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Abstract

Background

Worldwide, allergic rhinitis is a disease affecting an estimated 10-30% of the world
population and thus having a high socioeconomic impact. Seasonal allergic rhinitis (SAR)
can be difficult to diagnose, especially in Southern Europe, where pollen seasons are
long and often overlap. Amongst patients with SAR, pollen food allergy syndrome (PFAS)
is a frequent comorbidity. Yet, due to its heterogeneity in symptoms, triggers, and
laboratory results, it is underdiagnosed. As of now, no comprehensive study examining
the syndrome in the Mediterranean region has been published.

Objectives

To identify the clinical characteristics of PFAS in Southern Europe as well as possible
similarities, differences, and unique features within the region.

Methods

The @IT.2020 Multicenter Study recruited 815 patients suffering from SAR aged 10 to 60
years from nine Southern European centers. They were included in an initial study visit,
during which questionnaires on SAR, comorbidities, family history, and PFAS as well as
skin prick and immunoglobulin E (IgE) testing were performed. Afterwards, they
participated in a digital monitoring period as well as a second study visit with follow-up
guestionnaires. The resulting data regarding PFAS was analyzed for this dissertation.
Results

167 out of the 815 patients (20.5%) reported PFAS reactions. Kiwi (58, 34.7%), peach
(43, 25.7%), and melon (26, 15.6%) were the most frequently named elicitors. Most of
the reported reactions were localized (216/319, 67.7%) and occurred within five minutes
after contact with the eliciting food (209/319, 65.5%). The characteristics associated with
PFAS included positive IgE results to one or more of the tested panallergen groups
(profilin, pathogenesis-related class 10 protein (PR-10), or non-specific lipid transfer
protein (nsLTP)), positive maternal history of PFAS, and positive history of asthma. The
included centers showed a vast heterogeneity in prevalence of PFAS and its associated
clinical characteristics.

Conclusions

The current findings portray the clinical relevance of PFAS in Southern Europe. Vast
differences within the region were found, which may be due to differing pollen

sensitization patterns. The new insights on associated clinical characteristics and



common elicitors can aid physicians and patients in diagnosis and therefore food allergen
avoidance. The data will also become relevant to clinical life in Germany, as plants
currently only found in Southern Europe are predicted to spread north and the length of
pollen seasons is predicted to increase due to climate change.

Zusammenfassung

Hintergrund

Weltweit ist allergische Rhinitis eine Erkrankung, die geschatzte 10-30% der weltweiten
Bevolkerung beeintrachtigt und daher eine hohe sozio6konomische Auswirkung hat.
Saisonale allergische Rhinitis (SAR) kann schwer diagnostizierbar sein, vor allem in
Siudeuropa, da hier die Pollensaisons lange anhalten und haufig tberlappen.

Bei Patienten mit SAR ist das Pollen Food Allergy Syndrome (PFAS) eine haufige
Komorbiditat. Die Symptome, Ausloser, und laborchemischen Erkennungsmerkmale
fallen sehr heterogen aus, weshalb PFAS haufig unterdiagnostiziert wird. Bislang wurde
noch keine umfassende Studie zu PFAS in der mediterranen Region publiziert.
Zielsetzung

Die klinischen Charakteristika von PFAS in Siideuropa im Hinblick auf Ahnlichkeiten,
Unterschiede und phénotypische Besonderheiten innerhalb der Region zu identifizieren.
Methodik

Die @IT.2020 Multicenter Study rekrutierte 815 Patientinnen mit SAR im Alter von 10 bis
60 Jahren in neun siideuropaischen Zentren. Im ersten Schritt wurden Patientinnendaten
hinsichtlich SAR, Komorbiditaten, Familienanamnese und PFAS erhoben. Zudem wurden
Hautpricktest und Immunglobulin E (IgE)-Messungen durchgefiihrt. Es schloss sich ein
digitaler Uberwachungszeitraum, gefolgt von einer zweiten, abschlieRenden
Datenerhebung per Fragebogen an. Die Daten zu PFAS wurden fur diese Dissertation
analysiert.

Ergebnisse

167 von 815 Patientinnen (20,5%) berichteten Gber PFAS-Reaktionen. Kiwi (58, 34,7%),
Pfirsich (43, 25,7%) und Melone (26, 15,6%) waren die meist genannten Ausléser. Die
haufigsten Reaktionen waren lokal (216/319, 67,7%) und traten innerhalb von funf
Minuten nach Kontakt mit dem auslésenden Lebensmittel auf (209/319, 65,5%). Die mit

PFAS assoziierten Charakteristika beinhalteten eine positive IgE-Testung auf mindestens
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eine der eingeschlossenen Panallergengruppen (Profilin, Pathogenesis-Related Class 10
Protein (PR-10) oder Non-Specific Lipid Transfer Protein (nsLTP)), eine positive
maternale Familienanamnese fir PFAS und die positive Eigenanamnese fiur Asthma.
Zwischen den beteiligten Zentren zeigte sich eine grof3e Divergenz hinsichtlich der
Pravalenz sowie den assoziierten klinischen Charakteristika.

Schlussfolgerung

Die aktuellen Ergebnisse zeigen die klinische Relevanz sowie geographisch verteilte
Heterogenitdt von PFAS in Sudeuropa. Letztere konnte durch Unterschiede der
Pollensensibilisierungsmuster erklart werden. Die Einblicke in die Kklinischen
Charakteristika und haufigen Ausloser kénnen sowohl Arztinnen als auch Patientinnen
in der Diagnose sowie im Management von PFAS unterstitzen. Die Daten werden auch
im klinischen Alltag in Deutschland relevant werden, da vorhergesagt wird, dass aufgrund
des Klimawandels Pflanzen, die aktuell primér in studlichen Breitengraden auftreten, sich

ausbreiten und die Pollenflugzeiten sich ausdehnen werden.



Manteltext

1. Introduction

Seasonal allergic rhinitis (SAR) is an inflammatory, antibody facilitated disease caused
by exposure to seasonal allergens such as trees, grasses, and weeds (Passali et al.,
2018; Skoner, 2001). Patients with SAR suffer from one or more of these symptoms:
sneezing, itching, nasal congestion, and rhinorrhea, due to exposure to seasonal
allergens. These can be accompanied by symptoms of the eyes, ears, and throat. The
patients show a rapid onset of symptoms upon exposure to the allergen and improving
symptoms when the season of the causative allergen is over (Skoner, 2001). Additionally,
allergic rhinitis can cause mental symptoms including fatigue, decreased concentration,
and depression, which is reflected in its impact on school or work performance and quality
of life (Bachert and Andreasen, 2015).

1.1 Pathogenesis

SAR is caused by an early- and a late-phase allergic response. In previously sensitized
patients, allergens are recognized upon re-encounter by immunoglobulin E (IgE) bound
to the surface of mast cells and basophils (Bjermer et al., 2019). In the early-phase, mast
cell degranulation occurs predominantly in the nasal mucosa, eliciting histamine release
(Figure 1A). This causes the onset of nasal and ocular symptoms such as sneezing,
rhinorrhea, and itching within minutes of exposure. Due to the release of histamine and
pro-inflammatory cytokines, vascular permeability increases and edema form (Bjermer et
al., 2019). The ensuing late-phase reaction occurs hours after exposure due to the
recruitment of basophils, neutrophils, T-lymphocytes, monocytes, and eosinophils, as
well as the release of cytokines, prostaglandins, and leukotrienes (Figure 1B). It causes
mucosal inflammation including edema and nasal congestion and leads to an increased
susceptibility of the patient for further symptom development due to allergen exposure
(Bjermer et al., 2019).
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Figure 1: A) Early phase allergic reaction, in which the antigens and IgE (immunoglobulin
E) antibodies activate mast cells to release leukotrienes, and other cytokines (tryptase,
kinins, prostaglandins).

B) Late phase allergic reaction, in which Th2 lymphocytes, eosinophils, and basophils are
activated and release mediators, which prolong the inflammatory response. (IL:
interleukin, ICAM: intercellular adhesion molecule, ECP: eosinophil cationic protein)
Modified from Bjermer et al., 2019.



1.2 Epidemiology

It is estimated that 10-30% of the world population suffer from allergic rhinitis (Pawanker
et al., 2013). Worldwide, 0.1-25.8% of children aged 8-12 years are affected by SAR
(Weinmayr et al., 2008). The prevalence is steadily on the rise in most countries (Asher
et al., 2006). Due to its high prevalence and impact on quality of life, SAR has a high
socioeconomic cost. According to an analysis by Zuberbier et al., untreated patients with
allergic rhinitis in Europe produce unavoidable indirect costs of EUR 2405 per patient
annually due to absence from work and reduced productivity at work (Zuberbier et al.,
2014).

1.3 Diagnostics

The diagnosis off SAR greatly depends on accurate history taking to identify the
associated symptoms and possible elicitors for the patients. Additionally, diagnostic
scores can be helpful in assessing the severity and quality of SAR and thus its impact on
quality of life, such as the Allergic Rhinitis and its Impact on Asthma (ARIA) score (Greiner
et al., 2011). Furthermore, diagnostic tools are used to identify the eliciting pollens or
molecules of SAR: skin prick testing (SPT) and IgE testing (Skoner, 2001).

1.4 Therapy

As pollen allergen avoidance is not possible for patients suffering from SAR due to their
ubiquitous nature, pharmacological therapy aims at symptom reduction (Dykewicz et al.,
2017). Treatment options include antihistamines, decongestants, corticosteroids,
cromolyn, anticholinergics, and leukotriene receptor antagonists (Bjermer et al., 2019;
Dykewicz et al., 2017). These therapies solely intend symptom relief and do not impact
the natural history of SAR and may also cause side effects (Roberts et al., 2018).

Currently, the sole viable option for disease-modifying treatment is allergen
immunotherapy (AIT), which is used to reach allergen tolerance through increasing doses
of allergen extracts (Fujita et al., 2012; Roberts et al., 2018). This is achieved through the
inducement of T-cell tolerance, modulation of the mast cell and basophil activation
threshold, and a decreased histamine release (Fujita et al., 2012). It can be administered
either subcutaneously or sublingually (Roberts et al., 2018). AIT can optimally lead to
desensitization of the patient, leading to a decrease in symptoms. In addition to

symptomatic improvement, AIT can lead to long-term clinical benefits, which may persist
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for years after cessation of treatment (Roberts et al., 2018). The efficacy of AIT is
dependent on the exact identification of the causative allergen and targeted treatment,
which can be achieved via SPT or IgE testing (Roberts et al., 2018). Thus, component
resolved diagnostics (CRD) plays an important role in correctly identifying the elicitor and
targeting the AIT appropriately (Roberts et al., 2018). CRD uses IgE testing to identify
specific allergenic molecules that the patient reacts to, rather than testing reactions to
allergenic extracts, where different types of molecules are tested simultaneously. This
leads to a more precise identification of the causative allergic agent and aids in the
management of allergic patients. Therefore, AIT can be tailored to the patient and its
outcome can be improved (Barber et al., 2021; Treudler and Simon, 2013). The
interpretation of CRD results is a complicated matter (Matricardi et al., 2016), as
allergologists are required to interpret more complex information, such as allergenic

properties and cross-reactivity of allergic molecules (Treudler and Simon, 2013).

1.5 Pollen Food Allergy Syndrome

SAR is associated with many allergic comorbidities (Greiner et al., 2011). One of these is
pollen food allergy syndrome (PFAS) (Werfel et al., 2015). Around 9.6-55 % of patients
with SAR are reported to suffer from PFAS worldwide (Bedolla-Barajas et al., 2017;
Bircher et al., 1994). PFAS is a hypersensitivity reaction based on cross-reactivity
between food allergens and pollen allergens (Werfel et al., 2015). Reactions include
symptoms of the oropharynx such as itching, stinging, pain, and edema that typically
appear minutes after contact with the eliciting food (Kondo and Urisu, 2009; Price et al.,
2015). Additionally, more severe symptoms have been reported in around 5% of the
cases, affecting the skin, gastrointestinal, cardiovascular, and respiratory system and in
rare cases may even lead to anaphylaxis (Price et al., 2015; Webber and England, 2010).
The causative cross-reactive allergens share sequence-, structure-, and function-
similarities. Since they are wide-spread, they are called panallergens. Major panallergen
groups involved in PFAS reactions include profilins (Figure 2), pathogenesis-related class
10 proteins (PR-10) (Figure 3), and non-specific lipid transfer proteins (nsLTP) (Figure 4)
(Hauser et al., 2010; Matricardi et al., 2016).



