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Abstract

Background: Measurement of the soybean aeroallergen
in Barcelona and other cities where soybean is unloaded
is of increasing importance in controlling population
exposure and evaluating the influence of such exposure
on the persistence of asthma symtpoms. Objective: The
aims of the study were: (1) to standardize an amplified
ELISA inhibition method for the quantification of soy-
bean aeroallergen and (2) to compare this method to a
previously described RAST inhibition method. Methods
and Results: An amplified competitive ELISA inhibition
method with a biotin-streptavidin system was carried out
using a pool of sera from soybean-sensitized patients.
The results were expressed as U/ml using a low-molecu-
lar-mass soybean allergen as reference standard. Repro-
ducibility was calculated by statistically comparing the
slope of the regression lines of the standard curve of 4
consecutive assays and by determining the coefficient of
variation (CV) of the percent inhibition data for each
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point of several independent standard curves, each from
the same assay (intra-assay) and also from a sepa-
rate assay (inter-assay). No significant differences in
the slopes were obtained by analysis of covariance
(ANCOVA) F = 1.04. The CV between assays varied
between 4 and 22% (for the assay range used in the ref-
erence standard) and was greater than the CV within
assays (5-10%). Only values with a CV(%) smaller than
20% were considered acceptable. 78.5% of the samples
satisfied this criterion. The RAST inhibition and ELISA
inhibition methods were compared by difference plots
from the values of 338 air filter eluates. The intraclass
correlation coefficient was 0.456 (p < 0.001). After the
results of both methods were classified as lower and
higher than 165 U/m3, the kappa index was 0.46 (p <
0.001). Conclusions: The data obtained in the present
study are comparable to those reported from other simi-
lar immunoassays. Moreover, despite the difficulty in
comparing air-sampling values from different laborato-
ries, the kappa index may be taken to represent fairly
good agreement beyond chance between both methods.
All these data demonstrate that the present immunoas-
say is useful for measuring airborne soybean aeroaller-
gens and can also be applied to evaluate the relationship
between exposure and the development of asthma
symptoms.
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Introduction

From 1981 to 1987, 26 asthma outbreaks occurred in
Barcelona. Epidemic days of acute asthma accounted for
958 emergency room admissions for unusually severe
asthma exacerbations, resulting in 20 deaths and frequent
admissions to the intensive care unit. Investigation of
these epidemics revealed that the outbreaks were caused
by soybean dust generated by unloading of soybeans in
Barcelona harbor on days when the wind carried the soy-
bean dust over the city [1-3]. Rodrigo et al. [2] demon-
strated that during an epidemic the serum of patients with
asthma reacted specifically to an acidic, low-molecular
mass (LMM) protein (< 14 kD) located principally in hulls
and dust of soybeans unloaded in the habor. Two proteins
located in soybean hulls were later shown to be the main
allergens responsible for this asthma epidemic [4]. Both
proteins are isoallergens (Gly m la and Gly m 1b) with
molecular weights of 7.0 and 7.5 kD, respectively, and are
highly homologous with the hydrophobic soybean protein
(HSP) described by Odani et al. [5].

In 1987, measures were taken to avoid the release of
large amounts of soybean dust into the atmosphere during
unloading. These measures consisted of fitting the silos
with bag filters and regularly following up dust emissions
during the soybean unloading process. This drastically
reduced the spread of the dust into the atmosphere. This
action produced a significant decrease in the atmospheric
concentration of the dust and, as a consequence, the asth-
ma epidemics disappeared [6]. However, low concentra-
tions of soybean dust still persist in the atmosphere at
detectable levels and despite the disappearance of the epi-
demics, a large number of the individuals affected were
still sensitive to soybean [6].

Soybean epidemic asthma has been well documented
in New Orleans, La. (USA) [7], Naples (Italy) [8] and
some cities in Spain [9-11]. These studies have demon-
strated the importance of reducing the emissions of soy-
bean dust during unloading operations. Therefore it is
very useful to have systems to monitor airborne soybean
allergen. Measurement of soybean aeroallergen concen-
tration is currently achieved by automated air samplers in
the city [12]. The allergen is extracted from the filters in
these air samplers and immunochemically assayed for its
contents of soybean proteins [13, 14]. These measure-
ments are used to assess the effectiveness of the interven-
tions aimed at reducing allergen exposure and to examine
exposure-response relationships in the asthmatic popula-
tion [15].

