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Background: Soybean hulls (SHs) have been identified asthe
source of aeroallergens responsible for soybean asthma out-
breaks. However, the prevalence of sensitization to SH aller-
gensin subjects from Argentina, a country where soybeans are
produced, is unknown.

Objective: The purpose of this study was to determine the
prevalence of sensitization to SH by in vivo and in vitro testsin
subjects with asthma or allergic rhinitisand in control sub-
jects from Argentina who have been exposed to different levels
of soybean dust inhalation (SDI).

Methods: Exposure to SDI is defined as follows: (1) direct =
occupational, (2) indirect = proximity to soybean fields or
grain elevators, and (3) urban = urbanized areas without a
known source of SDI. Two groups were studied. Group 1 con-
sisted of 365 subjects with asthma or allergic rhinitis and
group 2 (control group) of 50 healthy individuals. Subjects
from both groups were classified according to their exposure
to SDI. All subjects completed standard questionnaires. Prick
skin tests (STs) with an SH extract and with common allergens
were performed on all subjects. Specific IgE and 1gG4 to SH
were measured in sera of 51 of 56 subjects from group 1 who
had a positive ST to SH and in all sera from group 2.

Results: Fifty-six (15.3%) subjects from group 1 and no sub-
jectsfrom group 2 had a positive ST to SH (wheal SH/wheal
histamine 20.5). In group 1, positive STsto SH were 38.7%,
20.3%, and 8.2% in subjects with direct, indirect, and urban
exposures, respectively (P < .001). Monosensitization to SH is
absent in all subjects from group 1. The percent of subjects
with positive STsto mites, pollen, and molds was highest in
those with a positive ST to SH versus those with a negative ST
to SH (P < .01). Asthmatic patients with a positive ST to SH,
compared with those exclusively sensitized to mites, had a
higher frequency of daily or weekly symptoms (59.4% vs
25.7%, respectively, P < .001) and a higher percent of gluco-
corticoid dependence (52.8% vs 34%, respectively, P < .01).
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Per cent positive IgE in group 1 and group 2 were 39.2% and
10% (P < .001) and percents positive |gG4 are 27.4% and
12%, respectively (not significant). In subjects from group 1
and group 2 with direct exposure percents positive IgE are
58.3% and 13.3% (P < .001) and percents positive |gG4 were
75% and 20%, respectively (P <.02). 1gG4 in group 1 was sig-
nificantly higher in subjects with direct exposure compared
with subjects with indirect or urban exposure.

Conclusion: This study demonstrated that there was (1) a high
prevalence of sensitivity to SH in subjects with asthma or
allergic rhinitis from Argentina and (2) an association between
sensitivity to SH and severity of asthma and level of exposure
to SDI. (J Allergy Clin Immunol 2000;105:570-6.)
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sitization, exposure

Asthma associated with exposure to soybean aeroal -
lergens was first reported by Dukel in 1934. Subsequent-
ly, alergic and respiratory symptoms associated with
occupational and nonoccupational exposure to soybeans
were reported in isolated cases.2-5

Dust discharged into the air during unloading of soy-
beans from ships was identified as the etiologic agent of
asthma outbreaks in Barcelona, Cartagena, and Tarrago-
na, all cities in Spain.6-8 Asthma outbreaks that took
placein New Orleans, La, were attributed to the same eti-
ology.® Soybean hulls (SHs) were identified as the source
of aeroallergens that cause soybean epidemic asthmaand
both skin test (ST) and specific IgE determination to SH
allergens was recommended to demonstrate sensitization
for soybean-induced asthma.10 In addition, a significant
correlation between specific IgE and 1gG4 to SH dler-
gens was demonstrated in subjects affected by soybean
epidemic asthma and it was suggested that 1gG4 acts as
an anaphylactic antibody.1!

The first epidemiologic investigation of the relation-
ship between soybean dust inhalation (SDI) and respira-
tory symptomsin the soybean industry was performed by
Zuskin et al.1213 [rritant, rather than immunologic,
mechanisms were suggested to cause airway diseases.

