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ABSTRACT ‘

Introduction: Knowledge of local aerobiology is essential
for allergists. Because airborne allergens can sensitize the
population and lead to allergic respiratory diseases, they must
be routinely monitored for the effects of climate change, pollution,
and agroindustry. Objective: To verify the airborne presence
and concentration of the main soy hull dust allergen (Gly m 1)
in Maringd, PR, Brazil and possible associations with climatic
factors. Soybeans were selected due to the high prevalence of this
crop in this region. To date, only 1 pilot study (conducted by our
group) has evaluated this allergen’s presence in Brazil. Methods:
Atmospheric material was collected between March 2017 and
March 2018 in 24- or 48-hour intervals, totaling 70 samples, of
which 10 were excluded due to technical problems. The samples
were tested for Gly m 1 using enzyme-linked immunosorbent
assay, and all samples showed detectable levels of the allergen.
Results: The median concentration of Gly m 1 was 4.89 ng/m3,
with values ranging from 0.66 ng/m3 to 1826.1 ng/m3. Of the 60
samples, 23% showed values > 90 ng/m3, with June 2017 and
March 2018 having the highest concentrations. There was a
positive correlation between Gly m 1 concentration and maximum,
mean, and minimum temperatures, relative humidity, wind, and
insolation. Conclusion: The data show that the population is
constantly exposed to the Gly m 1 allergen, sometimes at high
levels, which may lead to sensitization and symptoms.
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‘ RESUMO

Introducao: O conhecimento da aerobiologia local € fundamental
para o alergista. Os aeroalérgenos sao capazes de sensibilizar
e levar ao desenvolvimento de doengas respiratérias alérgicas,
portanto devem ser monitorados rotineiramente, tendo em vista
possiveis mudangas locais conforme alteragbes climaticas, po-
luicdo e atividades agroindustriais. Objetivo: Verificar a presenca
e concentragao do alérgeno principal da poeira da casca da soja
(Gly m 1) na atmosfera da cidade de Maringa-PR e possiveis
associagoes aos fatores climaticos. A escolha da soja deve-se
a alta prevaléncia desta cultura no Brasil e nesta regido do pais.
Até o presente momento, h& apenas um estudo piloto feito por
este mesmo grupo avaliando a presencga deste alérgeno no Brasil.
Métodos: Foram realizadas coletas de material atmosférico,
durante o periodo de marco de 2017 a margo de 2018, durante
24 ou 48 horas distribuidas no decorrer do periodo, totalizan-
do 70 amostras, das quais 10 foram excluidas por problemas
técnicos de coleta. As amostras foram avaliadas pelo método
ELISA (Enzyme linked immunosorbent assay) para Gly m 1,
sendo que todas as amostras apresentaram niveis detectaveis
do alérgeno. Resultados: A mediana de concentragdo de Gly m
1 foi de 4,89 ng/m3. Os valores encontrados variaram de 0,66 ng/
m3 a 1826,1 ng/m3. Das 60 amostras analisadas, 23% delas
apresentaram valores superiores a 90 ng/m3, sendo os meses
de junho/2017 e margo/2018 com concentragdes mais elevadas.
Houve correlacédo positiva das concentragoes de Gly m 1 com
as temperaturas maxima, média e minima, umidade relativa,
vento e insolagéo. Conclusao: Os dados evidenciam exposicoes
constantes da populagéo ao alérgeno do Gly m 1, por vezes em
niveis elevados possivelmente capazes de gerar sensibilizagao
e sintomas.

Descritores: Alérgenos, soja, amostras de ar, ELISA.
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Introduction

Changes in the distribution of aeroallergens occur
gradually over time and require monitoring in order
to identify individuals’ environmental exposure, as
well as possible new sensitization and triggers of
respiratory symptoms. The emergence of molecular
allergology has allowed us to identify, with sensitivity
and specificity, the sensitization profile of individuals.
Likewise, it has broadened our understanding of
allergens in each location, their concentrations and
potential population exposures.!:2

In this context, the main soy hull dust allergen, Gly
m 1, began to be investigated, particularly in European
countries, because of its potential relationship with
asthma outbreaks that had occurred at the seaports
of some cities related to the unloading of soybeans
into silos.37 With advances in research in the field,
allergen dispersion was found to be associated with
local climate issues, as well as with population genetic
aspects.8-10 New strategies to avoid the spread of this
allergen began to be used in European ports, such as
the installation of bag filters in the silos, which led to
a significant reduction of Gly m 1 in the atmosphere
and prevented new asthma outbreaks. "

However, despite the importance of Gly m 1
as an aeroallergen, research has not advanced to
investigate the presence of this allergen in areas
of potential dispersion. In the last decade, no
aerobiological survey of this allergen was conducted
in any location in the world, despite the fact that Gly
m 1 is a sensitizer both in occupational exposure
and indirect exposure.67.19.12 |n Brazil, Pinto et al.'2
showed frequent sensitization to soybean in workers
and residents of soy-producing areas, but they did not
assess allergen concentrations in the atmosphere. In
a pilot survey of Gly m 1 conducted in 2016 by our
research group, we demonstrated the presence of
this allergen in the atmosphere, which motivated the
current study.’3

Methods

Air samples were collected periodically from
March 2017 to March 2018 in pure borosilicate glass
fiber filters (Pallflex®), 47 mm in diameter, with heat-
resistant, moisture-resistant fluorocarbon coating
(tetrafluoroethylene, TFE). During air sampling,
moisture variations in the air or gases did not cause
chemical reactions in the filter.

A total suspended particulate sampler capable of
capturing particles of different sizes was used. The

sampler was placed in the urban area of Maringa, a
city in the state of Parana, south of Brazil, at 23.41°
south latitude, 51.97° west longitude, and 537 m
altitude in an external environment at 90 cm above
the ground. Seventy samples were collected at 24-
or 48-hour intervals. The duration of each collection
was based on our pilot study and on previous studies
that showed the presence of Gly m 1 in 24-hour
samples.”-9:10.13 Samples that experienced technical
problems, such as power outages, excessive rainfall,
and inadequate collection time, were excluded. The
collection point was located at a distance of 2.5 km,
in a straight line, from the major soybean processing
cooperative in the region. The collected filters were
stored at -20 °C until analysis.

To prepare the samples, the filters were cut into 3
cm? pieces and eluted in a solution of NH,HCO, with
1% bovine serum albumin (BSA) and 0.1% Tween
20%® (Polysorbate), homogenized in an orbital shaker
at 4 °C overnight, for a final volume of 3 mL. After the
elution process, the material was centrifuged twice,
and the supernatant used for analysis was extracted
by enzyme-linked immunosorbent assay (ELISA).

The ELISA was performed with plates presensitized
with anti-Gly m 1 monoclonal antibody (ALK-Abello®),
as described by Gonzalez et al.6 This method is highly
specific with a rare possibility of cross-reactivity with
other allergens. Plates were previously washed, and
samples, standard curve, controls and blank filters
were added in duplicate. Subsequently, the biotinylated
detection antibody (ALK-Abello®) conjugated to
streptavidin-peroxidase (STAV-PO, Thermo Fisher-
Scientific®) was added to the plates. Finally, 3,3’,5,5'-
tetramethylbenzidine (TMB) was added to the plates
incubated in a dark environment, and the reaction was
interrupted with 4NH,SO,. The reading was performed
by spectrophotometry at 490 to 650 nm wavelengths,
inferring the concentrations.

The following meteorological data were collected
daily from March 2017 to March 2018 from the
National Institute of Meteorology (INMET) website at
the Maringa weather station (WMO: 83767; latitude:
-23.4; longitude: -51.91; altitude: 542 m): maximum,
minimum, and average compensated temperature;
relative humidity (RH); precipitation; wind speed and
direction; and insolation.

Results

A total of 70 filters were collected during the 12-
month study period (from March 29, 2017, to March
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26, 2018). The collections were standardized to occur
in 1 or 2 days, with samples collected at an average of
24 hours and 6 minutes or 48 hours and 20 minutes,
respectively. The volume of air sampled in each filter
was, on average, 1.13 m3 of air per hour. Filters were
collected every month, with a mean and median
interval between collections of 5 days. Of the total of
70 filters, 10 were excluded from the analysis due to
inappropriate collection.

ELISA concentrations of Gly m 1 (ng/mL) were
converted to ng of allergen per m3 of air, as this is
the most commonly used unit of measurement. The
median concentration of Gly m 1 was 4.89 ng/ms.
All samples showed the presence of Gly m 1, with
concentrations ranging from 0.67 ng/m3 to 1826.1
ng/m3 (Figure 1).

The 24- and 48-hour filters showed similar
concentrations (p=0.32; Mann-Whitney test), with
a median concentration of 4.4 ng/m3 in the 24-
hour filters and of 6.3 ng/m3 in the 48-hour filters.
The analysis of the two groups, excluding outliers,
showed a median concentration of 4.03 ng/m3 in the
24-hour group and 3.09 ng/m? in the 48-hour group,
once again demonstrating homogeneity between
the groups (p=0.157; Mann-Whitney test). The first
quartile value of 2.24 and the third quartile value of
91.4 were used to calculate outliers. Outliers were all
values above 225.2 ng/m3, totaling 52 samples.

Regarding the meteorological data on collection
days, the average temperature was 22.4 °C, RH was
68.5%, and insolation was 7.7 hours. The data were
similar to those of other days of the year when no
collection was performed. The same was true for wind
speed, with an average of 1.48 m/s on collection days,
which is considered light air. As for wind direction,
there was a predominance of east and northeast
winds on the collection days. It should be noted
that the cooperative is located between north and
northeast to the collection point.

Gly m 1 concentrations were positively
correlated with temperature and RH (Table 1). The
same statistical analyses performed excluding
outliers showed a positive correlation of Gly m 1
concentrations with temperature, RH, insolation, and
wind speed (Table 2).

Discussion

The soybean dust allergen can cause respiratory
symptoms as confirmed by bronchial provocation
tests.'415 However, the impact of the presence of
Gly m 1 in the atmosphere remains unknown. Based
on data from outbreaks in Barcelona in the 1990s,
soybean dust allergenicity is believed to occur in 1 in
every 1700 people.'® Climate factors and particular
characteristics of the population are known to
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Table 1
Coefficients of correlation (R) and determination (R2) between Gly m 1 concentrations and meteorological data

Gly m 1 concentration Gly m 1 concentration
(Log'?) (Cube root)
R R? p R R2 P
Maximum temperature 0.73 0.53 < 0.001 0.72 0.51 < 0.001
Minimum temperature 0.71 0.5 < 0.001 0.7 0.49 < 0.001
Average temperature 0.72 0.51 < 0.001 0.71 0.5 < 0.001
Relative humidity 0.75 0.56 < 0.001 0.75 0.56 < 0.001
Precipitation 0.37 0.14 0.003 0.4 0.16 0.001
Insolation 0.66 0.43 < 0.001 0.64 0.41 < 0.001
Wind speed 0.67 0.45 < 0.001 0.69 0.48 < 0.001
Wind direction 0.32 0.10 0.012 0.32 0.10 0.012
Multivariate 2 0.79 0.63 NS 0.79 0.62 NS

a2 With all climate variables.
NS = non-significant.

Table 2
Coefficients of correlation (R) and determination (R2) between Gly m 1 concentrations (without outliers) and meteorological
data

Gly m 1 concentration Gly m 1 concentration
(Log'?) (Cube root)
R R2 p R R2 p
Maximum temperature 0.77 0.59 < 0.001 0.86 0.73 < 0.001
Minimum temperature 0.76 0.57 < 0.001 0.85 0.72 < 0.001
Average temperature 0.76 0.58 < 0.001 0.85 0.73 < 0.001
Relative humidity 0.74 0.55 < 0.001 0.83 0.69 < 0.001
Precipitation 0.29 0.08 0.038 0.36 0.13 0.008
Insolation 0.71 0.51 < 0.001 0.79 0.62 < 0.001
Wind speed 0.65 0.42 < 0.001 0.74 0.55 < 0.001
Wind direction 0.22 0.05 0.11 0.28 0.08 0.045
Multivariate @ 0.82 0.67 0.008 for WS 0.89 0.78 0.010 for WS

a2 With all climate variables.
WS = wind speed.
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interfere with this sensitization and certainly with
symptom presentation.'0:17.18 Furthermore, soybean
hull allergenicity can be affected by heat during
grain storage and transport, which can produce new
allergen determinants or increase epitope exposure
by conformational changes.'®

Some studies have evaluated ELISA-determined
sensitization to Gly m 1 in port populations and
produced important results correlating the allergen
with asthma outbreaks.32021 Codina et al.?2 and
Pendino et al.23 evaluated sensitization to soybean
hull extract by skin prick test in adults and children,
respectively, with asthma. Both studies showed
sensitization to soybean hulls even in populations
without direct exposure to soybeans. However, all
those tested were polysensitized, also showing
reactivity to mites, fungi, or pollens.

In Brazil, Pinto et al.’2 identified that symptomatic
individuals who lived in rural areas within soybean
belts showed 28% of sensitization to soybean by
skin tests with total extract, and 5% of them were
monosensitized to soybean. Likewise, among
residents of the manufacturing area and truck drivers
transporting soybeans, sensitization was high (22%
for both groups), but not exclusive, as they were also
sensitized to storage mites and fungi that colonize the
soybeans. Therefore, there is a group of polysensitized
atopic individuals in whom soybean can be an
additional sensitizer in a context in which mites and
fungi play the main role as protagonists of allergic
respiratory manifestations.

The Gly m 1 levels detected in the atmosphere are
higher near soybean handling sites. Measurements
were 12 times higher in a port area than 5 km away
from the port.0 In the current study, the collection point
was at an intermediate distance from the cooperative
(2.5 km). Despite a relative distance, we showed
detectable Gly m 1 levels in all samples collected for
12 months. Soybean hull dust can also be produced
during the soybean harvest period and at all stages
of soybean processing,®1924 which explains the
continuing and not only seasonal presence of Gly
m 1 in the atmosphere of Maringa. Although the
harvest period occurs between January and March,
the cooperative processes soybeans throughout the
year.

In the current study, we identified some positive
correlations when the concentrations were transformed
for data analysis (Log '° and cube root). We decided
to perform these data transformations because of
the wide dispersion of concentration values (ranging

from 0.67 ng/m8 to 1826.1 ng/m3). Correlation and
regression analyses are influenced by the presence of
extreme values, and data transformation can reduce
the bias effect. Correlations were stronger when
outliers were removed. There was a positive correlation
between Gly m 1 concentrations (in cube root) and
temperature (R>85%), RH (R=83%), insolation
(R=79%), and wind speed (R=74%). The univariate
linear regression models using again the cube root-
transformed concentrations showed R2>70% for
temperature and R2=69% for RH. Similarly, in a study
conducted in the port of Ancona, Italy, Antonicelli et
al.’® observed in the multivariate linear regression
model that the Gly m 1 concentrations were influenced
by temperature and RH.

High atmospheric pressure, calm winds and wind
direction have been potentially associated with greater
dispersion of the Gly m 1 allergen.2526 |n the current
study, there was a positive correlation between wind
speed and Gly m 1 concentrations. However, during
the study period, wind speed was considered calm,
ranging from light air to light breeze. This may have
been a contributing factor to the continuing spread of
the allergen. Wind direction was not correlated with
Gly m 1 concentrations, but there was a predominance
of winds from the cooperative toward the collection
point, which may have favored the daily presence of
detectable Gly m 1 levels.

Although there is controversy about the Gly m 1
values capable of triggering symptoms, in the current
study, some values were high. Of the 60 samples
analyzed, 14 (23%) showed values greater than
90 ng/m3, with a peak of 1826 ng/m3 in March 2018. It
should be noted that in almost all months at least one
measurement was greater than 90 ng/m3, except for
September 2017 and January 2018, which showed the
lowest monthly concentrations, ranging from 1.09 to
2.85 ng/m?3 and from 0.66 to 13.9 ng/m3, respectively.
In contrast, the highest Gly m 1 levels were detected
in June 2017 and March 2018. In June 2017, values
ranged from 1.98 to 1549 ng/m3 (median 303.44 ng/
m?3), and in March 2018, values ranged from 6.35 to
1826 ng/m3 (median 428 ng/m3).

The low Gly m 1 levels found in January 2018 can
be attributed to precipitation, which was intense this
month, with an average of 21 mm on collection days,
in line with previous studies.® Higher values observed
in March 2018 coincided with the soybean harvest
period. Gijzen et al.? also observed that peak Gly m
1 levels occurred during the harvest month (reaching
73 ng/m8). The presence of nearby crops and the
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pattern of harvest operations may have influenced
the Gly m 1 levels found.

Some limitations should be addressed in this study.
Samples were collected at a single site in the city and
reflect only the situation of that collection point. The
sampler was placed at a height of only 90 cm above
the ground, which might have negatively influenced
the sampling due to nearby objects. Collection days
were chosen by convenience. Very rainy days were
automatically discarded due to the impossibility of
exposing the device to heavy rainfalls. The 48-hour
collections, in particular, may have had losses of
protein content due to prolonged exposure to high
average temperatures. However, the 24- and 48-hour
groups showed similar concentrations. In addition,
climate data were provided only at specific time points
(2 or 3 times a day) and averaged.

The present Gly m 1 findings need to be further
explored. The use of ELISA to assess Gly m 1 in
individuals with documented sensitization to soybean
(by skin test or specific IgE) could determine the
actual sensitization in this population, whether it
occurs through food, the airway, or both. Another
point to be considered and investigated is whether
individuals sensitized through the airway could
have soybean-related food symptoms and vice
versa. Performing nasal, conjunctival or bronchial
provocation tests with the soybean allergen may
elucidate the true impact of Gly m 1 dispersion in the
atmosphere on soybean-sensitized individuals.2”

Despite the limitations reported, the study was
innovative in performing environmental analyses of
soybean hull dust allergens for the first time in Brazil.
Studies of environmental aeroallergens are essential
for increasing allergists’ awareness, enabling them
to better understand the environment to which their
patients are exposed, identifying risks, promoting
prevention, and allowing personalized treatment.
In terms of public health, awareness of these
exposures allows the allergists to collaborate with
other professionals (biologists, environmentalists,
and environmental engineers), as it strengthens
and encourages discussions in the political sphere
about climate change, pollution, gas emissions, and
all types of aerobiological monitoring.

Acknowledgments

We thank the ALK-Abellé® laboratory (Madrid-
Spain), which kindly provided the Gly m 1 ELISA kits
for the analyses performed in the current study.

References

20.

Vieira FAM. Diagndstico molecular por componentes e polinose por
gramineas no trépico brasileiro: "uma mira no alvo". Braz J Allergy
Immunol. 2014;2:248-9.

Valenta R, Karaulov A, Niederberger V, Pia G, van Hage M, Flicker,
S, et al. Molecular Aspects of Allergens and Allergy. Advances in
Immunology. 2018;138:195-256. doi: 10.1016/bs.ai.2018.03.002.

Gonzalez R, Polo F, Zapatero L, Caravaca F, Carreira J. Purification
and characterization of majorinhalantallergens from soybean hulls.
Clin Exp Allergy. 1992;22(8):748-55.

Cocco G, Schiano M, Sacerdote G, Sagliocca L. Functional
characteristics in soybean asthma. Am J Respir Crit Care Med.
1995;152:469.

Cruz M, Rodrigo M, Anto J, Morell F. An amplified ELISA inhibition
method for the measurement of airborne soybean allergens. Int
Arch Allergy Immunol. 2000;122:42-8.

Gonzalez R, Duffort O, Calabozo B, Barber D, Carrera J, Polo
F. Monoclonal antibody-based method to quantify Gly m 1. Its
application to assess environmental exposure to soybean dust.
Allergy. 2000;55:59-64.

Rovira E, Cuadras A, Gaig P, Gazquez V, Dalmau G, Gémez-Ollés
S, et al. Soybean hull unloading in Tarragona (Spain) and asthma
outbreak risk. Gaceta Sanitaria. 2010;24:109-14.

Sunyer J, Anto J, Rodrigo M, Roca J, Morell F. Risk factors of
soybean epidemic asthma: the role of smoking and atopy. Am Rev
Respir Dis. 1992;145:1096-102.

Gijzen M, Gonzalez R, Barber D, Polo F. Levels of airborne Gly
m 1 in regions of soybean cultivation. J Allergy Clin Immunol.
2003;112(4):803-5.

. Antonicelli L, Ruello M, Monsalve R, Gonzalez R, Fava G Bonifazi

F. Assessment of airborne soy-hull allergen (Gly m 1) in the Port
of Ancona, ltaly. Eur Ann Allergy Clin Immunol. 2010;42:178-85.

. Rodrigo MJ, Cruz MJ, Garcia MD, Anto JM, Genover T, Morell F.

Epidemic asthma in Barcelona: an evaluation of new strategies for
the control of soybean dust emission. Int Arch Allergy Immunol.
2004;134: 58-64.

. Pinto RJ, Croce J, Kalil J, Cardoso MR. Poeira de soja inalada

e alergia respiratéria no Brasil. Rev Bras Alergia e Imunopatol.
2007;30(5):198-203.

. Thom de Souza CC, Rosario Filho NA, Camargo JF, Godoi RHM.

Levels of Airborne Soybean Allergen (Gly m 1) in a Brazilian
Soybean Production City: A Pilot Study. Int J Environ Res Public
Health. 2020;17(15):5381. doi:10.3390/ijerph17155381.

. Zapatero L, Gonzalez R, Caravaca F, Carreira J, Marquez M,

Hernando L, et al. Identificacion del polvo de soja como agente
causal de las epidemias de asma ocurridas en Cartagena (Murcia).
Rev Esp Alergol Inmunol Clin. 1994;9:37-42.

. Maggio P, Monsé E, Baltasar M, Morera J. Occupational asthma

caused by soybean hull:aworkplace equivalentto epidemic asthma.
Allergy. 2003;58(4):350-1.

. Aceves M, Grimalt JO, Sunyer J, Anté JM, Reed CE. Identification

of soybean dust as an epidemic asthma agent in urban areas by
molecular marker and RAST analysis of aerosols. J Allergy Clin
Immunol. 1991;88:124-34.

. Anto J, Sunyer J, Newman TA. Comparison of soybean epidemic

asthma and occupational asthma. Thorax. 1996;51:743-9.

. Soriano J, Ercilla G, Sunyer J, Real F, Lazaro C, Rodrigo M, et al.

HLA Class Il Genes in Soybean Epidemic Asthma Patients. Am J
Respir Crit. 1997;156:1394-8.

. Codina R, Lockey RF. Possible role of molds a secondary etiologic

agents of the asthma epidemics in Barcelona, Spain. J Allergy Clin
Immunol. 1998;102:318-20.

Rodrigo MJ, Morell F, Helm RM, Swanson M, Greife A, Anto JM,
et al. Identification and partial characterization of soybean-dust
allergens involved in the Barcelona asthma epidemic. J Allergy
Clin Immunol. 1990;85:778-84.



Detection of the soy allergen Gly m 1 in the air in Maringa-PR — Thom-de-Souza CC et al.

Arg Asma Alerg Imunol — Vol. 7, N° 1, 2023 95

21.

22.

23.

24.

25.

Gonzalez R, Zapatero L, Caravaca F, Carreira J. Identification of
soybean proteins responsible for respiratory allergies. Int Arch
Allergy Immunol. 1991;95(1):53-7.

Codina R, Ardusso L, Lockey R, Crisci C, Bertoya N. Sensitisation
to soybean hull allergens in subjects exposed to different levels
of soybean dust inhalation in Argentina. J Allergy Clin Immunol.
2000;105:570-6.

Pendino P, Agliero C, Cavagnero P, Lopez K, Kriunis |, Molinas
J. Aeroallergen sensitization in wheezing children from Rosario,
Argentina. WAO Journal. 2011;4(10):159-63.

Harris-Roberts J, Robinson E, Fishwick D, Fourie A, Rees D, Spies
A, et al. Sensitization and symptoms associated with soybean
exposure in processing plants in South Africa. Am J Ind Med.
2012;55:458-64.

AntoJM, Sunyer J, Rodriguez-Roisin R, Suarez-CerveraM, Vasquez

L. Community outbreaks of asthma associated with inhalation of
soybean dust. N Engl J Med. 1989;320:1097-102.

26.

27.

Villalbi JR, Plasencia A, Manzarena R, Armengol R, Ant6 JM.
Collaborative and Technical Support Groups for the study of soybean
asthma in Barcelona. Epidemic soybean asthma and public health:
new control systems and initial evaluation in Barcelona, 1996-98.
J Epidemiol Community Health. 2004;58:461-5.

Rosario Filho NA. Alergia ao pélen de gramineas: “back to the
future”. Rev Bras Alergia e Imunol. 2012;35(2):82-4.

No conflicts of interest declared concerning the publication of this
article.

Corresponding author:
Cinthya Covessi Thom de Souza
E-mail: cinthyathom @yahoo.com.br