An Amplified ELISA Inhibition Method for
the Measurement of Airborne Soybean
Allergens

Several different immunological methods have been
used to measure occupational allergens, with the RAST
and ELISA inhibition being the most used. However,
ELISA methods have replaced the radioimmunoassays in
many laboratories, as they offer comparable sensitivity
without the problems of disposal and the short half-life
associated with radioactive materials [16].

Although inhibition methods are used by the FDA to
quantify skin test extracts [17] — also with other immuno-
chemical techniques — in most cases these methods are con-
sidered semiquantitative assays with potential long-term
reproducibility problems because of the use of heteroge-
neous antibody pools [18]. As a consequence, the compari-
son of absolute measurements of airborne allergens among
different studies is difficult. For each antigen, therefore,
assessment of the efficacy of each of these techniques is
essential for the quantification of exposure data [19].

The aims of the present study were: (1) to standardize
an amplified ELISA inhibition method for the measure-
ment of soybean aeroallergen; (2) to compare this method
with a previously described RAST inhibition assay [13].

Materials and Methods

Air Sampling

According to previous studies [12], large-volume automated air
samplers (CAV-A/HF, MCV, SA, Barcelona, Spain) containing glass
microfiber filters with a pore size of 1 um (Whatman International
Ltd., UK), installed in three districts of the city close to the harbor
and changed daily facilitate the collection of samples of airborne soy-
bean dust. The air volume used for dust collection was 55 m3/h.

Glass Microfiber Filter Elution

Soybean aeroallergens were extracted from the filters in 5 ml
PBS/0.2% BSA/0.1% Tween 20, pH 7.4 overnight at 4°C, after
which the filter was discarded and the eluates analyzed.

Validation of Allergen Extract

A soybean LMM allergen (soybean-LMM) containing proteins
with a molecular weight lower than 10 kD was used as reference prep-
aration for soybean aeroallergen measurement. This reference prepa-
ration was prepared following the protocol of Swanson et al. [13].

A soluble protein extraction with 0.1 M NH4 (HCO3) buffer, pH
7.9, was done. The eluate was subjected to double dialysis with 10-
and 3.5-kD pore size membranes (Spectrapor, Iberlabo, Los Angeles,
Calif., USA). Briefly, a solution of 100 ml of the soybean extract was
added to the 10-kD pore size dialysis membrane. The membrane was
placed posteriorly inside another 3.5-kD pore size membrane, to-
gether with 300 ml of H,Op. The extract was dialyzed against H,Op
at 4°C and shaken. The fraction containing the proteins with molec-
ular weights between 10 and 3.5 kD was later concentrated to a final
volume of 2 ml.

The following studies were conducted to assess the properties of
the soybean-LMM:
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Protein Composition (Electrophoresis of the Extract). The extract
was loaded onto a 5-17% SDS-polyacrylamide gradient gel. Antigen
extract containing 20 and 25 g of protein was treated with 5% mer-
captoethanol and applied to a 3% stacking gel. Electrophoresis was
carried out at 20 mA per gel until the tracing dye reached the bottom
of the gel. After electrophoresis, gels were stained with Coomassie
brilliant blue (Bio-Rad Laboratories, Richmond, Calif., USA).

Specificity of the Reference Preparation. In order to confirm
whether this soybean-LMM maintains its allergenic properties, 32
samples from asthmatic patients with a known concentration of IgE
to soybean (Glycine max, f14, UniCAP 100, Pharmacia AB, Upp-
sala, Sweden) were assayed by ELISA using the soybean-LMM stan-
dard and HSP [5] as antigens. Correlation coefficients between soy-
bean-LMM and HSP were analyzed by the Spearman rank test.

