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Abstract: Background: Nut allergies are an increasingly frequent health issue in the pediatric popula-
tion. Tree nuts (TN) and peanuts are the second cause of food anaphylaxis in Italy. Unfortunately,
knowledge of the clinical characteristics of a TN allergy in Italian children is limited. Our study
aimed to identify the clinical and allergological characteristics of Italian children with a nut allergy
(TN and peanut). Methods: A retrospective observational analysis was performed on the clinical
charts of children with a history of nut reaction referred to the allergy unit of the hospital from
2015 to 2019. The studied population was represented by children with a confirmed nut allergy
based on positive prick by prick and/or serum-specific IgE to nut plus a positive nut oral food
challenge. Demographic, clinical, and allergological features were studied and compared among
different nuts. Results: In total, 318 clinical charts were reviewed. Nut allergy was confirmed in
113 patients. Most patients (85/113, 75%) had a familial history of allergy and/or a concomitant al-
lergic disorder (77/113, 68%). Hazelnut and walnut were the more common culprit nuts observed in
allergic children. Anaphylaxis was the first clinical manifestation of nut allergy in a high percentage
of children (54/113, 48%). The mean age of the first nut reaction was statistically higher with pine
nuts. Over 75% of children reported a single nut reaction. During the OFCs, the signs and symptoms
involved mainly the gastrointestinal system (82/113, 73%) and resolved spontaneously in most cases.
Severe reactions were not frequent (22/113, 19%). Conclusion: To our knowledge, this is the first
Italian study that provided a comprehensive characterization of children with a nut allergy. These
results are important for clinicians treating children with a nut allergy.

Keywords: children; nut allergy; oral food challenge; peanut; prick by prick; serum specific IgE;
skin prick test; tree nut

1. Background

Nut allergies are an emerging health issue in the pediatric population [1], which
are experiencing increasing prevalence in childhood and exhibiting important effects
on the quality of life of children and their families [2–5]. Tree nuts (TN) and peanuts
have been identified as the main culprits of fatal or near-fatal anaphylaxis, even with
consumption in a small amount [6,7]. In Italy, TN and peanuts are the second-leading cause
of food anaphylaxis and the first in North America [8,9]. TN include almonds, Brazil nuts,
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cashews, hazelnuts, macadamia nuts, pecan nuts, pine nuts, pistachios, and walnuts. On
the contrary, peanuts are not considered as TN because they belong to the Fabaceae family
and are classified as legumes [10]. In this study, for convenience, we used the term nut,
which includes TN and peanuts.

Clinically, a nut allergy can present as a primary nut allergy or pollen food syndrome
(PFS)/oral allergic syndrome (OAS). The primary nut allergy is usually characterized by
systemic and severe reactions due to the presence of serum-specific IgE (s-IgE) against
the major nut storage proteins (e.g., Ara h 2 for peanuts). Instead, PFS/OAS is usually
characterized by mild and isolated signs and symptoms to the oropharynx. PFS/OAS
manifests in patients with seasonal allergic rhinitis and a history of reaction to nuts due
to the presence of s-IgE directly against heat-labile proteins (e.g., PR-10), homologous to
those in pollen [8,11].

The diagnosis of a nut allergy is based on clinical history, prick by prick (PbP) results,
and s-IgE detection [12,13]. Molecular allergen analysis is becoming a more utilized
method and may improve accuracy for diagnosing [13]. The oral food challenges (OFCs)
are still considered the gold standard for the diagnosing of nut allergies and are useful to
distinguish between sensitization and a primary allergy [14].

The knowledge of clinical characteristics of nut allergies in Italy is markedly limited,
especially in the pediatric population [15]. Hence, our study aimed to identify the demo-
graphic, clinical, and allergological characteristics of Italian children with different nut
allergies, comparing these features between the various nuts.

2. Materials and Methods

We performed a retrospective observational analysis of the clinical charts of children
with a history of nut reactions who were referred to the allergy unit of the hospital from
January 2015 to December 2019. Written informed consent for all performed procedures
was obtained from the children’s parents. The code of the event report issued by the
hospital is IR904-18-26854.

A skin prick test (SPT) for aeroallergens (including grass, artemisia, cypress, olive tree,
hazel, birch, and poplar) and/or specific foods if the clinical history was suggestive of
respiratory allergy (asthma and/or oculorhinitis) and food allergy was performed by using
commercial extracts (Lofarma, Milan, Italy). When an SPT for specific foods was not
available, we performed a PbP with fresh foods. Fresh nuts were used for PbPs, according
to Ortolani et al. [16]. Both SPTs and PbPs were performed on the volar surface of the
forearm with a lancet, as per the European standard [17]. The results were read after
15 min: a wheal diameter ≥ 3 mm was considered positive. Positive and negative controls
were used—histamine (10 mg/mL; Lofarma, Milan, Italy) and normal saline, respectively.

In patients with a positive PbP to nuts, a s-IgE to nuts and the available molecular
components (peanuts: (Ara h 1, Ara h 2, Ara h 3, Ara h 8, Ara h 9); hazelnuts: (Cor a 1,
Cor a 8, Cor a 9, Cor a 14); walnuts: (Jug r 1, Jug r 3)) were detected by ImmunoCAP
(Thermo Fisher Scientific, Uppsala, Sweden), following the manufacturer’s instructions. A
positive cut-off point was set at 0.1 kUA/L.

All the patients with positive tests in reference to the culprit nut underwent an OFC
with the nut suspected as the cause for the reaction or beginning with the nut suspected
as the cause for the first reaction in chronological order in the case of multiple reactions
(according to clinical history and sensitization profile).

