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Abstract

Introduction: Hazelnuts are a leading trigger of food allergy. To date, several molecular components of
hazelnut are available for component-resolved diagnosis. However, little is known about how simultaneous
sensitization to multiple allergens affects the severity of the hazelnut-induced reaction. In a previous study,
our group demonstrated a lower risk of systemic reactions to peach in patients sensitized to both Pru p 3 and
Pru p 1 than in the patients monosensitized to peach LTP. We aimed to assess whether this was also true in
hazelnut allergy in a cohort of adult patients.

Methods: Patients were selected based on a history of symptoms such as urticaria, vomiting, diarrhea,
asthma, and anaphylaxis indicative of hazelnut IgE-mediated food allergy and graded according to a clinical
severity scale. For all patients, specific IgE was determined for Cor a 1 and Cor a 8 and, for most patients, also
Cor a 9. Patients were offered an oral food challenge in open format (OFC) with a cocoa-based roasted
hazelnut spread on a voluntary basis in order to prescribe an appropriate diet.

Results: A total of two hundred and fourteen patients were recruited. Among these, 43 patients were
monosensitized to Cor a 8. One hundred and seventy-one patients were sensitized to Cor a 1 (79.9%) and,
among them, 48/171 (28.1%) were also Cor a 8 positive. Cor a 9 was evaluated in 124/214 patients, testing
positive in 21/124 (16.9%). Patients monosensitized to Cor a 8 experienced systemic reactions more
frequently than those sensitized to Cor a 1 + Cor a 8 (p < 0.00001), with significantly more severe reactions
(p <0.0005), and testing more frequently positive at OFC (p <0.0001).

Regarding Cor a 9, the sensitized patients were significantly younger (p= 0.0013) and showed reactions of
similar severity to patients who tested Cor a 9 negative, and these reactions were milder than in patients
monosensitized only to Cora 8 .

Discussion/Conclusion: Sensitization to Cor a 1 seems to protect from the development of the severe
systemic reactions induced by Cor a 8 sensitization, Cor a 9 does not influence the severity of symptoms in

adult patients. The OFC with roasted hazelnut may help in dietary guidance.

Introduction



Food allergy represents a relevant health problem and its prevalence, after a steep increase in the last
decades, appears to have now stabilized in many areas worldwide [1], [2], [3].

“Nuts” as a group are one of the most prevalent allergenic foods. Among them, hazelnut (Corylus avellana) is
the most frequent trigger of allergic reactions in Europe [4], [5]. More precisely, it is one of the five major
triggers of food allergy overall, and the second most common in school-age [6], [7].Comparing the 31 most
important hazelnut-producing countries in the world, in 2021 Italy ranks second after Turkey, with a hazelnut
production which reached 84,670 tonnes, according to FAOSTAT [8]. Moreover, in a study conducted by
Uzundumlu et al, the world hazelnut production is expected to increase constantly until 2025 and Turkey and
Italy will keep their positions as the leading countries in the export and production of hazelnuts [9].

Italy is also the largest consumer country of hazelnuts with respect to the world population [10]. For all these
reasons it is not surprising that hazelnut is a relevant allergenic food in Italy and Turkey.

In a recent Turkish study hazelnut was the most common tree nut causing food allergy in a population of 227
children aged 6-10 years with allergy to tree nuts and/or peanuts [11]. Similarly in Italy a recent
epidemiological study conducted by the Italian Society of Pediatric Allergology and Immunology, has shown
that hazelnut was the second cause of anaphylaxis, after milk, in a population of 191 food allergic children
[12]. Thus, the diagnosis of hazelnut allergy, when suspected, calls for promptness and has to consider the
relevant role of all the single allergens in relationship to the severity of symptoms.

The clinical manifestations of hazelnut allergy are of variable severity, ranging from mild forms limited to the
oral mucosa, to potentially fatal forms such as anaphylactic shock [13], [14] . Furthermore, this food allergy
is generally persistent [15] and the presence of a high degree of cross-reactivity of hazelnut allergens with
those of other nuts further complicates its management [16].

