tification by visual means and have

shown that allergy symptoms do cor-
relate with some particle counts.4 Par-
ticularly, pollen counts have been as-
sociated with rhinitis symptoms while
“basidiospore like” fungal spore
counts as well as total airborne partic-
ulates have been associated with in-
creased hospital asthma admission
rates.5–7 Recently, day-to-day changes
in asthma severity have been associ-
ated with total airborne fungal concen-
trations when weather conditions were
controlled for.8 In many instances,
however, peak asthma symptom scores
differ temporally from peak particle
levels.9,10 It is now understood that
parts of an organism other than pollen
grains or spores contain significant al-
lergen concentrations that are readily
disseminated via an airborne route.11 In

other words, the particle itself does not
necessarily cause the disease. Rather
the particle acts only as a carrier for the
protein agent that leads to the observed
symptoms.12–17

A number of attempts have been
made to measure the actual protein al-
lergen content in environmental sam-
ples such as ragweed, dust mite, cat,
and cockroach. Ragweed allergen has
been detected in submicronic fractions
collected during ragweed allergen sea-
son by both skin testing and enzyme
immunoassay.18 Indoor studies of
house dust have been generally more
successful than outdoor efforts due to
limitations on air sampling technology.
Numerous authors have measured dust
mite allergen levels in house dust and
correlated high levels with allergic dis-
ease.19–21 Indoor levels of allergen
have also been correlated with symp-
toms in cat and dog sensitive individ-
uals.22–24There have been fewer efforts
to quantitate levels of outdoor aller-
genic proteins.25,26 A general correla-
tion has been demonstrated for rag-
weed between periods of high allergen
activity and elevated pollen counts and
for Alternaria between periods of high
allergen activity and elevated spore
counts. These authors did note specif-
ically that there were occasions when
allergen levels were high in the ab-
sence of increased particle counts.25

Likewise, it has often been observed
that the necessity of obtaining viable
or identifiable particles introduces a
source of error in estimating exposure
to fungal allergen.27 Work by Solomon
et al has demonstrated unequivocally
that pollen allergens occur in fine par-
ticles much smaller than the grains
themselves.28 In addition, the major
birch allergen, Bet vl, has been re-
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corded in aerosol fractions even when
no birch pollen grains were present.29,30

We collected airborne allergens dur-
ing one allergen season in the Midwest
United States using a high-flow liquid-
based cyclonic impinger.31 We counted
the identifiable particles in these liquid
samples microscopically. In these
same samples, using polyclonal en-
zyme immunoassays, we measured the
airborne level of immunogenic mate-
rial from seven species known to pro-
duce aeroallergens. Also in these
samples, using monoclonal enzyme
immunoassays, we measured two spe-
cific aeroallergens associated with the
fungus,Alternaria alternata.

MATERIALS AND METHODS

Materials
Air for visual identification of pollen
grains and fungal spores was collected
using a Hirst suction collector
(Burkard Manufacturing Co Ltd, En-
gland). Air for antigen measurement
and also for visual identification was
collected using a spinning concentrator
(SpinCon™, Midwest Research Insti-
tute, Kansas City, MO). Rabbit poly-
clonal antibodies specific toAlternaria
alternata, Aspergillus fumigatusand
Cladosporium herbarum, oak (Quer-
cus alba), fescue (Festuca elatior),
ragweed (Ambrosis artemisifolia), and
plantain (Plantago lanceolata) as well
as standard allergens with known
protein content were obtained from
Greer Laboratories (Lenoir, NC).
Polyclonal antibodies to short rag-
weed and short ragweed standard
were obtained from the National In-
stitutes of Health(NIAID Repository
for Biological Reagents and Standards,
Rockville, MD 20850). Conjugated an-
tibodies, substrates, and other chemi-
cals were obtained from Sigma Chemi-
cal Company (St. Louis, MO). Specific
monoclonal antibodies to Alternaria al-
lergens Alt al and GP70 were produced
in our laboratories as described previ-
ously.32,33 The operation and perfor-
mance of the cyclonic liquid impinger
has also been described previously.31,34