ELISA Inhibition Assay

The soybean allergen was determined by an amplified competi-
tive ELISA inhibition assay based on the method described by Swan-
son et al. [13] and modified as follows: wells of high-binding microtit-
er plates (Costar, Cambridge, Mass., USA) were incubated overnight
at room temperature with the LMM allergen (1:1,000 v/v) in 0.2 M
Na,CO3/NaHCOj; buffer, pH 9.2. After three washes (0.1 M phos-
phate buffer/0.1% Tween 20, pH 7.4), the plates were incubated
overnight at room temperature with 50 ul/well of either air sample
extract or the soybean-LMM reference preparation (with an assigned
value of 106 U/ml) and 50 pl/well of an undiluted pool of sera from
12 allergic patients (mean age 44 years) with 19 kU/I specific IgE to
soybean (UniCAP 100, Pharmacia AB, Uppsala, Sweden). The OD
at this antigen concentration at 450 nm was not higher than 1.20. It
should be noted that the pool of sera was obtained in large quantities
prior to starting the study to ensure the availability of this reagent.
After three washes, 100 ul/well of biotinated anti-human IgE
(0.5 pug/ml, clone B3102ES8; SBA, Ala., USA) were incubated for
1 h at 37°C and then rinsed. Thereafter, the plates were incubated
with 100 ul/well of streptavidin-peroxidase (1 ug/ml; SBA) for 1 h at
37°C and then rinsed. Thereafter, the reaction was allowed to devel-
op with 3% H,0,, 3,3’,5,5'-tetramethyl-benzidine for 20 min at room
temperature in the dark. The reaction was stopped with 2 M H,SOy4
and read at 450 nm with a plate reader (Titertek Multiskan Plus
MKII). The standard curve was constructed from six data points
using a four-parameter logistic curve fit, and the percentage inhibi-
tion was calculated by comparison with the uninhibited serum pool.
The soybean concentration of the air samples was calculated as:

[soybean] (U/m?) = (U/well) x filter elution volume (ml)

volume of air sampled (m3)

The minimum amount of allergen detectable with this assay was
calculated as the percentage of the maximum inhibition from which
the curve is no longer linear. This limit varied in each assay and is
expressed as U/ml. In the assays carried out in this study, the detec-
tion limit oscillated between 300 and 1,860 U/ml, 1 U was indirectly
estimated to contain approximately 1 ng of allergen [12]. These lim-
its were used to calculate the detection limits for a mean sampled
volume of 150 m3, These limits oscillated between 10 and 62 U.

Reproducibility

The reproducibility of the assay was assessed in two ways: (1) by
comparing the slope of the standard curve of four consecutive assays.
The percent inhibition data for each of the curves were plotted
against log concentration. The regression line in each case was con-
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structed from at least six points. Significant differences in the slopes
of the lines were then tested by analysis of covariance (ANCOVA);
and (2) by calculating the coefficient of variation (CV) within and
between assays. The CV of the assay was calculated by determining
the CV of the percent inhibition data for each point of several inde-
pendent standard curves each from the same assay (intra-assay) and
from a separate assay (inter-assay). The standard curves of the same
assay were independently diluted.

Comparison between the RAST and ELISA Inhibition Methods

The values for 338 air samples collected in glass microfiber filters
of automated air samplers were analyzed by the method described in
this paper and compared with the RAST inhibition method de-
scribed by Swanson et al. [13]. The two assays used the same elution
method and the soybean-LMM extract previously described as anti-
gen and reference preparation. Agreement between both methods
was assessed after classifying the results as lower and higher than
165 U/m3, since this value was the highest value recorded in 22 days
after the interventions [6].

Statistical Analysis

ANCOVA was used in the reproducibility study when comparing
the slopes of the regression lines obtained for the standard curves.
The significance of the test was then obtained from F tables. Correla-
tion coefficients between soybean-LMM and HSP were subjected to
the Spearman rank test. The ‘difference plot’ statistical procedure
recommended by Bland and Altman [20] was used to compare the
soybean concentration obtained by the ELISA inhibition and the
RAST inhibition methods; after logit transformation of the data, the
difference between the paired measurements was plotted against the
mean of the measurements. The 95% confidence interval for the dif-
ferences was used to assess the differences between both methods.
The limits of this interval were given by the mean difference + 1.96
SD. The kappa index and intraclass correlation coefficient were used
to assess the agreement between the two methods.

Results

Validation of Allergen Extract

Protein Composition. Figure 1 shows the Coomassie
brilliant blue stain of 5-17% SDS-PAGE gel of soybean-
LMM extract. The extract demonstrated predominant
bands <14.4-kD MW markers.

