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Introduction

Ten years ago, monoclonal antibody (MAb)-based two-site enzyme
immunoassays (ELISAs) for Der p 1 and Der f 1 were first published,
and these assays have since become a cornerstone for assessment of
indoor allergen exposure (1,2). Subsequently, assays for several other
mite allergens have been developed, as well as assays for cat, dog,
cockroach, and fungal allergens (3-17; Table 1). Over 300 publications
using allergen immunoassays are now on medline databases covering
a broad spectrum of clinical, epidemiologic, and immunologic studies.
Early studies focused on the sites of allergen accumulation within the
home and seasonal variation in allergen levels. There followed a series
of case control studies and population studies designed to establish risk
levels for allergen exposure leading to sensitization and correlation of ex-
posure assessments with clinical symptoms and the severity of asthma
(reviewed in ref. 2 and articles 5 and 7). Analysis of airborne allergen
levels and particle size distribution defined the aerodynamic properties
of mite, cat, dog, and cockroach allergens (see Article 4), and the source
of the allergen (e.g., mite feces) or its anatomical site of production (e.g.,
cat anal glands). Measurement of major allergens by ELISA also be-
came incorporated into programs for standardization of allergenic
products used for diagnosis and treatment. Finally, immunoassays have
been essential in designing and monitoring allergen avoidance studies.
These include environmental studies where patients are moved from
allergen containing to allergen-free conditions (e.g., at high altitude);
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Table 1
Immunoassays for Indoor Allergens

Capture Second
Allergen MAD? antibody® Allergen standards Reference
Mite
Derp1 5H8 4C1e N1BSC 82/518, UVA 93/03 (3)
10B9 5H8® NIBSC 82/518, UVA 93/03 (3)
PIAO3 P1AQ1° 92-Dp 4)
Der f 1 6A8 4C1s UVA 93/02 (3)
F1B01 F1A05 92-Df (4)
Group 2 1D8 7A1® UVA 97/01 (5)
Group 7 WH9 HD19® n.a. (6)
Blot5 4G9 4D9® rBlo t 5 (7)
Mammalian
Cat, Fel d 1 6F9 3E48 CBER Cat E3, UVA 94/01 (8)
Dog, Can f 1 6E9 RaoCan f 1 NIBSC 84/685, UVA 98/01 (9,10)
Rat, Ratn 1 RUP-6 RUP-1® Affinity purified Ratn 1 (11)
Cockroach
Blag1 10A6 RaoBla g 1 UVA 97/02 (12)
Bla g2 8F4 RaoBla g 2 UVA 97/02 (12)
Pera3 A-2 E-4»r Purified Per a 3 (13)
Fungi
Aspfl 4A6 RacAsp f1 Affinity purified Asp f 1 (14,15)
Altal 121G 121G» rAltal (16)
MADb-1  MAb-2 Affinity purified nAlt a 1 (17)

“MADb used to coat ELISA plates.
'MAD or polyclonal rabbit antibody used for allergen detection. B = biotinylated; AP = alkaline
phosphatase conjugate; n.a. = not available.

studies where the source of the allergen (e.g., cat) is removed from the
enviroment; and intervention studies designed to reduce allergen lev-
els in the home (e.g., using encasings, acaricides, or protein denatu-
rants to reduce mite allergen levels) (Articles 6 and 7). Increasingly,
immunoassays are being used to assess the efficacy of allergen control
products and devices, such as encasings, air filters, and vacuum
cleaners. This provides the opportunity for manufacturers to design
products that are of proven efficacy by using objective methods to
demonstrate their effects on allergens.