Bioaerosol Samplers
The cyclonic liquid impinger (Spin-
Con) is a high-volume collector devel-
oped for environmental monitoring sit-
uations.34 For the current study, the
SpinCon was adapted for bioaerosol
sampling in the outdoor environment.31

Flow rates were calibrated to collect at
236 L/min that is approximately half
the flow used in our previous study.
This was done to test the hypothesis
that high flow rate accounted for re-
duced collection efficiency of pollen
possibly due to shearing forces de-
stroying the grains. An initial volume
of 10 mL of nanopure water was added
to the SpinCon and kept constant by
continually adding a controlled flow
(1.5 mL/min) of nanopure water to the
operating collector whenever neces-
sary to retain the collecting liquid vol-
ume between 7 and 10 mL. At the end
of the collection period, the collected
volume was brought to 10 mL by the
addition of additional nanopure water
before the samples were processed.

The SpinCon units currently used
for bioaerosol sampling in the outdoor
environment as described in previous
studies31 are made from clear acrylic or
polycarbonate plastic. The SpinCon
cylinder is machined with an air inlet
slit cut the entire length of the main
body and tangential to the wall. The
top of the SpinCon unit is connected to
a vacuum motor capable of drawing
.2,000 L/min of air through the slit.
This faster flow rate is unique to this
type of sampling device. For these ex-
periments the flow rate was adjusted to
236 L/min. When air enters, it spins
inside the unit in a cyclonic fashion
due to the tangential orientation of the
slit adhering to the inside walls of
the unit. The liquid sample is held in
the collecting vessel by balancing cen-
trifugal force created by tangential air-
flow with gravitational force. As long
as flow rate is maintained below a crit-
ical limit the sample is retained. Since
evaporation occurs rapidly at high flow
rates, the initial volume of collecting
liquid is constantly monitored and re-
plenished as necessary. Since the loss
is through evaporation, no non-volatile

material is lost from the collector. The
device is not wind oriented, however
since the input velocity approaches 42
mi/h even at 236 L/min flow rates, the
unit is generally not sensitive to
changes in wind direction and velocity.

The SpinCon unit has been sub-
jected to extensive quality control test-
ing by Midwest Research Institute.
Additional quality control testing in-
cluded repetitive sampling at intervals
varying from 15 minutes to 60 min-
utes. To test the absolute retentivity of
the unit 10 mL of nanopure water was
spiked with ragweed extract (Greer
Labs, LeNoir, NC, USA) and intro-
duced into the unit. The unit was op-
erated for 60 minutes in the laboratory
under conditions similar to those in the
field. After a 60-minute run, the sam-
ples were assay by EIA for recovered
ragweed allergen.

The Burkard sampler is a suction-
type trap, which impacts particles on a
sticky surface. For this study, the ad-
hesive surface was on glass slides
coated with lubriseal, which had been
suspended in hexane and placed on a
24-hour collecting head. Air was
drawn into the unit through a 23
14-mm slit at a rate of 10 L/min. Cor-
rect sampling orientation was accom-
plished by a wind vane attached to the
drum housing which keeps the air inlet
facing into the prevailing wind.

Sampling Protocol
The samplers were installed on the
roof of the hospital, which is a 5-story
building in the center of a metropolitan
area. Air samples were collected in
Kansas City, MO weekly between
May and October 1995 which included
the major pollen and mold season for
the region. Samplers were operated in
accordance with specifications given
by the manufacturers for optimum per-
formance. Flow rates of each unit were
monitored throughout the sampling pe-
riods. SpinCon sampling took place for
continuous periods lasting 60 minutes
and the Burkard collector was operated
continuously during that same period
of time. Collectors were operated si-
multaneously on a given day and
whenever counting comparisons were

48 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



made counts were generated to repre-
sent specific 60-minute intervals on the
Burkard sampler collection record.