Specificity of the Reference Preparation. For the 32 val-
ues of specific IgE (A4s50nm) against soybean-LMM and
HSP in asthmatic patients, the medians (ranges) were
0.187(0.092-0.887) for soybean-LMM and 0.274 (0.109-
1.068) for HSP. No significant differences were found
between them (r = 0.939, p<0.0001).

Variation in Sample Duplicates and Criteria for Result

Acceptance

Owing to the variability of these methods, specific cri-
teria for result acceptance were established. Figure 2
shows the variation in duplicates of 84 samples used to
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Fig. 1. Coomassie brilliant blue stain of 5-
17% SDS-PAGE gel of soybean-LMM stan-
dard. Lanes 1 and 5: MW markers; lanes 2—
4: soybean-LMM (20, 20 and 25 pg). The
extract demonstrated predominant bands
<14.4-kD MW markers.

Fig. 2. Variation in duplicates of 84 sam-
ples. We consider only values with a CV (%)
of less than 20% as a criterion for acceptance 20
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of results. 78.5% of the samples were within
this criterion.
Fig. 3. No significant difference was found
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between the slopes of the four standard 0
curves (ANCOVA) performed consecutive- 0 60
ly. These results show that the assays are

comparable.

standardize the method. Only values with a CV (%) less
than 20% were considered acceptable. 78.5% of the sam-
ples satisfied this criterion. All tested samples were re-
peated until this criterion was met.

Reproducibility
The regression lines derived from the standard curves
of four consecutive assays are shown in figure 3. No sig-
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110 160 210 260 310 360 410 460 510

Antigen concentration (U/mt)

nificant differences were found among the slopes of the
four standard curves plotted consecutively. These results
show that the assays are comparable. The CV between
assays varied between 4 and 22% (for the assay range used
in the reference standard) and was greater than the CV
within assays, which ranged from 5 to 10%.
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Fig. 4. log difference plot of 336 samples measured by the two immunoassays with limits of agreement (dashed

lines).

Comparison between the RAST and ELISA Inhibition

Methods

Median concentrations of soybean allergens were cal-
culated as the distributions were not normal. The median
(range) values of the 338 air samples were 50 U/m3
(0-636) for the ELISA inhibition method and 54 U/m3
(0-610) for the RAST inhibition method. Figure 4 shows
the difference plot analysis of the concentrations (U/m3)
of the 338 air filter eluates. The differences between loga-
rithms were —2.24 and 2.6 in approximately 95% of the
cases. The intraclass correlation coefficient was 0.456
(p < 0.001). After classifying the results of both methods
as lower than or equal to 165 U/m3 and higher than 165
U/m3, the value of the kappa index was 0.46 (p < 0.001).

Discussion

Both the epidemiological studies and the studies on
specific IgE to soybean carried out following the asthma
epidemics in Barcelona attributed their cause to the
unloading of soybean in the harbor [1, 3]. The environ-
mental intervention in September 1987 with the installa-
tion of bag filters in a silo led to a decrease in airborne
soybean concentrations and the subsequent disappear-
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ance of the epidemics [6]. The 1,555 U/m3 level of soy-
bean allergen detected during a determined asthma epi-
demic day [12, 21] was substantially higher than the high-
est value (165 U/m3) recorded in 22 unloading days after
the interventions [6]. These data show that the measure-
ment of soybean aeroallergen levels in harbors loading
and unloading soybean is of increasing importance in con-
trolling the efficiency of the environmental interventions
in order to prevent new asthma outbreaks in these areas.
The present study reports the assessment of a new
amplified ELISA inhibition method for the measurement
of this airborne soybean allergen, with a biotin-streptavid-
in system which increases the sensitivity of this assay.
Several techniques have been used to measure the aller-
gens in the air [18, 22-24]. The direct ELISA or RIA
methods are used for the measurement of allergens for
which there are specific monoclonal antibodies and puri-
fied antigen for use as a reference standard. Rapid ad-
vances have been made in the last few years in allergen
characterization and sequence determination using chem-
ical and molecular biological approaches. However, in
many cases neither specific monoclonal antibodies nor
purified antigen are available. In these cases, the other
alternatives are competitive immunoassays. The princi-
ple of these methods is the comparison of specific immu-
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noglobulin binding by the soluble material extracted from
the filters with a reference allergen source.

