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Abst rac t
Introduction: The diagnostics of plant-derived food allergy may be challenging. However, the recognition of sensiti-
zation patterns in defined populations, especially in children, is clinically relevant as it enables the use of secondary 
prophylaxis to prevent life-threatening complications.
Aim: To investigate the rates and sensitization patterns to nut allergens in children from central Poland.
Material and methods: The retrospective assessment concerned data of 598 children diagnosed in a single centre 
due to suspected food allergy. The analysis included the results of component-based multiparametric assay Allergy 
Explorer2 (ALEX2).
Results: The sensitization to particular nut allergens varied among patients, depending on their age and nut type. 
The sensitization to any nut was found in 67% of children, whereas sensitization to hazelnut and peanut was the 
most common (56% and 55% of all children, respectively). Hazelnut sensitization was predominant in every age, and 
its prevalence increased with age, while peanut sensitization was detected in more than half of individuals from all 
groups, except for teenagers (44% of cases). Among hazelnut molecules sensitization to Cor a 1.04 was the most 
prevalent (74% of sensitized children), and for peanut allergens – Ara h 1 (65% of sensitized patients). The simultane-
ous sensitization to hazelnut, peanut and walnut (two or all of them) was found in almost half of the entire group.
Conclusions: Component-based diagnostics enables differentiation between primary and cross-reactive sensitiza-
tion to nut allergens and detects co-sensitization. The clinical relevance of the latter observation is remarkable as 
co-sensitization increases the risk of life-threatening reactions even in trace nut contamination.
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Introduction

Food allergy (FA) has become a health concern 
worldwide. The number of people suffering from FA is 
constantly increasing, especially in highly developed 
countries. The World Allergy Organization estimated the 
prevalence of FA in 2013 to be 11–26 million people in Eu-
rope, and, potentially, 220–520 million people worldwide 
[1]. The rise over the last decades is known as the second 
wave of the allergy epidemic [2]. Food sensitization (FS), 
apart from other features expressed as the presence of 
allergen-specific antibodies, is a prerequisite for develop-
ment of FA. Patterns of sensitization to food allergens 
have previously been studied in children to better un-
derstand allergy development [3]. However, the results 
available in the literature differ between countries, what 
is mainly due to the different clinical manifestations of 

allergy, diagnostic criteria and methods used [4]. A Euro-
pean study by Lyons et al. revealed the substantial geo-
graphical variation in the prevalence of FS in school-age 
children across Europe, providing estimates for 24 com-
monly implicated foods in multiple countries [5].

The detection of allergen sensitization is based on  
in vivo and in vitro tests. Briefly, in vitro tests detect to-
tal and specific IgE in peripheral blood [6, 7], whereas  
in vivo skin prick test reflects the functional role of these 
antibodies in type I immediate allergic reaction [8–10].

Component-resolved diagnostics (CRD) offers new 
possibilities in the evaluation of FA. It allows simultane-
ous determination of specific IgE against hundreds of 
native and recombinant allergens and differentiation of 
primary sensitization from cross-reactivity [11]. This is 
particularly important in case of plant-derived foods as 
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pollen-associated cross-reactivity may play a role in the 
misdiagnosis of food allergy.

In this study, CRD analysis using ALEX platform was 
used for the safe and accurate detection of allergen 
sensitization in children. Prevalence of FS and FA differs 
depending on geographical location and dietary habits. 
However, in many countries, including Poland, these hab-
its were changed since other foods, non-typical for the 
region, were introduced to Polish cuisine. The manifesta-
tion and severity of food hypersensitivity are extremely 
variable and depend on the type of ingested food. Nu-
merous patients are sensitized although completely  
asymptomatic, some of them may show only local reac-
tions, as contact urticaria or oral allergy syndrome (OAS), 
whilst others may present more serious symptoms and 
systemic reactions, including vomiting, abdominal pain, 
urticaria-angioedema, asthma attack, up to anaphylactic 
shock. 

Allergies to nuts (tree nut and peanut) usually start 
in childhood, but unlike other food allergies, they rarely 
fade away and generally persist throughout life [12]. This 
type of allergy is especially dangerous due to the physi-
cal and chemical characteristics of main nut allergens. 
They belong to a group of seed storage proteins and 
are heat- and digestion-resistant [13]. They are frequent 
causes of serious allergic reactions resulting in death in 
both children and adults [14]. The knowledge concern-
ing the sensitization profile to nut allergens in children 
is clinically relevant since it enables the use of secondary 
prophylaxis to prevent the development of allergy and 
its complications. 