Promising new management strategies currently under study in children with hazelnut allergy are the
selection of hypoallergenic cultivars and the development of oral desensitization protocols (OIT)

[16], [17].

At present 12 hazelnut allergens belonging to different allergenic families have been identified, of which 9
are food allergens and 3 respiratory allergens (WHO/IUIS) [18]. Their molecular characteristics are associated

with variable resistance to physical-chemical agents and with different clinical severity, according to the



sensitization profile with the limit being the availability of allergens for “in vitro” testing [19].

Thus the sensitization to Cor a 1, the cross-reactive homolog of Bet v 1, is associated mostly with mild forms
of food allergy, being limited to the oral cavity [20], while sensitization to Cor a 8, a lipid transfer protein (LTP),
is associated with more severe clinical manifestations [21]. This molecule displays features of marked
chemical-physical stability, as opposed to Cor a 1 [22], [23]. Sensitization to Cor a 8 is usually secondary to
sensitization to the peach LTP, Pru p 3 [24]. The sensitization to seed storage proteins, Cor a 9, Cor a 11 and
Cor a 14, has a relevant role in determining severe systemic reactions in the pediatric population [25] but its
role in the adult population has not been fully elucidated at present. Indeed, in adults only a limited number
of cases of allergy to these allergens have been described and these are geographically restricted to Northern
and Central European countries [26], [27],[28].

Finally, the value of sensitization to oleosins, Cor a 12, Cor a 13 and Cor a 15, [18] for which reliable in vitro
or in vivo tests are currently lacking, and to profilin, Cor a 2 [20], still remains elusive.

Additionally, a still unknown aspect of food allergy needs to be elucidated, i.e., the possible clinical role of
simultaneous sensitization to multiple allergens. In a study published by our group [29], confirmed by other
studies conducted in the Mediterranean area [30], [31], the simultaneous sensitization to Prup 1 and Prup 3
was associated with less severe symptoms than sensitization to Pru p 3 alone.

We therefore, sought to evaluate whether it was possible to confirm this phenomenon, i.e., the modulation
of the severity of the symptoms triggered by the sensitization to LTP by an allergen belonging to the PR-10,
also in the model of patients allergic to hazelnuts. For this purpose, we selected individuals with a clinical
history of allergy to hazelnut and sensitized to Cor a 8 or Cor a 1 or both and we characterized the severity of
clinical reactions in relation to the different sensitizations. Moreover, we looked for the role of Cor a 9 in

modulating the clinical reactivity in a limited group of patients.



Materials and Methods

Patients

During the period from February 2016 to February 2019, all consecutive patients referred to the Department
of Allergology and Clinical Immunology of the ASST Grande Ospedale Metropolitano Niguarda (Milan, Italy)
for suspected allergy to hazelnut were selected for further evaluation as regards the presence of a convincing
and documented history of clinical reactivity to hazelnut. The clinical history was considered convincing only
when the patient reported symptoms that were in keeping with IgE-mediated food allergy after the ingestion
of hazelnut, i.e. urticaria, angioedema, gastrointestinal symptoms (OAS, nausea, vomiting, abdominal pain),
respiratory symptoms, anaphylaxis [13], [14]. Patients with a convincing clinical history and positive specific
IgkE for hazelnut were considered true food allergic and were investigated for the presence of specific IgE to
the recombinant allergens Cor a 8 and Cor a 1.

Symptoms were classified as oral allergy syndrome (OAS) when they were localized to the oral mucosal and
as severe symptoms when systemic reactions (SR) were documented. These, in turn, were classified in four
grades of severity as follows: grade | (urticaria), grade Il (urticaria + gastrointestinal reactions (i.e., vomiting,
diarrhea, and severe abdominal pain), grade Ill (urticaria + angioedema and/or rhino-conjunctivitis and/or
asthma), grade IV (life-threatening symptoms such as hypotension with syncope and anaphylactic shock).
Patients were then subdivided into one group of Cor a 8 positive Cor a 1 negative patients and another group
of Cor a 1 positive patients which was further subdivided into two groups, one of Cor a 1 + Cor a 8 + patients
and one of Cora 1 + Cor a 8 - ones.