The OFC was performed under an allergist’s supervision, and it was carried out
according to international standards [18,19] adapted to the context of a one-day hospital
setting [20]. The OFC was usually proposed to healthy children and postponed in case
of acute diseases like fever, infectious gastroenteritis, or bronchitis. The protocol used for
the nuts OFC is summarized in Table 1. The increasing doses were given every 20 min
until completing the protocol or reaching the threshold dose for reaction. The OFC was
considered positive if there were objective signs like urticaria, angioedema, vomiting,
diarrhea, bronchospasm, hoarse voice, rhinitis, conjunctivitis, hypotension, or loss of
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consciousness within two hours after administration of the last food dose, which is the
frame time of observation in the hospital setting for IgE-mediated food allergies. If there
were reactions, patients were treated as needed and observed for a minimum of two hours
until the clinical manifestations of the reaction resolved.

Table 1. Nut oral food challenge protocol.

Dose
(mg)

Almond
(mg of

Protein)

Cashew
(mg of

Protein)

Hazelnut
(mg of

Protein)

Peanut
(mg of

Protein)

Pine Nut
(mg of

Protein)

Pistachio
(mg of

Protein)

Walnut
(mg of

Protein)

5 1.05 0.9 0.7 1.3 0.7 1 0.75
10 2.1 1.8 1.4 2.6 1.4 2 1.5
25 5.25 4.5 3.5 6.5 3.5 5 3.75
50 10.5 9 7 13 7 10 7.5

100 21 18 14 26 14 20 15
150 31.5 27 21 39 21 30 22.5
300 63 54 42 78 42 60 45
600 126 108 84 156 84 120 90
1200 252 216 168 312 168 240 180
2000 420 360 280 520 280 400 300
4000 840 720 560 1040 560 800 600

Cumulative dose 8440 1172.4 1519.2 1181.6 2194.4 1181.6 1688 1266

According to Niggeman’s classification, the OFC clinical manifestations were classified
as mild, moderate, and severe [21]. Moreover, for any reaction, we described the threshold
dose of the culprit nut (the maximum tolerated dose during the OFC) and its corresponding
dose of nut protein. The same classification was used to define the severity of the reaction
in the clinical history.

Finally, the studied population was represented by children with confirmed nut
allergies, comprising a clinical history of nut reactions, plus positive PbP and/or s-IgE
to nut plus positive nut OFC. The diagnostic selection of children with nut allergies is
shown in Figure 1. Subsequently, the patients were divided into groups according to the
nut responsible for the first reaction in chronological order (according to clinical history).
Then, demographic characteristics (gender, age, age at first nut reaction), coexisting allergic
diseases (atopic dermatitis, asthma, rhinitis, another food allergy), familiar history of allergy,
values of PbP to nut and s-IgE to nut, characteristics of OFC, and clinical manifestations
of the first reaction to the nut were extrapolated through chart review. Finally, these
characteristics were compared between the various nuts.

Statistical analyses were performed using OpenEpi (version 3.01; Atlanta, GA, USA),
Microsoft Excel (2013 version, Redmond, WA, USA), and SPSS (IBM SPSS Statistics 22,
Chicago, IL, USA). Qualitative data were expressed as counts and percentages; quantitative
data were expressed as mean value ± standard deviation or median value and minimum–
maximum value. Data distribution was verified with the Shapiro–Wilk test and equality of
variance with the Hartley F-test. Differences between continuous variables were calculated
using the Student’s t-test and the one-way analysis of variance (ANOVA). Associations
between categorical variables were obtained with Fisher’s exact test and chi-square test. A
p-value of less than 0.05 was considered statistically significant.
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Figure 1. Flow chart used for the diagnostic selection of children with a confirmed nut allergy. Legend: N, number;
OFC, oral food challenge; PbP, prick by prick; s-IgE, serum-specific IgE.

3. Results

We reviewed the clinical charts of 318 children (201 males (63%) and 117 females (37%))
with a clinical history of nut reaction to the following nuts according to the first reac-
tion in chronological order: hazelnut (112; 35%), walnut (90; 28%), peanut (58; 18%),
pine nut (30; 9%), cashew (14; 4%), pistachio (8; 3%), and almond (6; 2%). No patients
reported reactions to macadamia, pecan, or Brazil nuts. Overall, 184 subjects had a positive
PbP and/or s-IgE to nuts and underwent OFC with the culprit nut. The OFC was negative
in 71 children (39%). Conversely, 113 subjects (61%) had a positive OFC and, therefore,
a nut allergy was confirmed. The result of the OFC was independent of the type of nut
tested (p = 0.10).

The demographic characteristics of 113 children with a confirmed nut allergy are
reported in Table 2. According to the nut responsible for the first reaction considered
in chronological order, we identified six different groups of patients: cashew (4; 4%),
hazelnut (43; 38%), peanut (22; 19%), pine nut (11; 10%), pistachio (1; 1%), and walnut
(32; 28%). The demographic characteristics of patients divided for the different nuts are
summarized in Table 2.

There were no statistically significant differences in gender, concurrent allergic dis-
eases, familiar history positive for allergic diseases, or mean values of PbP and s-IgE
to nuts between the various nuts (Table 2). Conversely, the difference in mean age at
the first nut reaction was statistically significant (p = 0.00017) for the pine nut group,
which was higher (8.6 ± 3.7 years) than the mean age at the first reaction to the other nuts
(hazelnut 3.7 ± 3.2 years, p = 0.00008; peanut 5 ± 3.4 years, p = 0.009; walnut 4.2 ± 2.7 years,
p = 0.0001) except cashew (p = 0.97). Other differences in mean age were confirmed for the
cashew (8.5 ± 5.9 years) and the hazelnut groups (3.7 ± 3.2 years; p = 0.012) but without
evidence of statistical relevance with the remaining nuts.
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Table 2. Demographic characteristics of patients with a nut allergy.