The scope, breadth, and sheer weight of these studies would have
been inconceivable using previous immunochemical assays, such as
radioallergosorbent technique (RAST) (or ELISA) inhibition, which re-
quire large amounts of human sera with high titers of IgE antibodies.
The advantages of ELISA are high throughput, accurate quantitation
(ng/mL or pug/mL allergen protein), and defined specificity, using
MAbs to allergens of known molecular structure and allergenic impor-
tance. The limitations of this approach are that dust extraction, sample
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preparation, and the assays themselves are time-consuming, and their
use is confined to well-equipped research or clinical laboratories. As
information about the importance of indoor allergens as risk factors for
allergic disease has become widely understood by the public at large,
it has become apparent that simple, rapid, dust-sampling and allergen-
test systems are required. The guanine assay was the first patient-
based test for mite allergen and, over the past two years, several
MADb-based technologies have been developed for office- or home-based
testing. This article reviews progress in ELISA for indoor allergen assess-
ment and describes new approaches to allergen detection.

ELISA: The Gold Standard for Indoor Allergen Analysis

The key to successful immunoassays is the production of high-
affinity MAb with defined specificity directed against nonoverlapping
antigenic determinants (1). Pairs of MAb suitable for use in ELISA have
been produced for a growing number of indoor allergens (Table 1). In
most cases, one MADb is used for allergen capture and a second biotiny-
lated or enzyme labelled MAD is used for allergen detection. When only
a single MAD is available, polyclonal rabbit antibodies can be used for
detection, (e.g., in assays for Can f 1, Bla g 1, Bla g 2, and Asp f 1).
Recent developments include ELISA for Dermatophagoides spp. Group 5
and Group 7 allergens, Blomia tropicalis (Blo t 5), rat and mouse urine aller-
gens (Rat n 1 and Mus m 1), and fungal allergens (Asp f 1 and Alta 1).
Exposure to Blo t 5 or Der p 5 is significantly lower than to the Group
1 and Group 2 Dermatophagoides allergens, which presumably explains
the lower prevalence of sensitization to the Group 5 allergens (18).
Assays for Group 7 allergens have been used to compare levels in com-
mercial extracts and show 10-60-fold variation between Der p 7 levels
in standardized Dermatophagoides pteronyssinus extracts (K. Ichikawa,
unpublished data). Assays for mouse and rat urinary proteins have
been used to compare airborne allergen levels in animal facilities, as
part of occupational health studies aimed at reducing exposure of lab-
oratory personnel to these potent allergens (11,19,20).

The last 10 years have also seen the cloning of major fungal aller-
gens from Aspergillus, Alternaria, Cladosporium, and Trichophyton species.
The role of fungi in causing allergic and other respiratory diseases is
poorly understood and most exposure assessments rely on spore
counts or culture techniques. The problem with fungi is whether
ELISA assays will detect the growth form of the fungus found in dust.
Assays for Asp f 1, which is produced when Aspergillus germinates,
are usually negative on dust samples, which predominantly contain
fungal spores (15). Alt a 1 can be eluted from Alternaria spores, how-
ever, the spore count has to be very high (>100,000 spores/mL) for
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allergen to be detectable, and it seems unlikely that such high spore
concentrations will routinely be found in domestic environments (16).
Commercial Alternaria extracts have previously been thought to show
great variablity in allergen content, yet ELISA results show that these
extracts usually contain ~1-2 pg/mL Alt a 1. In contrast, Asp f 1 lev-
els in Alternaria fumigatus extracts were highly variable, ranging from
undetectable to 10-60 pug/mL Asp f 1 (16).