Economically, soybean is the most important bean in
the world, representing one of the richest and cheapest
sources of protein. Modern agriculture produces large
quantities of soybeans, which are handled many times
from harvest to final consumption with grain dust pro-
duction. Dust levels have been measured in grain eleva-
tors and levels up to 1000 mg/m3 have been reported, and
approximately 10% of this airborne dust is <10 um and
therefore it can reach the lower airways.14 It islogical to
assume that a large number of subjects exposed to SDI
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are at risk to become sensitized and have respiratory
symptoms. In 1998 Argentina was the fourth largest pro-
ducer of soybeans, and the crop represented approxi-
mately 10% of the total world production.1> However,
the prevalence of sensitization to SH allergensin subjects
exposed to SDI in Argentina has not been studied.

The purpose of this study was to (1) evaluate the
prevalence of sensitization to SH alergens by ST in sub-
jects with asthma or alergic rhinitis and in control sub-
jects from Argentina exposed to different levels of SDI,
(2) study theclinical characteristics of subjectswith asth-
ma or alergic rhinitis and a positive ST to SH, and (3)
determine the prevalence of specific IgE and 1gG4 to SH
alergens in subjects with asthma or alergic rhinitis and
apositive ST to SH and in controls.

MATERIAL AND METHODS
Patient population

Four hundred fifteen subjects from two main soybean producer
regions in Argentina (south of Santa Fe and northwest of Buenos
Aires) were recruited through the participation of 8 regional health
services.

Two groups were studied. Group 1 consisted of 365 subjects
with asthma or alergic rhinitis, 178 (48.8%) male subjects and 187
(51.2%) femal e subjects, with an age range from 5 to 70 years (24.9
+ 15.3 years). These individuals were recruited among subjects
being treated for asthma or alergic rhinitis in allergy departments
and who were compliant with medications and appointments. Con-
trol subjects from group 2 had no chronic or acute illnesses and
were recruited from subjects seeking health care in other depart-
ments. They consisted of 50 nonsmokers without any respiratory
symptoms and negative STsto common allergens and anormal total
IgE value. Twenty-two (44%) subjects from group 2 were male and
28 (56%) female, with an age range from 12 to 70 years (40 + 15.4
years). All subjects gave informed consent and completed standard
guestionnaires.

The level of exposure to SDI was defined as follows: (1) direct
exposure, subjects with an occupational exposure to SDI, which
includes farmers, grain elevator workers, and individualsworking in
soybean processing factories; (2) indirect exposure, subjects living
in rural areas (fewer than 2000 inhabitants) near grain elevators or
soybean fields; and (3) urban exposure, subjects living in cities or
towns without a known source of SDI. Thirty-one of 365 (8.5%)
from group 1 and 15 of 50 subjects (30%) from group 2 had direct
exposure, 133 of 365 (36.4%) from group 1 and 5 of 50 subjects
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(10%) from group 2 had indirect exposure, and 201 of 365 (55%)
from group 1 and 30 of 50 subjects (60%) from group 2 had urban
exposure.

Serum samples were obtained from 51 of the 56 subjects from
group 1 who had apositive ST with an SH extract and from all sub-
jects from group 2. Serum samples were kept at —20°C until specif-
ic IgE and 1gG4 determinations were performed. The demographic
characteristics of the two groups of subjects areincluded in Table I.

Allergen extracts

Allergens from SH were extracted 1:20 (wt/vol) with 0.2 mol/L
ammonium bicarbonate, pH 9, overnight at 4°C. The supernatant
was isolated by filtration under vacuum with use of a 0.44 um cel-
lulose nitrate filter (Nalgene Company, Rochester, NY) and steril-
ized through a0.22 pum filter (Millipore, Bedford, Mass). Total pro-
tein content was measured by the bicinchoninic acid protein assay
(Pierce Chemical, Rockford, Ill). Allergen extracts of Der-
matophagoides pteronyssinus, Blomia tropicalis, Lepidoglyphus
destructor, Tyrophagus putrescentiae, and Chortoglyphus arcuatus
were prepared from mite cultures grown in the laboratory with use
of analogous methods. Mold (Alternaria spp, Cladosporium spp,
Mucor spp, Penicillium spp, and Aspergillus spp), pollen (tree mix,
weed mix, and grass mix), and epithelia (cat and dog) allergen
extracts were commercially purchased (1Pl Asac Argenting).