Pollen and Spore Counts
Samples from the Burkard collector
and the SpinCon were examined mi-
croscopically and immunochemically.
Liquid samples from the SpinCon were
brought to a final volume of 10 mL
with distilled water. After the liquid
samples were removed from the unit
and brought to a standard 10 mL vol-
ume the sample was mixed thoroughly
and a 0.5-mL aliquot was taken from
the diluted sample and dried onto a
glass slide. All slides were stained with
glycerin jelly containing 1.0% Calber-
la’s solution, fitted with a coverslip,
and examined microscopically. No
factors reflecting a presumed collec-
tion efficiency of the sampler units
were applied. Allergen and counting
data were normalized to represent ei-
ther particles or nanograms of aller-
gen/m3 of air. Individuals doing the
counting for this study have been cer-
tified by the Pollen and Mold Network
of the American Academy of Allergy,
Asthma, and Immunology.

Handling and Storage of Liquid
Samples
After removal of an aliquot for spore
and pollen counting, the remaining
sample was divided into 2-mL aliquots
and stored at220°C until a later time
when collected samples were assayed
as a single batch. Caution was exer-
cised to avoid exposing the samples to
more than one freeze-thaw cycle. The
collecting liquid contained no preser-
vative; therefore, to avoid problems as-
sociated with germination of spores the
total potential time of exposure to the
liquid medium was limited to 2 hours.

Quality Control Methods
Two specific approaches were taken to
assuring the quality of the data pro-
duced by the SpinCon device. First a
sample of ragweed allergen with a
known concentration was instilled into
the liquid collection medium and the
instrument was run for a 1-hour period.
The liquid was then removed and the
amount of allergen in the liquid was

assayed. This experiment was repeated
in triplicate. This value was then com-
pared with the known amount of aller-
gen instilled and the triplicate runs
were compared to one another. The
second approach assumes that the air-
borne population of spores and pollens
does not change rapidly during periods
of stable weather. This approach, in-
volved sampling with the same unit for
sequential time periods from 10 to 30
minutes and comparing the values ob-
tained. Quality control results for the
immunoassays included precision, lin-
earity, and linear range data.

Immunoassays
The liquid samples provided by the
SpinCon were analyzed by inhibition
enzyme immunoassay forAlternaria
alternata, Aspergillus fumigatusand
Cladosporium herbarum, oak (Quer-
cus alba), fescue (Festuca elatior), and
plantain (Plantago lanceolata). Rag-
weed allergen (Ambrosis artemisifolia)
was measured by a double polyclonal
sandwich immunoassay and the spe-
cific Alternaria allergens Alt al and
GP70 were measured using a double
monoclonal antibody-based sandwich
assay as described previously.32,33

For the inhibition assays, polyclonal
rabbit antibodies raised against whole
commercially available allergen ex-
tracts were used. These assays were
standardized using the total protein
content of the allergen extract supplied
by the manufacturer or calculated from
an amino acid analysis of the extract.
Polyclonal rabbit anti ragweed anti-
body obtained from the NIH repository
was biotinylated and used in a sand-
wich type EIA. The first layer for the
ragweed assay was rabbit anti-ragweed
and the top layer was biotinylated-rab-
bit anti-ragweed. All assays were de-
veloped using alkaline phosphatase
conjugated goat anti-rabbit antibody or
alkaline phosphatase conjugated
strepavidin and alkaline phosphatase
substrate. Optical densities were mea-
sured on a MR7000 (Dynatech, Chan-
tilly, VA) microtiter plate reader and
standards were fitted to either a linear
or sigmoidal curve using DIAS soft-
ware. Allergen values were calculated

directly from standard curves by the
software. Quality control procedures
for the immunoassays included deter-
minations of precision, linearity and
sensitivity.

