Molecular sensitization profile to grass and olive pollens in Portugal
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Abstract

Background. Grass and olive pollens have overlapping pollination periods and are
common allergens in the Iberian Peninsula. Objective: To determine the sensitization
pattern to major Phleum pratense and Olea europaea pollens in the Portuguese
population with pollen allergic rhinitis (AR) using molecular allergen diagnosis

(MAD).

Methods. Seasonal AR patients (> 12 years), with positive skin prick tests (SPT) to
Phleum and Olea were recruited from 16 centers. Using ALEX?, specific IgE to Phl
pl, Phl p2, Phl pS5, Phl p6, Phl p7, Phl p 12, Ole el, Ole €7 and Ole €9 were

determined. Immunoblotting of Olea allergic patients was performed.

Results. Included 175 patients (55.4% female; mean age 31.6 + 13.3 years; 85.7%
adults; 40% asthmatic, Coast 28%/Inland 72% and North 29.1%/Centre 20.6%/South
50.3%). Considering Phleum MAD, 85.7% were sensitized to Phl p1, 45.7% to Phl
p2, 50.3% to Phl p5, 45.7%, to Phl p6, 10.9% to Phl p7 and 22.9% to Phl p12.

Sensitization to Ole el was found in 56.6%, to Ole €7 in 1.7% and Ole €9 in 3.4%



patients. Sensitization to Phl p7 was more frequent in asthmatics (17.4% vs 6.6%; p
= 0.044). Sensitization to Phl p5, Phl p6, Phl p12 and Ole el was more frequent in
inland. Regarding sensitization patterns: 53.1% patients were sensitized to both
species genuine” sIgE, 38.3% to Phleum and 3.4% only to Olea species’ sIgE.
Immunoblotting of Olea allergic patients showed a high intensity band that may

correspond to Ole el2.

Conclusions. MAD showed “genuine” Grass and Olea sensitization in
g

approximately 50% of our patients.

Key words: Allergic rhinitis, molecular allergen diagnosis, olea europaea, Phleum

pratense, sensitization.

Impact statement: The use of molecular allergen diagnosis allowed us to make a
more detailed characterization of the sensitization profile from pollinic (grass and
olive pollens) rhinitis patients. This was the first multicentric national study

regarding this topic.

Introduction

Allergic rhinitis (AR) is the most common chronic disease worldwide (1). In Europe,
AR frequency ranges from 16.9% to 28.5% (1,2). Portuguese epidemiological studies
estimated a rhinitis prevalence of 26.1% (3). Within the different age groups, the
Portuguese rhinitis prevalence is 21.5%-24% in children, 27% in adolescents and

29.8% in the elderly (4-6).



Pollen allergy has had a remarkable clinical impact in Europe (7). Portugal, due to its
climate, geographical characteristics, and the influence of Mediterranean pollens, has
a distinctive vegetation with various types of allergenic pollen. Some of those are

different from the central and northern Europe pollens (8).

In Portugal, grasses such as timothy grass (Phleum pratense), and olive tree (Olea
europaea) are highly allergenic, and both have overlapping pollination periods from
May to June. In grass and olive AR patients, a comprehensive evaluation of the
patient’s medical history together with in vivo and in vitro diagnostic tests, such as
skin prick test (SPT) and specific IgE (sIgE) for the whole allergen extracts, may not
allow a precise identification of the clinically relevant sensitizers, especially when
we are considering allergen immunotherapy (AIT) prescription (9, 10, 11). Thus,
molecular allergen diagnosis (MAD) is essential to establish the individual reactivity
profile and to identify the relevant sensitizers (genuine or primary sensitization) and

cross-reactivity patterns (10,11).

The aim of this study was to determine the sensitization pattern to Phleum pratense
and Olea europaea pollens in the Portuguese population who presented a concise
history of pollinic AR with positive SPT to both Phleum and olive pollen. To better
characterize our population sensitization profile to olive pollen, we performed an

Immunoblotting with Olive pollen allergic patients’ sera.