Skin tests

STs were performed on all subjects from groups 1 and 2 by the
prick technique. Extracts were applied on the forearm and a prick
lancet (Hollister Stier) used to prick the skin. Negative (saline solu-
tion) and positive (histamine chloride, 1 mg/mL) controls were
used. Each skin test was assessed at 15 minutes. The estimated aver-
ages of the largest and orthogonal wheal diameters obtained with
the SH extract and with the positive control were recorded. The his-
tamine rate (HR) was calculated as the ratio of SH wheal diameter
compared with the histamine wheal diameter. Results were consid-
ered positive when the HR was greater than or equal to 0.5. For
mite, mold, pollen, and dander allergen extracts, a wheal diameter
greater or equal than 3 mm was regarded as positive.

Specific IgE determinations

Specific IgE determinations to SH allergens were performed by
RIA asfollows. SH proteins were adsorbed to wells of Immulon 4
Removawell strips (Dynatech Laboratories, Chantilly, Va). Each
well received 1 pg of protein in 100 uL of 0.1 mol/L sodium car-
bonate-bicarbonate buffer, pH 9.6. The wells were incubated
overnight at room temperature in a humid box and washed four
times with 0.1 mol/L phosphate buffer, pH 7.5, containing 1%
Tween 20 (washing buffer). After 100 uL of undiluted serum was
added to each well, the wells were again incubated overnight and
then washed four times with washing buffer. One hundred micro-
liters of rabbit iodine 125-abeled antihuman IgE (Sanofi Diagnos-
tics Pasteur, Chaska, Minn), diluted to 1:2 in 0.1 mol/L phosphate
buffer, pH 7.5, and containing 1% Tween 20 and 1% BSA (diluent
buffer), were then added to all wells, which were incubated
overnight and again washed, and the counts per minute were count-
ed in a gamma counter. The results were expressed as the percent-
age of total counts bound (%TCB).

Specific IlgG4 determinations

Specific 1gG4 determinationsto SH allergens were performed by
an amplified ELISA method based on the biotin-streptavidin com-
plex as follows: SH proteins were adsorbed to wells of high-bind-
ing microtiter plates (Costar, Cambridge, Mass) by incubating 1 pg
of protein in 100 pL of 0.1 mol/L sodium carbonate-bicarbonate
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FIG 1. Prevalence of positive skin tests to soybean hulls in group 1.

TABLE |. Demographic characteristics of the subjects
from groups 1 and 2

Group 1 Group 2
(n = 365) (n =50)

Sex (No. [%])

Female 187 (51.2) 27 (54.0)

Male 178 (48.8) 23 (46.0)
Age(y)

Mean + SD 249+ 153 40.8 £ 14.9

Range 5-70 12-70
Exposure (No. [%])

Direct 31(8.5) 15 (30.0)

Indirect 133 (36.4) 5(10.0)

Urban 201 (55.1) 30 (60.0)
Positive ST to SH according

to level of exposure (No.)

Direct 12 (38.7) 0

Indirect 27(20.3) 0

Urban 17 (8.4) 0
Symptoms (No. [%])

Rhinitis 173 (47.4) 0

Asthma 59 (16.2) 0

Asthma + rhinitis 133 (36.4) 0

buffer, pH 9.6, overnight at room temperature in a humid box. Then
the wells were washed four times with washing buffer and blocked
with 100 pL per well of 0.1 mol/L phosphate buffer, pH 7.5, con-
taining 1% Tween 20 and 1% BSA (blocking and diluent buffers)
for 1 hour at room temperature. The plates were washed four times
between steps, and the assay was performed in duplicate by incu-
bating for 1 hour at 37°C 100 pL of each serum diluted in diluent
buffer to 1:10. A monoclonal biotin conjugated antihuman 1gG4
(Sigma Chemical, St Louis, Mo) was diluted in diluent buffer to
1:15,000 and incubated for an hour at 37°C. A solution of strepta-
vidin-peroxidase (Sigma Chemical) diluted to 1:10,000 in diluent