RESULTS
Quality control data for three consec-
utive runs of the SpinCon unit on 3
separate days produced an average co-
efficient of variance of 30% for pollens
and 19% for spores. On days with
higher pollen counts (.200 particles
per cubic meter) the CV was 17% and
on days with lower pollen counts (.50
particles/m3) the CV was 47%. Quality
control results for retention of allergen
content showed a CV of 2% between
the three individual runs and samples
diluted but not run through the unit
with an average retention of 97% of
the instilled allergen. In the inhibition
enzyme immunoassay for Cladospo-
rium, Aspergillus, oak, fescue, and
plantain sensitivity ranged from 2.0 to
0.03 mg/m3 with a linear range of 2.7
mg/mL to 0.1mg/mL. Precision values
expressed in CV for these assays var-
ied from 9 to 28. The double poly-
clonal sandwich immunoassay used for
ragweed allergen was sensitive to 0.33
mg/m3 and had a linear range from 1.5
mg/mL to 0.5mg/mL. The average CV
for six sequential determinations was
18. Alternaria allergens Alt al and
GP70 measured using a double mono-
clonal antibody-based sandwich assay
were sensitive to 0.33mg/m3 with a
linear range (correlation5 0.93) of 10
mg/mL to 0.5 mg/mL and an average
CV of 17 for 6 sequential determina-
tions.

Pollen and spore counts for both the
SpinCon and Burkard collectors during
the allergen season of 1995 are dis-
played in Figure 1. Counts obtained
with the SpinCon correlated well with
counts taken from the Burkard collec-
tor both for pollen grains (R2 5 0.76,
P , .05) and fungal spores (R2 5 0.64,
P , .05). The relative performance of
the SpinCon and Burkard collectors re-
lated to total numbers of pollen parti-
cles is very good. Except for two data
points, the pollen counts were nearly
identical for the two devices. Spore
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counts generated by the two collectors
although different at several points
showed similar trends. At this lower
flow rate the SpinCon collector often
produced spore counts lower than the
Burkhard. Additionally, we saw no ev-
idence that germination of spores oc-
curred during the SpinCon collection.

Both collectors demonstrated a pol-
len peak in the spring representing tree
and grass season and a second pollen
peak in the fall representing the weed
and especially ragweed season. Spore
counts showed a less clear pattern with
a sharp peak in June and a broad ele-
vation in September occurring for both
collectors. We were unable to deter-
mine the specific reasons for these in-
creases in spore count. Detectable air-

borne concentrations of allergens were
present for fescue, ragweed, and Alter-
naria.

Spring samples contained substan-
tial amounts of fescue as the predom-
inant allergenic material (Fig 2). Particle
and antigen concentrations increased si-
multaneously on May 15 and reached
their peaks on May 22. Following that,
the pollen numbers remained elevated
for several more weeks while the anti-
gen concentration dropped quickly.
Airborne fescue antigen concentration
was more sustained, however, remain-
ing detectable until July 5 while pollen
grains were virtually absent by June
20. Ragweed allergen was identified in
the fall starting on August 23 which
was a full week before substantial

numbers of pollen grains were seen. In
addition, ragweed antigen content re-
mained elevated and even exceeded its
initial early September peak on Sep-
tember 25 when the pollen counts were
already on the decline.

Fungal spores were found in the air
throughout the year. Detectable levels
of Alternaria allergens were measured
with peaks occurring in the spring and
fall respectively (Fig 3). When the spe-
cific Alternaria allergens Alt al and
GP70 were measured, peak concentra-
tions were found in the fall in late
August for GP70 and mid September
for Alt al.

The two measurements of Alternaria
(Alt al and GP70) did not correlate
with each other. The comparison of
Alternaria spore counts with the two
measured Alternaria allergen levels
(Fig 3) shows that peak spore counts
on July 26 and September 7 are related
to increased levels of Alt al on July 19
and September 6. These same peaks in
spore numbers are both preceded by
elevations of GP70 on July 10 and
August 30.

DISCUSSION
Overall, these data relate specific air-
borne particle counts and airborne pro-
tein levels of three different aeroaller-
gen producing species throughout the
spring, summer and fall of one allergen
season. For 4 of the species tested air-
borne allergen levels were below de-
tection limits. The allergen levels gen-
erally agree with the particle counts in
that allergen is not detected in the ab-
sence of the related particles. During
the time when particles are expected to
be in the air, however, specific allergen
levels and particle counts did not gen-
erally correlate. There were notable in-
stances when allergen levels increased
one sample period prior to particle
counts as for fescue and where allergen
levels remain high even though spe-
cific particle counts were greatly re-
duced as for Alternaria.