Figure 2: Profilins: examples of allergen molecules (central), their corresponding allergen
source (middle), and botanical family (peripheral). Black indicates pollen sources while
blue indicates plant food sources (Matricardi et al., 2016).

Created by the author for this dissertation.
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Betulaceae

Rosaceae

Figure 3: Pathogenesis related class-10 proteins (PR-10): examples of allergen
molecules (central), their corresponding allergen source (middle), and botanical family
(peripheral). Black indicates pollen sources while green indicates plant food sources
(Matricardi et al., 2016).

Created by the author for this dissertation.

While the profilins and PR-10 cause PFAS reactions due to initial sensitization to an
aeroallergen, nsLTPs are currently classified as class | food allergens, with recent
evidence showing that, in some cases, the initial sensitization may occur to pollen such
as Ole e 7 from the olive tree (Bogas et al., 2020; Oeo-Santos et al., 2020; Werfel et al.,
2015). Additionally, Profilins and PR-10 molecules are heat- and acid-labile, therefore
symptoms are rarely caused by cooked elicitors and typically only local symptoms appear
after contact with raw foods (Hauser et al., 2010; Price et al., 2015). Yet, nsLTPs are
resistant to heat and acid and are therefore frequently associated with systemic PFAS

reactions (Hauser et al., 2010; Matricardi et al., 2016).
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Asteraceae

Figure 4: Non-specific lipid proteins (nsLTP): examples of allergen molecules (central),
their corresponding allergen source (middle), and botanical family (peripheral). Black
indicates pollen sources while yellow indicates plant food sources (Matricardi et al., 2016).

Created by the author for this dissertation.

1.6 SAR and PFAS in Southern Europe

Due to its milder climates and diversity of vegetation, pollen seasons in Southern Europe
differ from those in other European regions and frequently overlap (Hoffmann et al.,
2020). Since clinically identifying the causative allergen is more complicated under these
circumstances, the diagnosis is also dependent on further testing. Tools aiding physicians
in the correct diagnosis of SAR include SPT, IgE testing, and the complex CRD
(Matricardi et al., 2016). Without adequate prior data and proper instruction on diagnostic
tools, the correct identification of the causative agent and therefore treatment of SAR and
its associated comorbidities including PFAS can be challenging. In order to expand the
body of knowledge of SAR in Southern Europe and aid clinicians in its diagnosis and

proper treatment, a cohesive study with unified methodology including nine study centers
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in seven Southern European countries was established: @IT.2020 Observational
Longitudinal Multicenter Clinical Study (Matricardi, 2017). Its aim was to develop a clinical
decision support system (CDSS) integrating CRD and to assess the efficacy of this
system. Included in this study was the analysis of pollen seasons in Southern Europe, a
guestionnaire on SAR, comorbidities, personal and family history of recruited patients, a
monitoring period of one year with a digital symptom diary, Allergymonitor®, a second
questionnaire at the end of the year for each of the patients reflecting upon their allergic
symptoms during the past year and their digital literacy, and finally a workshop for
physicians assessing the usefulness of the CDSS.

The main objectives were describing the molecular sensitization profile and clinical
phenotype of SAR in Southern Europe and testing the use of CRD and Allergymonitor®
and the impact on diagnosis and AIT prescription. Additional research questions included
the frequency and clinical characteristics of PFAS as a comorbidity of SAR in Southern
Europe (Matricardi, 2017). The author of this dissertation focused on that particular
aspect. The related work included the establishment and upkeep of all databases, the
statistical analyses, relevant research in connection to this topic, and the interpretation of

gathered data embedded in that context.

1.7 Impact on Middle and Northern Europe

While overlapping pollen seasons and certain plants currently do not play a relevant role
in SAR in Middle and Northern Europe, this is predicted to alter due to climate change.
For example, Lake et al. predicted that by 2041-2060, ragweed will spread across Europe,
excluding Scandinavia, Baltic States, Spain, and Portugal. Additionally, they projected
that ragweed sensitization will increase to 77 million people by then, more than double its
current prevalence. This change will especially affect countries where the incidence is
currently low, including Germany (Lake et al., 2017). Therefore, the gathered data and
conclusions will not only be able to support clinicians and patients in Southern Europe,

but the rest of the continent as well.
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2. Methods

The @IT.2020 Multicenter Study included nine centers in seven Southern European
countries: Porto (POR), Portugal; Valencia (VAL), Spain; Marseille (MAR), France; Rome
(ROM) and Messina (MES), Italy; Tirana (TIR), Albania; Athens (ATH), Greece; Istanbul
(IST) and Izmir (IZM), Turkey. Berlin (BER), Germany served as the coordinating center.
Within the study, patient data from 815 patients attending allergy clinics at all nine centers
as well as aerobiological data for the calendar year 2018 were collected. The study
consisted of four components: an initial study visit (TO), a monitoring period, a second
study visit (T1), and a workshop (Matricardi, 2017).

The study was approved by the ethics committee in BER and all local ethics committees
(Matricardi, 2017).

2.1 Study Population

Patients with SAR were recruited between November 2017 and May 2018. They were
included based on following criteria: 1) age 10-18 years for children or 19-60 years for
adults; 2) a good understanding of the national language or one of the languages offered
in the Allergymonitor® application (TPS software production, Rome, Italy); 3) availability
of a smart phone; 4) written informed consent. Exclusion criteria consisted of: 1) prior
pollen allergen immunotherapy; 2) any severe chronic disease; 3) living further than
30 km away from the local aerobiological center used for pollen counts (Matricardi, 2017).
The diagnosis of SAR was based on clinical history and previous positive SPT or IgE
assay, with local study physicians under the supervision of the local coordinators

determining the diagnosis (Matricardi, 2017).

2.2 Study Design

The following information is based on the standard operating procedure of the @IT.2020
Multicenter Study (Matricardi, 2017).

2.2.1TO Visit

At the initial study visit, patients were recruited to the study, and the diagnosis of SAR as
well as fulfilment of the inclusion and exclusion criteria were verified (Figure 5). A

guestionnaire consisting of eight sections was completed by each patient with the aid of
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the local study physicians. The initial section was comprised of sociodemographic
guestions such as sex, date of birth, height, and weight. Section two regarded the family
history of allergic diseases, including both parents and any siblings. Allergic comorbidities
(oral allergy syndrome, anaphylaxis, urticaria, atopic eczema, food allergy, asthma not
related to pollen, and other allergic diseases) of the patients were assessed in section
three. Pollen food allergy syndrome was assessed in the fourth section. This included
fifteen possible elicitors (peach, apple, almond, apricot, soybean, cherry, pear,
watermelon, melon, sesame, banana, carrot, fennel, kiwi, celery) and the category
“others”. Patients were initially asked whether they had ever ingested the food and if they
had, whether they suffered from an allergic reaction. For positive responses to the initial
two questions, the type and timing of the reactions were assessed. Options for symptoms
included local symptoms: oral pruritus, swelling of tongue/face, difficulty
talking/swallowing, oral vesicles; as well as systemic symptoms: urticaria, skin redness,
cough/wheezing/respiratory difficulties, swelling of eyes/eyelids, nose closed/running,
vomiting, diarrhea, pallor/hypotension, palpitations/tachycardia, loss of consciousness.
Five possible categories for times to onset of symptoms were provided: 1) <5 minutes;
2) 6-20 minutes; 3) 21-60 minutes; 4) 61-120 minutes; 5) =2 121 minutes (Figure 6).
Positive responses to multiple PFAS elicitors were possible. The fifth section of the
questionnaire focused on allergic rhinoconjunctivitis, assessing the age at onset, severity
and frequency of symptoms. In section six, frequency and efficacy of administered allergic
rhinoconjunctivitis drug therapy during the previous pollen season was reported by
patients. The Control of Allergic Rhinitis and Asthma Test (CARAT) comprised section
seven (Fonseca et al., 2010). Lastly, section eight regarded allergic asthma, including

severity, control, and therapy.
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n=850
subjects recruited to
@IT.2020 Multicenter Study

Exclusion Criteria
Severe chronic disease
Previous pollen AIT
Living > 30 km or outside of climatic area of
local aerobiological center
> n=34
Inclusion Criteria:
Diagnosis of SAR:
* Nasal and/or eye symptoms for at least
3 weeks during one of past two pollen
seasons
+ Positive SPT or positive IgE
Completed Informed Consent Form
Patients 10-60 years old
Good understanding of national language
Smart phone available
A\ 4
n=816
study population
Included in Analysis:
TO Data Available
Serum Available
No serum available
> n=1
\ 4
n=815
included in analysis
Definition PFAS:
At least one self-reported reaction to
a known PFAS-associated food
\ 4 \ 4
n=167 n=648
patients with PFAS patients without PFAS

Figure 5: Flow chart depicting the patient selection and final population used in the PFAS
analysis (Matricardi, 2017). Created by the author for this dissertation.
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Figure 6: AllergyCard Portal for digital input of patient responses by the study physicians,
using the PFAS questionnaire as an example. Reproduced with written consent by

Salvatore Tripodi, co-founder of TPS software production.

Additionally, SPT was performed by the study physicians in accordance with international
guidelines (Bousquet et al., 2012; Heinzerling et al., 2013) using reagents from two
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providers due to limitations of availability: mugwort, wall pellitory, olive tree, hazel tree,
birch, bermuda grass, juniper ash, ragweed, D. pteronyssinus, cat, dog, histamine
control, saline control (Stallergenes Greer, London, UK), timothy grass, Alternaria
alternata, plane tree, Salsola kali (Russian thistle), and mixed grasses (ALK Abelld,
Harsholm, Denmark). 15 minutes after application of the extracts to the volar surface of
the forearms, the results were noted. If the wheal diameters were = 3 mm after subtracting
the negative control, the results were counted as positive (Matricardi, 2017).

At the initial study visit, a blood draw was performed. Sera were obtained and sent to
BER, where they were analyzed using the EUROLINE Southern European Pollen Profile
(ESEP) (EUROIMMUN Medizinische Diagnostika AG, Lubeck, Germany). This
semiquantitative, customized multiplex immunoblot assay was previously validated by Di
Fraia et al., 2019. It tests for IgE antibodies to a multitude of pollen extracts and molecules
(Di Fraia et al., 2019). Included in the assay are the following extracts: cypress, birch,
oak, olive tree, Bermuda grass, timothy grass, wall pellitory, common ragweed, mugwort,
Alternaria alternata, Russian thistle, English plantain, plane tree; and the following
molecules: Cupa l,Betv1, Betv2,Betv4,Queal Coral,Oleel, Olee7,Cyndl,
Phipl, Phip4, Phip5, Phlp7, Phlp12, Parj2, Ambal, Artvl, Artv3, Altal,
Salk1,Plall, Plaal, Plaa?2 (Matricardi, 2017). All results were expressed in kU/I and
considered as positive at = 0.35 kU/I. For more details on the experimental procedures,
please refer to Di Fraia et al. (Di Fraia et al., 2019).

Finally, as part of the TO visit, the study physicians were asked to assess which pollen
they consider clinically relevant for each patient and whether they would prescribe AIT

based on the information gathered through the questionnaire and the SPT.

2.2.2 Monitoring Period

Via the Allergymonitor® application for mobile phones, daily health data was registered
by patients in 2018. This included clinical symptoms and medication use (Figure 7).
Based on the information obtained in the initial study visit, local study physicians
established pollen seasons during which each patient was asked to document their
disease. Patients with a low response rate were contacted by the study physicians in

order to improve the volume of data generation.
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Figure 7: Screenshots from Allergymonitor®, reproduced with written consent by
Salvatore Tripodi, co-founder of TPS software production.

a) Welcome screen; b) ocular symptoms; c¢) nasal symptoms; d) pulmonary symptoms;
e) asthma; f) visual analogue scale; g) questionnaire completed.
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2.2.3 T1 Visit

At the end of the monitoring period, a follow-up visit (T1 visit) was scheduled with the
patients. Once more, a questionnaire was completed under the supervision of the study
physicians. This questionnaire included sections on general personal information, rhino-
conjunctivitis, drug therapy during the 2018 pollen season, asthma, and the patients’
opinion on which pollens were causative for their symptoms. Additionally, questions
regarding Allergymonitor® were included to assess the usability of the application and the

digital literacy of the patient.