buffer was added and the plates were incubated for 30 minutes at
37°C (100 pL/well) after which a substrate working solution of 0.1
mmol/L 2,2 -azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid)
(ABTS) (Sigma Chemical) in 0.1 mol/L citrate buffer, pH 4.2, was
incubated for aminimum of 5 minutes (100 pL/well) until the color
was developed. The reaction was stopped with 100 pL of 2 mmol/L
sodium azide. Optical density (OD) at 414 nm was measured with a
microplate reader (Dynatech). Results were expressed as OD units
at 414 nm.

Statistical analysis

The statistical analysis was performed with the Statview pro-
gram (Abacus Concepts, Berkeley, Cdlif). To ascertain whether the
values were normally distributed, the Kolmogorov-Smirnov test
was used. The Spearman rank correlation coefficient was calculat-
ed. The chi-square test was used to study the association between
qualitative variables. A P value |ess than .05 was considered signif-
icant.

RESULTS
Skin tests, symptoms, and exposure to SDI

All subjects from group 2 had a negative ST to SH.
Fifty-six of 365 subjects (15.3%) from group 1 had a
positive ST to SH, and this prevalence was significantly
correlated with the level of exposure to SDI (Fig 1). The
prevalence of a positive ST to SH was higher in male
subjects than in female subjects (odds ratio [OR] 1.61,
0.87 to 3.01), although not significant, and in subjects
with a higher mean age (30.5 £ 16.9 yearsvs 23.9 + 14.8
years, P < .01).

Monosensitization to SH was absent in all subjects
from group 1. The percent of positive STs to mites,
pollen, and molds is significantly higher in subjects with
a positive ST to SH than in subjects with a negative ST
to SH (Table I1).
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FIG 2. Frequency of symptoms in group 1.

Thirty-seven of the 56 (66%) with a positive ST to SH
and 155 of the 309 subjects (50.1%) with a negative ST
to SH have asthma, with or without rhinitis (P < .05).
Sixty-six of the 155 subjects (42.5%) with a negative ST
to SH are monosensitized to mites.

In the group of subjects with a positive ST to SH, 8 of
12 (66.7%) with direct exposure and 6 of 44 subjects
(13.6%) with indirect or urban exposures reported respi-
ratory symptoms after SDI (P < .001). Seven of 12 (58%)
with direct exposure and 7 of 44 subjects (16.7%) with
indirect or urban exposures had exacerbations of respira-
tory symptoms during the soybean harvesting season (P
<.01), especialy when visiting soybean-producer areas.

Clinical characteristics of asthma in subjects
with a positive ST to SH

Nine of 37 subjects (24.3%) with asthma and a posi-
tive ST to SH and 66 of 66 subjects (100%) with asthma
and monosensitized to mites had urban exposure. Sub-
jects with a positive ST to SH, compared with those
exclusively sensitized to mites, have the following char-
acteristics: (1) a higher frequency of perennial asthma
symptoms with spring and fall exacerbations (P < .01),
(2) ahigher frequency of daily or weekly symptoms dur-
ing the greatest severity periods (59.4% vs 25.7%, P <
.001), and (3) a higher percent of inhaled glucocorticoid-
dependent subjects (52.8% vs 34%, P < .01) (Fig 2).

Specific IgE and IgG4 to SH allergens

Specific IgE and 1gG4 values did not follow a normal
distribution. Therefore the reference values for specific
IgE and 1gG4 were established as the percentile 97.5 of
the results found in the subjects with urban exposure
from group 2 (controls without a known exposure to
SDI). The reference value for specific IgE is <1.19 per-
cent TCB and for specific 1gG4 <0.030 OD units. All val-
ues greater than or equal to these are considered positive.