Aim

The aim of this study was to investigate the rates 
and patterns of sensitization to nut extracts and/or their 
components in the children population from central Po-
land, tested for suspected food allergy, including nut al-
lergy. 

Material and methods

A retrospective assessment involved anonymized 
clinical and laboratory records retrieved from the medical 
database of patients, who were admitted to the Depart-
ment of Pediatric Pneumonology and Allergy, Medical 
University of Warsaw, between July 2018 and March 2021. 
The selection criteria for the database search included 
both sexes, age 0–18, available medical history of the pa-
tient, clinical symptoms, suspected IgE-mediated allergy, 
and laboratory data for total and specific IgE.

The data concerning patient’s status of specific aller-
gen sensitization originated from multiparametric assay 
Allergy Explorer2 (ALEX2) (Macro Array Diagnostics, Vien-
na, Austria). This method enables acquisition of a specific 
IgE profile comprising 221 reagents (104 allergen extracts 

and 117 components), providing the broad screening of 
potential allergens.

In this particular study we have focused on extracts 
from 8 nuts and 16 different components available from 
3 nuts – hazelnut, peanut and walnut. For the selection 
criteria used for this study, the specific IgE concentration 
of 0.3 kUA/l or higher was arbitrarily defined as positive.

The study protocol was reviewed and approved by 
the Ethics Committee at the Medical University of War-
saw (AKBE/81/2022).

Results

Baseline characteristics of study population

Based on inclusion criteria applied for database 
search the medical data of 598 patients were used for 
further assessment. The selected study population 
comprised of 217 (36%) females and 381 (64%) males. 
The mean age of study subjects was 6.8 years, with the 
median 6.0. To facilitate further assessment the study 
population was divided into four age-related sub-groups: 
the youngest children – 0–2 years old (22%), toddlers – 3– 
5 years old (26%), school children – 6–12 years old (35%) 
and teenagers – 13–18 (16%). Regarding the clinical sta-
tus of allergy, the majority of children (72%) from the 
study population had been diagnosed with food allergy, 
52% of patients suffered from allergic rhinitis (AR), 42% 
of patients were diagnosed with atopic dermatitis (AD), 
and 29% of children had asthma. Noteworthy, 36% of 
children had the history of at least one anaphylaxis. Food 
allergy was predominant in children under 6 years of age. 
It affected 91% of individuals in the youngest group but 
that number gradually decreased to nearly 55% in the 
group of teenagers. The percentage of patients with 
a history of anaphylaxis was similar in all age groups 
ranging from 31 to 41%. The baseline characteristics of 
the study population was shown in Table 1.

Prevalence of sensitization to nut allergens

The assessment of data from ALEX assay has shown 
that the prevalence of nut allergen-specific antibodies 
differed in regards to the nut species, but also varied de-
pending on the age of tested patients. Among antibodies 
directed against nut allergens, those specific for hazel-
nut and peanut molecules were the most prevalent. They 
were detected in more than half of patients from the en-
tire group, in 56% and 55% of individuals, respectively. 
They were followed in that comparison by IgE against 
cashew, which was detected in 37% of cases, whereas 
antibodies specific to other nuts, including walnut (23% 
of children), were less frequent, below 25% of cases. 

The assessment in pre-selected age-related groups 
has shown that the sensitization to peanut and hazelnut 
molecules were the most common in school children, af-
fecting over 60% of cases each. Except for the youngest 
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group the hazelnut sensitization was predominant in ev-
ery age, and its prevalence increased with age, from 41% 
of youngest children, to almost 70% in school children, 
and then decreased to 52% in teenagers. Oppositely, the 
peanut sensitization was detected in more than 52% of 
individuals from all groups except for teenagers, where 
it concerned 44% of cases.

Cashew sensitization was found in over one third 
of the patients, with the highest prevalence among the 
youngest children, accounting for almost half of them, 
and then gradually decreased to 16% in teenagers. Mac-

adamia-specific antibodies were the least common (13% 
of all cases), in youngest children and in teenagers, they 
were detected in less than 10% of patients (Table 2). 