2017 2018 2019

NOV JAN MAR MAY JUL SEP NOV JAN MAR MAY JUL
DEC FEB APR JUN AUG OCT DEC FEB APR JUN AUG

TO Visits T1 Visits

Monitoring _

Figure 8: Timeline for the @IT.2020 Multicenter Study

TO visit: patient recruitment, initial questionnaire, SPT, serum collection for IgE testing,
installation of Allergymonitor® App.

Monitoring: daily symptom recording by the patients through Allergymonitor® App, pollen
collection.

T1 visit: IgE result discussion, second questionnaire.

Workshops: organized for physicians to assess the CDSS.

Modified from Matricardi, 2017 by the author for this dissertation (Matricardi et al., 2016).

2.2.4 Workshops

Workshops were organized for each of the centers in early 2019. Physicians were
instructed on general concepts and methodologies of the diagnostic tools used during the
@IT.2020 Multicenter Study. They assessed which pollens were causative for the
seasonal allergic rhinitis of the patients and whether they would prescribe AIT to the
patients 1) based on the clinical history and SPT results, 2) also using the ESEP results,
and 3) including the information from the Allergymonitor® application. Additionally,

physicians evaluated all diagnostic tools used within the study.
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2.3 PFAS Analysis

For the study on PFAS as a comorbidity of SAR, data from the TO visit was analyzed
(Figure 5). The focus was placed on sociodemographic data, family history, additional
allergic comorbidities, and the reported PFAS reactions from the questionnaire.
Furthermore, SPT results for seasonal aeroallergens (mugwort, wall pellitory, olive tree,
hazel tree, birch, Bermuda grass, juniper ash, ragweed, timothy grass, Alternaria
alternata, plane tree, Russian thistle, and mixed grasses) were included. Regarding the
IgE results, focus was placed on allergenic molecules from three panallergen groups:
profilins (Betv 2, Phlp 12), PR-10 (Betv1, Coral, Queal), and nsLTP (Artv 3,
Ole e 7) (Lipp et al., 2021, reproduced on pages 43-63 of this dissertation).

All statistical analyses were performed using IBM SPSS Statistics 25, Armonk, NY, USA.
For a detailed description on the performed analyses please refer to Lipp et al. (Lipp et
al., 2021, reproduced on pages 43-63 of this dissertation).
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3. Results

The focus of the analyses was placed on the clinical characteristics of patients suffering
from the comorbidity PFAS within the cohort of recruited SAR patients in Southern
Europe. Of the SAR patients, 20.5% reported PFAS reactions in their clinical history.
These patients had significantly more maternal history of PFAS and reported further
comorbidities (asthma, anaphylaxis, urticaria, and atopic dermatitis) than the SAR
patients without PFAS. Additionally, the number of positive SPT results and the IgE
reactions to panallergens showed a significant difference (Table 1). Sociodemographic
data, SAR history, and ARIA severity and quality did not significantly differ between the
patients with and without PFAS (Table 1).

As shown by Lipp et al. in Table e2 and Figure el (reproduced on pages 59 and 63,
respectively, of this dissertation), hierarchical regression analysis demonstrates that
associated characteristics of PFAS in Southern Europe include positive IgE response to
one or more panallergens (profilin, PR-10, or nsLTP), reported history of maternal PFAS,
and personal history of asthma (Lipp et al., 2021, reproduced on pages 43-63 of this
dissertation).

The SPT results showed significant differences between patients with and without PFAS,
both regarding total number of positive results (p <0.001) and for almost all tested extracts
(Figure 9, Table 2). Especially Timothy grass, mugwort, Alternaria alternata, plane tree,
birch, and hazel tree were more frequently positive in patients with PFAS. No significant
difference in positive SPT results for juniper ash was found (Table 2).
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Table 1. Clinical characteristics of SAR patients with and without PFAS in Southern Europe

With PFAS (n=167) Without PFAS (n=648) Odds Ratio P-Value
Male [n (%)] 82 49.1 359 55.4 1.288 .146
Age (y) [mean (SD)] 25.2 13.1 26.3 13.7 0.994 .318
Family history
Atopic relative in immediate family [n (%)] 126 75.5 449 69.3 1.362 .120
Sibling(s) with PFAS [n (%)] 5 3.0 16 25 1.219 .703
Father with PFAS [n (%)] 1 0.6 6 0.9 0.645 .685
Mother with PFAS [n (%)] 13 7.8 12 1.9 4.474 <.001***
Allergic rhinitis
Age at onset (y) [median (IQR)] 9 12 12 14 0.973 .003**
Disease duration (y) [median (IQR)] 9 135 8 12 1.013 .097
Months/year with symptoms [mean (SD)] 4.8 2.4 4.7 2.4 1.016 .659
ARIA severity
Mild intermittent [n (%)] 6 3.6 35 5.4 - 297
Mild persistent (ref.: mild intermittent) [n (%)] 9 5.4 51 7.9 1.029 .960
Mod./sev. intermittent (ref.: mild intermittent) [n (%)] 27 16.2 125 19.3 1.260 .637
Mod./sev. persistent (ref.: mild intermittent) [n (%)] 125 74.9 437 67.4 1.669 .259
ARIA quality
Unclassified [n (%)] 19 11.7 108 16.7 - .073
Rhinitis sneezer/runner (ref.: unclassified) [n (%)] 123 73.7 417 64.4 1.677 .055
Rhinitis blocker (ref.: unclassified) [n (%)] 25 15.0 123 19.0 1.155 .663
Other allergy comorbidities
Number of patients with comorbidities [n (%)] 111 66.5 298 46.0 2.328 <.001***
Number of comorbidities [mean (SD)] 1.2 1.0 0.7 0.8 1.748 <.001***
Asthma [n (%)] 51 30.5 123 19.0 1.877 .001**
Anaphylaxis [n (%)] 26 15.6 23 3.6 5.001 <.001***
Urticaria [n (%)] 63 37.7 131 20.2 2.391 <.001***
Atopic dermatitis [n (%)] 50 29.9 129 19.9 1.719 .006**
Other [n (%)] 4 24 22 3.4 0.698 514
IgE results
No panallergen [n (%))} 102 61.1 559 86.3 - <.001***
Mono-panallergen (ref.: no panallergen) [n (%)]* 53 31.7 79 12.2 3.677 <.001***
Multi-panallergen (ref.: no panallergen) [n (%)]* 12 7.2 10 15 6.576 <.001***
Profilins [n (%)]* 26 15.6 42 6.5 2.661 <.001**
PR-10-like allergenic proteins [n (%)]* 26 15.6 26 4.0 4411 <.001***
nsLTPs [n (%)]* 26 15.6 33 5.1 3.436 <.001***

PFAS: pollen food allergy syndrome; n: number; y: years; SD: standard deviation; IQR: interquartile range; mod.: moderate; sev.: severe; ref.: reference; * p<0.05; ** p<0.01; *** p<0.001;
* Testpanel included: profilins (Bet v 2, Phl p 12), PR-10-like allergenic proteins (Bet v 1, Cor a 1, Que a 1), and nsLTPs (Art v 3, Ole e 7). Adapted from Lipp et al., 2021 (Lipp et al.,
2021, reproduced on pages 43-63 of this dissertation)..
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p-value < 0.001
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Figure 9: Box-and-whiskers plot of number of positive SPT wheals for SAR patients with
and without PFAS. The range of positive SPT wheals is displayed via the whiskers outside
of the box, with outliers being marked as points above the upper end of the whisker. The
lower and upper parts of the box portray the second and third quartile, respectively. The
IQR is shown by the entire box, with the horizontal line displaying the median. The x
marks the mean. Created by the author for this dissertation.

Table 2. SPT results

With PFAS Without PFAS

(n=167) (n=648) P-Value
Timothy grass 134 80.2 440 67.9 <0.001***
Olive tree 102 61.1 312 48.2 0.001**
Bermuda grass 94 56.3 321 49.5 0.04*
Mugwort 70 41.9 143 22.1 <0.001***
Pellitory 69 41.3 193 29.8 0.002**
Plane tree 59 35.3 139 215 <0.001***
Juniper Ash 59 35.3 252 38.9 0.132
Birch 54 32.3 113 17.4 <0.001***
Hazel tree 54 32.3 107 16.5 <0.001***
Salsola kali 51 30.5 132 204 0.002**
Ragweed 49 29.3 129 19.9 0.003**
Alternaria alternata 48 28.7 108 16.7 <0.001***

* p<0.05; ** p<0.01; *** p<0.001
Created by the author for this dissertation.
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While patients in Southern Europe reported an overall high prevalence of PFAS amongst
the SAR cohort, a significant variance of prevalence was reported between the centers.
Few patients in Marseille (6/80, 7.5%) reported reactions to known PFAS-eliciting foods,
while patients from Rome showed a high rate of PFAS (41/99, 41.4%) (Table 3). The
heterogeneity between the included centers was not only apparent in regards to

prevalence of PFAS but also regarding their clinical characteristics.

Table 3. Patients with PFAS per center

Total (n=815) 167 20.5%
POR (n=102) 24 23.5%
VAL (n=71) 10 14.1%
MAR (n=80) 6 7.5%
ROM (n=99) 41 41.4%
MES (n=82) 24 29.3%
TIR (n=93) 13 14.0%
ATH (n=97) 22 22.7%
IST (n=96) 13 13.5%
IZM (n=95) 14 14.7%

All percentages are calculated from the total
Created by the author for this disseration.

The age at onset of SAR, months per year with SAR symptoms, ARIA severity and quality
showed a significant divergence between the centers. Additionally, the number of patients
with comorbidities and the number of additional comorbidities per patient also differed
significantly between the centers, especially regarding urticaria and atopic dermatitis. The
recorded SPT reactions showed significant heterogeneity both in number and in average
wheal size, while for the IgE test results, especially PR-10 showed heterogeneity (Lipp et

al., 2021, reproduced on pages 43-63 of this dissertation).

Overall, kiwi, peach, and melon were found to be the three most common elicitors of
PFAS in Southern Europe. A large number of patients also reported reactions to foods

not included in the questionnaire (Figure 10).
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Figure 10: Number of reported PFAS reactions to the different possible symptom-eliciting
foods.
Created by the author for this dissertation.

The frequency of reactions for the differing elicitors included in the questionnaire varied
greatly between the centers. While kiwi was the most frequently reported PFAS-eliciting
food in POR, MAR, ROM, IST, and IZM, peach played an equally large role in patients
from ATH. It was the most reported elicitor in MES and in VAL it was the most prominent
together with almond. TIR named almond alone as the most common elicitor. ROM was
the only center where carrot, fennel, and celery were reported as elicitors and both Italian
centers (ROM and MES) reported reactions to pear (Table 4).
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Table 4. Reported reactions to different foods in patients with PFAS per center

POR VAL MAR ROM MES TIR ATH IST IZM
(n=24) (n=10) (n=6) (n=41) (n=24) (n=13) (n=22) (n=13) (n=14)
Kiwi [n (%)] 11 458 2 200 2 333 16  39.0 9 375 2 154 5 227 3 231 8 571
Peach [n (%)] 5 208 5 500 1 167 9 220 13 542 3 231 5 227 177 1 71
Melon [n (%)] 8 333 1 100 0 00 9 220 0 00 2 154 4 182 0 00 2 143
Almond [n (%)] 2 83 5 50.0 1 167 2 49 2 83 4 308 2 91 2 154 0 00
Apricot [n (%)] 5 208 0 00 0 00 4 98 5 208 0 00 1 46 177 1 71
Cherry [n (%)] 2 83 1 100 1 167 4 98 4 167 3 231 1 46 0 00 1 71
Apple [n (%)] 4 167 0 00 1 167 3 73 2 83 3 231 0 00 0 00 2 143
Banana [n (%)] 3 125 0 00 1 167 3 73 0 00 177 3 136 177 2 143
Watermelon [n (%)] 3 125 0 00 1 167 2 49 0 00 0 00 1 46 177 2 143
Pear [n (%)] 0 0.0 0 0.0 0 0.0 4 9.8 2 8.3 0 0.0 0 0.0 0 0.0 0 0.0
Sesame [n (%)] 0 00 0 00 1 167 1 24 1 42 177 1 46 177 0 00
Soybean [n (%)] 0 00 0 00 0 00 2 49 1 42 177 0 00 0 00 0 00
Carrot [n (%)] 0 00 0 00 0 00 4 98 0 00 0 00 0 00 0 00 0 00
Fennel [n (%)] 0 00 0 00 0 00 2 49 0 00 0 00 0 00 0 00 0 00
Celery [n (%)] 0 00 0 00 0 00 2 49 0 00 0 00 0 00 0 00 0 00
Others [n (%)] 14 583 1 100 1 167 20 488 12 50.0 7 539 12 546 7 539 1 71

All percentages are calculated from the total number of PFAS patients in each center. Reactions to multiple foods may have been reported.
Created by the author for this dissertation.
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Overall, most patients experienced local symptoms, especially oral pruritus. The most
common systemic symptom was urticaria, which was especially frequent in patients
consuming peach, soy, and apricot. Kiwi caused most of the reported gastrointestinal
symptoms, while more severe systemic reactions (pallor/hypotension,
palpitations/tachycardia/loss of consciousness) were reported by patients consuming
peach, almond, soy, and melon. While patients reporting reactions to “others” also mostly
reported oral pruritus as a symptom, the rate of systemic symptoms was high, including
the more severe symptoms listed above. 85% of all patients experienced symptoms within
the first twenty minutes of contact with the elicitor. Reactions occurring after two hours
were rare. Patients reacting to cherry had the highest frequency of symptom onset over
60 minutes after contact with the symptom-eliciting food (Table 5).