In 35/48 (72.9%) Cor a 8 + Cor a 1 + patients, we measured also specific IgE to Cor a 9, as well as in 64/123
(52.0%) Cor a 1 only positive patients and in 23/43 (53.5%) Cor a 8 only positive patients. All sampling was
random.

Study Design

The major objective of the study was to compare the frequency and severity of SR induced by hazelnut among
the group of adult patients sensitized to Cor a 8 but not to Cor a 1, and the group of patients sensitized to Cor

a 1 with or without simultaneous sensitization to Cor a 8.



A second objective was to compare the frequency and severity of SR among the patients Cora 8 + Cora 1l -
and the two subgroups of Cor a 1 + patients formed by patients Cor a 1 + Cor a 8 + and patients Cor a 1 + Cor
a 8 -. An additional task was to evaluate a possible role of Cor a 9 in modulating the severity of the reactions
in the same populations of patients.

For the study, we selected patients with a documented history of allergic reactions to hazelnut, and specific
IgE to hazelnut and to at least one among Cor a 1 and Cor a 8.

In vivo tests

Open food challenge

In order to plan a diet with or without roasted hazelnut-enriched products we suggested that patients
undergo an OFC with a commercial roasted hazelnut-based chocolate spread on voluntary adherence.

It is known that food-allergic patients often develop unwarranted fear toward the ingestion of harmless food
items and often eliminate most vegetable foods, negatively affecting their diet. The OFC was performed in
consideration of the fact that Cor a 1 is a labile allergen; the aim of the OFC was to convince Cor a 1-positive
patients that they did not need to eliminate toasted hazelnut from the diet, hence avoiding the useless
elimination of an important food item. Moreover, OFC with roasted hazelnut was performed on Cor a 8
patients to ascertain whether or not they reacted to roasted hazelnut.

The challenge was accepted by 13 Cor a 8 + Cor a 1 - patients, by 31 patients to Cor a 1 + Cor a 8 + and 69 Cor
al+Cora8-.

The challenge product recipe contained 13 grams of roasted hazelnut per 100 grams of cocoa-based cream.
Patients were challenged with a total of 100 grams of spread using an incremental protocol. The challenge
began with the ingestion of 1/3 teaspoon of the product after 10 minutes 2/3 teaspoon was ingested; the
dose was then doubled every 10 minutes until the entire dose of spread was consumed.

The challenge was stopped when objective symptoms developed or the maximum dose was reached.

In vitro tests

Serum levels of anti-hazelnut, anti-Cor a 1, anti-Cor a 8, and anti-Cor a 9 specific IgE were determined using
the Immuno-CAP System (Thermo Scientific, Uppsala, Sweden) according to the manufacturer’s instructions.

IgE values were considered positive for values greater than 0.10 kUA/L.



Analysis of subpopulations

Based on positive (+) or negative (-) specific IgE levels against one or both the two major allergens of hazelnut,
the studied populations were the following;

(1) Cora8+ Coral-(N°43)

(2) Cor a 1 +(N° 171) subdivided in:

(2a) Cora 1+ Cora 8- (N°123)

(2b) Cor a 1 + Cor a 8 + (N°48)

Group-2b was further subdivided into two subgroups: Cora 1+ Cora 8+ Cora 9 -

and Cora 1+ Cora8+Cora9+

Statistical analysis

A comparison of categorical variables between groups was carried out with Fisher's exact test. Continuous
variables were compared with Student's t-test in case of normal distribution and Mann-Whitney's U test with
exact algorithm (two groups) or Kruskal-Wallis test (more than two groups) in case of non-normal distribution.
Statistical significance was assumed at p < 0.05. All statistical analyses were performed with Stata/SE 17.0

(Stata Corp, College Station, USA).