The quality control values for the
SpinCon device are quite good. The low
coefficient of variation in the spiked
samples and the 97% recovery for these
samples indicates that allergen is not lost

Figure 1. Weekly pollen and spore counts for SpinCon and Burkard samplers. Values are expressed
as particles/m3 of air. SpinCon and– –■ – – Burkard.
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by the device either through evaporation
or aspiration. The variation in field trials
although considerably higher is quite
similar to that of other samplers under
actual conditions.31 The improvement in
variation coefficient with increasing
numbers is predicted by sampling the-

ory. It should be noted that the 60--
minute sampling time introduces some
potential variables. Namely, because of
the hour-to-hour variation in pollen
shedding, and the variation in the disper-
sion of airborne particles that arises from
changes in wind direction and velocity,

rain and other weather conditions, a
1-hour sampling is not necessarily suffi-
cient to determine average exposures.
Additionally, for low levels of allergen a
sampling time of 1 hour at the rate used
with the SpinCon may not have adequate
sensitivity. Even though the quality con-
trol data is quite good, these factors must
be taken into consideration when evalu-
ating the results.

The particle collection data indicate
that when the flow rate on the SpinCon
was reduced from that used in our pre-
vious study, pollen collection effi-
ciency was comparable to the Burkard.
At this same flow rate, however, the
SpinCon became less efficient at col-
lecting spores,31 particularly under
conditions of low spore counts. The
seasonal variation of the pollen and
mold counts is very much as we ex-
pected.

These data do represent a year with
a late spring and a relatively dry sum-
mer and fall. The actual rainfall in this
part of the state in 1995 approached
drought conditions during the late fall
and winter with little recorded precip-
itation from September through the
end of the year. Fungal spore count
peaks exceeding 20,000 are not un-
common during a normal fall whereas
the highest recorded level for this pe-
riod in 1995 did not exceed 15,000.
The dry conditions were not severe
enough to affect ragweed that thrived
on adequate rainfall earlier in the
spring and produced pollen levels
around 250 grains/m3 which approxi-
mates levels seen in other years.3

There were no totally unexpected
findings in the measured allergen lev-
els. The pollen related allergens we
were able to measure appeared, as ex-
pected, when the respective pollen
grains were visible in our collectors.
Fescue, which is the predominant grass
in this region and is cultivated for both
lawns and cattle feed, appeared around
the middle of May and persisted until
the second week of July. Although we
are not able to distinguish fescue pol-
len from other grasses, it is safe to
assume that the majority of the air-
borne pollen from mid May to mid
June is fescue. Measured allergen lev-

Figure 2. Pollen counts and antigen concentrations collected by the SpinCon for fescue and ragweed.
– –M – – pollen and—r— antigen.
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els for fescue exceeded 1mg of aller-
gen/m3 of air for all periods sampled
from the second week of May until the
second week of July. Since these levels
were measured at a downtown location
we can assume that levels in outlying
areas may have been substantially
higher.

Measured concentrations of Rag-
weed antigen first appeared during the
second week of August and persisted
until the onset of cold weather. Con-
centrations were found to be in the 1 to
2 mg/m3 of air range. This level is
clearly adequate to cause symptoms in
sensitive individuals since ragweed al-
lergy is one of the most common aller-
gies in this area. The comparison of
measured ragweed allergen to ragweed
pollen counts provides an interesting
study. Ragweed allergen levels are
seen to rise both on August 23 and
September 5. These increases both pre-
ceded increases in pollen levels seen in
the subsequent measurement period.
The two peaks in the pollen counts

may represent the two types of rag-
weed found in our area (A. artemisifo-
lia and A. trifida), but the measured
airborne allergen concentrations do not
exhibit such clear separation. The rea-
son why measured allergen concentra-
tions might precede particle counts is
not clear. It has been speculated that
early pollen might contain more aller-
gen than late pollen or that the weath-
ering of pollen as it matures on the
plant itself might reduce the allergen
either in amount or potency. The cur-
rent data do not support one hypothesis
over the other.