Allergen Standards

Producing and maintaining allergen standards is critical to the
reproducibility and accuracy of allergen assays. In the past, standards
have been established by comparing the allergen content of a refer-
ence preparation (e.g., mite or cat extract) relative to a purified sam-
ple of a given allergen (Der p 1 or Fel d 1). It is important to realize
that until recently all allergen standards were simply extracts that had
been calibrated to a known concentration; they were not purified
allergens. Two International Reference Preparations were established
in the 1980s that fulfill World Health Organization (WHO) criteria for
standards: mite, D. pteronyssinus (code NIBSC 82/518); and dog, Canis
familiaris (NIBSC 84/685) (21,22). At the time these standards were
prepared, they were estimated to contain 12.5 pug/mL Der p 1 or
100,000 ng/mL Can f 1, respectively. Subsequent studies suggest that
the value for Der p 1 may have been overestimated and that 5 ug
Der p 1/ampule for the WHO/International Union of Immunological
Societies (IUIS) D. pteronyssinus reference may be more accurate (Table
2; 4,21-23). Other standards, listed in Table 2, have been established
by researchers, regulatory agencies or manufacturers and biotechnol-
ogy companies for “in house” or commercial use. Although these
standards have been very useful for calibrating assays, in most cases,
their stability has not been established and differences have emerged
between estimates of the actual concentrations of allergen protein in
the standards. In addition to Der p 1, estimates of the Fel d 1 content
in cat standards also vary over a twofold range (Table 2).

Apparent differences in allergen content can in most cases be
related to variability in protein measurements and the purity of the al-
lergen used as the primary reference or standard. In the 1980s, aller-
gen purification was limited to immunochemical techniques, the allergen
sequences were not known, and relatively small amounts of protein
were available for research purposes. With the advent of allergen
cloning and the development of high-level expression systems, these
problems have now largely been solved and there is great interest in
using recombinant allergens for allergen standardization. Currently,
bacterially expressed rBlo t 5 and rAlt a 1 are being used as allergen
standards in ELISA, and most of the allergens listed in Table 1 have
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Table 2
Estimates of the Allergen Content of Standards Used for ELISA

Standard Allergen content Reference

Mite
D. pteronyssinus
WHO/IUIS (NIBSC 82/518) 4.4-12.5 ug Der p 1/ampoule (2,4,21)

CBER E5-Dp 24 ug Der p 1/mL (23)
UVA 93/03 D. pteronyssinus 2500 ng/mLe (3)
UVA 97/01 5000 ng/mL Der p 2 (5)
D. farinae
CBER E5-Df 9.5 ug/mL Der f 1 (4)
UVA 93/03 D. farinae 2500 ng/mL? Der f 1 (3)
Blomia tropicalis 2500 ng/mL rBlo t 5
Cat
CBER Cat E5 9.7U/mL —
UVA 94/01 1.6 U/mlLb (24)
Dog
WHO/IUIS (NIBSC 84/685) 100.000 IU/mL (22)
UVA 98/02 5,000 IU/mLe —
Cockroach
UVA 97/02 100 U/mL Blag1 (24)
2000 ng/mL Bla g 2 (25)

"Relative to WHO/IUIS D. pteronyssinus, assuming 12.5 pug Der p 1/ampoule.
bRelative to CBER E5 (Estimates of 1 U = 1.9-4 ug protein).
Relative to NIBSC 84/685 (1 U = ~ 1 ng protein).

been expressed as recombinants with immunoreactivity comparable
to the natural allergen. As part of a new initiative in allergen stan-
dardization, the WHO/IUIS Allergen Standardization Committee is
embarking on a program to produce purified natural and recombi-
nant allergens for standardization. This program will involve collab-
orations between academic researchers, allergen manufacturers, and
biotechnology companies to produce the purified allergens, which
will serve as primary standards for immunoassays and be stored in
WHO-approved repositories. Criteria will be established for aller-
genic purity and for acceptable protein measurements. One approach
will be to use the allergen extinction coefficients for protein determi-
nations, because these are now known from the cloning data, and are
available on the World Wide Web. Optical density (OD) measure-
ments are in general laboratory use and provide independently ver-
ifiable methods of allergen determination. An excellent correlation
has been reported for two different ELISAs for Der p 1 and Der f 1
(p > 0.95, p < 0.001) and the authors reported that these assays were
“identical” (4). Quantitative differences between allergen standards
are an important source of assay variability, which will be resolved
once the WHO/IUIS international standards are established. As an
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example, mite allergen Der p 2 has been expressed at high level in
Escherichia coli. Recombinant Der p 2 is highly immunoreactive and
has been used in nuclear magnetic resonance (NMR) and X-ray crys-
tallographic studies to determine the tertiary structure of the allergen
(26,27). The allergen is available in sufficient quantities to initiate an
international collaborative study to establish a primary standard
using rDer p 2, and this standard would form the basis of future
immunoassay standards.