TABLE II. Skin sensitivity (No. [%]) to common aeroaller-
gens in subjects from group 1

Positive ST to SH

Negative ST to

Allergen (n =56) SH (n = 309)
Mites 49 (87.5) 217 (70.2)*
Pollen 29 (51.8) 93 (30.1)*
Molds 22 (39.3) 78 (25.2)t
Danders 10 (17.9) 44 (14.2)

Chi-square test, comparison of subjects with positive versus negative ST to
SH.

*P < .0l

1P < .05.

Percent positive results for specific IgE in groups 1
and 2 are 39.2% and 10.0% (P < .001) and for specific
1gG4 27.4% and 12.0%, respectively (not significant)
(Figs 3 and 4). Percent positive IgE and 1gG4 in group 1
increased to 58.3% and 75%, respectively, in subjects
with direct exposure (Figs 3 and 4).

Although percent specific IgE in group 1 is higher in
subjects with direct exposure because of the wide SD, the
values do not significantly differ according to different
levels of exposure to SDI. However, percent specific
1gG4 is significantly higher in subjects with direct expo-
sure compared with indirect or urban exposures (Figs 3
and 4). Specific IgE and 1gG4 in group 2 do not signifi-
cantly differ according to different levels of SDI (Figs 3
and 4). The correlation between specific Ig and ST
results in group 1 is significant for 1gG4 (r = 0.47, P =
.0009) but not for IgE.

DISCUSSION

Since the 1980s, the farming, processing, and exporta-
tion of soybeans are of growing importance in Argentina
and many other countries. Therefore a large number of
subjectsliving in rura areas are exposed to SDI and have
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FIG 4. Percent positive specific IgG4 in groups 1 and 2.

ahigh risk for sensitization and for development of aller-
gic respiratory diseases. Thisisthefirst study that exam-
ines the prevalence of sensitization to SH allergensin a
rural population of subjectswith asthma or alergic rhini-
tis and control subjects repeatedly exposed to SDI.

The prevalence of positive skintest to SH is15.3%inthe
group of subjects with asthma or alergic rhinitis, and it is
significantly associated with the level of exposure to SDI.
It is dso higher in men than in women (22.7% vs 12.4%),
perhaps because men are mostly involved in the harvesting,

transporting, and loading and unloading of soybeans in
grain dlevators. Subjectswith apositive ST to SH dso have
a higher mean age than subjects with a negative ST to SH
(30.5 vs 23.9 years). These findings suggest that there may
be an association between level and duration of exposureto
SDI and sensitization to soybean aeroallergens.

Zuskin et al13 performed a study of subjects working
in a soybean-processing factory. Positive intradermal
soybean extract STswere attributed to an irritant reaction
rather than an immunologic mechanism. In the current
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study all subjects from the control group had a negative
skin prick test to SH, thus ruling out an irritant skin test
reaction. Intradermal skin tests as performed with non-
standardized extracts by Zuskin et a have a low speci-
ficity and might produce fal se-positive results.

Monosensitization to SH allergensis absent in the study
subjects. This indicates that both a genetic atopic back-
ground and exposure to SDI are necessary for sensitization
to SH. Soriano et al6 described an association of soybean
epidemic asthma with specific HLA class |1 alleles.

The prevalence of positive STs to pollen, molds, and
mites is significantly higher in subjects with asthma or
allergic rhinitis with a positive ST to SH compared with
those with a negative ST to SH. Similar findings have
been described in subjects affected by soybean epidemic
asthma.l” The majority of subjects in this study with a
positive ST to pollen are from rural areas and are exposed
to outdoor alergens. Molds that contaminate soybeans
could be responsible for the cosensitization to molds in
soybean-sensitized subjects.18 Sensitization to the stor-
age mites, B tropicalis, C arcuatus, and T putrescentiae
accounts for a high percent of positive STsto mite aller-
gensin this study. However, it remains unknown whether
these mite species contaminate soybeans.