Sensitization to hazelnut molecules

The assessment of a sub-group of 333 patients sensi-
tized to hazelnut allergens revealed that 74% of them had 
specific antibodies against pathogenesis-related (PR)-
10 protein Cor a 1.04. The other allergenic components 
responsible for sensitization were: storage proteins –  
Cor a 11 (found in 45% of sensitized patients), Cor a 9 

Table 1. Characteristics of the study population

Diagnosis Patient 
number

Age group Sex

0–2 3–5 6–12 13–18 Female Male

598 131# (22%) 157# (26%) 212# (35%) 98# (16%) 217# (36%) 381# (64%)

Asthma 173* (29%) 14 (8%*/11%#) 32 (18%*/20%#) 87 (50%*/41%#) 40 (23%*/41%#) 63 (36%*/29%#) 110 (64%*/29%#)

Allergic rhinitis 312* (52%) 16 (5%*/12%#) 79 (25%*/50%#) 148 (47%*/70%#) 69 (22%*/70%#) 107 (34%*/49%#) 205 (66%*/54%#)

Atopic dermatitis 249* (42%) 70 (28%*/53%#) 59 (24%*/38%#) 93 (37%*/44%#) 27 (11%*/28%#) 87 (35%*/40%#) 162 (65%*/43%#)

Food allergy 433* (72%) 119 (27%*/91%) 118 (27%*/75%#) 143 (33%*/67%#) 53 (12%*/54%#) 164 (38%*/76%#) 269 (62%*/71%#)

Anaphylaxis 216* (36%) 41 (19%*/31%) 64 (30%*/41%#) 75 (35%*/35%#) 36 (17%*/37%#) 89 (41%*/41%#) 127 (59%*/33%#)

*,#Reference values for respective percent calculation.

Table 2. Prevalence of sensitization to nut types

Parameter Hazelnut Peanut Cashew Pecan nut Almond Brazil nut Walnut Macadamia

Patient group 
(n = 598)

n = 333# n = 326# n = 219# n = 163# n = 145# n = 140# n = 139# n = 80#

0–2 
(n = 131)*

54 
(41%*/16%#)

71 
(54%*/22%#)

64 
(49%*/29%#)

32 
(24%*/20%#)

44 
(34%*/30%#)

46 
(35%*/33%#)

24 
(18%*/17%#)

12 
(9%*/15%#)

3–5 
(n = 157)*

84 
(53%*/25%#)

82 
(52%*/25%#)

57 
(36%*/26%#)

38 
(24%*/23%#)

31 
(20%*/21%#)

29 
(18%*/21%#)

34 
(22%*/24%#)

18 
(11%*/22%#)

6–12 
(n = 212)*

144 
(68%*/43%#)

130 
(61%*/40%#)

82 
(39%*/37%#)

70 
(33%*/43%#)

60 
(28%*/41%#)

54 
(25%*/38%#)

61 
(29%*/44%#)

41 
(19%*/51%#)

13–18 
(n = 98)*

51 
(52%*/15%#)

43 
(44%*/13%#)

16 
(16%*/7%#)

23 
(23%*/14%#)

10 
(10%*/7%#)

11 
(11%*/8%#)

20 
(20%*/14%#)

9  
(9%*/11%#)

Female 114 112 76 57 42 48 45 23

Male 219 214 143 106 103 92 94 57

Asthma 
(n = 173)*

124 
(72%*/37%#)

115 
(66%*/35%v)

86 
(50%*/40%#)

69 
(40%*/42%#)

55 
(32%*/38%#)

54 
(31%*/38%#)

54 
(31%*/39%#)

39 
(22%*/49%#)

Allergic 
rhinitis 
(n = 312)*

224 
(72%*/67%#)

207 
(66%*/63%#)

115 
(37%*/52%#)

102 
(33%*/62%#)

75 
(24%*/52%#)

73 
(23%*/52%#)

84 
(27%*/62%#)

52 
(17%*/65%#)

Atopic 
dermatitis 
(n = 294)*

159 
(54%*/48%#)

159 
(54%*/49%#)

121 
(41%*/55%#)

94 
(32%*/58%#)

86 
(29%*/59%#)

84 
(28%*/60%#)

79 
(27%*/57%#)

51 
(17%*/64%#)

Food allergy 
(n = 433)*

275 
(63%*/82%#)

277 
(64%*/85%#)

202 
(47%*/92%#)

147 
(34%*/90%#)