Additional analyses regarding cypress pollen, an important pollen causing SAR in
Southern Europe, were performed to gain further insight into its potential role regarding
PFAS. As a result, it was found that SPT mono-sensitized patients to juniper ash, an
indicator for cypress sensitization (André et al., 2000), only had a frequency of 1/22 of
reporting PFAS. None of the patients with IgE mono-sensitization to cypress reported
PFAS reactions. For further details, please refer to Lipp et al. (Lipp et al., 2021,
reproduced on pages 43-63 of this dissertation). Additionally, as seen in Table 3, no
significant difference could be found between patients with and without PFAS regarding
SPT sensitization when testing for juniper ash.

Due to its unigue quality as a heat- and acid-stable panallergen, nsLTP was examined in
more depth and two things stood out. First, in nsLTP IgE positive patients, the most
common elicitors were peach, kiwi, and almond. Second, these patients also reported a
high rate of systemic symptoms. For further details, please see Lipp et al. (Lipp et al.,
2021 (Lipp et al., 2021, reproduced on pages 43-63 of this dissertation).
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Table 5. Reported PFAS symptoms and times to onset of reaction for different possible eliciting foods

Local symptoms
Oral pruritus [n (%)]

Swelling of tongue/face [n (%)]

Difficulty talking/swallowing
[n (%)]

Oral vesicles [n (%)]
Systemic symptoms

Urticaria [n (%)]

Skin redness [n (%)]

Cough/wheezing/respiratory
difficulties [n (%)]

Swelling of eyes/eyelids [n (%)]

Nose closed/running [n (%)]

Vomiting [n (%)]

Diarrhea [n (%0)]

Pallor/hypotension [n (%)]

Palpitations/tachycardia [n (%)]

Loss of consciousness [n (%)]
Time to onset of reaction

<5 min [n (%)]

6-20 min [n (%)]

21-60 min [n (%)]

61-120 min [n (%)]

>120 min [n (%)]

Total Kiwi Peach Melon Almond Cherry Apricot Apple Banana
(n=319) (n=58) (n=43) (n=26) (n=20) (n=17) (n=17) (n=15) (n=14)
252 79.0 49 845 35 814 21 80.8 15 75.0 13 765 13 765 12 80.0 12 857
49 154 11 19.0 11 25.6 2 7.7 1 5.0 2 118 3 177 3 200 1 7.1
13 41 4 6.9 2 4.7 0 0.0 0 0.0 1 5.9 1 5.9 1 6.7 0 0.0
5 1.6 1 17 3 7.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
48 15.1 5 8.6 10 233 11.5 3 150 235 2 118 2 133 7.1
41 129 12.1 9 209 11.5 1 5.0 17.7 11.8 13.3 0.0
34 107 11 19.0 5 116 1 3.9 4 20.0 1 5.9 1 5.9 1 6.7 1 7.1
27 85 5 8.6 8 186 1 3.9 1 5.0 2 118 1 5.9 1 6.7 0 0.0
16 5.0 4 6.9 1 23 1 3.9 1 5.0 0 0.0 0 0.0 0 0.0 0 0.0
10 3.1 2 35 0 0.0 1 3.9 1 5.0 0 0.0 0 0.0 0 0.0 1 7.1
9 2.8 4 6.9 0 0.0 1 3.9 0 0.0 0 0.0 0 0.0 1 6.7 0 0.0
6 1.9 0 0.0 1 23 1 3.9 1 5.0 0 0.0 0 0.0 0 0.0 0 0.0
2 0.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
209 655 48 8238 24 5538 20 76.9 10 50.0 10 58.8 11 647 11 733 9 643
62 194 5 8.6 12 279 5 19.2 6 30.0 2 118 4 235 2 133 3 214
29 91 5 8.6 3 7.0 1 3.9 1 5.0 2 118 1 5.9 1 6.7 2 143
6 1.9 0 0.0 2 4.7 0 0.0 1 5.0 0 0.0 0 0.0 0 0.0 0 0.0
13 41 0 0.0 2 4.7 0 0.0 2 100 3 177 1 5.9 1 6.7 0 0.0

All percentages are calculated from the total number of reactions reported for each PFAS-elicitor. Multiple symptoms may have been reported. Min: minutes.

Created by the author for this dissertation.
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Table 5 continued. Reported PFAS symptoms and times to onset of reaction for different possible eliciting foods

Local symptoms
Oral pruritus [n (%)]

Swelling of tongue/face [n (%)]

Difficulty talking/swallowing

[n (%)]

Oral vesicles [n (%)]
Systemic symptoms

Urticaria [n (%)]

Skin redness [n (%)]

Cough/wheezing/respiratory
difficulties [n (%)]

Swelling of eyes/eyelids [n (%)]

Nose closed/running [n (%)]

Vomiting [n (%)]

Diarrhea [n (%)]

Pallor/hypotension [n (%)]

Palpitations/tachycardia [n (%)]

Loss of consciousness [n (%)]
Time to onset of reaction

<5 min [n (%)]

6-20 min [n (%)]

21-60 min [n (%)]

61-120 min [n (%)]

>120 min [n (%)]

Total Watermelon Sesame Pear Carrot Soybean Celery Fennel Others
(n=319) (n=10) (n=6) (n=6) (n=4) (n=4) (n=2) (n=2) (n=75)
252 79.0 8 80.0 4 66.7 6 100.0 4 100.0 2 500 2 100.0 2 100.0 54 72.0
49 154 1 10.0 0 0.0 1 16.7 0 0.0 0 0.0 0 0.0 0 0.0 13 173
13 41 0 0.0 1 167 1 16.7 0 0.0 0 0.0 0 0.0 0 0.0 2 2.7
5 1.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.3
48 15.1 0 0.0 1 167 1 16.7 0 0.0 1 250 0 0.0 1 500 14 187
41 129 0.0 0.0 1 167 0.0 25.0 0.0 0 0.0 12 16.0
34 10.7 0 0.0 1 167 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 8 10.7
27 85 0 0.0 0 0.0 1 16.7 0 0.0 0 0.0 0 0.0 0 0.0 7 9.3
16 5.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 9 12.0
10 3.1 1 10.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 4 5.3
9 2.8 0 0.0 0 0.0 0 0.0 0 0.0 1 250 0 0.0 0 0.0 2 2.7
6 1.9 0 0.0 0 0.0 0 0.0 0 0.0 1 250 0 0.0 0 0.0 2 2.7
2 0.6 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 2.7
1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.3
209 65.5 7 70.0 2 333 4 66.7 3 75.0 2 500 2 100.0 1 50.0 45 60.0
62 194 2 200 3 50.0 1 167 1 250 1 250 0 0.0 1 50.0 14 187
29 91 0 0.0 1 167 1 167 0 0.0 1 250 0 0.0 0 0.0 10 133
6 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 4.0
13 41 1 10.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 3 4.0

All percentages are calculated from the total number of reactions reported for each PFAS-elicitor. Multiple symptoms may have been reported. Min: minutes.

Created by the author for this dissertation.
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4. Discussion

The analyses of SAR patients with PFAS in Southern Europe showed:

a) a significantly higher rate of further allergic comorbidities, positive maternal history for
PFAS, and higher rate of positive IgE to the included panallergens (profilin, PR-10,
nsLTP); b) more positive SPT results for mugwort, wall pellitory, olive tree, hazel tree,
birch, Bermuda grass, ragweed, timothy grass, Alternaria alternata, plane tree, Russian
thistle, and mixed grasses, but not for juniper ash; c) a large variance in reported PFAS
between the centers; d) kiwi, peach, and melon as the most frequently reported PFAS
elicitors overall, with heterogeneity in frequency between the centers; e) mostly local
reactions with onset within minutes after contact with the eliciting foods (Lipp et al., 2021,
reproduced on pages 43-63 of this dissertation).

The overall prevalence of PFAS amongst patients with SAR worldwide falls between 9.6-
55% (Bedolla-Barajas et al., 2017; Bircher et al., 1994), which is supported by our study,
since 20.5% of SAR patients overall reported PFAS reactions. There was a breadth of
range of 7.5-41.4% in the different centers, showing similar results to previous data
collected in Italy and Turkey, respectively (Mastrorilli et al., 2016; Ozdemir and Ozguigli,
2018).

The study corroborates findings to those by Mastrorilli et al. by showing the significant
link between PFAS and positive maternal history of PFAS, a positive correlation between
PFAS as a comorbidity of SAR and further allergic comorbidities, and IgE to panallergens
(Mastrorilli et al.,, 2016). Especially the stepwise regression analysis was able to
demonstrate this link, as maternal history, asthma, and IgE to panallergens were shown
to be associated factors of PFAS for the @IT.2020 cohort (Lipp et al., 2021, reproduced
on pages 43-63 of this dissertation).

While a higher rate of overall SPT responses has been described before (Mastrorilli et
al., 2016), the current data was able to expand on that knowledge and show that patients
with PFAS had a higher rate of positive SPT responses to each individual seasonal
aeroallergen included in the present study, except juniper ash.

In IgE testing, the following extracts showed an especially significant difference in patients
with and without PFAS, possibly based on the prominence of panallergenic molecules
associated with these elicitors: birch (with Betv1l as PR-10 and Betv 2 as profilin
panallergen), timothy grass (with Phl p 12 as profilin panallergen), mugwort (with Art v 4

as profilin and Artv3 as nsLTP panallergen), plane tree (with Plaa3 as nsLTP
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panallergen), and hazel tree (with Cor a 1 as PR-10 and Cor a 2 as profilin panallergen)
(Matricardi et al., 2016). Additionally, SPT reactions to Alternaria alternata showed a
highly significant difference between patients with and without PFAS. To date, no
panallergens from the included groups have been described for Alternaria alternata
(“WHO/IUIS Allergen Nomenclature Home Page,” 2021). This could be due to the fact
that PFAS patients are frequently polysensitized, as shown above, and the sensitization
to Alternaria alternata could be a reflection of that polysensitization.

Previously, a correlation between peach allergy and cypress sensitization has been
described (Caimmi et al., 2013; Hugues et al., 2006). Yet this cohort, as demonstrated by
Lipp et al., showed that no cypress-monosensitized patient reported PFAS reactions to
peach (Lipp et al., 2021, reproduced on pages 43-63 of this dissertation). Interestingly,
the result for the juniper ash SPT lends further support that cypress pollen allergies play
a lesser role in PFAS in the studied cohort than expected, as juniper ash is used as an
indicator of cypress pollen allergy (André et al., 2000).

Typical food reactions from previous studies performed in Southern Europe included kiwi,
peach, tomato, melon, and watermelon in Turkey (Ozdemir and Ozgiiglu, 2018) and kiwi,
peach, and apple in Italy (Mastrorilli et al., 2016). In the nine study centers, kiwi, peach,
and melon were found to be the most frequent elicitors overall. Yet some differences were
noted in the frequency of named elicitors, which could be explained by the differing
pattern in pollen exposure due to the various levels of pollens and variations in seasons,
resulting in differing sensitization (Hoffmann et al., 2020).

According to current literature, patients with PFAS mostly report localized reactions
occurring in the oropharynx with a rapid onset (Price et al., 2015). The reported reactions
by patients from the nine included Southern European centers support this assertion. Yet,
while previous studies showed more generalized reactions at a rate of around 5%, a
higher rate of systemic symptoms was reported by the present cohort, especially in
patients that were nsLTP positive (Lipp et al., 2021, reproduced on pages 43-63 of this
dissertation; Price et al., 2015). This phenomenon is likely due to the fact that nsLTPs are
heat and acid stable (Matricardi et al., 2016).

The present study showed certain limitations, mainly, that the diagnosis of PFAS was
based on clinical history of PFAS only, not on the basis of prick-by-prick testing or oral
food challenges. Furthermore, the patient recruitment occurred in allergy clinics in the

different centers, therefore, the present results are not representative of the entire
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population of the included countries (Lipp et al., 2021, reproduced on pages 43-63 of this

dissertation).

5. Conclusions

The data and information from the PFAS analyses from the @IT.2020 Multicenter Study
reported here provide important first insights into the clinical make-up of SAR patients in
Southern Europe. As such, they will fundamentally serve physicians practicing in the
region both in the diagnostic work-up of allergic patients and making the correct
recommendations to their patients regarding food elicitor avoidance and therapy.
Additionally, due to the uniform methodology applied throughout the @IT.2020
Multicenter Study, the data and information obtained affords a sound basis for future
research in the domain of PFAS and SAR.

These results have shown that, due to its vast reach and unified methodology, the
@IT.2020 Multicenter Study can add much relevant knowledge to the field of allergology
and thus aid physicians treating and patients suffering from SAR and PFAS. As this is
only one part of the comprehensive data sets collected through the @I1T.2020 Multicenter
Study and given that SAR is on the rise globally (Asher et al., 2006), the additional
information that will be gleaned by further analyzing the data obtained from this study is
expected to serve as a great tool for physicians and researchers not only in Southern

Europe but other parts of the world as well.
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Abstract

Background: Pollen food allergy syndrome (PFAS) is a frequently underdiagnosed dis-
ease due to diverse triggers, clinical presentations, and test results. This is especially
relevant in geographic areas with a broad spectrum of pollen sensitization, such as
Southern Europe.

Objectives: To elucidate similarities and differences of PFAS in nine Southern
European centers and identify associated characteristics and unique markers of PFAS.
Methods: As part of the @IT.2020 Multicenter Study, 815 patients with seasonal al-
lergic rhinitis (SAR), aged 10-60 years, were recruited in seven countries. They com-
pleted questionnaires regarding SAR, comorbidities, family history, and PFAS, and
underwent skin prick testing (SPT) and serum IgE testing.

Results: Of the 815 patients, 167 (20.5%) reported PFAS reactions. Most commonly,
eliciting foods were kiwi (58, 34.7%), peach (43, 25.7%), and melon (26, 15.6%).
Reported reactions were mostly local (216/319, 67.7%), occurring within 5 min of con-
tact with elicitors (209/319, 65.5%). Associated characteristics included positive IgE
to at least one panallergen (profilin, PR-10, or nsLTP) (p = 0.007), maternal PFAS (OR:
3.716, p = 0.026), and asthma (OR: 1.752, p = 0.073). Between centers, heterogeneity
in prevalence (Marseille: 7.5% vs. Rome: 41.4%, p < 0.001) and of clinical characteris-
tics was apparent. Cypress played a limited role, with only 1/22 SPT mono-sensitized
patients reporting a food reaction (p < 0.073).

Conclusions: PFAS is a frequent comorbidity in Southern European SAR patients.
Significant heterogeneity of clinical characteristics in PFAS patients among the cent-
ers was observed and may be related to the different pollen sensitization patterns
in each geographic area. IgE to panallergen(s), maternal PFAS, and asthma could be
PFAS-associated characteristics.
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GRAPHICAL ABSTRACT

In Southern Europe, there is a high heterogeneity in clinical characteristics of pollen food allergy syndrome among patients with seasonal
allergic rhinitis. Patients frequently report reactions to kiwi, peach, and melon. Most patients report early localized reactions. The map was

created using mapchart.net.

1 | INTRODUCTION

Pollen food allergy syndrome (PFAS) is a hypersensitivity reaction
that can occur in patients with seasonal allergic rhinitis {SAR) after
contact with certain foods due to sensitization to cross-reactive pol-
len and/or food allergens. Prevalences of PFAS in patients with
pollen allergies ranging from 9.6% to 55% have been reported world-
wide.** Typical symptoms affect the oropharynx, including itching,
stinging, pain, and edema, appearing within minutes of contact with
the offending food* and lasting minutes to hours*® In around five
percent of cases, more severe symptoms affecting other organ
systems (e.g. skin, gastrointestinal, cardiovascular, and respiratory
systems) have been reported.” Rarely, patients suffered from life-
threatening anaphylaxis.}®*%

Regional differences in pollen sensitization patterns influence
the prevalence, elicitors, and typical symptoms of PFAS.*

While much is known about the typical sensitization pattern
for PFAS in Northern Europe***® less information is available for
Southern Europe. Studies regarding PFAS in Italy, Turkey, and Spain
have been published but show little overlap in methodology and are
therefore difficult to compare.™*® Additionally, different pollens
are present in Southern Europe.® One of these is cypress polien,
a primary cause of SAR in the Mediterranean.”* The exact role of
cypress pollen in relation to PFAS is yet unknown and subject of cur-
rent research.?*%

45

Pollen food allergy syndrome cross-reactions are caused by
plant-food allergens that share sequence, structure, and function
similarities with pollen allergens. Due to their widespread nature,
these are known as panallergens.?®% In this study, the focus was
placed on the following panallergen families: profilins , pathogen-
esis-related class 10 proteins (PR-10), and non-specific lipid trans-
fer proteins (nsLTPs).2® While the first two categories are markers
of PFAS based on a primary sensitization to aeroallergens, the
latter are currently categorized as class | food allergens which,
due to their cross-reactivity with airborne allergens, may elicit
also respiratory symptoms.*** However, recent evidence sug-
gests that the nsLTP molecule Ole e 7 from olive pollen may play
a role as primary sensitizer in peach allergic patients from areas
with extensive exposure to olive pollen.®® Independently from the
different perspectives on primary sensitization, nsLTPs play an
important role in pollen and food allergies in the Mediterranean
region and are therefore being considered in the present analysis.

Currently, no study has been published describing PFAS in
Southern Europe with 3 unified methodology. As greater under-
standing of this complex syndrome is vital for the proper diagnosis
of and care for patients, we have examined the clinical history, char-
acteristics, and diagnostic results of patients in nine study centers
from seven Southern European countries using a uniform method.
Furthermore, we focused on finding the connections between PFAS
and both cypress polien and nsLTP in our cohort.
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2 | MATERIALS AND METHODS

21 |

Study population

The @IT.2020 Observational Longitudinal Multicenter Clinical Study
was conducted to determine the impact of component resolved diag-
nostics and mobile health on the diagnosis of SAR in Southern Europe.
In this context, we recruited patients suffering from SAR in nine study
centers in seven Southern European countries between November
2017 and May 2018 (Porto (POR), Portugal; Valencia (VAL), Spain;
Marseille (MAR), France; Rome (ROM) and Messina (MES), Italy; Tirana
(TIR), Albania; Athens (ATH), Greece; and Istanbul (I5T) and lzmir (1IZM),
Turkey). The patients fulfilled the following inclusion criteria: (1) age
10 to 18 years for children or 19 to 60 years for adults; (2) a good
understanding of the national language or one of the languages of-
fered in the AllergyMonitor® application (TPS software production,
Rome, Italy); (3) availability of a smartphone; and (4) written informed
consent. Exclusion criteria consisted of (1) prior pollen allergen im-
munotherapy; (2) any severe chronic disease; and (3) living further
than 30 km away from the local aerobiological center used for pollen
counts. The study was approved by the local ethics committees.

22 |

Study design

221 TO questionnaire

Under the supervision of an allergy specialist, the patients or legal
guardians completed a questionnaire regarding social demographics,
dlinical history of SAR and asthma, comorbidities, and family history.
After indicating whether they had ever ingested one of the 15 selected
known PFAS-associated foods (peach, apple, almond, apricot, soybean,
cherry, pear, watermelon, melon, sesame, banana, carrot, fennel, kiwi,
celery) or “others”, patients were asked about the type and timing of
potential resulting symptoms. Possible symptoms were (1) pruritus
throat/mouth/tongue; (2) vesicles to the oral cavity; (3) skin redness;
(4) urticaria; (5) swelling of eyes/eyelids; (6) swelling of tongue/face;
(7) difficulty talking/swallowing; (8) nose closed/running; (9) cough/
wheezing/respiratory difficulties; (10) vomiting; (11) diarrhea; (12)
palpitations/tachycardia; (13) pallor/hypotension; and (14) loss of con-
sciousness. Of these symptoms, (1), (2), (6), and (7) were classified as
local reactions, while the rest was categorized as systemic. The pos-
sible times to onset of symptoms were divided into five categories: (1)
<5 min; (2) 6-20 min; (3) 21-60 min; (4) 61-120 min; and (5) 2120 min.
The selection of included foods was based on the experience from pre-
vious studies as well as expert opinion.*’?¢ Symptom assessment has
been adapted from a validated questionnaire **

222

| Skin prick tests (SPTs)

Skin prick tests were performed by local physicians on the volar
surface of both forearms using 1 mm Osterballe type metal
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lancets and allergen extracts from mugwort, wall pellitory, olive
tree, hazel tree, birch, bermuda grass, juniper ash, ragweed,
Dermatophagoides pteronyssinus, cat, dog, histamine control, saline
control (Stallergenes Greer), timothy grass, Alternaria, plane tree,
Salsola kali (Russian thistle), and mixed grasses (ALK Abellé). All re-
sults were noted 15 min after application of the extracts. Positive
results were defined as wheal diameters 23 mm after subtraction
of the negative control. For the current analysis regarding PFAS,
results obtained from D. pteronyssinus, cat, and dog dander SPTs
were not included.

223

| IgE results

Serum was obtained and tested for IgE antibodies to multiple ex-
tracts and molecules using the EUROLINE Southern European
Pollen Profile (EUROIMMUN Medizinische Diagnostika AG), a semi-
quantitative, validated, customized multiplex immunoblot assay
method.?? Results were expressed in kU/L and considered positive
at levels z0.35 kU/L. This current analysis focused on Bet v 2, Phl p
12 (profilins), Bet v 1, Cor a 1, Que a 1 (PR-10), and Art v 3,Ole e 7
(nsLTP).

23 |

Statistics

Results were calculated using IBM SPSS Statistics 25. All cate-
gorical data were summarized as numbers (n) and frequencies (36).
Quantitative data were given as mean and standard deviation (SD)
or median and interquartile range (IQR). Further analysis was per-
formed using logistic regression analysis to calculate the influence
of select variables on the outcome of PFAS. Hierarchical regres-
sion analysis was used to investigate possible associated charac-
teristics for PFAS based on backward stepwise logistic regression
using Wald's method. Significance of differences between the
centers were calculated using Pearson-chi-square test for frequen-
cies, Kruskal-Wallis test for medians, and ANOVA for means. When
comparing two groups, Pearson-chi-square test was used to cal-
culate the significance for frequencies, Mann-Whitney U-test for
medians, and t-test for means. Values of p < 0.05 were considered
significant.

3 | RESULTS

31 |

Study population

815 patients (mean age 26.1 years (13.6); 441/815, 54.1% male)
from nine study centers were included. 167 of them (20.5%) re-
ported reactions to at least one PFAS-associated food. The age and
sex distribution among these patients showed no significant differ-
ence to those without PFAS (25.2 years and 82/167 male (49.1%) vs.
26.3 years and 359/648 male (55.4%)) (Table 1).
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3.2 | PFASin Southern Europe

o Clinical characteristics: Compared to patients without PFAS, patients
with PFAS had a lower age at onset of SAR (9 years vs. 12 years,
p < 0.003), a higher prevalence of maternal PFAS history as well as of
additional allergic comorbidities, especially anaphylaxis and urticaria
(p <0.001 for all), but also asthma and atopic dermatitis {p = 0.001 and
p = 0.006, respectively). By contrast, no significant differences were
observed in disease duration, severity, and quality according to Allergic
Rhinitis and its Impact on Asthma (ARIA) classification (Table 1).
PFAS-associated foods: While kiwi (58/167, 34.7%), peach (43/167,
25.7%), and melon (26/167, 15.6%) were most commonly named
as elicitors, 44.9% of the patients reported reactions to foods not
listed in the questionnaire (Figure 1).

Allergy - 2 wiLey-L

* PFAS symptoms and time to reaction: A total of 319 reactions were re-
ported. Frequent symptoms were oral pruritus (252, 79.0%), swelling
of the tongue/face (49, 15.4%), and urticaria (48, 15.0%) (Figure 2).
Loss of consciousness (1, 0.3%), palpitations/tachycardia (2, 0.6%),
oral vesicles (5, 1.6%), and pallor/hypotension (6, 1.9%) were |east fre-
quently reported. The majority of reactions occurred within 5 min of
contact with the offending food (209, 65.5%) {Figure 2). 216 reported
reactions (67.7%) consisted solely of oral symptoms (Figure 3).
Systemic reactions were reported by 40.7% (68/167) of the pa-
tients (Table e1), most commonly to soy (2/4, 50.0%), peach (17/43,
39.5%), almond (7/20, 35.0%), apple (5/15, 33.3%), sesame (2/6,
33.3%), kiwi (19/58, 32.8%), and cherry (5/17, 29.4%) (Figure 3).
Patients suffering from systemic symptoms showed a signifi-
cantly higher prevalence of anaphylaxis (p < 0.001) (Table e1).

TABLE 1 Clinical characteristics of patients with and without PFAS in Southern Europe

Without PFAS
With PFAS (n=167)  (n=648) Oddsratio  p-value

Male [n (%]] a2 491 359 554 1288 0.146
Age ly) [mean (SD)] 252 131 263 137 0594 0.318
Family history

Atopic relative in immediate family [n {3)] 126 75.5 449 69.3 1.362 0.120

Sibling(s) with PFAS [n (%] 5 3.0 16 25 1219 0.703

Father with PFAS [n (%]] 1 0.6 6 0.9 0.645 0.685

Mother with PFAS [n ()] 13 7.8 12 19 4474 <0001
Allergic rhinitis

Age at onset (y) [median (IQR)]° 9 12 12 14 0973 0.003"

Disease duration {y) [median (IQRI 9 135 8 12 1.013 0.097

Months/year with symptoms [mean (SDJ] 48 24 47 24 1.016 0.659
ARIA severity

Mild intermittent [n {%)] 6 3.6 35 54 - 0.297

Mild persistent (ref.: mild intermittent) [n (3] 9 54 51 79 1.029 0.960

Mod./severe intermittent (ref.: mild intermittent) [n (%]] 27 16.2 125 19.2 1.260 0.637

Mod./severe persistent (ref.: mild intermittent) [n (5)] 125 749 437 674 1.669 0.259
ARIA quality

Unclassified [n (5%]] 19 117 108 167 - 0.072

Rhinitis frunner {ref.: unclassified) [n {3)] 123 737 417 644 1.677 0.055

Rhinitis blocker (ref.: unclassified} [n (%] 25 150 123 190 1155 0.663
Other allergic comorbidities

Number of patients with comorbidities [n (5%]] 111 665 298 460 2.328 <0.001™

Number of comorbidities [mean (SD)] 12 10 07 o038 1748 <0001

Asthma [n (%]] 51 305 123 190 1.877 0.001"

Anaphylaxis [n (%]] 26 15.6 23 3.6 5.001 <0.001™"

Urticaria [n (%]] 63 377 131 202 2.351 <0.001™"

Atopic dermatitis [n (%] 50 299 129 199 1719 0.006

Other [n (%] 4 24 22 34 0.598 0.514

Abbreviations: IQR, interguartile range: mod., moderate; n, number; PFAS, pollen food allergy syndrome; ref., reference; SD, standard deviation.

*Due to incomplete data sets, 2 patients were excluded.
*p <.05; ™p <.01; ™"p <.001.
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* Atopic reactivity: Patients with PFAS tested positive to a higher
mean number of allergens in SPTs than those without (5.0 vs. 3.7,
p < 0.001) but did not show a larger mean wheal diameter (Table 2).
In IgE testing, PFAS patients had higher frequency of mono- or
multi-panallergen-positive results. The prevalence of positive IgE
results for the three analyzed panallergen groups, profilin, PR-10,
and nsLTP, was higher in PFAS-positive patients (p < 0.001 for all)
(Table 2).

* PFAS-associated characteristics: The following associated char-
acteristics were identified: (1) positive panallergen IE results
(p = 0.007), especially multi-panallergen-positive {OR: 6.353,
p =0.021) and PR-10-positive results (OR: 5.582, p = 0.004), (2)
anaphylaxis (OR: 6.210, p < 0.001), (3) maternal history of PFAS
(OR: 3.716, p = 0.026), and (4) asthma (OR: 1.752, p = 0.073)
(Table e2). The model generated by hierarchical regression
analysis shows solid diagnostic ability in a receiver operating
characteristics curve with an area under the curve of 0.688
(Figure e1).
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Porto (light blue), Valencia (orange),
Marseille {gray), Rome (yellow), Messina
(royal blue), Tirana (green), Athens (dark
blue), Istanbul (brown), and Izmir (dark
gray)
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3.3 | PFAS in nine different Southern
European centers

The prevalence of PFAS differed significantly between the nine cent-
ers {p < 0.001), ranging from 6/80 (7.5%) in MAR to 41/99 (41.4%) in
ROM (Table ed). Heterogeneity was particularly observed regarding
age at SAR onset (p = 0.003), months per year with SAR symptoms
{p = 0.001), ARIA severity and frequency (p from <0.001 to 0.080),
number of patients with comorbidities (p = 0.035), and mean number
of comorbidities per patient (p = 0.016), especially conceming urti-
caria and atopic dermatitis (p = 0.022 and p = 0.018, respectively).

Skin prick test results varied regarding the number of positive
tests and average wheal diameter (p < 0.001).

Heterogeneous panallergen IgE results were observed for panallergen-
negative (p = 0.030) and PR-10-positive results (p-value <0.001).

A focused description of the unique characteristics of patients
with PFAS in each center, in order of decreasing PFAS prevalence, is
given below (Tables e1 and e3; Figure 1).
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FIGURE 2 Symptoms reported by patients with PFAS after contact with PFAS-eliciting foods and times at onset. Symptoms are split into
two categories: local symptoms (left) and systemic symptoms (right). The times at onset are grouped into five categories: <5 min (blue), 6-
20 min (orange) 21-60 min {gray), 61-120 min {yellow), and >120 min (dark blue)

ROM had the highest occurrence of PFAS, and 43.9% of these pa-
tients also reported urticaria. Reactions to carrot, celery, and fennel
were solely reported here. 78% of patients experienced only oral
reactions (32/41, p = 0.005). Profilin, PR-10, and nsLTP IgE positiv-
ity were observed in 9, 13, and 8 out of 41 patients, respectively.
In MES, patients showed a mean age at onset of SAR of 10 years
plus high rates of urticaria and asthma (18/24 and 12/24, re-
spectively). Instead of melon, apricot was the third most fre-
quent elicitor (5/24). Systemic reactions were especially
common (14/24). A predominance of nsLTP IgE positivity was
shown (4/24).

POR reported patients with young age at onset at 7 years, and
11/24 patients also reported atopic dermatitis. Patients expe-
riencing at least one systemic reaction were common (13/23).
Profilin was the predominant panallergen in IgE results (5/24).
Patients in TIR had a mean age at onset of SAR of 22 years, high
frequency of comorbidities (9/13), especially urticaria (8/13), and
solely moderate/severe SAR. Reactions to almond were frequent
(4/13). While only 5/13 patients were panallergen-negative in IgE
tests, 7/13 were PR-10-positive.

In ATH, all 22 patients reported severe SAR with a high number of
positive SPTs and large mean wheal diameter. Half of the patients
reported experiencing at least one systemic symptom. None were
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PR-10 IgE-positive; instead, IgE to nsLTP and profilin was found
(5/22 and 4/22, respectively).

1ZM reported patients with an onset of SAR at 26 years of age and
an average of 2.6 months per year with symptoms. 3/14 patients had
mild intermittent SAR, and on average, the patients had <1 comor-
bidity. Kiwi was by far the most common elicitor. 11/14 patients were
IgE-negative to all panallergens, and none were PR-10 IgE-positive.
In VAL, patients typically suffered from SAR during 3.2 months/
year on average and reported a high rate of atopic dermatitis (6/10).
Moderate/severe intermittent and moderate/severe persistent SAR
were equally common at 4/10 each. The most frequently named
elicitors included peach (5/10) and almond (5/10). 4/10 patients
were IgE-positive to nsLTP.

IST showed relatively high age at onset and low frequency of co-
morbidities. While no reactions to melon were recorded, reactions to
almond were common (2/13). A predominance of patients had sys-
temic reactions (7/13). No PR-10 IgE-positive patients were found.
MAR reported the lowest prevalence of PFAS (6/80), showing a
relatively high age at onset of SAR at 14.5 years. All PFAS patients
had moderate/severe ARIA scores and reported comorbidities,
especially urticaria (4/6) and atopic dermatitis {3/6). The patients
presented with low average SPT wheal size (4.4 cm) and high rate
of positive IgE to PR-10 (3/6).
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3.4 | Specific research questions

* Therole of cypress in PFAS in Southern Europe: As an indicator of cy-
press pollen sensitization, juniper ash extract SPT was performed.
311/815 (38.2%) patients tested positive. 22 of these (7.1%) were
mono-sensitized. Only one mono-sensitized patient reported a3
PFAS reaction, compared to 58/289 of multi-sensitized patients
(p = 0.073). Similarly, out of 275 (33.7%) IgE-sensitized patients to
cypress pollen extract and/or Cup a 1, only 16 (5.8%) were mono-
sensitized. None of these patients were PFAS-positive, compared
to 60/259 of cypress pollen multi-sensitized patients (p = 0.029).
PFAS and nsLTP in Southem Europe: 26/167 (15.6%) of the patients
reporting symptoms to one or more of the 15 PFAS-associated foods
were nsLTP IgE-positive (Table 2). The most frequent elicitors of clin-
ical symptoms among this group were peach (12, 46.2%), kiwi (10,
38.5%), and almond (8, 30.8%). Half of the nsLTP IgE-positive patients
reported at least one systemic symptom (Figure 4). No significant dif-
ferences between patients with and without sensitization to nsLTP
were observed with regard to clinical characteristics (Table e4).

4 | DISCUSSION

In our analysis of PFAS based on a cohort of 815 Southern European
patients, we discovered (1) an overall prevalence of 20.5% of PFAS in
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patients suffering from SAR in Southern Europe; (2) substantial het-
erogeneity in prevalence and clinical characteristics of PFAS among
the different centers; (3) a significant lack of PFAS in cypress pollen
mono-sensitized patients; and (4) a high frequency of systemic reac-
tions in nsLTP IgE-positive patients.

The overall prevalence of PFAS in our study falls within the range
of previous reports, but is much lower than the frequency of PFAS
among birch pollen allergic patients in Northern Europe.*® This can
be explained by the decreased role of birch pollinosis in Southern
Europe,>* with a lower sensitization to Bet v 1 and a higher sen-
sitization to Bet v 2.°° This is reflected by our data, showing an
equal distribution of sensitization to PR-10, profilin, and nsLTP.
Furthermore, the most commonly reported reactions were to foods
typically associated with nsLTP or profilin: kiwi, peach, and melon.
This reflects similar findings as previous studies performed in Italy
and Turkey, where kiwi and peach were also reported as the most
common elicitors.*™*¢

In terms of symptoms, our data show a fast onset and a predom-
inance of oral pruritus. This corroborates current literature, where
reactions are described as mainly oral and with a rapid onset.? Yet,
contrary to previous publications on PFAS, where systemic symp-
toms only comprised 5% of all reactions,® 32.3% of the reported
reactions in our cohort included at least one systemic symptom.
This may be explained by the frequency of nsLTP sensitization in
Southern Europe,** as these molecules are heat and acid resistant
and therefore more likely to cause extraoral symptoms.?

Within Southern Europe, a vast heterogeneity of pollen has been
reported.?>** This heterogeneity can lead to variance in sensitiza-
tion patterns and therefore in the development of SAR and PFAS,
even within the same country as shown by Mastrorilli et 2> In our
study, a difference in latitude appears to have a bigger impact on the
heterogeneity of PFAS than longitudinal differences. This could be
due to changes in climatic zones with accordingly differing vegeta-
tion. The present analysis aimed at elucidating these potential differ-
ences with a uniform methodological approach in several countries
and was able to describe a high degree of heterogeneity, certain sim-
ilarities, and certain unexpected observations.

While a low frequency of birch sensitization has previously been
reported in the South of France (1.05%),** we found 2 high rate of
PR-10 IgE sensitization in MAR PFAS patients (3/6). This could in-
dicate that patients may have been exposed to birch in a different
geographic area.

Surprisingly, PFAS-positive patients in TIR suffered from se-
vere allergic disease and many comorbidities. This is in contrast to
previous epidemiological studies from the same geographic region,
where low asthma severity has been reported.®® Additionally, in
1999, Priftan;ji et al. described that only 2.7% of the tested patients
were SPT-positive for Betula,*” yet our cohort of PFAS patients was
predominantly PR-10 IgE-positive.

Mastrorilli et al. reported in 2016 a PFAS frequency of 16.9%"7
in Southern Italy, while MES showed a higher rate of PFAS 24/82
{29.3%) in our study. This may be explained by an increased inci-
dence in allergic diseases, since our study recruited patients almost
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TABLE 2 Atopic reactivity of patients
with and without PFAS in Southern
Europe
Skin prick test (SPT)

Positive SPT to seasonal

aeroallergen(s)® [mean

(soy

Average SPT size of
seasonal aeroallergens
{mm)®* [mean (SD)]

1gE resuits
No panallergen [n

Mono-panallergen (ref.c

(%n°

no panallergen) [n (%]°

Multi-panallergen (ref.: no

panallergen) [n (3)]°

Profilins [n (3]

PR-10-like allergenic
proteins [n {%}]b

nsLTPs [n (%}]"

B 9

With PFAS Without PFAS Odds

{n=167) (n = 648) ratio p-value
5.0 31 37 27 1166 <0001
6.1 1.6 60 17 1028 0.589
102 61.1 559 86.3 = <0.001
53 317 79 122 3677  <0.00%
12 7.2 10 15 6.576 <0.001™"
26 156 42 6.5 2.661 <0.001"
26 156 26 40 4411 <0.001
26 156 33 51 3436  <0.001

Abbreviations: IQR. interquartile range: n, number; PFAS, pollen food allergy syndrome; ref.,
reference; SD, standard deviation.
*Test panel included mugwort, wall pellitory, olive tree, hazel tree, birch, bermuda grass, juniper

ash, and ragweed.

Srest panel included profilins (Bet v 2, Phl p 12), PR-10-like allergenic proteins (Betv 1, Cora 1,
Quea 1), and nsLTPs (Artv 3, Olee 7).
*p <0.05; p < 0.01; *™"p < 0.001.

10 years later than Mastrorilli et al. However, both studies showed
an early onset of SAR and a predominance of nsLTP IgE positivity."”

Among PFAS patients in ATH, our cohort reported a higher
rate of IgE to profilin (18.29%) than previously reported (10.9%).%°
As LTP syndrome has been described as a common allergenic syn-
drome in Greece,*® it is not surprising that the prevalence of nsLTP
IgE-positive patients among our cohort was 22.7%. The absence of
sensitization to PR-10 in ATH is noticeable and corroborates current
literature *°

The high prevalence of IgE to profilins in our PFAS cohort in POR
is similar to that found in central Portugal by Tavares et al.** and can
be explained by the predominance of Urticaceae (including pellitory
of the wall) and grass pollen in Portugal *2

The frequency of peach and almond as causative foods for PFAS
reactions in VAL reported by our study shows some similarity to
findings by Flores et al,** where peach and nuts were the most com-
mon elicitors. Their results showed walnut as the main symptom-
causing nut,*® which was not included in our questionnaire. The high
prevalence of nsLTP sensitization found in our cohort corroborates
previous reports for the region.*?

Compared to an earlier study focusing on PFAS in Italian chil-
dren,*” our cohort in ROM reported fewer reactions to banana
and watermelon. Peach, kiwi, and melon were the three most
common elicitors in both central Italian groups. While a higher
frequency of urticaria as comorbidity was reported in the present
study, the frequency of asthma as a comorbidity was lower than
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reported by Mastrorilli et al.*” In addition to a high frequency of
IgE to profilins and PR-10, our study found 2 high rate of positive
IgE to nsLTP.

The results from IST and 1ZM shared some similarities with a
previous study. While the overall prevalence of PFAS in Turkey
reported by our study was lower than the previously reported
19.3%,® kiwi was by far the most common elicitor of PFAS in both
studies.'® Asthma was the most frequent comorbidity of PFAS-
positive patients in Turkey both in our cohort and in the previous
study.*®

41 | Interesting results regarding the role of
cypress in PFAS in Southern Europe

Patients with both cypress pollen allergy and PFAS reactions to
peach have been described in literature. 2% These two allergic
reactions have been linked through molecular similarities between
the cypress molecule Cup s 7 and the peach molecule Pru p 7%
While such cases have been published, in our analysis no patients
with cypress pollen mono-sensitization (based on SPT or IgE results)
reported peach PFAS. This result concurs with recent findings by
Asero et al.* that mono-sensitization to Pru p 7 is rare among cy-
press pollen hypersensitive patients in Italy. It also supports the au-
thors' conclusion that peach and cypress pollen might share other,
currently unknown cross-reactive molecules.
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FIGURE 4 Frequency of panallergen-positive IgE results in
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who reported (oral and) systemic symptoms (orange) to any of the
questioned PFAS-associated foods. Results are shown based on
different panallergen groups: profilins {Bet v 2 and Phl p 12), PR-10
(Betv1 Coral, and Queal),and nsLTPs(Artv3andOlee7)

4.2 | Limitations

We acknowledge certain limitations of this study. First, the diagnosis
of PFAS was based on the clinical history and no objective measure-
ment of reaction, such as prick-by-prick testing or oral food chal-
lenges, was performed. Second, the IgE test performed was developed
for the diagnosis of seasonal pollen allergies in Southern Europe and
no specific panallergen molecules found in PFAS-associated foods
were included in the test. Third, the focus of our study was placed on
patients attending allergy clinics in different centers. Therefore, the
present project is not an epidemiological study representative of the
included countries.

4.3 | Conclusion

While some overall similarities within Southern Europe can be seen,
the region shows significant heterogeneity in many aspects of its
clinical characteristics. These can frequently be explained by the dif-
fering pollen types in the area and the differing development of al-
lergic disease. Unlike patients with PFAS in Northern Europe, patients
in Southern Europe report more reactions to peach, melon, and kiwi
and suffer more frequently from systemic reactions. Cypress pollen
mono-sensitized patients were significantly less likely to report PFAS
than multi-sensitized patients, and no link to peach was supported
by our findings.

44 | Outlook

Further insight may be provided by studies focusing on prick-by-
prick tests and/or oral challenges and more specific IgE testing with
a broader panel of panallergens.
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95 Legend to figures
97  Figure E1 - Receiver Operating Characteristics (ROC) Curve for the model generated by the logistic
98  stepwise backward selection (Wald), based on data from mothers with PFAS, anaphylaxis, asthma
99  as comorbidity, and panallergen IgE results (blue line). Compared to reference line (green).

100  Area under the curve: 0.688

101

57



Table el. Clinical characteristics of patients with PFAS who reported only oral symptoms compared to those who reported (oral and) systemic

(Oral and) Systemic
Oral Symptoms Only Symptoms
(n=99) (n=68) P-Value

Male [n {%)] 47 475 35 515 612

Age (y) [mean (SD)] 247 128 259 135 558
Centers

Porto [n (%)] 11 111 13 19.1 147

Valencia [n (%)] 6 6.1 4 59 961

Marseille [n (%)] 3 30 3 44 637

Rome [n (%}] 32 323 9 132 .005**

Messina [n (%)] 10 101 14 206 058

Tirana [n (%)] 9 81 4 59 447

Athens [n (%)] 11 111 1 16.2 342

Istanbul [n (%)] 6 6.1 7 103 316

Izmir [n (%)) 11 111 3 44 125
Allergic rhinitis

Age at onset (y) [median (IQR)]t 8 113 10 14 337

Months/year with symptoms [mean (SD)] 49 24 45 24 362
Other allergic comorbidities

Asthma [n (%)] 28 283 23 338 445

Anaphylaxis [n (%)] 7 71 19 279 <.001***

Urticaria [n (%] 34 343 29 427 277

Atopic dermatitis [n (%)] 26 263 24 353 211

Other [n (%)] 1 10 3 44 158
Skin prick test (SPT)

Positive SPT to seasonal aeroallergen(s) [mean

(sD)] 54 29 46 34 209

Average SPT size of seasonal aeroallergens (mm)

[mean (SD)] 6.2 16 6.0 17 486
IgE results

Profilins [n (%)]* 23 232 3 44 .001**

PR-10-like allergenic proteins [n (3%)]* 18 182 8 118 261

nsLTPs [n (%)]* 13 131 13 19.1 294

PFAS: polien food allergy syndrome; n: number; SD: standard deviation; IQR: interquartile range
* p<0.05; ** p<0.01; *** p<0.001
tDue to incomplete data sets, 1 patient was excluded
# Testpanel included: profilins (Bet v 2, Phl p 12), PR-10-like allergenic proteins (Bet v 1, Cor a 1, Que a 1), and nsLTPs (Art v 3, Ole e 7)
102
4
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Table e2. Results of hierarchical regression analysis of predictors for PFAS in Southern Europe

Full model (Step 1) Late-stage specific model (Step 17)
OR 95% CI P-Value OR 95% ClI P-Value
Male 0.926 0.496-1.730 810 - - -
Age 1.028 0.994-1.062 108 - - -
Centers
Porto - - 338 - = =
Valencia (ref.: Porto} 0.592 0.155-2.251 441 - - -
Marseille (ref.: Porto) 0.167 0.037-0.745 018+ - - -
Rome (ref.: Porto) 0.876 0.282-2.720 .819 - - -
Messina (ref.: Porto) 0.806 0.253-2.569 716 - - -
Tirana (ref.: Porto) 0.336 0.079-1.421 138 - - -
Athens (ref.: Porto) 1.182 0.371-3.762 778 - - -
Istanbul (ref.: Porto) 0.500 0.117-2.137 350 2 = C
Izmir (ref.: Porto) 0.557 0.152-2.036 376 - - -
Family history
Atopic relative in immediate family 3.410 0.247-47.031 360 - - -
Sibling(s) with PFAS 0831 0.228-3.028 779 - - -
Father with PFAS 1192 0.071-20.148 903 - - -
Mother with PFAS 4.030 0.973-16.693 {055 3.716 1.165-11.845 .026*
Allergic rhinitis
Age at onset 0.984 0.942-1.028 476 - - -
Months/year with symptoms 0.950 0.826-1.092 463 - - -
ARIA severity
Mild intermittent - - 430 = o -
Mild persistent {ref: mild intermittent) 0.139 0.012-1.576 111 - - -
Mod./severe intermittent (ref: mild
intermittent) 0.773 0.206-2.905 704 - - -
Mod./severe persistent (ref: mild
intermittent) 0.637 0.182-2.230 480 - - -
ARIA quality
Unclassified - - 351 - = -
Rhinitis sneezer/runner (ref. unclassified) 1.253 0.494-3.180 635 - - -
Rhinitis blocker {ref. unciassified) 0.665 0.210-2.107 488
Other allergic comorbidities
Patients with comorbidities 0.881 0.292-2.658 822 = > -
Asthma 1724 0.704-4.224 233 1752 0.949-3.234 .073
Anaphylaxis 6.358 2.209-18.296 .001** 6.210 2.561-15.057 <.001*+**
Urticaria 1813 0.734-4.482 197 < - -
Atopic dermatitis 1.160 0.486-2.768 738 - - -
Other 0.217 0.019-2.444 216 - - -
Skin prick test (SPT)
Positive SPT to seasonal aeroallergen(s) 1.055 0.921-1.208 440 = = -
Average SPT size of seasonal aeroallergens 1.037 0.863-1.245 700 S 5 =
IgE results
No panallergen IgE” - - 091 - C .007**
Profilin IgE only (ref.: no panallergen Igg)” 1.550 0.471-5.107 471 2113 0.794-5.623 134
PR-10-like allergenic proteins IgE only (ref.:
no panallergen IgE)” 5.023 1.214-20.776 .026= 5.582 1.709-18.232 .004++
nsLTPs IgE only {ref.: no panallergen IgE)* 1.390 0.447-4.325 .569 1401 0.483-4.058 535
Multi-panallergen IgE (ref.: no panallergen
IgE)* 7421 1.166-47.241 034+ 6.353 1.323-30.503 021+

PFAS: pollen food zllergy syndrome; n: number; OR: odds rzatio; CI: confidence interval; ref.: reference

* p<0.05; ** p<0.01; *** p<0.001
* Testpanel included: profilins (Bet v 2, Phl p 12), PR-10-lik= allergenic proteins (Bet v 1, Cora 1, Que a 1), and nsLTPs (Artv 3, Ole 2 7)
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Table e3. Clinical characteristics of patients with PFAS in the nine Southern European centers

TOTAL (n=167) POR (n=24) VAL (n=10) MAR (n=6) ROM (n=41)
Number PFAS positive
relative to total number 167/815 205 23/102 235 10/71 141  6/80 75 41/95 414
recruitad [n (3)]
Male [n {3¢)7] 82 491 14 583 3 200 4 667 19 463
Age (y) [mezn (5D)] %2 131 265 130 57 137 333 78 273 160
Family history
Atopic relative in
. ? 7 . . ;
e e 1 126 755 16 667 70.0 6 1000 30 732
Sibling{s) with PFAS [n (367)] 5 20 0 0.0 Y Y 2 49
Father with PFAS [n (3] 1 06 0 0.0 0 0.0 0o 00 o 00
Mother with PFAS [n (3] 13 7.8 0 0.0 0o oo o o0 5 122
Allergic rhinitis
Cf;ma]‘, onset {y) [median ) 12 70 160 135 178 145 138 70 20
Disease duration (y)
e 5 135 110 150 65 160 200 105 120 250
Monthis/year witti 48 24 50 29 32 14 48 17 24 18
symptoms [mezn (SD)]
ARIA severity
Mild intermittent [n (%7]] 6 26 1 4.2 o o0 o oo o a0
Mild persistent [n (%] 5 5.4 1 42 2 200 o oo 0o o0
[Mn‘:;’e‘,/)s]“’“ intermittent 27 162 4 167 4 400 1 167 2 49
Roa )
(%‘.’ﬁ /s pacsiaraek I 125 749 18 750 4 400 s 833 33 951
ARIA quality
Unclassified [n {57)] 19 117 0 0.0 1 100 Y 0o 00
::::;‘]ms smeezes/runner [ 123 737 19 792 5 500 s 833 39 951
Rhinitis blocker [ (3] % 150 5 208 4 400 1 167 2 49
Other allergic comorbidities
Number of patients with
comosbatiios [ (%) 11 665 16 667 s 800 6 1000 29 707
Numbier of comorbidities 12 10 13 12 17 12 18 08 12 10
[mean (SD)]
Asthma [n (%7)] 51 305 7 29.2 3 300 2 333 12 293
Anzphylasis [n {5¢7)] 2% 156 7 292 3 300 2 333 5 122
Urticaria [n (%7]] 63 377 5 208 5 500 4 667 18 439
Atopic Darmatitis [n {37)] 50 299 11 458 s 600 3 500 14 341
Other [n (%7)] 4 24 0 0.0 0o 00 0o 00 2 49
Skin prick test (SPT)
Postive SPT %o sessonal 5.0 21 4.0 24 343 28 a8 26 70 29
aerozllergen(s) [mean (5D)]
Average SPT size of
seasonal aeroallergens 6.1 16 6.5 18 7.0 17 4.4 08 6.1 13
(mm) [mean {5D)]
IgE results
No panallergen [n (3¢7))¢ 102 611 16 667 5 600 2 333 19 463
Mono-panzllergen [n (%7))F 53 317 7 292 3 300 3 500 15 366
Multi-panalisrgen [n (3"} 12 7.2 1 4.2 1 100 1 167 7 171
Profilins [n (37)]¢ % 156 5 208 1 100 1 167 5 220
PH-20- ke aRerzenic 26 156 2 83 0 0.0 3 500 13 317
proteins [n (3")]¢
nsLTPs [n (%7)]¢ 26 156 2 23 4 400 1 167 g 155

PFAS: pollen food zllergy syndrome; POR: Porto; VAL: Valencia; MAR: Marseille; ROM: Rome; MES: Messing; TIR: Tirana; ATH: Athens;
IST: Istanbul; 1ZM: Izmir; n: number; SD: standard deviation; IQR: interquartile range

*p<0.05; **p<0.01; ***p<0.001

* Percentages calculated from total number of PFAS positive patients overall/in the centers

*Due to 2n incomplete data set, 1 patient was excluded

§ Testpanel included: profilins (Bet v 2, Phl p 12), PR-10-like allergenic proteins (Bet v 1, Cora 1, Que a 1), and nsLTPs {Artv 3, Ole 2 7)
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Table e3 i d. Clinical characteristics of patients with PFAS in the nine Southern European centers
MES (n=24) TIR (n=13) ATH (n=22) IST (n=13) 1ZM (n=18) P-Value
Number PFAS positive
relztive to totzl number 24/82 293 13/93 140 22/97 227 13/96 135 18/95 147 <.001°**
recruited [n (36)]
Male [n ()] 11 458 8 515 12 545 5 385 6 429 745
Age [y} [mean (SD)] 232 127 295 89 217 118 %8 120 169 81 116
Family history
Aopicrstatveln, 21 875 s 692 18 818 5 692 10 714 619
immediate family [n (3%7)]
Sibling(s) with PFAS [n (37)] 3 125 0 00 0 0.0 0 00 0 0.0 135
Father with PFAS [n (%7)] 0 0.0 0 00 1 45 0 0.0 0 0.0 577
Mother with PFAS [n (3¢)] I 157 0 0.0 4 182 0 0.0 0 0.0 087
Allergic rhinitis
;}SQ;;‘, onset (y) {median 100 108 20 165 75 55 180 130 6.0 48 003°**
Disease duration [y}
i, (G 950 118 80 85 90 110 80 120 80 103 079
Monthis/year with 59 32 59 21 52 20 43 25 26 09 001**
symptoms [mean (5D)]
ARIA severity
Mild intermittent [n (%")] 2 83 0 00 0 0.0 0 00 3 214 019°
Mild persistent [n (36)] 2 83 0 00 0 0.0 2 154 2 143 080
[“:‘;;'/)T"m intermittent 5 375 1 7.7 2 5.1 2 154 2 143 024°
Mod. istent
(%'f)] fsevere penyistent In 11 458 12 923 20 905 5 9.2 7 500  <001***
ARIA quality
Unclassified [n (37)] 3 125 3 231 2 5.1 5 385 5 357 <.001***
2:1')‘]'"’ i 19 792 10 769 15 682 6 462 5 357  <001%**
Rhinitis blocker [n (3%7)] 2 83 0 00 5 227 2 154 4 286 058
Other allergic comorbidities
Number of patients with >
comorbidities n (7] 18 75.0 9 §9.2 13 591 3 231 9 643 035
tumbiee of camorbidiies 14 11 12 09 10 10 03 0§ 08 07 016*
[meazn (5D)]
Asthma [ {%7)] 10 417 1 7.7 7 318 2 154 7 50.0 377
Anaphylzxis [n (%7)] 3 125 4 308 2 5.1 0 0.0 o 0.0 061
Urticaria [n (3')] 12 50.0 s §15 7 318 1 7.7 3 214 022*
Atopic Dermatitis [n (3%7)] g 333 3 231 3 136 1 7.7 1 7.1 018°
Other [n (%")] 0 0.0 0 00 2 5.1 0 00 0 0.0 448
Skin prick test (SPT)
Fositive SPV o sessonal 26 21 63 3.0 69 2.7 23 16 43 3.3 <.001***
aeroallergen(s) [mean (SD)]
Average SPT size of
seasonal aeroallergens 55 17 6.6 14 6.9 17 5.0 13 5.7 17 <.001°***
{mm) [mean (5D)]
IgE results
No panallergen [n (%7)]% 20 8323 5 385 13 591 10 769 1 786 .030°
Mono-panaliergen [n {3¢7)]¢ 3 125 7 538 9 40.5 3 231 3 214 233
Multi-panallergen [n (3")] 1 4.2 1 77 0 0.0 0 a.0 0 0.0 180
erofilins [n (%7)]5 0 0.0 1 7.7 4 182 2 154 3 214 480
PRA0 ke allergenic 1 42 7 53.8 0 0.0 0 0.0 0 0.0 <.001***

proteins [n (%))
nsLTPs [n {%7)]¢ 4 167 1 7 5 227 1 7.7 0 0.0 221

PFAS: pollen food zllergy syndrome; POR: Porto; VAL: Valenciz; MAR: Marseille; ROM: Rome; MES: Messins; TIR: Tirana; ATH: Athens;
IST: Istanbul; 1ZM: Izmir; n: number; SD: standard deviation; IQR: interquartile range

*p<0.05; **p<0.01; ***p<0.001

*Percentages calculated from total number of PFAS positive patients overall/in the centers

*Due to an incomplete dzta set, 1 patient was excluded

% Testpanel included: profilins (Bet v 2, Phl p 12), PR-10-like allergenic proteins (Betv 1, Cora 1, Que a 1), and nsLTPs (Artv 3, Ole e 7)
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Table e4. Clinical characteristics of PFAS patients with and without IgE to nsLTP

Male [n {%)]
Age (y) [mean (SD)]
Family history
Atopic relative in immediate family [n (%)]
Sibling(s) with PFAS [n (%6)]
Father with PFAS [n (%)]
Mother with PFAS [n (36)]
Allergic rhinitis
Age at onset (y) [median (/QR)]t
Disease duration (y) [median {IQR)]t
Months/year with symptoms [mean (SD)]
ARIA severity
Mild intermittent [n (%)]
Mild persistent (ref.: mild intermittent)
[n (%)]
Mod./severe intermittent (ref.: mild
intermittent) [n (%)]

Mod./severe persistent (ref.: mild
intermittent) [n (%)]

ARIA quality
Unclassified [n (%)]
Rhinitis sneezer/runner [n (3%)]
Rhinitis blocker [n {%)]
Other allergic comorbidities
Number of patients with comorbidities [n
(%)]
Number of comorbidities [mean (SD)]
Asthma [n (%6)]
Anaphylaxis [n (36)]
Urticaria [n (%%)]
Atopic dermatitis [n (%6)]
Other [n (%)]
Skin prick test (SPT)
Positive SPT for seasonal aeroallergen(s)
[mean (SD)]
Average SPT size of seasonal aeroallergens
{mm) [mean (SD)]

PFAS - PFAS -
nsLTP Negative nsLTP Positive
Patients (n=141) Patients (n=26) P-Value
67 475 15 57.7 340
249 12.8 264 1438 590
108 76.6 18 69.2 459
4 2.8 1 3.9 576
1 0.7 0 0.0 1.000
10 7.1 3 115 429
9 128 9 105 .878
9 12 10.5 195 238
47 2.3 53 28 228
6 4.3 0 0.0 591
6 4.3 3 115 148
24 17.0 3 115 772
105 745 20 76.9 79
17 121 2 77 -160
100 70.8 23 88.5
24 17.0 1 39
94 66.7 17 654 895
11 1.0 13 12 .281
43 305 8 308 978
22 156 4 154 1.000
53 376 10 385 933
39 27.7 11 42.3 163
3 2.1 1 39 495
48 3.1 6.5 29 012
6.0 1.7 6.4 15 .261

PFAS: pollen food allergy syndrome; n: number; SD: standard deviztion; IQR: interquartile range; ref.: reference

* p<0.05; ** p<0.01; *** p<0.001

#Due to incomplete data sets, 2 patients were excluded
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Figure e1
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