Results

Patients

A total of two hundred and fourteen-patients with a mean age of 41.4 years (95% Cl, 26 - 56.9 years) were
selected for a convincing and documented history of clinical reactions to hazelnut. Women were 153 with a
mean age of 43.8 years (95% Cl, 28.3-59.3 years) and men were 61 with a mean age of 35.3 years (95% Cl,
21.8 - 48.8 years). The age difference was statistically significant, as women were significantly older than men
(p=0.0001, Student’s t-test).

A total of 43/214 (20.1%) patients were Cor a 8 + Cor a 1 - while 171/214 (79.9%) were Cor a 1 positive. We
did not find any statistically significant difference between the two groups with regard to sex and age (p=
0.708, Fisher's exact test, and p= 0.1758 Student’s t-test, respectively). Out of the 171 Cor a 1 + patients, 48
(28.1%) were also Cor a 8 + while 123 (71.9%) were Cor a 8 -, as shown in Table 1 .

Among the 214 studied patients, Cor a 9 specific IgE were evaluated in 124 randomly selected patients. A
total of 103/124 were Cor a 9 negative with a mean age of 41.8 + 16 years while 21/124 were Cor a 9 positive
with a mean age of 29.7 £ 9.4 years; this difference was highly statistically significant (Mann-Whitney U test:
p=0.0013).

As regards the 21 Cor a 9 + patients, 17/21 (81%) were in the subgroup of patients Cor a 1 + Cora a 8 +, 3/21
(14%) were in the group of 43 Cor a 8 + Cor a 1 - and 1/21 (5%) in the subgroup of Cor a 1 single positive.
Considering the different subgroups, the positivity was as follows: of the 123 Cor a 1 + Cor a 8 - patients, Cor
a 9 was evaluated in 64 patients and was positive in 1 case only (2%). In the group of 43 Cora 8+ Cora 1 -
patients, 25 were evaluated for Cor a 9 and only 3/25 (12%) had positive IgE. Thus, we compared the reactions
of the 17 Cor a 9 + patients out of the 48 Cor a 1 + Cor a 8 + group with those of the 18 Cor a 9 - patients in

the same group of Cor a 1 + Cor a 8 + patients.

Distribution of the severity of reactions
Regarding symptom severity, in the overall study population 139/214 (65.0%) patients had only OAS
(considered in the figures as SR 0) and 75/214 (35.0%) had SR. The distribution of the reactions is reported in

Table 1.



Comparison of the frequency of systemic reactions

As shown in Figure 1 and 2, the prevalence of SR was significantly higher in the 43 Cor a 8 + Cor a 1 — group
than in the 171 patients Cor a 1 + even if considering the subpopulations (2a) of 123 Cor a 1 + Cor a 8 —
patients and (2b) of 48 Cor a 1 + Cor a 8 + ones.

In particular, a patient taken at random in the group of the Cor a 8 + Cor a 1- patients had a 74.4 % higher
probability of developing more frequent systemic symptoms than a patient taken at random among Cor a 8
+ Cor a 1 + sensitized patients (p < 0.00001, Mann-Whitney U test).

We then compared the prevalence of systemic reactions between the 43 Cor a 8 only positive patients, the
17 Cora 1 + Cor a 8 + Cor a 9 + patients and the 18 Cor a 1 + Cor a 8 + Cor a 9 - ones and found that the
prevalence of SR among Cor a 8 + Cor a 1 - patients was significantly higher than that of the Cora 1+ Cora 8
+ ones even if positive to Cor a 9 (p= 0.0001, Fisher's exact test) (Figure 3). Finally, we did not find any
difference between the 17 Cor a 9 + and the 18 Cor a 9 - subgroups as regards the prevalence of SR (p > 0.99,

Fisher's exact test).