132 
(30%*/91%#)

127 
(29%*/91%#)

128 
(29%*/92%#)

74 
(17%*/92%#)

Anaphylaxis 
(n = 216)*

135 
(62%*/40%#)

131 
(61%*/40%#)

115 
(53%*/52%#)

80 
(37%*/49%#)

69 
(32%*/47%#)

71 
(33%*/51%#)

63 
(29%*/45%#)

32 
(15%*/40%#)

*,#Reference values for respective percent calculation.
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(44% of cases), Cor a 14 (34% of sensitized children), and 
the lipid transfer protein (LTP) – Cor a 8, detected in 12% 
of individuals.

The majority of hazelnut-sensitized children (61% of 
cases) had IgE specific against one of the storage pro-
teins, however, monosensitization to them was scarce, 
whereas co-sensitization to Cor a 9 and Cor a 14 com-
ponents was detected in 23% of cases. In contrast to 
that, monosensitization to Cor a 1.04 component was 
observed in nearly 40% of hazelnut-sensitized patients. 

When assessed in regards to the age groups of sen-
sitized individuals, the sensitization to Cor a 1.04 has 
appeared the most prevalent, which was observed in 
the vast majority of school children and teenagers sen-
sitized to hazelnut (89% and 94%, respectively), as well 
as in toddlers (almost 70%). Noteworthy, except for the 
youngest group with 28% of sensitized cases, predomi-
nance of sensitization to Cor a 1.04 molecule over the 
other components was obvious. In the youngest patients 
storage proteins Cor a 9 and Cor a 11 appeared the main 
allergens (78% and 63%, respectively). Interestingly, the 
occurrence of Cor a 1.04 sensitization in the assessed 
sub-group significantly increased with the age, whereas 
in case of Cor a 9 and Cor a 11 the opposite trends were 
observed (Figure 1).

Sensitization to peanut molecules

The detailed profile of IgE antibodies specific against 
main peanut molecules was analysed in the sub-group 
of 326 peanut-sensitized children. The main molecule 
involved in peanut sensitization is storage protein  
Ara h 1, which induced specific antibodies in 65% of 
peanut-sensitized patients. The antibodies specific for 
other molecules, found in peanut-sensitive individuals, 
included PR-10 protein Ara h 8 (57% of cases), other stor-
age proteins – Ara h 2 (51%), Ara h 6 (46%) and Ara h 3 
(43%) as well as LTP Ara h 9 (24%). 

Specific IgE antibodies against at least one of the 
storage proteins were detected in 72% of peanut-sensi-

tive patients. Ara h 1 and Ara h2 polysensitization was ob-
served in 46% of sensitized children, whereas polysensiti-
zation to all storage proteins was detected in more than 
1/3 of patients. Monosensitization to individual storage 
proteins or LTP Ara h 9 was relatively rare. Interestingly, 
21% of peanut-sensitive children have had antibodies 
specific to PR-10 Ara h 8 as the only peanut component.

The most frequent (86% of cases) was sensitization 
to Ara h 1 in the youngest children. However, the percent-
age of individuals sensitized to that molecule gradually 
decreased to the level below 40% in teenagers. Opposite-
ly, specific IgE antibodies against Ara h 8 were detected 
in only 10% of youngest patients, but in almost 80% of 
school children and teenagers (Figure 2).

Sensitization to walnut molecules

Almost each patient (94%) from the sub-group sen-
sitized to walnut (n = 139) had IgE antibodies against the 
storage protein Jug r 2. The antibodies against another 
storage protein, Jug r 1, were detected in nearly 70% of 
walnut-sensitized patients, whereas 63% of patients 
were sensitized to both components.

When assessed in regards to the age, the prevalence 
of antibodies to Jug r 2 component in walnut-sensitized 
patients only slightly varied among all age groups, never-
theless, in all of them it was very high, above 80%. Simi-
larly, the occurrence of sensitization to Jug r 1, although 
seemingly lower, compared to that of Jug r 2, in all age 
groups remained on the similar level of approximately 
60–70% (Figure 3).