As was anticipated, the pattern of
fungal allergen levels throughout the
season is quite complex. Most puz-
zling is the observation that the two
measurements of Alternaria antigen
(Alt al and GP70) did not correlate
well with each other. These two mono-
clonal antibody-based assays are both
highly sensitive and specific. One pos-
sible explanation for why the antigens
correlate poorly with spore counts re-

lates to reports that At al-like immu-
nologic activity is present in fungi that
are taxonomically related to Alternaria
such as Stemphyllium.35 GP70 has also
been measured in other fungal species
such as Ulocladium.32 We may there-
fore be detecting antigens from several
species that may not all be contributing
the same amount of activity to the in-
tegrated sample we have measured. A
possible explanation for why concen-
trations of GP70 and Alt al are poorly
correlated to each other may relate to
the function and location of each pro-
tein in the fungus. GP70, for example,
is usually associated with rapidly
growing hyphae and appears to be se-
creted into the environment32 whereas
Alt al is frequently associated with
spores.36

As a result, when GP70 was high on
August 30, the fungi may have been
going through a rapid expansion phase
in response to favorable rainfall and
temperature conditions that were ob-
served at that time. Alt al, which was
high on September 14, may have been
produced as the fungi came under
stress due to low moisture conditions.
At this point the fungi would have
been more likely to produce spores to
survive until the next period of weather
favorable to growth occurred. Our
comparison of Alternaria spore counts
with measured allergen levels is con-
sistent with this possibility, though it
does not prove it. Peak Alternaria
spore counts on July 19 and September
1 correlated well with increased levels
of Alt al which were preceded by ele-
vations of GP70 allergen from rapidly
expanding mycelia.

There are several overall compari-
sons that can be made between particle
counting and EIA allergen measure-
ment when used as a tool for estimat-
ing human allergen exposure. Count-
ing methods can be quite precise, and
specific pollen grains or fungal spores
can be absolutely identified in most
cases. EIA analysis methods, on the
other hand, do not distinguish between
similar epitopes on mugwart, timothy
grass and ragweed.37 The argument can
be made, however, that the EIA result
is more closely related to the reaction

Figure 3. Alternaria spore counts in spores per cubic meter of air versus concentrations of the specific
Alternaria allergens Alt al and GP70 inmg/m3 of air. GP70,—r— Alta 1, and– –E – – Alt
Spores/m3.
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mounted by the individual in response
to an allergen. Unfortunately, enzyme
immunoassay methods are not avail-
able for most outdoor aeroallergens.
The question of whether pollen and
spore counts, or direct immunoassay
produces the closest correlation with
human symptoms will only be an-
swered after much additional investi-
gation.

CONCLUSIONS
The advantage of the SpinCon over the
Burkard collector is the ability to mea-
sure allergen concentrations in air sam-
ples. Since the collection efficiencies
are comparable for pollen at a flow rate
of 236 L/min and for spores at a flow
rate of about 500 L/min,31 different
rates may be needed for pollen and
spore collection. This high flow rate
ensures that enough air is sampled in a
short time to collect detectable
amounts of allergen. The addition of
an automated fraction collection capa-
bility to the SpinCon makes it an ideal
device for collecting air when antigens
are to be measured over time.

This work demonstrates the feasibil-
ity of direct immunoassay measure-
ment of allergenic material in the en-
vironment collected into a liquid
sample. We were able to detect aller-
gen in two pollens that were expected
to be in abundance in this area and in
the one of the most abundant fungi,
Alternaria. Measured concentrations
were generally in the range expected to
cause symptoms in allergic individuals
and correlated with pollen counts for
the respective species.

The relationship between airborne
bioparticles and their associated anti-
gen concentrations appears to be com-
plex. Our data indicate that there is a
good relationship between pollen
grains and pollen allergens, but not as
much agreement between spore counts
and fungal allergens. Fungal counts do
give an accurate measure of exposure
to fungal spores, but the patterns of
fungal allergen exposure are not yet
clear. Perhaps visual observation of
mold spores does not give as accurate
an indication of exposure as visual ob-
servation of pollen grains does. Since

it is the allergens that likely cause al-
lergic symptoms, further study of the
airborne concentration of allergens is
indicated.