Practical Considerations and Assay Performance

The widespread use of immunoassays for measuring allergen
exposure spurred the need to examine the reproducibility of the
assays and factors affecting assay performance. At the Third Indoor
Allergen Workshop in 1995, a multicenter study of assay variability
was designed to compare the results of assays for Der p 1 in house
dust samples in 20 laboratories worldwide. This study, coordinated by
Rob Siebers of the Wellington Asthma Research Group in New
Zealand, has produced interesting data. Initial results showed that
Der p 1 values from the different labs varied over a six- to sevenfold
range and that temperature of extraction significantly affected the
results. Dust samples extracted at 4°C (overnight) contained 50-60%
less Der p 1 than samples extracted ar room temperature (2 h) (28).
Other predicted sources of variability were differences in allergen
standards and plate-to-plate variation. Our results on samples ana-
lyzed as part of this study showed that temperature affected Der p 1
extraction, but that plate-to-plate variability was <10% and the results
obtained using two standards were very similar (Table 3). Interest-
ingly, the results on extraction temperature appear to apply only to
Der p 1 because temperature does not affect extraction of Der p 2 or
Fel d 1. Several published studies show that intraassay variation of
indoor allergen ELISA is ~5% and that inter-assay variation ranges
from 5-18% depending on the allergen (3,29-31). These results sug-
gest that the assays behave consistently within a given laboratory.
However, the inter-laboratory comparison leaves room for improve-
ment. Siebers et al. (32) report sevenfold variation in Der p 1 results
from 29 different labs (from 16-110 pg/g) in a follow up study. Close
inspection of these results reveals that approx 60% of the labs gave
results within a two- to threefold range, which would be acceptable
under Food and Drug Administration (FDA) guidelines for an aller-
gen standard (50-200% of the reference preparation). Clearly, further
studies are required to reduce the variability and to bring the “out-
liers” into the range of the majority of the participating labs.

Clinical Reviews in Allergy and Immunology Volume 18, 2000



Do ¥e pajoenxa sapduwes ur usas s[pAd] T d 19(] Ul uoronpar jusdrad oy ayedrpur sisayjuared ur samlry,
*(8/81) yusyuod T d 13 se passardxs are symsay sare[d ygrq yeredss omy
uo ayedridnp ur no parLIed arem shesse a3y pue (816/28 DSAIN 10 €0/€6 VAN) Spiepuels uaSidf[e juaiayip om} Sursn pared
-W0d I9M SINSIY A[PARddsaI ‘0§ e PYSTUIA0 10 (D,67) dInjeraduwe) WooI je | ¢ 10j Pajoenxe amam 7Z-y sorduwes isn(y

(%04) 9 (%14 S (%04) T9 (%02) €6 0¢ L1 1T 81 Z
(%6F)  S6  (%0S) 18 (%6F) 96 (%8%) 8 /81 091 681 6ST X
(%89) St (%6S) 8¢ (%8S ¥ (%89 0OF 80T 6 €11 6 X
(%69) 0T  (%Z9) 88 (%£9) 11 (%69) 6 € Yré €¢ 6C D
(%99) Tl (%29 01 (%6S) <l (%79) 01 i ¥ 6C 9 q
(%9€) F€0  (%€E) €0  (%6E) S€°0 2(%9¢€) €0 €60 G0 /S0 [¥0 \%
816/¢8 €0/€6 81S/¢8 €0/€6 816/¢8 €0/€6 81S/¢8 €0/€6 rdures
DSIIN VAN DSIIN VAN DSIIN VAN DSIIN VAN
T el I 9e[d T 9eld T e[d