Results regarding the severity of SR

The development of grade 3 + 4 SR was significantly more frequent in Cor a 8 + Cor a 1 - patients than among
Cor a 1 + patients (26/43, 60.5% vs 15/171, 8.8%; p <0.0005, Fisher’s exact test). The same result was found
considering separately the subpopulations of Cor a 8 + Cor a 1 + patients (26/43, 60.5% vs 11/48, 22.9%; p=
0.001, Fisher’s exact test) and the Cor a 8 + Cor a 1 - ones (26/43, 60.5% vs 4/12, 33.3%; p <0.0005, Fisher’s

exact test).

IgE values

Table 1 shows that the value of specific IgE was significantly higher in the group of patients only positive to
Cor a 8, as compared to the group of Cor a 1 + Cor a 8 + (p < 0.00001, Mann-Whitney U test). On this basis,
we can say that the severity of symptomatology was probably correlated with the levels of specific IgE to Cor

a8.



Results of OFC with roasted hazelnut

OFC with roasted hazelnut spread gave the following results: in the group of 43 Cor a 8 + Cor a 1 - patients,
13 OFCs were performed, of which 3 were negative (23.1%) and 10 were positive (76.9%). In the group of 171
Cor a 1 positive patients, 100 OFCs were performed of which 84 were negative (84%) and 16 were positive
(16%) with a statistically significant difference (p <0.0005, Fisher's exact test) indicating that only the Cora 8
positive group had significantly more frequent positive OFC. In particular, 31 OFCs were performed in Cor a 1
+ Cor a 8 + patients, of which 10 OFC were positive (32.3%) and 21 were negative (67.7%). Nearly all of the
patients with positive challenge developed symptoms either during the challenge or immediately after test

completion. The number was too low to find statistical differences.
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Discussion/Conclusion

In this work, we explored the role of allergenic multi-positivity in the hazelnut food allergy model. With this
aim, we selected a group of patients based on a well-documented clinical history of hazelnut allergy and IgE
positivity for hazelnut and for at least one of the two major allergenic proteins Cor a 1 and Cor a 8. We
collected data from each patient regarding past clinical manifestations and compared patients with only OAS
with those reporting also severe SR. We then compared the frequency of these two types of reactions,
between patients sensitized to Cor a 8 but not to Cor a 1 (n=43) and patients sensitized to Cor a 1 with or
without Cor a 8 + (n=171).

As we have already reported for hazelnut [14] and was subsequently confirmed by many other studies [15],
[28], in the present study, we found that patients sensitized to hazelnut LTP, Cor a 8, had not only a higher
prevalence of SR (p <0.0001) but also showed higher degrees of severity, as compared to patients sensitized
to the PR-10 Cor a 1 with or without sensitization to Cor a 8 (p <0.0001). We then compared the prevalence
of SR among the 43 Cor a 8 + Cor a 1 - patients and Cor a 1 + patients, subdivided into the two population of
Coral+ Cora8-andCoral+Cora8+. The comparison showed that Cor a 8 + Cor a 1 - patients had a
clinical history of more frequent systemic reactions than patients who were simultaneously Cor a 1 + Cor a
8+. Therefore, it is confirmed that sensitization to the major birch allergen that invariably conditions
sensitization to Cor a 1 is also protective against LTP-driven symptoms in the case of hazelnut as well as that
of peach [29]. Interestingly, the results of this study thus fully confirm the apparent protective role of
sensitization to Cor a 1 over that to Cor a 8 and allow us to extend the protective role of PR-10 sensitization
to other plant-foods containing both the allergens that is to all the foods involved in LTP-syndrome if the
patients are also sensitized to birch pollen. It should be emphasized here that double positivity to PR-10 and
LTP allergens in Italy is particularly frequent also because of the coexisting exposure to birch and peach, which
represent the allergenic sources that condition the main types of hazelnut sensitization. This means that if
sensitization and thus allergy to hazelnut in Central Europe depends essentially on sensitization to the main
birch allergen, in our country and especially in Northern Italy, allergy to hazelnut is a consequence of not only

Bet v 1 sensitization but also of Pru p 3, which is extremely common in our area.
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Interestingly this apparent protection due to pollen allergen concerns not only PR-10 allergens but also
profilin. This has been demonstrated by Bogas et al who found that in a population of LTP allergic patients
the simultaneous sensitization to a pollen allergen such as profilin could identify patients with a significantly
lower frequency of systemic anaphylactic reactions [31].

It should be emphasized that Cor a 1 and Cor a 8 sensitizations individually have their own precise clinical
role, as sensitization to Cor a 1 results in a mild clinical picture, characterized by OAS, whereas allergy to Cor
a 8 can determine more important and severe symptoms although it can rarely cause only OAS. Interestingly,
Cor a 8 allergy was not considered in the recently published papers regarding hazelnut allergy in central and
Northern Europe, in which the discussion and comparison was limited to Cor a 1, Cor a 9, and Cor a 14 [27],
[28]. It should be stressed that the two latter allergens have no clear role in the adult population and are only
rarely positive. Without wishing to create further separation between Southern and Northern Europe, it is
nevertheless clear how a single allergy to LTP may hardly exist in a population as large as Northern Europe
where birch allergy certainly represents the most prevalent respiratory allergy. In fact, it was not found in any
of the patients selected [7], [20]. An observation that is however difficult to explain given the Dutch work
published a few years ago [23].

In the present work, we also sought to understand the reason for this discrepancy in SR in subjects sensitized
to Cor a 8 alone or to Cor a 8 and Cor a 1. To this aim, we compared the level of specific IgE against Cor a 8
between the two groups. We thus found a significant difference i.e. as Cor a 8 specific IgE titer was significantly
higher in the pure Cor a 8 group than in the Cor a 8 + Cor a 1 + group. This significant difference seems to
show that the difference in symptom severity between the two groups is linked precisely to the protective
effect of Cor a 1 sensitization on the intensity of Cor a 8 sensitization.

The study of the correlation between sensitization to various allergenic proteins and symptomatology has
been the focus of many studies published in recent years in Europe. These works, carried out mainly on
children have shown that the most important allergens for the diagnosis of hazelnut allergy would be Cor a 9
and Cor a 14 [20], [23]. Indeed, sensitization to Cor a 9 has been shown to have a strong impact on the
severity of symptoms in children as shown in an Italian paper cited in Nilsson's recent review demonstrating

that severe hazelnut allergy in children is determined by sensitization to Cor a 9 and Cor a 14 [32], [33], [34].
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However, subsequent work has shown that sensitization to these allergens can be asymptomatic, thus
diminishing their assumed diagnostic value. Surprisingly, in Uotila's work, about half of the children sensitized
to Cor a 9 had no symptoms, and only simultaneous sensitization to Cor a 14 resulted in a definite clinical
manifestation [35]. However, the enrollment criteria were not specified, i.e., whether only on the basis of SPT
and RAST positivity or previous symptoms. Moreover, the role of these allergens in adults has never been
thoroughly investigated, especially with regard to the frequency of sensitization.

The role of Cor a 9 sensitization was only marginally evaluated as the primary objective of the study was the
comparison of the two Cor a 8 monosensitized groups with the Cor a 8 + Cor a 1 + group. We randomly
sampled 124 patients for Cor a 9 sensitization and found it positive in only 21 of the 124 tested. Its role was
best studied in the Cor a 1 + Cor a 8 + group: we found that Cor a 9 positivity does not affect the severity of
symptoms in this group.

The distribution showed that most of the Cor a 9 positive subjects were simultaneously positive for Cor a 1
and Cor a 8. Thus, we were able to distinguish subjects positive for Cor a 1, Cor a 8 and Cor a 9 from subjects
positive only for Cor a 1 and Cor a 8 and negative for Cor a 9 and then compared them to those positive only
for Cor a 8. Comparing the frequency of systemic symptoms and their severity with respect to the group of
patients purely sensitized to Cor a 8, we found that the symptoms reported by the latter were always
significantly more severe even when compared to the subgroup of subjects with triple positivity for Cor a 1,
8 and 9. Moreover, the symptoms reported by this subgroup were superimposable to those of the Cora 1 +
Cor a 8 + but Cor a 9 - subjects. Thus, it seems that in adults, sensitization to Cor a 9 does not contribute to
modulating symptomatology and is not particularly useful at the diagnostic level. Another aspect worthy of
mention was that in the patients sensitized only to Cor a 1 nearly none were sensitized to Cor a 9. In fact,
about 64 patients had been evaluated and all but one were negative. This figure will need to be better
investigated, as we believe that the low frequency of Cor a 9 sensitization is characteristic of the adult
population. In fact, an interesting finding was that the Cor a 9 negative group was significantly older than the
Cor a 9 positive group. We might therefore conclude that Cor a 9 sensitization may be a childhood expression
perhaps destined to wane with age. If Cor a 9 is a significant allergen only in children, it will be important to

monitor allergic children and assess clinical changes in reactivity. Thus, it does not appear from our data that
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sensitization to Cor a 9 is of extreme relevance in adults.

With the aim of improving the quality of life of these patients, we also assessed for allergy to hazelnut found
in a well-known roasted hazelnut chocolate-based spread.

We challenged subjects with 10g of this spread (corresponding to 13 g of roasted hazelnut by weight) and
found that it was perfectly tolerated by the vast majority of Cor a 1 + subjects. Whereas the group of Cor a 8
only positive patients, in which only 13 agreed to take the challenge, only 3 were negative. This implies that
most Cor a 1 sensitized individuals do not need to avoid roasted hazelnut, hence maintaining this important
food item in their diet. OFC with roasted hazelnut also was performed on Cor a 8 patients to ascertain whether
or not they reacted to roasted hazelnut. We found that in most cases of Cor a 8 positive subjects roasted
hazelnut can cause symptoms. However, this is not always the case because 3/13 Cor a 8 patients had a
negative challenge to 13 g of roasted hazelnut, corresponding to about 25% of those that underwent
challenge. Thus, if we keep in mind that these 3 subjects had a clinical history of only local reactions to
hazelnut despite being Cor a 8 positive, it is possible that some Cor a 8 patients may tolerate roasted hazelnut
on its own or in shelf products. Therefore, an oral food challenge with roasted hazelnut may improve dietary
quality in some patients exclusively Cor a 8 +. The majority of the cases however reacted even to the roasted
hazelnut. The thermal resistance of LTPs is the main reason of the difficult dietary management of these
patients. The ultimate solution should be to try specific immunotherapy (SIT) for Pru p 3 as it has been
recently reported that in a group of patients sensitized to both Pru p 3 and Ara h 9 of peanut, the SIT with Pru
p 3 protected significantly not only to peach reactivity but also to peanut Ara h 9 reactivity [36]. As a matter
of fact we know that the first sensitizing allergen is peach LTP and this sensitization should be considered a
pre-requisite before directing patients to SIT. Unfortunately, the extracts for Pru p 3 immunotherapy are not
available in Italy as well as in many European countries [36].

The data of the present study lead us to conclude that the severity and frequency of the reactions to hazelnut
are significantly higher in hazelnut allergic patients monosensitized to Cor a 8 than in patients sensitized to

Cor a 1 even when simultaneously sensitized to Cor a 8 and Cor a 9.
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Figure Legends

Figure 1. Frequency of systemic reactions among the population of patients only Cor a 8 + compared to that
of Cor a 1 + patients. SR=systemic reactions. SRO denotes reactions limited to the oral cavity.

Figure 2. Frequency of systemic reactions among the population of patients only Cor a 8 + compared to that
of Cor a 1 + Cora a 8 - patients (a) and compared to that of Cor a 1 + Cor a 8 + patients (b). SR=systemic
reactions. SRO denotes reactions limited to the oral cavity.

Figure 3. Frequency of systemic reactions of Cor a 8 + patients compared to that of the Cor a 1+ Cor a 8 + Cor
a 9 + subgroup and of Cor a 1 +, Cor a 8 +, Cor a 9 - group. SR= systemic reactions. SRO denotes reactions

limited to the oral cavity.
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