Total
(N = 113)

Cashew
(N = 4)

Hazelnut
(N = 43)

Peanut
(N = 22)

Pine Nut
(N = 11)

Pistachio
(N = 1)

Walnut
(N = 32) p

Male
(N = %) 74; 65 3; 75 33; 77 12; 55 5; 45 1; 100 20; 62 0.27

Age (months)
(median; min; max) 42; 8; 175

AD
(N = %) 46; 41 0; 0 20; 47 6; 27 4; 36 1; 100 15; 47 0.22

Asthma
(N = %) 33; 29 0; 0 14; 33 5; 23 5; 45 1; 100 8; 25 0.27

Rhinitis
(N = %) 49; 43 1; 25 21; 49 7; 32 3; 27 1; 100 16; 50 0.38

Other FA
(N = %) 34; 30 2; 50 17; 40 2; 9 2; 18 1; 100 10; 31 0.07

Family history of allergy
(N = %) 85; 75 4; 100 33; 77 13; 59 9; 81 1; 100 25; 78 0.39

Age at first reaction (months)
(mean ± SD; min; max)

57 ± 43;
8; 175

102 ± 71;
24; 172

45 ± 39;
8; 175

60 ± 41;
18; 154

103 ± 44;
48; 174 - 50 ± 33;

12; 125 0.00017

PbP (mm)
(mean ± SD; min; max) 7 ± 3; 3; 15 8 ± 2; 6; 10 7 ± 3; 3; 15 6 ± 3; 3; 10 7 ± 2; 3; 10 - 7 ± 3; 3; 15 0.47

s-IgE (KU/L)
(mean ± SD; min; max)

21 ± 32;
0.11; 100

3 ± 2; 1.7;
4.93

26 ± 35;
0.16; 100

31 ± 41;
0.12; 100

9 ± 19;
0.11; 66.3 - 14 ± 25;

0.3; 96.2 0.94

Legend: AD, atopic dermatitis; FA, food allergy; Max, maximum; Min, minimum; N, number; PbP, prick by prick; s-IgE, serum-specific IgE;
SD, standard deviation; %, percentage.

Seventy-nine subjects (70%) denied other allergic food reactions, concurrent or previ-
ous, based on their clinical history. Among the 34 children with food co-allergies (30%),
the most frequent was egg (17; 50%), followed by milk (14; 41%), fresh fruit (13; 38%),
both egg and milk (11; 32%), fish/clams (9; 26%), cereals (3; 9%), legumes (2; 6%), and
seeds (1; 3%). The frequency of food co-allergies did not differ between the six nuts groups
(Table 2). As regards nut co-allergies, over 75% of subjects in every group, except for the
pistachio one, reported a single nut reaction (Table 3), without statistical difference between
groups (p = 0.45).

Table 3. Nut co-allergy.

Nut

Other Nuts Allergies

Cashew
(N = %)

Hazelnut
(N = %)

Peanut
(N = %)

Pine Nut
(N = %)

Pistachio
(N = %)

Walnut
(N = %)

Cashew
(N = 4) - 0; 0 0; 0 0; 0 1; 25 0; 0

Hazelnut
(N = 43) 2; 5 3; 7 2; 5 1; 2 3; 7

Peanut
(N = 22) 0; 0 2; 9 0; 0 0; 0 1; 5

Pine nut
(N = 11) 1; 9 1; 9 0; 0 0; 0 2; 18

Pistachio
(N = 1) 0; 0 1; 100 0; 0 0; 0 0; 0

Walnut
(N = 32) 0; 0 6; 19 1; 3 0; 0 0; 0

Legend: N, number; %, percentage.

Fifty-nine patients (52%) referenced a history of respiratory allergy (asthma and/or
oculorhinitis). Grass pollen allergy was the most frequent among the pollen species tested
(40; 68%), followed by cypress and birch (23; 59%).

Furthermore, 54 patients out of 113 (48%) had a history of anaphylaxis to nuts as the
first reaction in chronological order: 25 patients (46% of anaphylaxis) reported moderate
reactions while 19 (35% of anaphylaxis) reported severe ones. In 10 patients (19% of
anaphylaxis), the severity of anaphylaxis at the first nut reaction was unknown. The
occurrence of anaphylaxis (p = 0.16) and its severity at the first reaction in chronological
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order (moderate p = 0.77; severe p = 0.10) were not statistically different between the various
nuts. The PbP and s-IgE values did not differ between the various nuts according to the
severity of the first nut reaction. Moreover, in case of positive OFC, they did not differ
among nuts according to the severity of the reaction (Table 4).

Table 4. Prick by prick and serum-specific IgE levels to the respective nuts, severity of the first nut reaction, and severity of
the positive oral food challenge.

Severity

Cashew
(N = 4)

Hazelnut
(N = 43)

Peanut
(N = 22)

Pine Nut
(N = 11)

Walnut
(N = 32) p

PbP
(mm)

(Mean
± SD)

s-IgE
(KU/L)
(Mean
± SD)

PbP
(mm)

(Mean
± SD)

s-IgE
(KU/L)
(Mean
± SD)

PbP
(mm)

(Mean
± SD)

s-IgE
(KU/L)
(Mean
± SD)

PbP
(mm)

(Mean
± SD)

s-IgE
(KU/L)
(Mean
± SD)

PbP
(mm)

(Mean
± SD)

s-IgE
(KU/L)
(Mean
± SD)

PbP s-
IgE

Fi
rs

t
re

ac
ti

on Mild - - 7 ± 3 26 ± 35 7 ± 3 34 ± 45 7 ± 3 1 ± 1 6 ± 3 15 ± 28 1.31 0.56
Moderate 8 ± 3 2 ± 1 9 ± 2 45 ± 47 5 ± 2 58 ± 60 8 ± 1 6 ± 5 - - 0.20 0.27

Severe - - 6 ± 3 13 ± 21 4 ± 2 26 ± 42 - - 7 ± 4 2 ± 2 0.31 0.80

O
ra

l
fo

od
ch

al
le

-
ng

e

Mild 8 ± 2 3 ± 2 7 ± 3 24 ± 35 6 ± 2 29 ± 41 7 ± 2 11 ± 23 6 ± 3 8 ± 11 0.52 0.78
Moderate - - 6 ± 1 45 ± 34 6 ± 4 56 ± 43 - - 9 ± 5 54 ± 49 0.40 0.84

Severe - - 6 ± 3 - - - 6 ± 1 3 ± 3 6 ± 3 3 ± 3 0.97 0.76

Legend: N, number; PbP, prick by prick; s-IgE, serum-specific IgE; SD, standard deviation.