Do ¥e uondenxyg

durey wroor ye uoroeIXg

vSI1d T d :eq ur

sa[qerreA jo uostredwo))
€ °lqel

Volume 18, 2000

291

Clinical Reviews in Allergy and Immunology



292 Chapman et al.

The sensitivity of most indoor allergen ELISAs is of the order
0.5-2 ng/mL, with a linear range of 5-50 ng/mL. For assays of reservoir
dust samples, this level of sensitivity is quite adequate and these
assays have been widely used in air sampling studies (8,33-37). In-
creased assay sensitivity can be obtained by increasing the concentration
of biotinylated detector MAb or by the use of various amplification
systems that are commercially available (e.g., AMDEX, Amersham Phar-
macia Biotech; ELAST, NEN Life Science products; and streptavidin-
peroxidase polymer, Sigma, St. Louis, MO) (11,38). These systems use
either catalyzed reporter deposition or polymeric streptavidin to
amplify the assay signal and have detection limits in the pg range.
This level of sensitivity may improve airborne allergen and personal
sampling (see Article 4).

Rapid Tests for Indoor Allergen Detection

Environmental allergen avoidance is recommended as the first
line of treatment for asthma and is endorsed by recent National Heart,
Lung and Blood Institute (NHLBI) guidelines, an American Academy
of Allergy, Asthma and Immunology (AAAAI) position statement and
a European Allergy White Paper (39—41). In some cases, the recom-
mendations suggest that exposure assessment can be obtained by pa-
tient history and tests for allergen sensitization (39). However, patient
history may not be a good guide to mite or cockroach sensitization,
or to animal allergen exposure, if the patient does not keep furred
pets. Even if sensitization is demonstrated (e.g., by skin testing or in
vitro tests), patients may not be, or may not believe themselves to be,
significantly exposed at home. These considerations, coupled with the
need to educate patients about the role of indoor allergens in causing
asthma, have spurred the development of qualitative or semiquanti-
tative tests for assessing allergen exposure. These tests are simple
enough to be carried out in doctors” offices, clinics, or other health-
care facilities, and in patients” homes. The forerunner of these tests
was the guanine assay (mites are the major producer of guanine in
house dust), but this test showed a variable correlation with allergen
levels and did not achieve widespread acceptance (42).

A new generation of allergen detection tests is now becoming
available that use specific MAbs or polyclonal antibodies (PAbs)
bound to membranes in simple dipstick or cassette formats. Three
tests that are currently available are DUSTSCREEN, the ACLOTEST,
and gold-based lateral flow tests. DUSTSCREEN (CMG-HESKA, Fri-
bourg, Switzerland) is a nitrocellulose-based strip test that detects
multiple allergens in a single test using one dust sample. The nitro-
cellulose strip has six “spots” that are precoated with capture MADb.
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Fig. 1. DUSTSCREEN assay for multiple-test allergens in house dust. The
strips are slotted into a plastic incubator and washing tray. Each strip contains
controls and five dot areas for allergen detection: negative control, postive
control, Der p 1, Der f 1, mite Group 2, Fel d 1, and Bla g 2 (top to bottom).
Samples (left to right) were: mite extracts UVA 97/01; 93/03; 93/02; house-dust
extract containing mite allergen; Fel d 1 standard 94/01; dust extract from
house containing cats; Bla g 2 standard; dust from cockroach-infested house;
PBS control.

Following incubation with dust sample, bound allergen is detected
using a cocktail of enzyme-conjugated secondary MAb to mite cat or
cockroach allergens (Fig. 1). This test can be quantitated using a strip
reader and shows a good correlation with ELISA (43). However, the
test takes several hours to perform and the procedure is best suited
for pharmacy, clinic, or office use where allergen levels on dust sam-
ples could be obtained the same day. The ACLOTEST (Lofarma,
Milan, Italy) is a dipstick test for mite that uses polyclonal rabbit anti-
bodies to mite extract for allergen capture and affinity purified PAbs
conjugated to colloidal dye (Samaron Brilliant Pink) for detection. This
test correlates with ELISA for mite allergen over the range 0.5-10 ug/g
and takes 30-60 min to develop (44). Results are graded as “negative”
(no spot); weakly positive (light pink spot, 0.5-2 pg/g); or strongly
positive (pink spot, >2 ug/g). At present, the test is only available for
mite allergen.