REFERENCES
1. Gregory P. The microbiology of the

atmosphere. New York: John Wiley,
1973.

2. Knox RB, Heslop-Harrison J, Reed C.
Localization of antigens associated
with the pollen grain wall by immuno-
fluorescence. Nature 1970;225:
1066–1068.

3. American Academy for Allergy,
Asthma and Immunology. Pollen and
Spore Report 1993. Compiled by John
D Segale, American Academy of Al-
lergy and Immunology, Milwaukee,
WI (USA).

4. Freidhoff L, Ehrlich-Kautzky E, Mey-
ers D. Longitudinal variation of anti-
body levels in relation to symptom-
atology and pollen exposure and
correction of seasonally elevated anti-
body levels to basal values. J Allergy
Clin Immunol 1987;80(5):46–55.

5. Salvagio J, Seabury J and Schoenhardt
E. V. Relationship between charity
hospital asthma admission rates, semi-
quantitative pollen and fungal spore
counts and total particulate aerometric
sampling data. J Allergy Clin Immunol
1971;48(2):96–114.

6. Salvagio and Seabury J. IV. New Or-
leans asthma. Semiquantitative air-
borne spore sampling 1967 and 1968 J
Allergy Clin Immunol 1971;48(2):
82–95.

7. Salvagio, Kawai Tand Seabury J. IV.
New Orleans epidemic asthma. Semi-
quantitative aerometric sampling epi-
demiologic and immunologic studies.
Chest 1973;63(suppl):14S–15S.

8. Delfinino RJ, Zeigler RS, Seltzer JM,
et al. The effect of outdoor fungal
spore concentrations on daily asthma
severity. Environ Health Perspect
1997;105(6):622–635.

9. Reid M, Moss R, Hsu Y, et al. Sea-
sonal asthma in northern California:
allergic causes and efficacy of immu-
notherapy. J Allergy Clin Immunol
1986;78(4):590–600.

10. Ayres J. Trends in asthma and hay
fever in general practice in the United
Kingdom 1976–83. Thorax (England)
1986;41(2):111–116.

11. D’Amato G, DePalma R, Verga A, et
al. Antigenic activity of nonpollen
parts (leaves and stems) of allergenic

plants (Parietaria judaica and Dactylis
glomerata). Ann Allergy 1991;67(4):
421–424.

12. Duff A, Platts-Mills T. Allergens and
asthma. Pediatr Clin North Am 1992;
39(6):1277–1291.

13. Gelber L, Seltzer L, Bouzoukis J, et al.
Sensitization and exposure to indoor
allergens as risk factors for asthma
among patients presenting to hospital.
Am Rev Respir Dis 1993;147(3):
573–578.

14. O’Hollaren M, Yunginger J, Offord K,
et al. Exposure to an aeroallergen as a
possible precipitating factor in respira-
tory arrest in young patients with
asthma. N Engl J Med 1991;324(Feb):
359–563.

15. Platts-Mills T, Tovey E, Mitchel lE, et
al. Reduction of bronchial hyperreac-
tivity during prolonged allergen avoid-
ance. Lancet 1982;2(8300):675–678.

16. Platts-Mills T. How environment af-
fects patients with allergic disease: in-
door allergens and asthma. [Review].
Ann Allergy 1994;72(4):381–384.

17. Corey J. Environmental control of al-
lergens. Otolaryngol Head Neck Surg
(United States) 1994;111(3 Pt 2):
340–347.

18. Habenicht HA, Burge HA, Muilenberg
ML, Solomon WR. Allergen carriage
by atmospheric aerosol. II. Ragweed-
pollen determinants in submicronic at-
mospheric fractions. Allergy Clin Im-
munol 1984;74(1):64–67.

19. Platts-Mills TA, Chapman MD, Pollart
SM, et al. Establishing health stan-
dards for indoor foreign proteins re-
lated to asthma: dust mite, cat and
cockroach. Toxicol Ind Health 1990;6:
197–208.

20. Sporik R, Holgate ST, Platts-Mills TA,
Cogswell JJ. Exposure to house-dust
mite allergen (Der pl) and the devel-
opment of asthma in childhood. A pro-
spective study. N Engl J Med 1990;
323:502–507.