A complete molecular analysis was performed in 62 out of 97 eligible patients (64%):
The highest adherence was obtained in the peanut group (86%), followed by the hazelnut
(63%) and then walnut (50%) groups. Thus, the available molecular components were
detected at least in 50% of the eligible population (Table 5). The mean values of molecular
allergens did not correlate with the severity of the first nut reaction. Moreover, in case of
positive OFC, they did not differ according to the severity of the reaction (Table 5).

Table 5. Molecular allergens, severity of the first nut reaction, and severity of the positive oral food challenge.

First Reaction Oral Food Challenge

Molecular
Allergens

Available
Data

(N=%)

Value (KU/L)
(Mean ± SD;

Min; Max)

Mild
(KU/L)

(Mean ±
SD)

Moderate
(KU/L)

(Mean ±
SD)

Severe
(KU/L)

(Mean ±
SD)

p

Mild
(KU/L)

(Mean ±
SD)

Moderate
(KU/L)

(Mean ±
SD)

Severe
(KU/L)

(Mean ±
SD)

p

Ara h 1 22; 100 33 ± 41; 0.15; 100 46 ± 51 28 ± 32 39 ± 40 0.80 34 ± 42 27 ± 45 - 0.98
Ara h 2 22; 100 38 ± 39; 0.6; 100 41 ± 47 32 ± 33 48 ± 42 0.92 34 ± 39 59 ± 45 - 0.64
Ara h 3 21; 95 19 ± 32; 0.11; 100 39 ± 43 11 ± 14 3 ± 3 0.88 20 ± 33 - - -
Ara h 8 21; 95 1 ± 1; 0.15; 2.17 1 ±1 - 1 ± 1 0.53 0 ± 0 - - -
Ara h 9 21; 95 16 ± 22; 0.88; 40.8 16 ± 22 - - - 3 ± 4 - - -
Jug r 1 16; 50 11 ± 22; 0.27; 88.3 4 ± 4 - - - 13 ± 25 4 ± 5 4 ± 4 0.93
Jur r 3 16; 50 3 ± 6; 0.12; 16 4 ± 7 - - - 3 ± 7 - - -
Cor a 1 32; 74 8 ± 11; 0.16; 32.3 8 ± 13 12 ± 14 5 ± 7 0.42 7 ± 10 - - -
Cor a 8 32; 74 5 ± 11; 0.11; 36.6 3 ± 4 0 ± 0 20 ± 23 0.51 6 ± 11 - - -
Cor a 9 33; 77 22 ± 36; 0.11; 100 21 ± 33 50 ± 57 9 ± 18 0.14 20 ± 34 49 ± 20 - 0.92
Cor a 14 31; 71 16 ± 23; 0.11; 90 19 ± 27 16 ± 17 7 ± 10 0.08 17 ± 24 12 ± 12 - 0.95

Legend: Max, maximum; Min, minimum; N, number; SD, standard deviation; %, percentage.

During the first nut reaction, cutaneous involvement was the most frequent reaction
(70; 62%), followed by gastrointestinal (44; 39%) and then respiratory clinical manifesta-
tions (25; 22%). Seven children (6%) reported signs and symptoms by contact. No one
presented neurological involvement. Instead, five children (4%) referred to cardiovascular
manifestations, described only in patients with anaphylaxis. During the OFCs, the signs
and symptoms involved mainly the gastrointestinal system (82; 73%), followed by the
cutaneous (42; 37%) and respiratory systems (28; 25%). No one presented cardiovascular or
neurological involvement. The system involvement during the first nut reaction and the
OFC is reported in Figure 2. The clinical features of the reactions did not differ between
the various nuts (Figure 2), except for cutaneous involvement at the first nut reaction
(p = 0.011), referred to mainly in the hazelnut and walnut groups.
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Figure 2. System involvement during the first nut reaction and the positive oral food challenge.

In total, 91 out of 113 subjects (81%) with clinical manifestations during OFC presented
a mild reaction with single-system involvement. The remaining 22 subjects had anaphylaxis:
moderate in 13 children (11%) and severe in 9 children (8%). Table 6 shows the severity of
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the reaction during the OFC. The severity of the reaction did not depend on the type of nut
tested (Table 6).

Table 6. Severity of reaction of the positive oral food challenge and dose of nut ingested.

Total
(N = 113)

Cashew
(N = 4)

Hazelnut
(N = 43)

Peanut
(N = 22)

Pine Nut
(N = 11)

Pistachio
(N = 1)

Walnut
(N = 32) p

Mild
(N = %) 91; 81 4; 100 36; 84 18; 82 8; 73 1; 100 24; 75 0.77

Protein ingested
(mean (mg) ± SD) 283 ± 630 79 ± 35 279 ± 518 472 ± 1054 199 ± 350 - 221 ± 478 0.65

Moderate
(N = %) 13; 11 0; 0 5; 12 3; 14 1; 9 0; 0 4; 12 0.97

Protein ingested
(mean (mg) ± SD) 376 ± 686 - 764 ± 1074 123 ± 75 - - 168 ± 47 0.36

Severe
(N = %) 9; 8 0; 0 2; 5 1; 5 2; 18 0; 0 4; 12 0.58

Protein ingested
(mean (mg) ± SD) 69 ± 72 - 43 ± 32 - 104 ± 136 - 44 ± 56 0.64

Legend: N, number; %, percentage.

The mean dose of nut proteins ingested was 283 mg ± 630 mg (range 2–4500 mg)
in mild reactions during OFC, 376 mg ± 686 mg (range 20–2500 mg) in moderate reac-
tions, and 69 mg ± 70 mg (range 5–200 mg) in severe ones (Table 6). The dose of nut
proteins ingested was significantly lower in severe reactions if compared with the mild
ones (p = 0.003) but not with the moderate ones (p = 0.13). Furthermore, there were no
statistically significant differences between the severity of reaction during the OFC and
the mean dose of proteins ingested between the different nuts (mild, p = 0.65; moderate,
p = 0.36; mild, p = 0.64) (Table 6).