Co-sensitization to nuts

The assessment of IgE antibodies profile against 
various nuts has shown that 398 individuals (67% of the 
whole group) were sensitized to at least one of above-
mentioned – hazelnut, peanut or walnut. Noteworthy, 
109 children (27% of that sub-group) were sensitized 
to only one nut, 178 (45%) children were co-sensitized 
to different two nuts, whereas 111 individuals (28% of 

Figure 2. Percentage of patients with sensitization to pea-
nut components by age
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Figure 1. Percentage of patients with sensitization to hazel-
nut components by age
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the sub-group, and 18% of all assessed cases) revealed 
simultaneous co-sensitization to all three nuts. 81% of 
hazelnut-sensitized patients revealed co-sensitization to 
peanut, and almost 38% of them were co-sensitized to 
walnut. Among all analysed cases they constituted ap-
proximately 45% and 21%, respectively. Co-sensitization 
to walnut in peanut-sensitized children concerned 35% 
of individuals, which corresponded to 19% of the whole 
group (Figure 4). 

Discussion

Component-based diagnostics was proven to be an 
important tool in the investigation of patients with a sus-
pected nut allergy, in particular to differentiate between 
primary and cross-reactive sensitization. To our best 
knowledge, our report is the largest data set that sum-
marizes clinically relevant data concerning sensitization 
profiles of children from central Poland, diagnosed for 
suspected nut allergy. Since the detailed identification of 
main allergens, responsible for sensitization in children 
from various age groups gives the opportunity to intro-
duce more effective prophylaxis, it may help to avoid life-
threatening complications, including anaphylactic shock 
and death. Below we shortly discuss some practical as-
pects of our findings. 

Hazelnut sensitization

Hazelnut allergen Cor a 1.04 reveals a high degree 
of structural homology to PR-10 proteins from the pol-
lens of the Fagales order (e.g. birch, hazel or alder). The 
predominance of specific allergens appears to be strictly 
related to the geographical origin of the allergic subjects 
and likely reflects exposure to different pollens. As the 
main deciduous tree of the central Poland region is birch, 
hence a high degree of sensitization to the main birch 
allergen Bet v 1 (PR-10) is observed very often. Therefore, 
a high prevalence of sensitization to the Cor a 1.04 mol-
ecule is also observed in birch endemic regions. Our data 

are convergent with results published in 2020 by Lyons 
et al. concerning prevalence of food sensitization in chil-
dren [5]. They have found PR-10 sensitization in 47.8% to 
52.2% of plant-source food-sensitized children from the 
birch-endemic European countries, including Switzerland, 
the Netherlands, Lithuania and Poland.

Another clinically relevant allergen in hazelnut-sen-
sitized children is the heat- and digestion-resistant LTP 
molecule – Cor a 8. Noteworthy, sensitization to this mol-
ecule usually results from primary sensitization to other 
LTPs. Thus, in central and north-central Europe, the Art v 3  
molecule, LTP from mugwort [15], whereas in the south-
ern part of Europe, in the Mediterranean region, Pru p 3, 
LTP from peach, have been implicated as main primary 
inducers of non-specific sensitization to LTP [16]. Despite 
a relatively low frequency in children population (in our 
data approx. 10%), the clinical relevance of Cor a 8 is out-
standing as it may be associated with anaphylactic reac-
tions, especially in the presence of some co-factors (e.g. 
exercises or stress).

Peanut sensitization

Ara h 1 (7S globulin), Ara h 2 (2S albumin), Ara h 3 (11S 
globulin) and Ara h 6 (2S albumin) are highly abundant, 
structurally stable seed storage proteins of peanut. Clini-
cal relevance of the precise identification of sensitization 
to these molecules is indisputable, since IgE specific to 
them have been associated with severe systemic symp-
toms [17]. Moreover, as found in our study, sensitization 
to one of storage proteins, Ara h 1, was the most preva-
lent in the youngest children (86%), and although its fre-
quency decreased with age, even in the teenagers group 
remained relatively frequent.

The sensitization to Ara h 2 was less prevalent than 
that to Ara h 1 and comparable to the remaining stor-
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Figure 4. Prevalence of sensitization and co-sensitization 
between peanut, hazelnut and walnut

Figure 3. Percentage of patients with sensitization to wal-
nut components by age
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age proteins – Ara h 3 and Ara h 6. Similarly to them, 
it concerned almost half of peanut-sensitized children, 
except for the teenagers group, where the frequency of 
specific antibodies was slightly lower. Importantly, the as-
sessment of patients’ clinical history has revealed some 
association between the prevalence of sensitization to  
Ara h 2 molecule and a history of anaphylaxis, which 
was the highest in the group of school children (data not 
shown). This observation could support the thesis that 
the detection of IgE specific to Ara h 2 may enhance di-
agnostic specificity and can be useful in discriminating 
between peanut allergic and tolerant individuals [18, 19].