21. de Blay F, Heymann P, Chapman M,
Platts-Mills T. Airborne dust mite
allergens: comparison of group II al-
lergens with group I mite allergen and
cat-allergen Fel d I. J Allergy Clin
Immunol 1991;88(6):919–926.

22. Sakaguchi M, Inouye S, Irie TM, H, et
al. Airborne cat (Fel d I), dog (Can f I),
and mite (Der I and Der II) allergen
levels in the homes of Japan. J Allergy
Clin Immunol 1993;92(6):797–802.

23. Enberg R, Shamie S, McCullough J,
Ownby D. Ubiquitous presence of cat

VOLUME 84, JANUARY, 2000 53



allergen in cat-free buildings: probable
dispersal from human clothing. Ann
Allergy 1993;70(6):471–474.

24. Schou C, Hansen G, Lintner T,
Lowenstein H. Assay for the major
dog allergen, Can f1: investigation of
house dust samples and commercial
dog extracts. J Allergy Clin Immunol
1991;88(6):847–853.

25. Agarwal M, Swanson M, Reed C,
Yunginger J. Immunochemical quanti-
tation of airborne short ragweed, Al-
ternaria, antigen E and Alt-I allergens:
a 2 year prospective study. J Allergy
Clin Immunol 1983;72(1):40–45.

26. Agarwal M, Swanson M, Reed C,
Yunginger J. Airborne ragweed
allergens: association with various par-
ticle sizes and short ragweed plant
parts. J Allergy and Clin Immunol
1984;74(5):687–693.

27. Burge H, Solomon W. Sampling and
analysis of biological aerosols. Atmo-
spheric Environment 1986;21(2):
451–456.

28. Solomon WR, Burge HA, Muilenberg
ML. Allergen carriage by atmospheric

aerosol. I. Ragweed pollen determi-
nants in smaller micronic fractions. J
Allergy Clin Immunol 1983 Nov;
72(5):443–447.

29. Schappi GF, Taylor PE, Staff IA, et al.
Source of Bet vl loaded inhalable par-
ticles from birch revealed. Sex Plant
Reprod 1997;6:315–323.

30. Rantio-Lehtimaki A, Viander M,
Kouikko A. Airborne birch pollen an-
tigens in different particle sizes. Clin
and Exp Allergy 1994;24:23–28.

31. Cage B, Schreiber K, Barnes C, Port-
noy J. Evaluation of Four Bioaerosol
Samplers in the Outdoor Environment.
Ann Allergy Asthma Immunol 1996;
77(1):1–7.

32. Portnoy J, Brothers D, Pacheco F,
Landuyt J, Barnes C. A double mono-
clonal antibody assay for the Alterna-
ria Allergen. Ann Allergy Asthma Im-
munol 1998;81:59–64.

33. Portnoy J, Pacheco F, Upadrashta B,
Barnes C. A double monoclonal anti-
body-based assay for the 70Kd Alter-
naria allergen, GP70. Ann Allergy
1993;71:401–407.

34. Going J, Cage B, Thornburg M, Soder-
berg D. Prototype near real-time mon-
itor for Lewisite in stack gas. Thir-
teenth International Incineration
Conference. Houston, TX, May 9–13,
1994.

35. Agarwal MK, Jones RT, Yunginger
JW. Shared allergen and antigenic de-
terminants in Alternaria and Stemphy-
lium extracts. J Allergy Clin Immunol
1982:437.

36. Paris S, Fitting C, Ramirez E, et al.
Comparison of different extraction
methods of Alternaria allergens. J Al-
lergy Clin Immunol 1990;85(5):
941–948.

37. Fuchsm T, Spitzauer S, Vente C, et al.
Natural latex, grass pollen and weed
pollen share IgE epitopes. J Allergy
Clin Immunol 1997;100(3):356–364.

Request for reprints should be addressed to:
Jay Portnoy, MD
Chief, Section of Allergy/Immunology
The Children’s Mercy Hospital
Kansas City, MO 64108

54 ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY


