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Abstract

Background: The distribution of airborne allergens varies across climatic and ecological
settings and may shape region-specific molecular sensitization profiles. Objective: To
characterize component-level IgE sensitization in patients with allergic rhinitis and/or
asthma recruited in four Argentine locations and to explore its relationship with clinical
phenotype. Methods: This multicenter cross-sectional study included 377 patients with
respiratory allergy and at least one positive skin prick test and/or positive sIgE. Serum
specific IgE was measured using an ALEX multiplex. Regional profiles were summarized
by allergen source and molecular component. The molecular sensitization burden across
clinical phenotypes was assessed using Kruskal-Wallis tests and Spearman rank correlation.
Results: The cohort comprised 100 patients from Buenos Aires, 105 from San Rafael-
Mendoza, 62 from Santa Rosa-La Pampa, and 110 from Rosario-Santa Fe; 374 had allergic
rhinitis and 186 had asthma. Mite components predominated in Buenos Aires, where Der
p 1, Der p 2, Der p 23, and Der f 2. Rosario-Santa Fe and Santa Rosa-La Pampa showed
intermediate mite sensitization. San Rafael-Mendoza displayed a pollen-dominant pattern,
led by Olee 1, Lol p 1, Phl p 1, and Sal k 1, together with the highest frequency of Alt a
1 recognition (32.4%). Fel d 1 was the leading epithelial component in all centers, whereas
cockroach sensitization was infrequent and mainly represented by Bla g 9. Molecular
sensitization burden differed across asthma phenotypes (p = 0.0127) and showed a weak
positive monotonic association with asthma severity (Spearman p = 0.184, p = 0.0117). No
corresponding association was observed for rhinitis (p = —0.067, p = 0.1949). Conclusions:
Molecular profiling identified marked regional heterogeneity in aeroallergen sensitization
across Argentina. These findings support geographically informed diagnostic assessment
while emphasizing that molecular sensitization represents only one component of the
broader allergen exposome.

Allergies 2026, 6, 36

https://doi.org/10.3390/allergies6040036


https://crossmark.crossref.org/dialog?doi=10.3390/allergies6040036&domain=pdf&date_stamp=2026-09-28
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/allergies
https://www.mdpi.com
https://orcid.org/0000-0001-9750-2346
https://orcid.org/0000-0002-3021-9615
https://orcid.org/0009-0003-6205-7870
https://orcid.org/0009-0009-3221-8235
https://orcid.org/0000-0002-6664-0276
https://orcid.org/0000-0001-8366-9145
https://doi.org/10.3390/allergies6040036

Allergies 2026, 6, 36

2 of 22

Keywords: aeroallergens; allergen exposome; component-resolved diagnosis; allergic rhinitis;
asthma; molecular sensitization; Argentina

1. Introduction

Allergic rhinitis and asthma are common chronic respiratory disorders whose expres-
sion reflects interactions between host susceptibility and environmental exposure. In Ar-
gentina, a national cross-sectional survey reported self-reported allergic rhinitis symptoms
in 20.5% of participants aged 544 years, while pediatric studies have shown substantial
geographical variability in rhinoconjunctivitis and asthma symptoms [1-3]. Local clinical
series also indicate that aeroallergen sensitization is frequent among symptomatic children,
although the relative contribution of mites, pollens, molds, and animal allergens differs
between populations [4].

Environmental determinants are particularly relevant for airborne allergies. Tempera-
ture, precipitation, humidity, vegetation, land use, urbanization, and air pollution influence
the abundance, seasonality, dispersion, and allergenic properties of pollen, fungal spores,
and indoor allergens [5-7]. Argentina encompasses humid subtropical, temperate, semi-
arid, and arid environments over a large latitudinal and altitudinal range. Aerobiological
observations have documented substantial regional and seasonal diversity but coordinated
clinical-molecular data remain limited [5].

The exposome was introduced to describe the totality of non-genetic exposures across
the life course [8]. In allergy, the external exposome includes aeroallergens, pollutants,
climate, biodiversity, microbial environments, and lifestyle-related factors, whereas the
internal exposome includes biological responses such as inflammation, oxidative stress,
and immune regulation [9,10]. The present study does not measure the complete exposome.
Rather, the serum IgE repertoire is interpreted as a biological imprint of one specific
component of the external exposome: exposure and sensitization to airborne allergens.

Multiplex molecular diagnostics can simultaneously characterize IgE recognition of
allergen extracts and individual components, helping distinguish genuine source sensitiza-
tion from cross-reactivity and improving the resolution of geographical comparisons [11-13].
Previous studies used molecular mapping to examine the allergen exposome across atopic
phenotypes and climate-matched populations, identifying marked differences in the con-
tribution of major, mid-tier, and cross-reactive allergen molecules [11,12]. A subsequent
multicenter study across four Peruvian cities further demonstrated that molecular sensiti-
zation patterns may vary according to regional climate classification [13].

Against this background, the objective of the present multicenter study was to charac-
terize molecular IgE sensitization profiles in patients with allergic rhinitis and/or asthma
recruited in Buenos Aires, San Rafael-Mendoza, Santa Rosa-La Pampa, and Rosario-Santa
Fe. Secondary objectives were to compare the contribution of major aeroallergen sources be-
tween locations and to explore whether the number and distribution of recognized molecular
components differed across age groups and ARIA- or GINA-defined clinical phenotypes.

Serum allergen-specific IgE was selected as the primary molecular biomarker because
it provides allergen- and component-specific information suitable for mapping regional
sensitization repertoires. This approach complements the extract-based skin prick test (SPT)
and enables greater discrimination between genuine source sensitization and potentially
cross-reactive molecular patterns.
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2. Materials and Methods
2.1. Subjects

The study was conducted in four different Argentinian cities: Buenos Aires, Mendoza,
Rosario-Santa Fe, and Santa Rosa-La Pampa. Patients aged 5 to 69 years, attending the
participating medical services between April 2024 and September 2025, with symptoms
of allergic rhinitis (AR) and/or asthma (A), were included in the study. Participants were
recruited at each study site according to a common study protocol by the corresponding
site investigators: ]-FEM., E.G., M.d.G., M-LA. and C.E (Buenos Aires), M.I. (Mendoza), S.G.
(Santa Rosa), and L.A. (Santa Fe). Written informed consent was obtained from all adult
participants and from the parents or legal guardians of minors.

A total of 377 allergic patients were recruited according to predefined selection criteria.
Eligibility required a confirmed diagnosis of allergy, determined through a positive SPT
and/or specific IgE (sIgE) to one or more relevant aeroallergens (pollen, mites, molds,
and/or pet dander). To meet the inclusion criteria, patients were required to have experi-
enced clinical symptoms for at least three years after establishing local residency. Clinical
data collected from patients’ medical records included clinical history and details about
their medications. Patients who had undergone past or current allergen immunotherapy
or treatment with monoclonal antibodies (biologics) were excluded, as well as pregnant
and breastfeeding women. This investigation was reviewed and approved by the local
Ethical Committee (code number 12685). An overview of the study design and the main
methodological steps is presented in Figure 1.

Buenos Aires
n=100

San Rafael - Mendoza | Santa Rosa - La Pampa | Rosario - Santa Fe
n=105 n=62 n=110

[

|
W
INCLUSION CRITERIA: EXCLUSION:
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Figure 1. Flowchart of the study design and diagnostic workflow across regional centers in Argentina
of molecular sensitization profiles and clinical phenotypes.

2.2. Skin Prick Test

Percutaneous testing was conducted according to European standards using a di-
agnostic panel (Inmunotek, Madrid, Spain) with standardized extracts, including mite
extracts, mold extracts, cockroach extract, a mixture of six grass pollen extracts, and other
pollen extracts such as olive, Artemisia, and Ambrosia, as well as cat and dog dander extracts.
Histamine (10 mg/mL) and saline were used as positive and negative controls, respectively.
As per standard procedure, antihistamines were discontinued one week before the SPT.
Wheal diameters were measured 20 min after testing, considering positive results diameters
greater than 3 mm.
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2.3. Serological Analysis

Serum samples were collected from all the patients recruited, labeled with a unique
code, stored at —40 °C, and thawed immediately before in vitro testing. Total IgE and
specific IgE (sIgE) levels were measured using the ALEX MacroArray platform (MacroArray
Diagnostics, Vienna, Austria) according to the manufacturer’s protocol. Total IgE levels
were reported in international units per milliliter (IU/mL), and sIgE levels were expressed
in kU, /L, with values >0.30 kU /L considered positive.

The ALEX multiplex array contains 282 reagents, including 157 whole allergens and
125 molecular components.

2.4. Statistical Analysis

Statistical analyses and graphical representations were performed using GraphPad Prism
version 10.4.1 (627) and R version 4.5.2, implemented in RStudio version 2025.05.1+513.
Data processing and visualization in R version 4.6.1 were conducted using the dplyr,
pheatmap, and ggplot2 packages.

Categorical variables were summarized as frequencies and percentages, whereas
continuous variables were reported as median and range or mean =+ standard deviation
(SD), as appropriate. Regional sIgE profiles were represented in GraphPad Prism using
heatmaps and bar plots showing mean sIgE concentrations + SD, with individual patient
values superimposed.

Molecular sensitization burden was defined as the number of components with
recorded sIgE values >0.30 for each patient. Differences among clinical phenotypes were
assessed using the Kruskal-Wallis test, followed by pairwise Wilcoxon rank-sum tests with
Bonferroni correction. Associations between ordered clinical phenotypes and molecular
sensitization burden were evaluated using Spearman’s rank correlation coefficient. A
two-sided p value < 0.05 was considered statistically significant.

Boxplots with superimposed individual observations were generated using ggplot2.
For phenotype-specific heatmaps, sIgE values were transformed as log10(sIgE + 1), without
additional scaling. Patients were grouped according to their predefined clinical phenotype
and hierarchically ordered within each group using Euclidean distance and complete-
linkage clustering. Molecular components were hierarchically clustered across patients,
and heatmaps were generated using heatmap.

During the preparation of this manuscript, the authors used ChatGPT (GPT-5.6; Ope-
nAl, San Francisco, CA, USA) for editorial assistance to improve the manuscript’s clarity,
grammar, and English-language translation. ChatGPT (GPT-5.6; OpenAl) was also used
to assist in the creation of the graphical abstract. The authors reviewed and edited all
Al-generated output and take full responsibility for the content of this publication.

3. Results
3.1. Demographic Features of Investigated Patients

The study included 377 participants: 100 from Buenos Aires, 105 from San Rafael-
Mendoza, 62 from Santa Rosa-La Pampa, and 110 from Rosario-Santa Fe. Allergic rhinitis
was recorded in 374 participants and asthma in 186; the two diagnoses were not mutually
exclusive. All participants had at least one positive skin prick test to an aeroallergen and/or
positive sIgE, and none had previously received or was receiving allergen immunotherapy
or biologic therapy at enrollment. Demographic and clinical characteristics are summarized
in Table 1.
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Table 1. Demographic and clinical characteristics of the study population by geographical location
(n =377).

Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafael Mendoza
n =377 100 110 62 105
Median range age (y.o.) 32 (6-69) 34 (8-65) 28 (9-68) 30 (5-69)
5‘2(5’1 yo. 6((1;)/ M) 41 (17/24) 39 (23/16) 30 (14/16) 50 (27/23)
2645 y.o. (F/M) (n = 137) 37(23/14) 38 (27/11) 23 (15/8) 39 (25/14)
46-69 y.o. (F/M) (n = 80) 22 (15/7) 33 (23/10) 9(7/2) 16 (13/3)
Sex (F/M) 55/45 73/37 36/26 65/40
Allergic rhinitis (n = 374) 99.00% 100.00% 100.00% 98.10%
Allergic asthma (1 = 186) 41.00% 39.09% 82.26% 48.57%
Sensitization (SPT +) to 100% 74.55% 96.83% 66.66%
any aeroallergen
Sensitization (SIgE) to 92% 79.1% 93.5% 93.3%

any aeroallergen *

* Mites, molds, pollens or pet dander. SPT: skin prick test.

3.2. Regional Molecular Sensitization Overview

Among the 377 participants, 335 (88.9%) showed sIgE levels >0.30 kU /L to at least
one of the 56 molecular components included in the analysis, whereas 42 (11.1%) did not
recognize any of these components.

Mites were identified as the most prevalent source of sensitizing airborne allergens in
the Buenos Aires population, regardless of the subjects” underlying atopic condition. In
contrast, in Mendoza, the main sensitizing allergens were pollens (Figure 2).

3.3. Mites

Among the mite allergens, Dermatophagoides spp. were the predominant sensitiz-
ing airborne agents, and distinct geographic differences in sensitization patterns were
observed. The highest prevalence of sensitization was observed in Buenos Aires (87%
Dermatophagoides pteronyssinus and 82% Dermatophagoides farinae), followed by intermediate
prevalences in Santa Rosa and Rosario, whereas the lowest prevalence was found in San
Rafael. Furthermore, Buenos Aires had the highest prevalence of sensitization to Lepidogly-
phus destructor, with 51% of participants showing a positive skin prick test, whereas the
other three cities showed considerably lower sensitization rates (Table 2).

Table 2. Prevalence of sensitization to four mite species, as determined by skin prick testing, in four
Argentine cities. Values are expressed as percentages; values in parentheses indicate the number of
participants with a positive skin prick test for each mite (12/N).

Frequency (%) Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafael Mendoza
Dermatophagoides pteronyssinus 87.0 (87/100) 53.6 (59/110) 61.3 (38/62) 15.2 (16/105)
Dermatophagoides farinae 82.0 (82/100) 55.5 (61/110) 61.3 (38/62) 13.3 (14/105)
Lepidoglyphus destructor 51.0 (51/100) 9.1 (10/110) 32.3(20/62) 9.5 (10/105)
Blomia tropicalis 48.0 (48/100) 28.2 (31/110) 51.6 (32/62) 9.5 (10/105)
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Figure 2. Heatmap of the 20 most frequently identified molecular allergens in each region, along with their serodominance. Each panel corresponds to one recruitment
center. In the heatmaps, rows represent individual patients ordered within the age strata 5-25, 2645, and 4669 years, columns represent allergen molecules, and color
intensity represents serum specific IgE concentration (kU /L). The adjacent plots display the 20 most prominent components within each age group.
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In Santa Rosa, La Pampa, the prevalence of sensitization to both Dermatophagoides
species was identical, with 61.3% of the population showing a positive skin prick test.
Furthermore, Santa Rosa showed the highest prevalence of sensitization to Blomia tropicalis,
as determined by the skin prick test, with 51.6% of the population testing positive among
the four cities.

Across all study regions, Dermatophagoides group 1 and group 2 allergens were the
dominant molecular sensitizers, with Der p 2 showing the highest IgE levels, followed
by Der p 1, Der f 2, and Der p 23. As shown in Table 3, these allergens also exhibited the
highest frequencies of specific IgE recognition. In Buenos Aires, Der p 1 (62%), Der p 2
(61%), Der p 23 (59%), and Der £ 2 (59%) were the most frequently recognized allergens,
followed by Der f 1 (47%). A similar pattern was observed in Rosario, where Der p 23
(53.6%), Der p 2 (46.4%), Der £ 2 (46.4%), and Der p 1 (44.5%) predominated. In Santa Rosa,
Der p 2 and Der f 2 (40.3%), Der p 1 (37.1%), and Der p 23 (25.8%) remained the most
frequently recognized allergens, whereas San Rafael exhibited an overall low frequency of
molecular sensitization, with Der p 20 (7.6%), Der p 2, Der f 1, and Der £ 2 (4.8%) being the
most frequently recognized components. Both the magnitude of the IgE response and the
proportion of sensitized individuals declined progressively from Buenos Aires to Rosario
and Santa Rosa, reaching the lowest values in San Rafael.

Table 3. Serum sIgE to mite molecular allergens by recruitment center. Data are the mean =+ standard
deviation (kU, /L); values in parentheses indicate the number of participants with positive sIgE for
each component.

Allergen Buenos Aires Rosario Santa Rosa San Rafael
Santa Fe La Pampa Mendoza
Derp1l 132 +17.0(62) 8.1 +143(49) 4.3 +10.6(23) 04 +3.9(2)
Der p 2 169 £18.7 (61) 121 +17.3(51) 8.1+ 14.7(25) 0.5+4.3(5)
Derp5 6.5+123(39) 3.7+10.1(21) 09 +4.7(5) 0.0 0.0 (0)
Der p 7 60+£121(38) 3.6+9.1(24) 1.1+5.3(6) 0.0 £ 0.0 (0)
Der p 10 05+43(4) 0.04+0.2(1) 1.3+7.0(3) 03 +26(2)
Derp 11 0.0 £ 0.0 (0) 0.0 + 0.0 (0) 0.0 £ 0.0 (0) 0.0 + 0.0 (0)
Der p 20 09 +4.8(12) 0.6 + 3.6 (7) 0.5+ 1.8(6) 1.0 +4.1(8)
Der p 21 58+ 119(37) 3.6+102(17) 09 +5.8(4) 03+31(1)
Der p 23 69+112(59) 52+90(59) 17+51(16)  03+33(1)
Derf1 29+ 6.1 (47) 1.6 +4.5(32) 0.9 +2.5(16) 0.1 +£0.5(5)
Der 2 142 +16.7(59) 95+145(51) 6.1 £12.0(25) 0.5+ 4.0(5)
Blot5 1.1 +£3.2(19) 0.5+ 1.8(17) 01+£0.7() 0.0 + 0.0 (0)
Blo t 10 0.4 +28(4) 0.0+0.1(1) 1.2+ 6.7 (3) 03+29(2)
Blo t 21 0.9 +4.1(8) 0.6 +4.7 (7) 0.0 0.0 (0) 0.0 = 0.0 (0)
Glyd2 26+70(34) 15+55(24)  0.0+02(2) 0.4 +39(1)
Lepd?2 1.9 +£ 7.7 (20) 1.7 £ 5.8 (24) 0.1 +0.2(3) 04 +4.0(1)
Tyrp 2 1.4 + 6.0 (16) 0.8+3.1(17) 0.0 £ 0.0 (0) 0.0+ 0.4(2)

Sensitization to minor Dermatophagoides allergens was generally infrequent and of
low intensity across all regions. Recognition of Der p 5, Der p 7, and Der p 21 was
consistently lower than that observed for groups 1 and 2, although these components were
more frequently detected in Buenos Aires and Rosario than in Santa Rosa and San Rafael.
Sensitization to Der p 10 was uncommon in all four cities, while no patients showed specific
IgE to Der p 11.

Recognition of Blomia tropicalis molecular allergens was also infrequent. Blo t 5 was the
most commonly recognized Blomia component in Buenos Aires (19.0%) and Rosario (15.5%),
whereas only one patient from Santa Rosa and none from San Rafael recognized this allergen
(Table 3). Likewise, Blo t 10 and Blo t 21 showed low frequencies across all study sites. These
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findings contrast with the skin prick test results, particularly in Santa Rosa, where sensitization
to the B. tropicalis extract was the highest among the four cities. This observation is plausible
considering that the allergens responsible for sensitization are not included in the ALEX
platform. Sensitization to Gly d 2 and Lep d 2 was predominantly observed in Buenos Aires
and Rosario, whereas recognition of Tyr p 2 was less frequent overall.

Monosensitization to mite molecular allergens was uncommon in the study population.
Among the 377 patients analyzed, only 32 (8.5%) were monosensitized to a single mite
allergen. Der p 23 was the most frequent monosensitizing component, detected in 9 patients
(2.4% of the total study population), In contrast, extensive polysensitization was observed
in a substantial proportion of the cohort, with 44 out of the 377 patients (11.7%) showing
specific IgE reactivity to nine or more mite molecular allergens.

3.4. Pollens

Sensitization to pollen molecular allergens was detected across all four study regions.
The highest prevalence of positive responses by skin prick test (Table 4) was observed
in San Rafael, particularly for the grass pollen mixture (65.7%) and Olea europaea (60.9%).
Buenos Aires showed intermediate sensitization frequencies, with the grass pollen mixture
(32.0%) representing the most frequently recognized extract. In contrast, Rosario displayed
generally low sensitization rates for all pollen extracts tested, with olive pollen showing
the highest prevalence (10.0%). In Santa Rosa, skin prick testing was not performed with
the grass pollen mixture; however, high frequencies of sensitization were observed for Olea
europaea (53.2%) and Ambrosia elatior (40.3%).

Table 4. Prevalence of sensitization to three pollen species and a mixture of grass pollens, as determined
by skin prick testing, in four Argentine cities. Values are expressed as percentages; values in parentheses
indicate the number of participants with a positive skin prick test for each pollen (n/N).

Frequency (%) Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafael Mendoza
Mixture of 6 grass pollens 32.0 (32/100) 0.0 (0/110) - 65.7 (69/105)
Olea europaea 19.0 (19/100) 10.0 (11/110) 53.2 (33/62) 60.9 (64/105)
Artemisia vulgaris 16.0 (16/100) 0.9 (1/110) 25.8 (16/62) 24.8 (26/105)
Ambrosia elatior 24.0 (24/100) 5.5 (6/110) 40.3 (25/62) 19.0 (20/105)

Grass pollen allergens accounted for the highest sIgE levels across the Argentine
cohort (Table 5). Although no individual molecular allergen met the definition of a major
allergen (>50% prevalence among pollen-sensitized individuals), Phl p 1 and Lol p 1 were
the most frequently recognized components, each detected in 26.0% of patients.

The predominant molecular sensitization profile comprised reactivity to one to four
pollen allergens, which was observed in 152 out of the 377 study participants (40.3%).
Within this group, 50 individuals (13.3%) were monosensitized, with Cup a 1 representing
the most common sole sensitizing allergen (1 = 10), followed by Art v 1 (n = 6).

Considerable geographical variability was observed in both the frequency of sensitiza-
tion and the magnitude of the sIgE response. San Rafael showed the highest proportion of
sensitized individuals, with 81.8% of the study population recognizing at least one pollen
molecular allergen. This region also exhibited the broadest molecular sensitization profile,
characterized by the highest mean sIgE levels across most pollen components. Besides the
predominant recognition of the major grass pollen allergens Phl p 1 and Lol p 1 (38.1% and
39.0%, respectively), sensitization to olive (Ole e 1, 42.9%), Salsola kali (Sal k 1, 39.0%), and
cypress (Cup a 1, 25.7%) was substantially more frequent than in the other study regions.
Notably, Sal k 1 elicited the highest mean sIgE level among all pollen molecular allergens
despite not being the most frequently recognized allergen.
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Table 5. Serological analysis. Mean (+standard deviation) of specific IgE levels (kU4 /L) to pollen
molecular allergens in patients from all four centers. Values in parentheses indicate the number of
sensitized patients (1) for each allergen.

Allergen Buenos Aires Rosario Santa Rosa San Rafael-
Santa Fe La Pampa Mendoza
Betv1 0.0 + 0.0 (0) 0.0 + 0.0 (0) 0.0 £ 0.0 (0) 0.1+0.6(1)
Betv 2 0.0+ 0.1 (3) 0.0£0.1(1) 02+074) 0.3£15(8)
Betv 6 0.0 £0.0(0) 0.0 £ 0.0 (0) 0.0+ 0.0 (0) 0.3 +28(1)
Cupal 0.5+ 3.2(9) 0.6 +2.1(13) 1.9 +5.2(17) 1.44+39(27)
Plaal 0.9 + 4.6 (10) 0.9 +5.4(8) 0.0 £ 0.0 (0) 1.5+ 6.4 (14)
Plaa2 02+ 1.8(4) 02+1.5(4) 0.0 £ 0.0 (0) 1.4 4+ 54 (22)
Plaa3 0.0+ 0.2(3) 0.0 +0.3(2) 0.1+£1.2() 03+1.4(9)
Frael 0.1£04(3) 0.2 £1.0(6) 03+13(@) 3.14+8.5(39)
Oleel 0.1 +£0.5(3) 02+ 1.1(6) 0.7 £4.7(5) 4.3 £9.7 (45)
Olee?7 0.4 + 3.6 (3) 0.1+0.4(4) 0.0+£0.1(1) 0.7 £3.7(13)
Olee9 0.0+ 0.0(1) 0.0+ 0.1(2) 02+09(5) 0.5+ 3.3(5)
Phlp1 1.3 +4.7 (19) 1.2 +54 (14) 4.2 + 8.6 (25) 4.5+ 10.1 (40)
Phlp 2 0.1 +0.7 (3) 0.1£0.6(3) 0.6 £1.9(7) 1.3 +£5.9 (10)
Phlp5 0.0£04(2) 1.1 +£54(8) 3.7 £9.3(15) 3.8 £9.8 (22)
Phlp 6 0.3 +2.0(3) 0.2+ 1.0(6) 0.5+ 1.7 (10) 1.24+44(17)
Phlp7 0.0+ 0.1(2) 0.1 +£0.3(2) 0.0+04() 1.0+ 6.0 (5)
Phlp 12 0.0 + 0.0 (0) 0.0 +0.2(1) 02+1.2(5) 05+24(9)
Lolp1 1.7 £ 5.6 (18) 1.2 +5.6 (15) 4.0 + 8.2 (24) 4.0 £8.5(41)
Salk 1 0.1£0.6(2) 0.1£05(1) 1.5+59(6) 9.8 = 15.9 (40)
Parj2 0.0+ 0.4(1) 09 +5.8(7) 0.8 +4.8(4) 0.1 +0.5(8)
Plall 0.0+ 0.4(1) 0.0 + 0.0 (0) 0.0 £ 0.0 (0) 1.4 + 5.8 (16)
Artv1l 0.4 + 2.8 (6) 04+1.9(9) 0.0+£0.1() 0.5+ 3.8(3)
Artv 3 0.0+ 0.1(1) 0.3+1.9(3) 0.0£0.2() 0.2 +1.0(6)
Ambal 02+14(2) 0.0£0.2(1) 0.0+£01() 0.0 £0.0(0)
Amb a4 02+1.2(@4) 0.2+ 0.8(5) 0.0 £ 0.0 (0) 0.0 +0.3(1)

Santa Rosa-La Pampa exhibited an intermediate sensitization profile, with 61.9% of
individuals sensitized to at least one pollen molecular allergen. As in the other regions,
grass pollen allergens predominated, with Phl p 1 and Lol p 1 recognized by 40.3% and
38.7% of the study population, respectively, with moderate sensitization to Cup a 1 (27.4%).
Interestingly, despite the high prevalence of positive skin prick tests to Ambrosia elatior,
sensitization to Amb a 1 and Amb a 4 was virtually absent, suggesting the involvement of
other ragweed allergens.

Buenos Aires and Rosario-Santa Fe displayed the lowest frequencies of sensitization
(40.0% and 32.0%, respectively) and shared a broadly similar molecular profile. In both
locations, sensitization was mainly directed against the major grass pollen allergens Phlp 1
and Lol p 1.

Sensitization to Ole e 1 was detected not only in San Rafael but also in Buenos Aires,
Rosario and Santa Rosa. In these three regions, the frequencies of sensitization and mean
sIgE levels for Ole e 1 and Fra e 1 were remarkably similar.

3.5. Molds

Skin prick test results showed that Alternaria alternata was the predominant mold allergen
in all study centers (Table 6), with the highest prevalence in San Rafael-Mendoza (33.3%)
and Santa Rosa-La Pampa (32.3%), followed by Rosario-Santa Fe (21.8%) and Buenos Aires
(12.0%). Sensitization to Aspergillus fumigatus, Cladosporium herbarum, and Penicillium notatum
was considerably less frequent, with prevalence below 10% in most centers.
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Table 6. Prevalence of sensitization to four mold species by skin prick test in four Argentine cities (%;
positive cases shown as 1n/N).

Frequency (%) Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafael-Mendoza
Alternaria alternata 12.0 (12/100) 21.8 (24/110) 32.3(20/62) 33.3(35/105)
Cladosporium herbarum 1.0 (1/100) 9.1 (10/110) 3.2(2/62) 4.8 (5/105)
Penicillium notatum 1.0 (1/100) 5.5 (6/110) 4.8 (3/62) 2.9 (3/105)
Aspergillus fumigatus 2.0 (2/100) 10.0 (11/110) 6.5(4/62) 4.8 (5/105)

Regarding molecular sensitization, Alt a 1 was the dominant mold component in every
location (Table 7). It was recognized by 34/105 participants in San Rafael-Mendoza (32.4%),
29/110 in Rosario-Santa Fe (26.4%), 17/62 in Santa Rosa-La Pampa (27.4%), and 10/100 in
Buenos Aires (10.0%). Alt a 6 was infrequently recognized.

Table 7. Serum sIgE to the displayed mold allergen molecules by recruitment center. Data are the
mean =+ standard deviation (kU4 /L); values in parentheses indicate the number of participants with
positive sIgE for each component.

Allergen Buenos Aires Rosario Santa Rosa San Rafael
8 Santa Fe La Pampa Mendoza
Altal 2.8 +£9.5(10) 56 +129(29) 71+142(17) 8.0+£14.0(34)
Alta6 0.1+0.7(2) 0.3 +23(3) 0.6 +3.5(4) 0.1 +£0.4(8)

3.6. Cat and Dog Dander

Skin prick testing showed similar sensitization patterns to cat and dog dander across
centers. Dog dander sensitization ranged from 17.3% to 38.7%, while cat dander ranged
from 7.3% to 37.1%, with the highest prevalence observed in Santa Rosa-La Pampa and San
Rafael-Mendoza (Table 8).

Table 8. Prevalence of sensitization to cat and dog dander by skin prick test in four Argentine cities
(%; positive cases shown as 1/N).

Frequency (%)  Buenos Aires Rosario Santa Rosa San Rafael-
1 y e Santa Fe La Pampa Mendoza
Cat dander 23.0 (23/100) 7.3 (8/110) 37.1(23/62) 26.7 (28/105)

Dogdander ~ 23.0(23/100)  17.3(19/110)  38.7(24/62)  33.3(35/105)

Although skin prick testing showed slightly higher sensitization rates to dog than
cat dander, molecular analysis revealed a different pattern, with Fel d 1 being the most
frequently recognized epithelial allergen in all centers (Table 9). Mean sIgE levels for
Fel d 1 were also the highest among epithelial components. In contrast, sensitization to
the remaining cat components was considerably less frequent. Fel d 7 was detected in
5 to 7 patients per center, whereas Fel d 4 and Fel d 2 showed low recognition rates. Fel
d 2 was almost absent, with no positive patients in Buenos Aires and only 2 to 4 positive
patients in the other centers.

Among the dog allergens, Can f 5 was the most frequently recognized component.
Can f 1 was the second most frequent dog component, particularly in Buenos Aires. The
remaining dog allergens, including Can f 2, Can f 3, Can f 4, and Can f 6, showed lower and
more heterogeneous recognition frequencies across centers. When considering sensitization
to at least one dog molecular allergen (Can f 1-6), the overall prevalence of molecular
dog sensitization was 30.0% (113/377). By center, the prevalence was 32.0% (32/100) in
Buenos Aires, 30.9% (34/110) in Rosario-Santa Fe, 27.4% (17/62) in Santa Rosa La Pampa,
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and 28.6% (30/105) in San Rafael Mendoza. Compared with skin prick testing, molecular
sensitization was higher in Buenos Aires (32.0% vs. 23.0%) and Rosario-Santa Fe (30.9% vs.
17.3%), whereas lower prevalence was observed in Santa Rosa-La Pampa (27.4% vs. 38.7%)
and San Rafael-Mendoza (28.6% vs. 33.3%).

Table 9. Serum sIgE to cat and dog allergen molecules by recruitment center. Data are the mean =+ stan-
dard deviation (kU4 /L); values in parentheses indicate the number of participants with positive sIgE
for each component.

Allergen Buenos Aires Rosario Santa Rosa San Rafael

Santa Fe La Pampa Mendoza
Feld1 4.6 +£11.0 (32) 3.0+ 79(32) 32+7.2(24) 3.7 £ 8.9 (35)
Feld 2 0.0 + 0.0 (0) 02+1.2(4) 0.1+0.8(3) 04+27(2)
Feld 4 0.7 + 3.8 (6) 0.7+ 43 4) 0.6 £3.2(4) 0.5+ 3.7 (4)
Feld7 1.2+ 6.3(7) 0.5+29(7) 0.54+2.6(5) 0.7 £4.4(6)
Canf1 1.1 +£4.9(16) 09 +4.1(11) 0.14+09(@3) 04+29(09
Canf?2 05+4.74) 0.1+£13(1) 0.0 £ 0.0 (0) 0.0£0.2(3)
Canf3 0.0 +0.0(1) 0.1 +0.3(@4) 02+1.2() 0.1 +0.6(2)
Canf4 09 +4.5(12) 03+ 1.5(5) 03+1.4@4) 0.5+2.1(10)
Canfb 1.3 +£ 3.9 (22) 0.9 + 4.7 (20) 1.4+ 5.4(10) 0.6 £2.6(11)
Canfé6 0.8 £5.1(9) 0.3+21(3) 0.14+0.6(3) 0.6 +2.1(14)

3.7. Cockroaches

Skin prick testing showed highly variable sensitization to cockroach (Periplaneta ameri-
cana) across centers. Sensitization ranged from 4.8% to 98.2%, with the highest prevalence
observed in Rosario-Santa Fe and Santa Rosa-La Pampa (Table 10).

Table 10. Prevalence of sensitization to cockroach by skin prick test in four Argentine cities (%;
positive cases shown as 1n/N).

Frequency (%)

Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafael-Mendoza

Periplaneta americana

43.0 (43/100) 98.2 (108/110) 95.2 (59/62) 4.8 (5/105)

Although skin prick testing showed extremely high sensitization rates in these lo-
cations, molecular analysis revealed a starkly different pattern. Cockroach sensitization
was infrequent and was mainly represented by Bla g 9, detected in 13/100 participants
in Buenos Aires (13.0%), 7/110 in Rosario-Santa Fe (6.4%), 6/62 in Santa Rosa-La Pampa
(9.7%), and 8/105 in San Rafael-Mendoza (7.6%) (Table 11). Mean sIgE levels for Bla g
9 ranged from 0.4 £ 3.2 to 1.3 £ 5.5 kU /L across centers. Bla g 1 and Bla g 5 were not
detected, and Bla g 2 and Bla g 4 were only sporadically recognized.

Table 11. Serum sIgE to cockroach allergen molecules by recruitment center. Data are the mean =+ stan-
dard deviation (kU4 /L); values in parentheses indicate the number of participants with positive sIgE
for each component.

Allergen Buenos Aires Rosario Santa Rosa San Rafael
Santa Fe La Pampa Mendoza

Blagl 0.0 0.0 (0) 0.0 0.0 (0) 0.0 £ 0.0 (0) 0.0 + 0.0 (0)

Bla g2 0.0 0.0 (0) 0.0 +0.1(2) 0.0£0.1(1) 0.0 + 0.0 (0)

Bla g4 0.0 0.0 (0) 0.0 + 0.0 (0) 0.0+0.1(1) 0.0 0.0 (0)

Blag5 0.0 0.0 (0) 0.0 + 0.0 (0) 0.0 0.0 (0) 0.0 0.0 (0)

Blag9 1.1 +5.6(13) 04432 (7) 0.8 3.3 (6) 1.3 £5.5(8)
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3.8. Clinical Phenotypes and Molecular Sensitization Burden

Allergic rhinitis was present in nearly the entire cohort: 99 participants in Buenos
Aires, 103 in San Rafael Mendoza, 62 in Santa Rosa La Pampa, and 110 in Rosario Santa Fe.
Asthma was recorded in 41, 51, 51, and 43 participants, respectively (Table 12). Asthma
therefore represented a larger proportion of the local cohort in Santa Rosa-La Pampa than
in the other locations.

Table 12. Number of patients with allergic rhinitis (AR) or allergic asthma (AA) by age group and
geographical location.

Buenos Aires Rosario Santa Fe Santa Rosa La Pampa San Rafel Mendoza
Age Range (y. 0.) AR AA AR AA AR AA AR AA
5-25 40 15 39 10 30 24 49 27
26-45 37 18 38 16 23 21 38 18
4668 22 8 33 17 9 6 16 6
Total 99 41 110 43 62 51 103 51

When analyzed by age group, allergic rhinitis was more frequent in the younger and
middle age ranges in Buenos Aires and Mendoza, whereas Santa Fe Rosario showed a
notable number of rhinitis cases also among older adults aged 4668 years (1 = 33). Allergic
asthma was particularly frequent among young patients from Mendoza (n = 27) and Santa
Rosa-La Pampa (1 = 24). In contrast, the lowest numbers of asthma cases in older adults
were observed in Mendoza and Santa Rosa La Pampa.

To evaluate the molecular sensitization profiles, patients were grouped along the
vertical axis by clinical phenotype. Along the horizontal axis, molecular allergens were
organized based on their co-sensitization patterns and similarities in sIgE reactivity levels.

In the rhinitis cohort (Figure 3), sensitization patterns were primarily driven by disease
duration rather than severity alone. Patients with persistent phenotypes, specifically
moderate persistent and severe persistent allergic rhinitis, showed a prominent cluster with
high sIgE levels (signal intensity >1.5, dark orange bands). This predominant cluster was
driven by broad co-sensitization to both major and minor components of house dust mites
and storage mites (Der p 1, Der p 2, Der p 5, Der p 7, Der p 21, Der p 23, Der f 1, Tyr p 2,
Lep d 2, and Gly d 2), alongside the fungal allergen Alt a 1 and cat uteroglobulin (Fel d
1). Additionally, a distinct secondary cluster was identified, defined by strong, isolated
sensitization to Alt a 1. Interestingly, patients with the highest clinical severity, as severe
persistent rhinitis, exhibited selective signal intensity restricted to discrete clusters of pollen
allergens (Salk 1, Cupal,Oleel, Phlp 1, Phlp 5, Lol p 1) and Alt a 1, a pattern also
shared by a subgroup of individuals with moderate persistent rhinitis.

In contrast, the asthma cohort (Figure 4) displayed marked molecular heterogeneity
across its clinical stages. The moderate persistent asthma phenotype emerged as the group
with the highest immunological density (broadest and darkest bands), demonstrating exten-
sive polysensitization to multiple major and minor house dust mite allergens. Furthermore,
two smaller, well-defined clusters were observed, characterized by grass pollen allergens
(Lolp 1, Phlp 1, Phl p 5) and Alt a 1, respectively. Conversely, patients with intermittent
asthma exhibited much fainter, sparse, and dispersed signals across all tested components.

To assess whether the complexity of the molecular sensitization profile was associated
with the severity of asthma, the total number of positive allergenic components per patient
was quantified (Figure 5. The Kruskal-Wallis test confirmed the existence of statistically
significant differences in the degree of polysensitization between the four clinical pheno-
types (x2 =10.82, df = 3, p = 0.0127). Furthermore, Spearman’s rank correlation analysis
demonstrated a significant positive linear trend between the clinical severity level and
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the number of recognized allergens (p = 0.184, p = 0.0117). Bonferroni-corrected post hoc
paired comparisons revealed that the main statistical contrast was between the MAP and
MAP_Mod phenotypes, with a significant increase in the molecular burden of the latter
(p = 0.016). Although the SPA phenotype had the highest median polysensitization in the
study (median = 12.0), paired comparisons with the other groups did not reach statistical
significance (p > 0.05), a phenomenon attributable to the limited statistical power resulting
from the small sample size of this critical subgroup (1 = 8).
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Figure 3. Heatmap of molecular sensitization profiles in the rhinitis cohort (n = 374). Rows represent
individual participants grouped by ARIA phenotype; columns represent allergen molecules ordered
by hierarchical clustering. The color scale represents log-transformed sIgE [log(sIgE + 1)].
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Figure 4. Heatmap of molecular sensitization profiles in the asthma cohort (n = 186). Rows represent
individual participants grouped by asthma phenotype; columns represent allergen molecules ordered
by hierarchical clustering. The color scale represents log-transformed sIgE [log(sIgE + 1)].
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Figure 5. Number of positive allergen molecules (sIgE > 0.30 kU /L) across asthma phenotypes
(n = 186). Boxes show the median and interquartile range; whisker and point definitions should be
specified. Kruskal-Wallis p = 0.0127; Spearman p = 0.184, p = 0.0117. IA, intermittent asthma; MAP,
mild persistent asthma; MAP_Mod, moderate persistent asthma; SPA, severe persistent asthma.
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Unlike the findings in the asthma cohort, analysis of the molecular sensitization
burden in patients with rhinitis (7 = 374) did not show a linear association with the severity
of nasal symptoms according to the ARIA classification (Figure 6). The overall Kruskal—-
Wallis test was at the threshold of statistical significance (x? =11.07,df =5, p = 0.0501),
suggesting generalized homogeneity in the number of allergens recognized across the
different clinical stages. This lack of progression was confirmed by Spearman’s trend test,
which revealed no significant correlation between the severity of rhinitis and the number of
positive molecular components (p = —0.067, p = 0.1949). Post hoc paired comparisons with
Bonferroni correction showed no significant differences between any pair of phenotypes
(p = 1.000 in most tests). Only a marginal, non-significant trend was observed when
comparing the MPR_Mod group with the SPR group (p = 0.076).
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Figure 6. Number of positive allergen molecules (sIgE > 0.30 kU 5 /L) across ARIA rhinitis phenotypes
(n = 374). Boxes show the median and interquartile range; whisker and point definitions should be
specified. Kruskal-Wallis p = 0.0501; Spearman p = —0.067, p = 0.1949. MIR, mild intermittent rhinitis;
MIR_Mod, moderate intermittent rhinitis; SIR, severe intermittent rhinitis; MPR, mild persistent
rhinitis; MPR_Mod, moderate persistent rhinitis; SPR, severe persistent rhinitis.

4. Discussion
4.1. Interpretation of the Principal Findings

This multicenter molecular study demonstrates geographical heterogeneity in aeroal-
lergen sensitization among patients with allergic rhinitis and /or asthma recruited from four
Argentine regions. The principal contrast was between the mite-dominant profile in Buenos
Aires, also evident in Rosario-Santa Fe and Santa Rosa La Pampa, and the pollen-dominant
profile in San Rafael-Mendoza. Alt a 1 and Fel d 1 were relevant across all centers. Notably,
this study provides the first molecular assessment of Can f 5 sensitization in Argentina,
identifying this component as a major contributor to dog sensitization across the evaluated
regions. These findings extend previous molecular mapping studies conducted in different
atopic phenotypes under subtropical exposure [11], climate-matched populations [12], four
Peruvian cities [13], and multiple Spanish bioclimatic regions [14].
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Molecular IgE repertoires should be interpreted as biological signatures of cumulative
interactions between environmental exposure and host susceptibility rather than as direct
measurements of allergen concentrations. Detectable sIgE demonstrates immune recog-
nition but does not quantify current exposure or establish clinical relevance [15]. Within
an exposome framework, the repertoire reflects exposure history together with epithelial
integrity, immune regulation, previous residence, and individual susceptibility [16,17]. The
geographical profiles are environmentally coherent but cannot establish causality.

Asthma severity showed a statistically significant but weak positive association with
the number of recognized molecules, whereas no comparable relationship was observed
for allergic rhinitis. Molecular polysensitization may contribute to asthma complexity but
explains only limited clinical heterogeneity. In rhinitis, severity may depend more on the
relevance and seasonality of the dominant allergen.

4.2. Regional Molecular Signatures and Environmental Context

The four recruitment centers were situated within the 1991-2020 Koppen—-Geiger
classification to represent the long-term climatic context preceding recruitment, which
occurred between January 2024 and September 2025 (Figure 7) [18]. The classification does
not capture short-term anomalies and excludes irrigation, cultivated vegetation, housing
microclimates, pollution, wildfire smoke, and occupational exposure. It should therefore
be regarded as a contextual layer rather than an individual exposure metric or a sufficient
explanation for the molecular profiles.

A. Argentina and recruitment centres

B.Buenos Aires | Cfa | n=100 C.Rosario-Santa Fe | Cfa | n=110
Rosario-Santa Fe
) 1 @ Cfa|n=110
San Rafael-Mendoza Buenos Aires
BWk | n=105 - Cfa|n=100
J Temperate, no dry season, hot summer Temperate, no dry season, hot summer
Santa Rosa-La Pampa —-©
Cfa|n=
In=62 D.Santa Rosa-La Pampa | Cfa | n=62 E.San Rafael-Mendoza | BWk | n=105
v
K
i (.J‘(
l}
O] i O]
3
| L+R
Temperate, no dry season, hot summer "Aha desert, cold
-~ —_—
O Recruitment centre BSh Arid, steppe, hot R Csc Temperate, dry summer, cold summer Cfa Temperate, no dry season, hot summer I Dsb Cold, dry summer, warm summer ET Polar, tundra
. BWh Arid, desent, hot BSk Arid, steppe, cold Cwa Temperate, dry winter, hot summer Cfd Temperate, no dry season, warm summer W Dsc Cold, dry summer, cold summer W EF Polar, frost
BWk Arid, desert, cold Csb Temperate, dry summer, warm summer Il Cwb Temperate, dry winter, warm summer Il Cfc Temperate, no dry season, cold summer Il Dfc Cold, no dry season, cold summer

Figure 7. Geographical location and Koppen-Geiger climate classification of the four Argentine
recruitment regions. The background shows the 1991-2020 Képpen—Geiger climate classification
(1-km resolution) according to Beck et al. (A). Buenos Aires (B), Rosario-Santa Fe (C), and Santa
Rosa-La Pampa (D) are classified as Cfa, whereas San Rafael-Mendoza (E) is classified as BWk. Insets
show the local climate surrounding each recruitment center. Adapted from [18]) under CC BY 4.0.
ChatGPT (GPT-5.6; OpenAl) was also used to assist in the creation of and Figure 7.
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4.2.1. Mite Sensitization and the Indoor Exposome

Buenos Aires displayed the strongest mite-dominant profile, characterized by Der
p 1, Der p 2, Der p 23, and Der f 2. Rosario-Santa Fe and Santa Rosa-La Pampa showed
intermediate profiles, whereas mite components were uncommon in San Rafael-Mendoza.
The prominence of group 1, group 2, and Der p 23 allergens is consistent with their
relevance in respiratory mite allergy [19,20]. Der p 23 may be particularly important in
Argentina because greater recognition has been reported in Latin American than in Spanish
mite-allergic populations [19].

Recognition of Der p 5, Der p 7, and Der p 21 indicates that the repertoire extended be-
yond the conventional major components. Such broad molecular profiles have been described
in other populations [11,13,14,20]. Although molecular spreading may reflect sustained, in-
tense, or early exposure, the cross-sectional design cannot determine timing or dose. Testing
restricted to Der p 1 and Der p 2 could incompletely characterize some patients.

Storage-mite molecules, including Gly d 2, Lep d 2, and Tyr p 2, were also recognized.
These findings may represent genuine co-sensitization, cross-reactivity among homologous
group 2 allergens, or both.

Der p 11 was not detected in any population. Although initially proposed as a major
allergen in selected mite-allergic patients with atopic dermatitis, subsequent evidence
showed low and population-dependent recognition [21,22]. Its absence is therefore more
likely to reflect limited and geographically variable sensitization than a specific association
with respiratory phenotypes.

The Buenos Aires profile is plausible in a dense urban setting where outdoor climate
interacts with indoor microenvironments. Mite proliferation is influenced more directly by
humidity and temperature within bedding, mattresses, furniture, and poorly ventilated rooms
than by city-level climatic averages; this explanation could also account for the high prevalence
of mite sensitization observed in Santa Rosa. Pollution may act as a modifying coexposure
rather than as the cause of mite-specific IgE. PM2.5 in Buenos Aires includes biomass burning,
traffic, soil and road dust, construction, agricultural emissions, and industrial sources [23].
Rosario combines urban, industrial, port, and agro-industrial activities with episodic smoke
from fires in the Parand Delta [24]. These exposures cannot explain Der p-specific recognition
but may amplify airway inflammation. Finally, the dry climate of Mendoza could explain the
low prevalence of mite sensitization observed in our study.

4.2.2. Pollen Sensitization and Regional Vegetation

San Rafael-Mendoza exhibited the most extensive pollen-dominant profile, with frequent
recognitionof Olee 1, Frae1,Phlp1,Lolp1,Salk 1, Cup a1, and plane-tree components. This
pattern likely reflects the greater abundance of these pollen-producing plant species in San
Rafael and is compatible with its irrigated semi-arid environment, where agriculture, urban
planting, and ruderal vegetation provide diverse pollen sources. Low regional precipitation
should not be equated with low pollen exposure: irrigation sustains vegetation, whereas dry
and windy conditions may facilitate pollen release and dispersion.

Parallel recognition of Phl p 1 and Lol p 1 supports genuine grass-pollen sensitization,
consistent with patterns reported in geographically heterogeneous populations [12-14].
Environmental pollen counts and airborne allergen concentrations are related but not equiv-
alent. Atmospheric Phl p 1 and Phl p 5 concentrations do not always parallel total Poaceae
pollen counts and may be influenced by meteorological conditions and pollutants [25].

The high frequency of Ole e 1 and Fra e 1 in San Rafael is compatible with substantial
Oleaceae exposure, although the assay cannot identify the predominant species. Lower
recognition of Ole e 7 and Ole e 9 suggests a profile mainly driven by Ole e 1-like proteins.
Broader profiles involving these components have been associated with intense exposure
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and more severe respiratory disease [26]. Sal k 1 is consistent with exposure to Salsola or
related Amaranthaceae, whereas Cup a 1 and plane-tree molecules may reflect planted
urban or peri-urban vegetation.

Santa Rosa-La Pampa showed an intermediate profile combining mites with Phlp 1,
Lol p 1, and Cup a 1. A local two-year survey identified 73 airborne pollen types, including
Cupressaceae, Oleaceae, Platanus, Poaceae, and Amaranthaceae [27]. This agreement
supports the interpretation that the IgE repertoire partly reflects regional vegetation.

Buenos Aires and Rosario-Santa Fe displayed the lowest frequencies of pollen sen-
sitization and shared a broadly similar molecular profile, characterized by predominant
sensitization to the major grass pollen allergens Phl p 1 and Lol p 1. This pattern is consistent
with the aerobiological characteristics of both regions, where Poaceae pollen represents one of
the major contributors to the atmospheric pollen load. The lower prevalence of sensitization
to olive, cypress, and Salsola kali allergens compared with San Rafael is also in agreement with
the more humid climate and the different composition of the regional vegetation.

Interestingly, sensitization to Ole e 1 was nevertheless detected in Buenos Aires,
Rosario, and Santa Rosa despite the relatively limited abundance of olive trees in these
regions. In contrast, ash (Fraxinus excelsior) is a common ornamental tree in all three cities. A
plausible explanation is the well-established cross-reactivity between olive and ash pollens.
Accordingly, Ole e 1 and Fra e 1 showed remarkably similar sensitization frequencies and
mean sIgE levels across these regions, supporting the hypothesis that part of the observed
Ole e 1 reactivity may reflect primary sensitization to ash pollen rather than genuine olive
pollen sensitization.

4.2.3. Mold Sensitization and the Regional Fungal Exposome

Alt a 1 was the dominant fungal molecule in every region. Its distribution did not
follow a simple humidity gradient, suggesting that fungal exposure depends on multiple
environmental factors, including agricultural substrates, vegetation, short-term moisture,
temperature, crop residues, wind, and spore-release conditions.

Alt a 1is the dominant and most clinically informative molecular marker of genuine
Alternaria alternata sensitization [28]. Its concentration in fungal extracts correlates with
overall IgE-binding activity [29], while environmental levels of Alt a 1 have been associated
with nasal and bronchial symptoms in sensitized patients [30]. Fungal diagnosis never-
theless remains complex because allergen expression may vary among strains, growth
conditions, and source materials [28].

The high Alt a 1 recognition in San Rafael is compatible with an irrigated agricultural
exposome. Alternaria can colonize crops, fruit, senescent leaves, and plant debris. Moisture
may support fungal growth, whereas subsequent warm, dry, and windy conditions favor the
aerosolization of dry conidia. Studies in the Southern Oasis of Mendoza identified Alternaria
in the fungal microbiota of wine grapes [31]. These data document a plausible regional
reservoir but not individual airborne exposure. Alt a 6 was infrequently recognized, although
the restricted fungal panel may underestimate sensitization to other fungal molecules.

4.2.4. Animal Epithelia and Cockroach Components

Fel d 1 was the leading epithelial allergen in all centers and showed less regional
variability than mites or pollens, consistent with widespread passive dissemination of cat
allergen in homes without cats, schools, workplaces, vehicles, and public spaces. Among
the dog molecules, Can f 5 was most frequently recognized, followed by Can f 1, although
direct exposure and dog sex were not recorded.

Cockroach sensitization was uncommon and mainly represented by Bla g 9. Local
species, housing conditions, and assay composition may influence detection. Because Bla g
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9 is an arginine kinase with homologues in mites and other invertebrates, some responses
may reflect cross-reactivity rather than primary cockroach sensitization.

4.3. Comparison with Previous Molecular Mapping Studies

The findings parallel molecular mapping studies performed in subtropical regions,
climate-matched populations, Peru, and Spain [11-14]. Collectively, these investigations
show that mite, pollen, fungal, and epithelial sensitization profiles differ substantially
across geographical settings, even among patients sharing similar respiratory diagnoses.

Regional repertoires are likely shaped by interacting components of the external
exposome—including climate, vegetation, irrigation, housing, occupation, urbanization,
and pollution—rather than climate alone [16,17]. Buenos Aires may represent a predom-
inantly urban indoor-mite environment; Rosario combines indoor allergens with port,
agricultural, industrial, and wildfire-smoke exposures; Santa Rosa occupies an urban-
agricultural transition zone; and San Rafael represents an irrigated semi-arid oasis with
strong pollen and agricultural fungal signals. These are interpretative models, not measure-
ments of personal exposure. Air pollution should mainly be considered an effect modifier
capable of amplifying epithelial disruption and inflammation rather than a determinant of
allergen-specific IgE [16,17].

4.4. Clinical and Therapeutic Implications

The regional differences have practical implications for precision diagnosis. In mite-
dominant locations, assessment restricted to Der p 1 and Der p 2 could incompletely
characterize patients recognizing Der p 23 [19,20] or additional mid-tier molecules such as
Der p 5, Der p 7, and Der p 21 [11,14,20]. Molecular results should nevertheless be inter-
preted alongside exposure history, extract-based tests, and clinical symptoms. Although
some of the molecular allergens assessed are considered less prevalent or less clinically
relevant than conventionally recognized major allergens, their inclusion was intentional
to provide a comprehensive characterization of the molecular sensitization profile and to
capture potential geographical differences and cross-reactive patterns.

Discrepancies between in vivo skin prick testing (SPT) and in vitro molecular serum
IgE evaluation emphasize that component-resolved diagnosis should complement rather
than replace conventional testing. These discordances stem from fundamental differences
between whole-extract tissue reactivity and circulating component-specific IgE, driven
by unrepresented allergens in molecular panels, analytical sensitivity variations between
skin and blood assays, cross-reactive IgE, or asymptomatic skin reactivity. In San Rafael-
Mendoza, Olee 1, Phlp 1, Lol p 1, Sal k 1, Cup a 1, and plane-tree molecules provide greater
resolution than extract testing and may help distinguish genuine co-sensitization from
panallergen-driven cross-reactivity. However, molecular positivity does not establish clini-
cal relevance; symptom timing, pollen seasons, exposure history, and, where appropriate,
provocation testing remain necessary.

Molecular diagnosis may improve allergen-immunotherapy selection by distinguish-
ing genuine from cross-reactive sensitization and identifying clinically relevant sources [32].
Nevertheless, the patient’s IgE repertoire is not a direct measure of an immunotherapy
product’s composition or potency. Alt a 1 recognition should prompt the assessment of
symptom seasonality, lower-airway involvement, agricultural exposure, and periods of
fungal-spore dispersion [28,30]. The weak association between molecular burden and
asthma severity further indicates that polysensitization should be integrated with lung
function, exacerbations, T2 biomarkers, adherence, smoking, occupation, dampness, mold,
infections, and pollution.
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4.5. Strengths, Limitations, and Future Directions

The principal strengths include the multicenter design, common eligibility framework,
and standardized component-resolved assessment across four Argentine regions.

Limitations include the selected SPT-positive clinical cohort, cross-sectional design,
differences in demographic and clinical composition among centers, and absence of multi-
variable adjustment. The high proportion of asthma in Santa Rosa-La Pampa may partly
reflect referral or recruitment patterns and should not be interpreted as regional prevalence.

Environmental exposure was not measured directly. No contemporaneous pollen or
fungal-spore counts, airborne allergen measurements, domestic mite sampling, pollution
data, or individual geospatial information were linked to participants. The Koppen-Geiger
map and regional studies provide context but cannot be assigned as personal exposures or
establish causality [18,23,24,27,31]. Housing, indoor dampness, ventilation, pets, smoking,
occupation, agricultural contact, and previous residence were not systematically recorded.
Functional biomarkers such as basophil activation and markers of type-2 inflammation,
including blood eosinophils and FeNO, were not assessed because the study was designed
primarily to characterize allergen-specific molecular sensitization. The analysis was also
restricted to components represented on the ALEX platform.

Future longitudinal studies should integrate molecular diagnosis with aerobiological
monitoring, domestic mite sampling, pollution measurements, and personal exposure
assessment. Residential geocoding could be combined with land use, irrigation, crops,
traffic, industrial activity, and wildfire-smoke trajectories. Longitudinal symptoms, lung
function, FeNO, eosinophils, and exacerbation records analyzed using multilevel models
would help distinguish stable sensitization from clinically active exposure and clarify the
contribution of the allergen exposome to respiratory disease.

5. Conclusions

This study identifies marked regional heterogeneity in molecular aeroallergen sen-
sitization among patients with allergic rhinitis and/or asthma recruited in four Argen-
tine locations. Mite components dominated in Buenos Aires and remained prominent
in Rosario-Santa Fe and Santa Rosa-La Pampa, whereas San Rafael-Mendoza showed a
pollen-dominant pattern with frequent recognition of Ole e 1, grass allergens (Phl p 1 and
Lolp1),Salk1,and Alta 1. Fel d 1 was the leading epithelial component across centers,
and cockroach sensitization was uncommon.

A broader molecular sensitization burden was weakly associated with asthma severity
but not with rhinitis severity. These findings support geographically informed molecular as-
sessment and provide a basis for future studies integrating clinical sensitization with direct
environmental measurements. They should not be interpreted as population prevalence
estimates or as evidence that regional climate caused the observed profiles.
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