Materials and Methods

Study design, data collection and selection of the patients

This was a multicenter, cross-sectional, observational, national study conducted
under routine clinical practice, during 2021 (first 8 months) in 16 allergy

centers/units of mainland Portugal. There were included patients older than 11 years
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old with a consistent diagnosis of seasonal allergic rhinitis, according to Allergic
Rhinitis and its Impact on Asthma (ARIA) classification, clinically related to grass
and olive pollinosis. In patients with concomitant asthma, its diagnosis was made

according to 2020 Global Initiative for Asthma (GINA) criteria.

All patients had double sensitization to grass and olive pollens on SPT. These tests
were performed as described by the EAACI guidelines (12,13). All patients
underwent SPT with the same panel of allergens: dust mites (Dermatophagoides
pteronyssinus, Dermatophagoides farinae, Lepidoglyphus destructor) moulds
(Alternaria alternata, Aspergillus fumigatus), cat and dog epithelia and Phleum
pratense (Diater®) and Olea europaea (Diater ®) pollens. Other grass (Multiple grass
mix), tree (Platanus acerifolia, Cupressus sempervirens) or weed (Parietaria
Jjudaica, Artemisia vulgaris) pollens were added to the SPT. Histamine (10 mg/mL)
and a negative control (0.2% phenolic and 50% glycerinated physiology saline
solution) (Diater®) were used as positive and negative controls (13), respectively.
Wheals with a mean diameter > 3 mm compared to the negative control were

considered positive.

To investigate possible geographical differences, it was performed a country division
in 2 regions: coast (the region close to Atlantic Ocean) and inland (the interior region
of Portugal, next to Spain). With this division, we intended to evaluate the influence

of the proximity of the Ocean in the sensitization rate.

We also considered another division in 3 other zones: the northern, the center, and
the southern (including Lisbon area, Alentejo and Algarve) zones. This late division

followed the current administrative division of the mainland area of Portugal.



Using a standardized questionnaire we collected sociodemographic data (age, gender,
region), clinical and laboratory data. To all patients that accepted to participate in the

study, we collected 10 mL of blood for the laboratory determinations.

The study was approved by all Hospitals Ethics Committee and all patients received
written information and provided their consent. A specific informed consent form for

pediatric patients was used which was signed by a legal representative.

Exclusion criteria were pregnancy, previous pollen AIT or any contraindications for

SPT or for AIT.

Study variables: sIgE, in vitro sensitization patterns and Olea Europa

immunoblotting

Considering the laboratory study we determined 4 Phleum pratense species’ specific
IgE (Phl p1, Phl p2, Phl p5 and Phl p6) and 2 Olea europaea species’ specific IgE
(Ole el and Ole €9). We also determined cross reactivity sIgE: Phl p7 and Phl p12

for Phleum and Ole €7 for olive tree pollen.

Specific IgE to Phleum pratense and Olea europaea whole extracts and sIgE to Phl p
1, Phlp 2, Phlp 5, Phlp 6, Phl p 7, Phl p 12, Ole el, Ole €7 and Ole ¢ 9 were
measured in Macro Array Diagnostic Laboratory in Vienna (Austria), using ALEX
system (MacroArrayDX®)(14). ALEX is a multiplex array containing 282 reagents
(157 extractive allergens and 125 molecular components). The different allergens
and components are coupled onto polystyrene nano-beads, and then the allergen
beads are deposited on a nitrocellulose membrane the sIgE levels were expressed in

kUA/L and values >0.30 kUA/L were considered positive.



In this study we intended to determine molecular in vitro sensitization patterns to
Phleum pratense and Olea europaea specific IgE (sIgE) in the included patients. We
defined the following sensitization patterns: 1) Double sensitization to Phleum and
Olea species” specific, 2) Phleum species ‘specific IgE; 3) Sensitization to Olea
species ‘specific IgE and 4) Sensitization only cross reactivity IgE. For the definition
of patterns 1 to 3, we considered for each patients the presence of at least one IgE to
the species ‘specific allergens. These patients could also be sensitized to cross
reactivity allergens. Pattern 4 included the patients that were only sensitized to cross

reactivity allergens.

In addition, we analyzed the sera of our olive pollen sensitized patients by
immunoblotting. In immunoblotting, proteins from Olea europaea extracts were
analyzed in a procedure performed in three steps: separation of proteins by
electrophoresis, transfer to a polyvinylidene difluoride membrane and identification
of specific proteins by their binding to sigE. With this additional procedure we
intended to characterize Olive sensitization and investigate whether there are other

allergens involved in the Portuguese population.

Statistical analysis

A descriptive analysis of the demographic data and clinical characteristics of the
study population was performed. For sIgE values, median and interquartile range
were presented. The number and percentage of patients were used to describe
categorical variables. Hypothesis tests according to their nature were conducted for
comparison between variables. According to variables, there were used a chi-squared
test, Fisher’s exact test and McNemar test were conducted, as applicable. A level of

significance of 0.05 was used for all statistical tests. Results were analyzed globally



and stratified by geographic area (inland/coast and north/center/south). Data analysis

was performed using the SPSS version 28 (SPSS, Chicago, IL, US).

Results

Patients’ demographic and clinical characteristics

A total of 175 patients with seasonal allergic rhinitis were included from 16 Allergy
Units/Centers of the mainland regions of Portugal. Table I summarizes patients”
demographic data and the clinical characteristics. Within the included patients, the
majority were adults, females and lived in inland areas of Portugal. Conjunctivitis
was the main comorbidity (72%) and 40% of the patients had asthma. The most

common co sensitization was to house dust mites (69.7%).

Specific IgE determinations

Regarding Phleum pratense sIgE, the most frequent molecular sIgE identified was
Phl p1 (150; 85.7%) followed by Phl p5 (88; 50.3%). The number of patients
sensitized to Phl p2 and Phl p6 was the same (80; 45.5%). The sensitization to cross-
reactivity allergens was reduced in our populations, with 19 (10.9%) patients
sensitized to Phl p7 and 40 (22.9%) to Phl p12. Figure 1A shows the frequency of
sensitization and the median [Q1-Q3] values of all sIgE determined for Phleum

pratense.

For Olea pollen, the main molecular allergen found was Ole el (99; 56.6%). Figure
1B indicates the frequency of sensitization and the median values [Q1-Q3] to all

Olea molecular allergens determined.



In relation to Portuguese geographical areas, Figure 2 exhibits the frequency of

sensitization to Phleum and Olea molecular allergens in the coats and inland. Apart
from Phl p7, sensitization to all Phleum pratense molecular sIgE was more frequent
in the Inland with significant differences for Phl p5 (p=0.004), Phl p6 (p=0.003) and

Phl p12 (p=0.003).

Regarding Olea europaea, sensitization to Ole el, Ole €7 and Ole 9 was more
frequent in Inland than in Coast regions with significant differences for Ole el sIgE

(p=0.041).

We did not find any differences within the sensitizations between North, Centre, and

South of Portugal.

We also did not find any difference regarding sensitization to all the sIgE tested
according to the patients age group or according to the rhinitis severity. In our
population, sensitization to Phl p7 was higher in the asthmatic patients (17,4% vs

6,6%; p=0,044).

In-vitro molecular sensitization patterns

Four sensitization patterns were found, and 7 (4%) patients did not show any
positivity to the sIgE tests. The molecular sensitization patterns are indicated on table

II.

Regarding the sensitization patterns: 93 (53.1%) were sensitized to both Phleum and
Olea species’ specific IgE, 67 (38.3%) were sensitized to Phleum species’ specific
IgE exclusively, 6 (3.4%) were sensitized to Olea species’ specific IgE exclusively
and 2 (1.1%) were sensitized exclusively to Phl p7. Sensitization to Ole e 9 occurred

exclusively in the context of double sensitization to Phleum and Olea species.



We did not find any significant difference between these patterns within the country
regions (inland/coast) nor between children and adults. All the 6 patients sensitized

exclusively to Olea species’ specific IgE were adults.

Olea europaea Immunoblotting

Immunoblotting of selected individuals sensitized to Olea europaea showed a
repertoire of IgE response with molecular weights ranging from =30 to 37 kD, that

may correspond to Ole e 12 allergen (Figure 3).

Discussion

In our study, from the 176 patients with AR with symptoms in the spring and
positive SPT to Phleum and Olea, only 53.1% were sensitized to both species
specific Phleum and Olea allergens and 4% had no positivity for the studied
allergens. MAD showed that Phl p1, Phl p5 and Ole el were the most frequent
allergens. Apart from Phl p7, sensitization to the other molecular allergens was more
frequent in Inland, with significant differences for Phl p5, Phl p6, Phl p12 and Ole e

1. We found 4 sensitization profiles.

Regarding Phleum sensitization, our study showed similar frequencies of
sensitization to the previously published international (83-99% to Phl p1; 50-73%, to

Phl p5; 7-32% to Phl p7 and to 5-35% Phl p12) (14-17) and national studies (18, 19).

Cipriani F et al showed that Phl p7 is a biomarker of asthma and of a more severe
AR form in a cohort of grass allergic patients. In our study, sensitization to Phl p7
was higher in the asthmatic patients; however, we found no differences regarding AR

severity (20).



Olive pollen allergy is common in the Peninsula Iberian countries, although this
sensitization is widely variable within Peninsula Iberian countries. This difference
can be explained by the intensity of olive tree cultivation in each country. For
instance, in Spain, in the regions with intensive olive pollination, the frequency of
sensitization to Ole el varies between 75.3% e 80% (21), while on areas of low
exposure to olive pollens as Navarra, the frequency of sensitization to Ole el is of
28.2% (22). In our study, Ole e 1 was the main olive allergen identified (56.6%)
being less prevalent in coast regions (51.6%) than in inland (69.4%) where olive

cultivation is more intense.

In our study, sensitization to Ole e7 and Ole €9 was residual. Regarding Ole e 9, our
sensitization (3.4%) is quite inferior to the Spanish sensitization rate both in areas
with high pollen exposure (over 35%), and with low olive pollen counts (10.7%)
(21). Our frequency of sensitization to Ole e 7 was also lower to our neighbor

country (1.7% vs 14.4-47%) (23).

Our data showed an interesting result as we have identified in Immunoblotting a
broad IgE reaction binding band in the 37kDa range, corresponding to Ole e12
molecular weight. According to Castro et Al (24), Ole e12 is a isoflavone reductase
that is found in patients with olive pollinosis and peach allergy. Being Portugal, a
country with high frequency of peach allergy and olive allergy, our data highlights

the importance of studying this allergen in our population.

Molecular sensitization profile characterization is important for etiological
management of allergic disease and may help improving AIT selection in
polysensitized patients (25,26). Identification of species-specific allergens and cross

reactivity allergens is important before considering AIT prescription. In our
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population, about half of the included patients had IgE sensitization to the species-
specific allergens of both pollens. Considering this, only these patients were
candidates for AIT with both pollens, about 38% were candidates for grass pollen
immunotherapy, 3.4% to olive pollen AIT and 5.1% had no criteria for grass and
olive AIT prescription. In conclusion, after the MAD study, in 46.9% of the patients
there was an alteration in the AIT composition. This percentage are distinctive from
the data previously published in two Spanish studies (56.8% in Moreno C et al and
52.87% in Martinez-Canavate Burgos A et al) (27,28). Even though we cannot
comment about statistically significant differences, we believe that our results

highlight the particularities of the Portuguese population.

Our study has some limitations. The main one is the reduced number of included
patients. The exclusion of patients younger than 11 years old is also a limitation. The
inclusion of a larger sample with younger patients would allow to identify evolution
of Phleum and Olive molecular allergens according to age. Despite these limitations,
it is important to state that this is the first multicenter Portuguese study that

characterizes Phleum and Olive sensitization patterns.

Our data regarding Phleum and Olive sensitization patterns slightly differed from the
data previously published in Spanish studies (our neighbor country) and added

information regarding the Iberian Peninsula sensitization profile.

In conclusion, in our study, MAD showed that about half of the included patients
were sensitized to species specific Phleum and Olive pollen allergens. Using MAD,
sensitization to Phleum was more prevalent in the Inland and Phl p7 was more

frequent in asthmatic patients. Regarding Olive, Ole el was the main allergen, with a

11



predominance in the Inland, that may be probably related to the intensive cultivation

of Olive trees in this area.

After MAD performance, in about half of the included patients, we maintained the
indication for AIT with both pollens. In the remaining patients we changed either the

AIT composition or the AIT indication.

Recognizing sensitization profiles is useful to select the allergens that should be
included in AIT. With the advent of molecular AIT, we consider that establishing
national and regional sensitization profiles will be essential for choosing a tailored

maid AIT composition.
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Table I - Demographic and clinical characteristics

Demographic and clinical characteristics

Age — mean + SD (min — max)

Age groups, n (%)

12-17 y

18-30 y

31-50 y

51-75y

Number of included patients — n(%) 175 (100)
Demographic data
Female, n (%) 97 (55.4)
Adults, n (%) 150 (85.7)

31.6+13.3 (12-75)

25 (14.3)

70 (40)

63 (36)

17 (9.7)

Residence area in mainland Portugal, n

(%0)
49 (28) /126 (72)
Coast/Inland
51(29.1)/36 (20.6)/ 88
North/central/south
(50.3)
Rhinitis — ARIA classification, n (%)

Intermittent mild 18 (10.3)
Intermittent moderate/severe 25(14.3)
Persistent mild 27 (15.4)
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Persistent moderate/severe 105 (60)

Concomitant allergic diseases, n (%)

Asthma 70 (40)
Conjunctivitis 126 (72)
Eczema 40 (22.9)

Co-sensitizations, n (%)*

House dust mites 122 (69.7)
Weed pollens 98 (56)
Other tree pollens 63 (36)
Cat/Dog epithelia 78 (44.6)
Moulds 35 (20)

Moulds (Alternaria alternata, Aspergillus fumigatus).

* House dust mites (Dermatophagoides pteronyssinus, Dermatophagoides farinae, Lepidoglyphus destructor),

Weed pollens (Parietaria judaica, Artemisia vulgaris), Tree pollens (Platanus acerifolia, Cupressus sempervirens),

Table II - Molecular sensitization patterns

Sensitization patterns n (%)
93
Double sensitization to Phleum and Olea species’ specific IgE*
(53.1%)
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el 60
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Ole €9 3
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Phl p7 6
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Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Phl p12

Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Ole €9 + Phl

20

2
pl2
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Ole 7 1
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole el + Ole e¢7 + Ole
1
e9
67
Sensitization to Phleum species’ specific I[gE*
(38.3%)
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 40
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Phl p7 8
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Phl p12 16
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Phl p7 + Phl p12 2
Phl p1 and/or Phl p2 and/or Phl p5 and/or Phl p6 + Ole e7 1
6
Sensitization to Olea species’ specific IgE*
(3.4%)
Ole el 5
Ole el + Phl p7 1
Ole 9 0
2
Sensitization only to cross reactivity IgE
(1.1%)
Phlp 7 2
No CRD (None of the studied sIgE) 7 (4%)

* with or without associated cross-reactivity allergens (Phl p7, Phl p12, Ole e7)

20




Figure 1: Frequency of sensitization to Phleum pratense and Olea europaea sIgE

(Fig. 1a - Frequency of sensitization to Pheum pratense sIgE; Fig. 1b - Frequency of

sensitization to Olea europaea sIgE)
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Figure 2: Sensitization to Pheum pratense and Olea europaea sIgE according to
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Figure 3: IgE-Immunoblotting of selected patients (each lane corresponds to a hospital

center) for the allergenic extracts of Olea europaea.
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