Furthermore, 88 out of 113 children (78%) with a positive OFC showed a spontaneous
resolution of signs and symptoms. The remaining 25 subjects (22%) with reactions during
the OFC required the administration of therapy: 19 (76%) were treated with oral anti-
histamines, 20 (80%) with oral corticosteroids, and 3 (12%) with inhaled bronchodilators.
None needed the administration of injectable epinephrine. None required hospitalization
or intensive care assistance. The need for therapy did not depend on the type of nut
tested (p = 0.53).

4. Discussion

To our knowledge, this is the first Italian study to provide a comprehensive charac-
terization of children with nut allergies [15], although a Turkish study has recently been
published on the same topic [22]. Indeed, most of the studies about nut allergies have
focused on a single type of nut, especially peanut, walnut, or hazelnut, or summarized
the main characteristics of nut allergies without making a distinction between the various
kinds of nuts [11,23–26]. Conversely, we retrospectively analyzed the demographic, clinical,
and allergological characteristics of Italian children with nut allergies and compared them.

From our experience, in Italian children, nut allergies are more common in male
subjects, and allergies to hazelnuts and walnuts were the most observed nut allergies, as
stated by a previous Spanish study [27]; peanut allergies were frequently observed as well.
Furthermore, most of the first nut reactions occurred between 2 and 5 years (mean age
4.7 ± 3.6 years), which is later in comparison with those in the available literature [13,22].
The underlying reason for a later age of onset of the signs and symptoms may be due to the
high percentage of familial history of allergy in our population, which leads the parents to
introduce the nuts in the diet later for the fear of possible allergic reaction. The mean age of
the first nut reaction was statistically higher for pine nuts (8.6 ± 3.7 years) when compared
with the other nuts except for cashews (8.5 ± 5.9 years). On the contrary, in the hazelnut
group, the mean age of the first nut reaction (3.7 ± 3.2 years) was lower than with other
nuts, even without a statistical significance. These differences may be related to the low
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number of patients included in the study. The majority of patients in our population had a
familiar history of allergy (75%) and/or concomitant allergic disorders (68%), including
asthma, atopic dermatitis, and allergic rhinitis. Among these, allergic rhinitis was the most
common allergic disorder (43%), followed by atopic dermatitis (41%). The percentage of
children with allergic rhinitis and a concomitant food allergy is in line with the literature
(33–40%) [28].

In subjects with food co-allergies, the most frequent foods involved were egg (50%),
milk (41%), and concomitant egg and milk allergies (32%), according to the literature [22].
Most of our patients (over 75% in each group) reported a single nut allergy, and the
remaining subjects had at least one nut co-allergy. A coexistent nut allergy was also
described in several studies [29]. Sicherer et al. reported that 34% of patients allergic to
peanuts or nuts might present with multiple nut allergies [30]; however, further studies
reported a large variation in the proportion of patients reacting to multiple nuts, ranging
from 12% to 96.7% [31]. We found more single nut allergies because our population
is younger (median age of 3.5 years) than the other ones. In particular, the studies of
Sicherer et al., Maloney et al., Mc William et al., and Brough et al. found values of co-
allergies and median age, respectively, as follows: 34% and 3.6 years, 34% and 6.1 years,
47.8% and 6 years, and 60.7% and 5.5 years [29,30,32,33]. The only study that showed a
lower percentage of co-allergy (12%) has a younger population (1.3 years) [34]. It seems that
the percentage of the co-allergy increases with the increasing age of the studied population.
In our study, the most common co-allergy was hazelnut, mainly represented in the group
of patients allergic to walnut. These data could depend on the high prevalence of hazelnut
allergy in continental Europe, in which it represents the most frequent nut allergy [8].

Anaphylaxis as the first clinical manifestation of nut allergy occurred in over 40% of
our population, similarly to the Turkish study [22]. In agreement with the literature, the
most common presenting signs and symptoms at initial diagnosis of nut allergy were skin
manifestations (62%), including hives, itching, flushing, and/or rash [35,36]. The cutaneous
involvement was followed by gastrointestinal (39%) and respiratory (2%) ones. In the
same way, the characteristic of the population (gender, familiar history of allergic diseases,
concurrent allergic diseases, food and/or nut co-allergy) did not differ between the various
nuts, except for the mean age of the first nut reaction, as previously mentioned. Finally, we
were unable to find a statistical association between the severity of nut reaction (first one
in chronological order according to clinical history and during OFC), the mean values of
allergological tests (PbP, s-IgE, molecular components), and the type of nut involved.

Among positive nut OFCs, we observed 22 severe reactions (19%). However, none of
these required the injection of epinephrine, hospitalization, or intensive care assistance and
the clinical manifestations resolved with oral antihistamines and corticosteroids. In the
literature, the occurrence of anaphylaxis during the OFC depends on the type of food tested
and, for TN and peanut, it ranges from 8% to 70% according to the different studies [37–39].
In the remaining population (81%), clinical manifestations during the OFC involved a
single system (mainly the gastrointestinal one), according to different experiences carried
out on a wide range of foods [40], and resolved spontaneously, confirming the safety of the
OFC in children with suspected food allergies [36,38,39]. Thus, the clinical features, the
severity of the reactions during the OFC, and the need for therapy did not depend on the
type of nuts tested. Conversely, the mean dose of nut proteins ingested differed according
to the severity of reactions during the OFC, with a lower threshold of doses observed in
severe reactions.