The most recent advance is the development of true rapid tests for
mite allergen that use lateral flow technology and gold-labeled MAb
for detection. Capture MAD is “striped” onto the membrane and gold-
labeled secondary MADb is impregnated in a pad with an absorbent
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wick at one end of the membrane. When dust extract is applied to
the wick, allergen diffuses into the pad and binds to the gold-labeled
MADb. This complex flows further along the membrane until it meets
the line of capture MAb, where the complex binds and forms a visi-
ble red line (Fig. 2). The intensity of color development is propor-
tional to the allergen concentration in the sample. The lateral flow
test has been developed for mite Group 2 allergen and has the advan-
tages that it detects both D. pteronyssinus and D. farinae, is sensitive
(detection limit ~100 pg) and results are obtained within 10 min (45).
The test uses the same technology as pregnancy tests and is ideally
suited to home use. Prototypes have been developed for mite Group 1
allergen, and Fel d 1. In principle, lateral flow technology can be
applied to other allergens, e.g., cockroach, rodent urinary allergens,
foods, and latex, thus providing simple tests of exposure for a variety
of environmental allergens.

A central issue for indoor allergen analysis that applies to all of
the tests described above (including ELISA) is the collection, process-
ing, and handling of dust or air samples. Unlike pregnancy testing
and other clinical tests using body fluids, allergen sampling requires
collection of dust and extraction in an appropriate buffer, prior to
assay. This remains the most time-consuming and contentious area of
exposure measurements. Typically, research labs and commercial ref-
erence labs sieve dust, weigh out 100 mg fine dust for extraction, and
express the results as ug allergen/g dust. These procedures have been
endorsed by three International Workshops on Indoor Allergens and
Asthma (see ref. 2). Some researchers use vacuum cleaners with adap-
tors that separate fine from coarse dust and avoid the need for siev-
ing. However, for office-based testing or for patient use, sieving is not
a feasible option and it it advisable to reduce to a minimum the
numbers of steps required to prepare the dust sample. The most
promising device currently available is the MITEST dust collector
(MITEST, Dublin, Ireland). This collector fits onto the suction end of
a vacuum cleaner and has an inner tube with a permeable mem-
brane, which permits air flow, but enables the dust sample to be col-
lected. An area of 0.25 m? is vacuumed for 2 min, after which the
collector is capped at the lower end and buffer (~10 mL) is added.
The top end is capped, the solution shaken and extracted for 5 min,
and then applied to the allergen test. Using this collector together
with gold-based lateral flow tests, a dust sample can be collected,
extracted, and tested within 15-20 min (45). Although the MITEST
device shows promise, it cannot be used on vacuum cleaners that do
not have tube wands (e.g., upright cleaners) and it is designed as a
single-use plastic disposable device, which is not environmentally
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Fig. 2. Rapid lateral flow tests for allergen detection. Allergen sample dif-
fuses along the wick, reacts with gold-labeled MAb and diffuses to the capture
MAb zone. Here, the complex is bound and forms a red line. Unbound gold-
labeled MAb diffuses further to a second capture MAb (anti-mouse IgG) and
forms a positive control line.

friendly. Other possibilites include the use of paper collectors or fil-
ters that can be recycled.