Most subjects with a positive ST to SH have asthma,
with or without rhinitis, and the mgjority, especially those
with an occupational exposure to SH, report symptoms
after SDI. However, no individual had near-fatal or fatal
asthma, which is characteristic of soybean epidemic asth-
ma.l7 Subjects affected by soybean epidemic asthma had
a sudden exposure to high levels of SDI, whereas in this
study subjects were repeatedly exposed to different levels
of fresh and stored soybean allergens. Fresh SH versus
stored SH is less alergenic.19 These different forms of
exposure could account for these differences.

Clinical differences, such as frequency and seasonali-
ty of symptoms and use of medication, between asthmat-
ic subjects with a positive ST to SH and those exclusive-
ly sensitized to mites are demonstrated in this study.
Only 26% of subjects with a positive ST to SH, but all
subjects monosensitized to mites, live in urbanized areas.
These findings indicate that differences in clinica pre-
sentation of the disease may be the result of differences
in environmenta factors.

Specific IgE and 1gG4 to SH are detected in 39.2%
and 27.4%, respectively, in subjects in this study with
symptomatic asthmaor allergic rhinitis and a positive ST
to SH. They increase to 58.3% and 75%, respectively, in
individuals with an occupational exposure to soybeans.
The prevalence of specific IgE to SH allergens in sub-
jects affected by the asthma epidemics in Barcelona and
Cartagena, Spain, has been reported to be lower than
100%.8.7 This has been attributed to a misclassification
of some individuals included in the group of asthmatic
epidemic subjects.6.7 Soybean dust may also be an irri-
tant in soybean-induced asthmal3 and may explain the
presence of irritant positive ST in the absence of specific
IgE. Skin test resultsindicate that this phenomenon is not
present in the group of individuals in this study. In addi-
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tion, specific IgE and 1gG4 levels to SH allergens
increase proportionately to the degree of exposure to
SDI, and the differences are significant for 1gG4, which
indicates that an immunologic mechanism is probably
responsible for soybean-induced asthmain subjects who
are repeatedly exposed to SDI. Failure to observe signif-
icant differencesin IgE levels based on type of exposure
is probably related to the small sample size, a limitation
of this study. The presence of low-affinity specific Ig to
SH, which has been suggested to be present in sera of
subjects with a positive ST to SH from Argentina,20
could explain negative Ig values in individuals with a
positive ST to SH.

The presence of specific IgG4 to SH in soybean asth-
ma epidemics has been previously reported.11 The mech-
anism of production of 1gG4 issimilar to that for IgE (eg,
IL4 stimulates switching by human B cell to both IgE
and 1gG4) and the switch from IgE to 1gG involves an
initial switch to 1gG4.21 However, whether 1gG4 plays a
role in type | hypersensitivity or whether it is just an
epiphenomena remains unknown. The results of the cur-
rent study demonstrate a significant correlation between
specific IgG4 and IgE levels and specific 1gG4 and posi-
tive STsto SH. These facts, together with the higher lev-
els of specific IgG4 found in subjects with a direct expo-
sure to SDI, indirectly support the hypothesis that 1gG4
plays arole in soybean-induced asthma.

Approximately 6% of healthy individuals living in
urbanized areas without a known source of soybean dust
release had positive IgE and 1gG4 to SH in this study.
These values are similar to those found by Zuskin et al13
and Sunyer et al,b both of whom reported 5% positive
results in their unexposed control groups.

In conclusion, thisin vivo and in vitro study demon-
strated that in subjects with asthma or alergic rhinitis
from rural areas in Argentina the degree of exposure to
SDI correlates with the skin test reactivity and levels of
specific IgE and 1gG4 to soybean aeroallergens and with
the severity of asthma symptoms. Sensitization to soy-
bean aeroallergens should be suspected in exposed sub-
jects from other parts of the world.
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Correction

the Finkelstein family.

The following correction applies to the article by Sicherer et al (Sicherer SH, Munoz-Furlong
A, Burks AW, Sampson HA.. Prevalence of peanut and tree nut alergy in the US determined by a
random digit dia survey. 1999;103:559-62). An acknowledgment of financial support was omit-
ted. It should have read: The study was also possible through the generous financial support of