The limitation of this observational study is the heterogeneous number of children
retrospectively recruited for each kind of nut. These data could hide real differences
between the various nut groups, but they could be informative as well, strictly connected
to the characteristics of children with a nut allergy referred to our center, a tertiary-care
pediatric hospital. However, as this study was carried out in a single allergy unit, the
reference center for the region, our results could have limited applicability to other centers
and regions. Another limitation is the lack of a complete molecular analysis of patients
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before the OFC was performed per clinical criteria. Therefore, only 64% of the eligible
population received a molecular analysis; for this reason, it was not possible to clearly
discriminate patients with primary nut allergy versus PFS/OAS. Finally, due to the small
number of patients in the cashew and pistachio groups, the results concerning them should
be interpreted with caution.

On the other hand, the strength of this study is the clear-cut selection of the studied
population with an OFC-confirmed nut allergy and the summary of the main characteristics
of the nut allergy, taking into account differences between the various kind of nuts. Finally,
our study also confirmed the safety of an OFC performed by experienced personnel on
selected subjects.

5. Conclusions

In conclusion, from our experience, the majority of children with an OFC-confirmed nut
allergy have a familial history of allergy (75%) and/or concomitant allergic disorders (68%).
Moreover, anaphylaxis is the first manifestation of nut allergy in a high percentage of
children (48%), and the presence of anaphylaxis or severe reactions as the first clinical
manifestation of a nut allergy does not differ among the various nuts. The clinical and
allergological characteristics of children with nut allergies described in our study are similar
to other international studies: hazelnut is the most frequent nut for referral. Over three out
of four subjects have a single nut allergy. Finally, during the OFCs, the signs and symptoms
involved mainly the gastrointestinal system (73%), with cases resolved spontaneously in
most cases and infrequent severe reactions (19%), confirming the safety of OFCs in children
with suspected food allergies. These results appear important to define a comprehensive
characterization of children with nut allergies in Italy. However, the results should be
confirmed by extensive data from international cohorts.

Author Contributions: S.T., S.B., T.A. and E.P. collected the data. S.T., S.B., M.G., G.L., L.S., G.P.,
C.A., E.N. and F.M. performed the investigations. S.T. and S.B. analyzed the data. S.T. and S.B.
drafted the initial manuscript. S.T., S.B., M.G., G.L., L.S., G.P., C.A., E.N. and F.M. interpreted the
data and reviewed the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The code of the event report issued by Meyer Children’s
University Hospital is: IR904-18-26854.

Informed Consent Statement: Written informed consent was obtained from the children’s parents
for all procedures performed.

Data Availability Statement: Aggregate analyses are available on reasonable request to the corre-
sponding author.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

OFC oral food challenge
PbP prick by prick
s-IgE serum-specific IgE
SPT skin prick test
TN tree nuts

References
1. Gupta, R.; Warren, C.; Smith, B.; Blumenstock, J.; Jiang, J.; Davis, M.; Nadeau, K. The public health impact of parent-reported

childhood food allergies in the United States. Pediatrics 2018, 142, e20181235. [CrossRef]
2. Sicherer, S.H.; Munoz-Furlong, A.; Godbold, J.H.; Sampson, H.A. US prevalence of self-reported peanut, tree nut, and sesame

allergy: 11-year follow-up. J. Allergy Clin. Immunol. 2010, 125, 1322–1326. [CrossRef]

http://doi.org/10.1542/peds.2018-1235
http://doi.org/10.1016/j.jaci.2010.03.029


Nutrients 2021, 13, 4076 11 of 12

3. Dunngalvin, A.; Dubois, A.E.J.; Blok, B.M.J.F.; Hourihane, J.O.B. The Effects of Food Allergy on Quality of Life. Chem. Immunol.
Allergy 2015, 101, 235–252.

4. Primeau, M.; Kagan, R.; Joseph, L.; Lim, H.; Dufresne, C.; Duffy, C.; Prhcal, D.; Clarke, A. The psychological burden of
peanut allergy as perceived by adults with peanut allergy and the parents of peanut-allergic children. Clin. Exp. Allergy 2000,
30, 1135–1143. [CrossRef]

5. Logan, K.; Du Toit, G.; Giovannini, M.; Turcanu, V.; Lack, G. Pediatric Allergic Diseases, Food Allergy, and Oral Tolerance. Annu.
Rev. Cell Dev. Biol. 2020, 36, 511–528. [CrossRef] [PubMed]

6. Cetinkaya, P.G.; Buyuktiryaki, B.; Soyer, O.; Sahiner, U.M.; Sekerel, B.E. Factors predicting anaphylaxis in children with tree nut
allergies. Allergy Asthma Proc. 2019, 40, 180–186. [CrossRef]

7. Eigenmann, P.A.; Lack, G.; Mazon, A.; Nieto, A.; Haddad, D.; Borugh, H.A.; Caubet, J.C. Managing Nut Allergy: A Remaining
Clinical Challenge. J. Allergy Clin. Immunol. Pract. 2017, 5, 296–300. [CrossRef] [PubMed]

8. McWilliam, V.; Koplin, J.; Lodge, C.; Tang, M.; Dharmage, S.; Allen, K. The Prevalence of Tree Nut Allergy: A Systematic Review.
Curr. Allergy Asthma Rep. 2015, 15, 54. [CrossRef] [PubMed]

9. Bock, S.A.; Muñoz-furlong, A.; Sampson, H.A. Fatalities due to anaphylactic reactions to foods. J. Allergy Clin. Immunol. 2001,
107, 191–193. [CrossRef]

10. de Leon, M.P.; Rolland, J.M.; O’Hehir, R.E. The peanut allergy epidemic: Allergen molecular characterisation and prospects for
specific therapy. Expert Rev. Mol. Med. 2007, 9, 1–18. [CrossRef]

11. Stiefel, G.; Anagnostou, K.; Boyle, R.J.; Brathwaite, N.; Ewan, P.; Fox, A.T.; Huber, P.; Luyt, D.; Till, S.J.; Venter, C.; et al. BSACI
guideline for the diagnosis and management of peanut and tree nut allergy. Clin. Exp. Allergy 2017, 47, 719–739. [CrossRef]