Conclusions

Over the past 10 years, indoor allergen avoidance has become
recommended as an integral part of the management of patients with
asthma, together with anti-asthma drugs and immunotherapy. This
recommendation is in large part owing to the extensive epidemio-
logic studies on sensitization and exposure to indoor allergens that
have been carried out worldwide and in which immunoassays for
measuring exposure have played a major role. Currently, several
prospective studies are underway in Manchester and Southampton,
UK, and in Boston, MA, to investigate the effects of early childhood
exposure on asthma prevalence, including controlled trials of avoid-
ance in infancy to see if effective reductions of allergen exposure at home
decrease the prevalence of the disease (see Article 7). The outcomes of
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these studies could have an enormous impact on the significance of
indoor allergens from a public health perspective. The recent AAAAI
position statement on environmental allergens emphasizes the fact
that patient adherence to allergen avoidance recommendations is
often low, between 20 and 50% in clinical trials, and likely lower in
clinical practice. This underscores the need for better patient educa-
tion and care to ensure that avoidance procedures are properly
implemented. Monitoring allergen exposure can play a role in
demonstrating whether patients are exposed to significant concentra-
tions of indoor allergens and in encouraging compliance with avoid-
ance procedures. However, there are notes of caution. The rub with
allergen avoidance has always been that even if avoidance reduces al-
lergen exposure by 80-90%, reservoir levels may remain higher than
the proposed threshold levels for sensitization, e.g., 2 ug/g mite
allergen, in homes with very high allergen levels (>10 ug/g). This is
a potential problem for patient-based tests, such as ACLOTEST or
lateral flow tests, which may give positive reactions even when sub-
stantive allergen reduction is achieved. At present, such tests should
be used as screening tests to demonstrate exposure, whereas ELISA
is the preferred technique for following avoidance procedures. It has
been estimated that a twofold reduction in allergen exposure could
reduce the risk of developing asthma and asthma severity (46-48).
Although this effect for a relatively modest reduction in allergen
exposure may be optimistic, it suggests that reducing allergen levels
of key reservoirs (in bedrooms, living rooms, and basements) by
more than 50% may reduce asthma morbidity.

Immunoassays have clearly had major impact on research and
clinical studies involving indoor allergens, but their potential in other
areas of allergy research is only just beginning to be realized. Detec-
tion of food, latex, fungal, and pollen allergens is in its infancy and
these are all areas that could benefit from this technology. Contami-
nation of foods with allergens, particularly peanut, is a potentially
life-threatening problem for highly sensitive patients and the use of
immunoassays could help manufacturers prevent cross-contamination
in food-processing operations. Immunoassays could also be used to
verify that food products are free of allergens, e.g., by measuring the
peanut allergens, Ara h 1, Ara h 2, or Ara h 3. Assays for latex aller-
gens are needed to assess the allergen content of latex products and
medical devices, as well as to assess environmental exposure to latex
among health care and other workers, e.g., in operating rooms and
clinics. Tests for fungi need to be improved by developing assays for
different species, including species that may not necessarily present an
allergy problem, but may be associated with toxic products, e.g.,
Stachybotrys. Finally, there are few assays currently available for grass,
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weed, or tree pollen allergens and these are needed for allergen stan-
dardization and possibly for evaluation in exposure assessment. Pollen
counts have been used for over 100 years and are now widely used in
Western countries to predict pollen exposure for hayfever patients,
e.g., through such organizations as the AAAAI and the National
Pollen Network in the United States. Pollen-counting stations are time-
consuming and potentially could be replaced by immunoassays.

The rapid tests have great potential for empowering asthma pa-
tients with simple methods for determining exposure to indoor aller-
gens and to other allergens. Once these tests become widely available,
it will be interesting to see whether new approaches to avoidance or
new devices will come directly from patients. Another application of
lateral flow technology is to measure allergen specific IgE antibodies
in finger-prick blood from patients using membranes coated with
cocktails of recombinant allergens. Although this approach may seem
futuristic, the use of patient based self-diagnostic tests is increasing.
Given the high percentage of the population that is allergic, the
allergy market is an attractive target for this type of testing, especially
in countries where allergy testing is not a high priority (e.g., the
United Kingdom, where allergy evaluation does not routinely form
part of asthma management). Over the next decade, we can look for-
ward to further applications and advances in immunoassay technol-
ogy, which should provide better understanding of the role of allergen
exposure in asthma and lead to the development of effective inter-
vention strategies.
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