A gradual age-dependent change in the prevalence of 
sensitization, especially to Ara h 1, but also to other stor-
age proteins (Ara h 2, -3 and -6), observed in our study, is 
compatible with the American data by Valcour et al., were 
the frequency of sensitization to the storage protein de-
creased with age, too [20]. The possible explanation of this 
phenomenon could be the gradual loss of sensitization to 
peanut storage proteins over time, but this straightforward 
hypothesis requires further verification.

On the other hand, an alternative explanation could be 
an effect of “dilution”. In the early childhood, the preva-
lence of antibodies specific to storage proteins reflects the 
primary sensitization to peanut allergens. In the group of 
older children, presumably the decreasing frequency of 
those antibodies results from including in this group of 
some patients, who, although primarily non-sensitized to 
peanut storage proteins, reveal serologic cross-reactivity 
with other peanut molecules. That cross-reactivity may 
be due to primary sensitization to birch PR-10 homolog  
Bet v 1, which mimics Ara h 8, or less frequently, to mug-
wort LTP Art v 3 that mimics Ara h 9. Hence, the “misinclu-
sion” of such individuals will result in the apparent shift in 
the sensitization profile of older groups.

The abovementioned concept may further be sup-
ported by the observation regarding the sensitization to 
PR-10 protein – Ara h 8. Interestingly, the prevalence of 
IgE antibodies specific to this molecule represented a quite 
opposite age-related tendency to that of Ara h 1. As pre-
viously mentioned, the low frequency of sensitization to 
Ara h 8 in early childhood, and its gradual, significant in-
crease observed in older groups, may actually result from 
the contribution by cross-reactive antibodies to Bet v 1 in 
patients primarily sensitized to birch pollen. Indeed, the 
increased prevalence of sensitization to Ara h 8 in teenag-
ers corresponded to high frequency of birch pollen allergy 
diagnosed in that group (data not shown). 

Walnut sensitization

According to data from the EuroPrevall study, approxi-
mately 3% of the European adults were predicted to be 
sensitized to walnut, with a range from 0.1% in Iceland to 
8% in Spain [21]. Walnut allergens have been recognized 
as important elicitors of food allergy in sensitized patients 
with a high frequency of severe reactions. Among children 

and adolescents, walnut allergens belong to the most im-
portant triggers, accounting for 16% of cases of the ana-
phylaxis to tree nuts [22].

Two storage proteins, Jug r 1 (2S albumin) and Jug r 2 
(7S globulin), were used in our study to identify patients 
with primary sensitization to walnut. The sensitization to 
these molecules was relatively high and similar in all age 
groups, with the mean rate of approx. 65% for Jug r 1 and 
nearly 90% for Jug r 2. 

Noteworthy, sensitization to Jug r 1 was more frequent 
in patients with the early onset of food allergies. This find-
ing reflects a prominent role of storage proteins in paedi-
atric subjects with primary sensitization, which is usually 
acquired in childhood and is associated with severe sys-
temic reactions [23]. 

However, the role of Jug r 2 should be considered with 
some caution since, despite low homology between this 
molecule and main peanut storage protein - Ara h 2, anti-
bodies against them reveal strong cross-reactivity, which 
may interfere with proper diagnosis [24, 25]. 

Regrettably, due to some technical reason, our assess-
ment did not include IgE specific to other walnut mol-
ecules, especially LTP Jug r 3 (cross-reactivity with peach 
Pru p 3 and mugwort Art v 3) or PR-10 homolog Jug r 5 
(cross-reactivity with birch Bet v 1).

Our results are consistent with other literature data, 
where children with tree nut allergy have an increased risk 
of co-sensitization to other nuts [26, 27]. The co-sensiti-
zation rate to tree nuts is relatively high, especially since 
certain combinations (e.g. walnut with pecan, or cashew 
with pistachio nuts) appear more commonly, reaching up 
to 86% [28]. The clinical relevance of this observation is 
remarkable as co-sensitization highly increases the risk of 
life-threatening reactions even after ingestion of products 
with trace nut contamination (hidden allergens).
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