12. Walsh, J.; O’Flynn, N. Diagnosis and assessment of food allergy in children and young people in primary care and community
settings: NICE clinical guideline. Br. J. Gen. Pract. 2011, 61, 473–475. [CrossRef]

13. Weinberger, T.; Sicherer, S. Current perspectives on tree nut allergy: A review. J. Asthma Allergy 2018, 11, 41–51. [CrossRef]
[PubMed]

14. Elizur, A.; Appel, M.Y.; Nachshon, L.; Levy, M.B.; Epstein-Rigbi, N.; Golobov, K.; Goldberg, M. NUT Co Reactivity—ACquiring
Knowledge for Elimination Recommendations (NUT CRACKER) study. Allergy 2018, 73, 593–601. [CrossRef]

15. Giovannini, M.; Comberiati, P.; Piazza, M.; Chiesa, E.; Piacentini, G.L.; Boner, A.; Zanoni, G.; Peroni, D.G. Retrospective definition
of reaction risk in Italian children with peanut, hazelnut and walnut allergy through component-resolved diagnosis. Allergol.
Immunopathol. 2018, 47, 73–78. [CrossRef]

16. Ortolani, C.; Ispano, M.; Pastorello, E.A.; Ansaloni, R.; Magri, G. Comparison of results of skin prick tests (with fresh foods and
commercial food extracts) and RAST in 100 patients with oral allergic syndrome. J. Allergy Clin. Immunol. 1989, 83, 683–690.
[CrossRef]

17. Heinzerling, L.; Mari, A.; Bergmann, K.-C.; Bresciani, M.; Burbach, G.; Darsow, U.; Durham, S.; Fokkens, W.; Gjomarkaj, M.;
Haahtela, T.; et al. The skin prick test—European standards. Clin. Transl. Allergy 2013, 3, 3. [CrossRef]

18. Muraro, A.; Werfel, T.; Hoffmann-Sommergruber, K.; Roberts, G.; Beyer, K.; Bindslev-Jensen, C.; Cardona, V.; Dubois, A.;
Dutoit, G.; Eigenmann, P.; et al. EAACI Food Allergy and Anaphylaxis Guidelines: Diagnosis and management of food allergy.
Allergy 2014, 69, 1008–1025. [CrossRef] [PubMed]

19. Muraro, A.; Roberts, G.; Worm, M.; Bilò, M.B.; Brockow, K.; Fernández Rivas, M.; Santos, A.F.; Zolkipli, Z.Q.; Bellou, A.; Beyer, K.;
et al. Anaphylaxis: Guidelines from the European Academy of Allergy and Clinical Immunology. Allergy 2014, 69, 1026–1045.
[CrossRef] [PubMed]

20. Barni, S.; Liccioli, G.; Sarti, L.; Giovannini, M.; Novembre, E.; Mori, F. Immunoglobulin E (IgE)-Mediated Food Allergy in
Children: Epidemiology, Pathogenesis, Diagnosis, Prevention, and Management. Medicina 2020, 56, 111. [CrossRef] [PubMed]

21. Niggemann, B.; Beyer, K. Time for a new grading system for allergic reactions? Allergy 2016, 71, 135–136. [CrossRef]
22. Cetinkaya, P.G.; Buyuktiryaki, B.; Soyer, O.; Sahiner, U.M.; Sackesen, C.; Sekerel, B.E. Phenotypical characterization of tree nuts

and peanut allergies in east Mediterranean children. Allergol. Immunopathol. 2020, 48, 316–322. [CrossRef] [PubMed]
23. Abrams, E.M.; Chan, E.S.; Sicherer, S. Peanut allergy: New advances and ongoing controversies. Pediatrics 2020, 145, e20192102.

[CrossRef]
24. Lyons, S.A.; Datema, M.R.; Le, T.M.; Asero, R.; Barreales, L.; Belohlavkova, S.; de Blay, F.; Clausen, M.; Dubakiene, R.; Fernández-

Perez, C.; et al. Walnut Allergy Across Europe: Distribution of Allergen Sensitization Patterns and Prediction of Severity. J.
Allergy Clin. Immunol. Pract. 2021, 9, 225–235.e10. [CrossRef]

25. Calamelli, E.; Trozzo, A.; Di Blasi, E.; Serra, L.; Bottau, P. Hazelnut allergy. Medicina 2021, 57, 67. [CrossRef] [PubMed]
26. Smeekens, J.M.; Bagley, K.; Kulis, M. Tree nut allergies: Allergen homology, cross-reactivity, and implications for therapy. Clin.

Exp. Allergy 2018, 48, 762–772. [CrossRef]
27. Haroun-Díaz, E.; Azofra, J.; González-Mancebo, E.; de las Heras, M.; Pastor-Vargas, C.; Esteban, V.; Villalba, M.; Díaz-Perales, A.;

Cuesta-Herranz, J. Nut allergy in two different areas of Spain: Differences in clinical and molecular pattern. Nutrients 2017, 9, 909.
[CrossRef]

28. Boyce, J.A.; Assa’ad, A.; Burks, W.A.; Jones, S.M.; Sampson, H.A.; Wood, R.A.; Plaut, M.; Cooper, S.F.; Fenton, M.J.; Arshad, H.S.;
et al. Guidelines for the diagnosis and management of food allergy in the United States: Report of the NIAID-sponsored expert
panel. J. Allergy Clin. Immunol. 2010, 126, 51–58. [CrossRef]