Competitive inhibition assays are considered to be
semiquantitative methods [19], and accurate measure-
ment requires assessment of the efficacy of these tech-
niques. One of the limitations is the absence of standards,
which are currently unavailable for quantifying soybean
aeroallergen. The results of the present study refer to a
reference preparation (soybean-LMM) with an assigned
value of 10° U/ml. The soybean-LMM reference proved
to be a suitable reference preparation for the measure-
ment of soybean exposure, as shown by the results of the
SDS-PAGE gel (fig. 1) and the correlation study of spe-
cific IgE to HSP. These studies demonstrated that this
standard is composed of the LMM proteins responsible
for the asthma epidemics and contains most of the soy-
bean allergenic activity [2].

A further disadvantage of these methods is their poor
reproducibility. In our study, the results of intra- and
interassay CVs and the slope of the inhibition curves
(fig. 3) show them to be comparable to those reported for
similar immunoassays [18, 25]. However, in order to
improve the quality of the method, it is necessary to estab-
lish a specific criterion for result acceptance. Only values
with a CV(%) in duplicates less than 20% were considered
as acceptable. This seems to be a valid criterion consid-
ering that these are semiquantitative methods and are
similar to those adopted by other authors. Gordon et al.
[25], in a study of measurement of airborne rat urinary
allergens, allowed more than 30% variation in duplicates.
On the other hand, another factor which decreases the
variability of the method is the use of PBS/0.2% BSA/
0.1% Tween 20 as elution buffer, as the addition of Tween
20 to the elution buffer is known to be the simplest, most
sensitive and reproducible method for aeroallergen elu-
tion.

In the absence of a ‘gold standard’ for measuring soy-
bean allergen in airborne dust samples, the present study
compared the two methods currently available for the
measurement of this aeroallergen. This study showed that
results obtained by the two methods gave similar relative
values but that individual concentrations showed differ-
ences. It is common practice to use correlation coeffi-
cients and regression lines when comparing two methods.
This approach, however, does not give the measure of
agreement between the methods. An alternative method
is the use of difference plots [20, 26], which was that used
in this study. The intraclass correlation coefficient was
r=0.456, p<0.001, but once the results were classified as
lower and higher than 165 U/m3, the kappa index of 0.46,

An Amplified ELISA Inhibition Method for
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p < 0.001 may be taken as presenting fair to good agree-
ment beyond chance [27].

Differences between these immunoassays could theo-
retically be due to the dust-sampling method and filter
elution or to the immunoassays used [28, 29]. Given that
the dust-sampling method and filter elution are the same
for both assays, in this case differences could be due to the
immunoassay used. Other comparative studies for the
measurement of airborne rat allergen levels have shown
that identical air samples would yield different results
depending on the assay technology used, with the most
important factors being the source and type of antibodies
employed [30, 31]. In this study, the different sources of
antibodies used could explain some of the differences
obtained in the individual concentrations, as demon-
strated by Swanson et al. [32], in a study of airborne mite
allergens using monoclonal antibodies, rabbit polyclonals
and human sera as detection antibodies.

This study shows that the ELISA inhibition assay
described is a useful tool for the measurement of soybean
aeroallergen. The practical significance of the results of
this assay is that the allergen can be measured with a com-
petitive ELISA method, since although monoclonal as-
says had high sensitivity, specificity and reproducibility,
they were limited in that they do not detect other allergens
present that may cause symptoms. This method is a mark-
er of allergen load and, together with the measurement of
meteorological atmospheric conditions, permits a control
during the unloading of soybean in Barcelona to be estab-
lished. This assay also informs on the concentration of
this allergen in the atmosphere and facilitates the moni-
toring of the impact of environmental intervention con-
trols used, e.g. unloading with a system of pumps that
reduces the quantity of dust in the atmosphere, thereby
avoiding excessive levels of soybean allergen.

In conclusion, the amplified ELISA inhibition method
described appears to be an effective and reproducible
method to be used for the measurement of soybean aller-
gen in the environment where this bean is manipulated.
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