http://doi.org/10.1046/j.1365-2222.2000.00889.x
http://doi.org/10.1146/annurev-cellbio-100818-125346
http://www.ncbi.nlm.nih.gov/pubmed/32634325
http://doi.org/10.2500/aap.2019.40.4211
http://doi.org/10.1016/j.jaip.2016.08.014
http://www.ncbi.nlm.nih.gov/pubmed/27793601
http://doi.org/10.1007/s11882-015-0555-8
http://www.ncbi.nlm.nih.gov/pubmed/26233427
http://doi.org/10.1067/mai.2001.112031
http://doi.org/10.1017/S1462399407000208
http://doi.org/10.1111/cea.12957
http://doi.org/10.3399/bjgp11X583498
http://doi.org/10.2147/JAA.S141636
http://www.ncbi.nlm.nih.gov/pubmed/29618933
http://doi.org/10.1111/all.13353
http://doi.org/10.1016/j.aller.2018.03.009
http://doi.org/10.1016/0091-6749(89)90083-3
http://doi.org/10.1186/2045-7022-3-3
http://doi.org/10.1111/all.12429
http://www.ncbi.nlm.nih.gov/pubmed/24909706
http://doi.org/10.1111/all.12437
http://www.ncbi.nlm.nih.gov/pubmed/24909803
http://doi.org/10.3390/medicina56030111
http://www.ncbi.nlm.nih.gov/pubmed/32143431
http://doi.org/10.1111/all.12765
http://doi.org/10.1016/j.aller.2019.07.005
http://www.ncbi.nlm.nih.gov/pubmed/31590922
http://doi.org/10.1542/peds.2019-2102
http://doi.org/10.1016/j.jaip.2020.08.051
http://doi.org/10.3390/medicina57010067
http://www.ncbi.nlm.nih.gov/pubmed/33466577
http://doi.org/10.1111/cea.13163
http://doi.org/10.3390/nu9080909
http://doi.org/10.1016/j.jaci.2010.10.008


Nutrients 2021, 13, 4076 12 of 12

29. Brough, H.A.; Caubet, J.-C.; Mazon, A.; Haddad, D.; Bergmann, M.M.; Wassenberg, J.; Panetta, V.; Gourgey, R.; Radulovic, S.;
Nieto, M.; et al. Defining challenge-proven coexistent nut and sesame seed allergy: A prospective multicenter European study. J.
Allergy Clin. Immunol. 2020, 145, 1231–1239. [CrossRef]

30. Sicherer, S.H.; Burks, A.W.; Sampson, H.A. Clinical Features of Acute Allergic Reactions to Peanut and Tree Nuts in Children.
Pediatrics 1998, 102, e6. [CrossRef] [PubMed]

31. Midun, E.; Radulovic, S.; Brough, H.; Caubet, J.C. Recent advances in the management of nut allergy. World Allergy Organ. J. 2021,
14, 100491. [CrossRef]

32. Maloney, J.M.; Rudengren, M.; Ahlstedt, S.; Bock, S.A.; Sampson, H.A. The use of serum-specific IgE measurements for the
diagnosis of peanut, tree nut, and seed allergy. J. Allergy Clin. Immunol. 2008, 122, 145–151. [CrossRef] [PubMed]

33. McWilliam, V.; Peters, R.; Tang, M.L.K.; Dharmage, S.; Ponsonby, A.L.; Gurrin, L.; Perrett, K.; Koplin, J.; Allen, K.J.; Dwyer, T.;
et al. Patterns of tree nut sensitization and allergy in the first 6 years of life in a population-based cohort. J. Allergy Clin. Immunol.
2019, 143, 644–650.e5. [CrossRef]

34. Fleischer, D.M.; Conover-Walker, M.K.; Matsui, E.C.; Wood, R.A. The natural history of tree nut allergy. J. Allergy Clin. Immunol.
2005, 116, 1087–1093. [CrossRef] [PubMed]

35. Couch, C.; Franxman, T.; Greenhawt, M. Characteristics of tree nut challenges in tree nut allergic and tree nut sensitized
individuals. Ann. Allergy, Asthma Immunol. 2017, 118, 591–596. [CrossRef]

36. Anagnostou, K. Safety of Oral Food Challenges in Early Life. Children 2018, 5, 65. [CrossRef] [PubMed]
37. Abrams, E.M.; Becker, A.B. Oral food challenge outcomes in a pediatric tertiary care center. Allergy Asthma Clin. Immunol. 2017,

13, 43. [CrossRef]
38. Järvinen, K.M.; Amalanayagam, S.; Shreffler, W.G.; Noone, S.; Sicherere, S.H.; Sampson, H.A.; Nowak-Wegrzyn, A. Epinephrine

treatment is infrequent and biphasic reactions are rare in food-induced reactions during oral food challenges in children. J. Allergy
Clin. Immunol. 2009, 124, 1267–1272. [CrossRef]

39. Lieberman, J.A.; Cox, A.L.; Vitale, M.; Sampson, H.A. Outcomes of office-based, open food challenges in the management of food
allergy. J. Allergy Clin. Immunol. 2011, 128, 1120–1122. [CrossRef]

40. Ballini, G.; Gavagni, C.; Guidotti, C.; Ciolini, G.; Liccioli, G.; Giovannini, M.; Sarti, L.; Ciofi, D.; Novembre, E.; Mori, F.; et al.
Frequency of positive oral food challenges and their outcomes in the allergy unit of a tertiary-care pediatric hospital. Allergol.
Immunopathol. 2021, 49, 120–130. [CrossRef]

http://doi.org/10.1016/j.jaci.2019.09.036
http://doi.org/10.1542/peds.102.1.e6
http://www.ncbi.nlm.nih.gov/pubmed/9651458
http://doi.org/10.1016/j.waojou.2020.100491
http://doi.org/10.1016/j.jaci.2008.04.014
http://www.ncbi.nlm.nih.gov/pubmed/18502490
http://doi.org/10.1016/j.jaci.2018.07.038
http://doi.org/10.1016/j.jaci.2005.09.002
http://www.ncbi.nlm.nih.gov/pubmed/16275381
http://doi.org/10.1016/j.anai.2017.02.010
http://doi.org/10.3390/children5060065
http://www.ncbi.nlm.nih.gov/pubmed/29848997
http://doi.org/10.1186/s13223-017-0215-8
http://doi.org/10.1016/j.jaci.2009.10.006
http://doi.org/10.1016/j.jaci.2011.07.012
http://doi.org/10.15586/aei.v49i3.103

	Background 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

