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ABSTRACT

Background: Although peanuts and tree nuts are allergens considered capable of eliciting 
severe reactions, little is known about the relative potency of different tree nuts compared 
to peanut and to each other. Our objective was therefore to  investigate differences in 
the frequency and severity of diagnostic and accidental  allergic reactions to tree nuts 
and peanut in children undergoing double-blind placebo-controlled food challenges (DB-
PCFCs).

Methods: 710 DBPCFCs performed mainly for peanut, cashew, hazelnut, walnut and al-
mond were retrospectively analyzed using logistic and linear regression. Frequency of 
clinical reactivity was derived from the proportion of positive DBPCFCs. Severity of acci-
dental and challenge reactions was scored according to van der Zee et al. The relationships 
were adjusted for confounders.

Results: Compared to peanut , allergic reactivity as ascertained by DBPCFC was significantly 
less frequent for hazelnut and almond (adjusted OR=0.55, p=0.02 and OR=0.06, p=0.02, 
respectively) and sensitization was more frequently asymptomatic. In contrast, chal-
lenges with cashew and walnut more frequently resulted in a positive reaction (adjusted 
OR=2.44, p=0.01 and OR=2.18 p=0.03, respectively) than did those with peanut. While 
no differences in DBPCFC reaction severity were found, cashew was the only tree nut 
associated with more severe accidental reactions than peanut (adjusted B=1.23, p=0.01).

Conclusions: The frequency of true clinical reactivity differs significantly between patients 
sensitized to peanut and tree nuts. The DBPCFC is especially important for the confirma-
tion of hazelnut and almond allergy due to common asymptomatic sensitization.  Cashew 
nut  should be prioritized for  improving  measures that reduce the risk of accidental 
exposure.
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intRoDuction

Peanut and tree nuts are among the most common allergenic foods consumed by the 
pediatric population. In the USA these nuts are reported to cause allergy in about 1-2% 
of children (1, 2). Furthermore, they are responsible for about 90% of deaths due to food 
allergic reactions, with peanut accounting for over two thirds of these fatalities (3, 4). 
Exposure is often unintentional as cross-contamination during industrial processing of 
these foods is common (5). 

There are several methods in common use to diagnose food allergies. Skin prick tests 
(SPT) and specific IgE (sIgE) determinations are commonly used, but  positive test do not 
necessarily imply clinical reactivity (6-9). Clinical history and open food challenges may 
be unreliable due to subjectivity of symptoms, a lack of relation between the described 
symptoms and the food in question, and a higher likelihood of false-positivity  (10, 11). 
Currently, the gold standard  is the double-blind, placebo-controlled food challenge (DBP-
CFC) (12, 13). Despite the high reliability of such tests, large studies on the true frequency 
of clinical peanut and tree nut allergy determined by DBPCFCs are scarce. In terms of 
frequency and severity, tree nut allergies are less well characterized than peanut allergy. 
Specifically, a comparison of odds for true clinical reactivity as opposed to asymptomatic 
sensitization comparing peanut and specific tree nuts to each other has not been per-
formed. Such a comparative characterization, however, may be useful not only for  clinical 
decision making  but also for labeling of processed foods (14). The aim of this study was 
thus to investigate differences in frequency and, secondarily, severity of clinical allergy to 
peanut and tree nuts and to rank these foods according to these differences. 

METhOdS

Study population

This retrospective cross-sectional study included pediatric patients suspected of allergy to 
peanut and/or tree nuts, and who had undergone DBPCFCs in the Food Challenge Unit of the 
University Medical Center of Groningen (UMCG) between 2002 and 2013. The data collected 
included patient characteristics such as age, sex, sIgE levels, previous reaction history, atopic 
comorbidities and atopic family history as well as details of the DBPCFC such as the type of 
nut tested, symptoms and eliciting dose (defined as the last dose of protein ingested and 
evoking an allergic reaction during the active food day of a positive DBPCFC). The sIgE levels 
were measured using the ImmunoCAP assay (Thermo Fisher Scientific, Uppsala, Sweden). 
Levels below 0.35 kU/l  were considered negative. Data on previous reactions was based on 
reaction histories routinely determined before the challenge. For this parents were asked 
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about previous symptoms upon consumption of the suspected food, the amount ingested, 
and the  time interval between consumption and onset of symptoms.

All DBPCFCs were performed because of clinical suspicion of food allergy. For inclusion, 
the results of the DBPCFC needed to be conclusive, data had to be complete and the 
ImmunoCAP test and the food challenge had to be no longer than six months apart. In 
patients who had undergone multiple DBPCFCs with the same food, only the first chal-
lenge was included. 

The institutional medical ethics committee deemed that ethical approval was not required 
as all tests were carried out as part of routine care and patients were informed about the 
use of their medical records for research. 

dBpCfCs

DBPCFCs were performed according to the guidelines proposed by the European Academy 
of Allergy and Clinical Immunology and later modified PRACTALL Guidelines (12, 15). Verum 
and placebo were given on separate days using a 6 to 8 step incremental scale, in which the 
food was ingested in stepwise increasing quantities until the final dose was reached or symp-
toms occurred.  Objective symptoms (urticaria, angioedema, worsening eczema, vomiting, 
diarrhea, rhinoconjunctivitis, wheezing, coughing, and hypotonicity) or repeated subjective 
symptoms (itching, oral allergy, abdominal pain, nausea, difficulty breathing or swallowing, 
and dizziness) were considered when comparing the verum and placebo days according to a 
previously established protocol for determining test positivity (16).

Scoring system for reaction severity

Reaction severity was determined as previously described (17). The severity scores for 
the previous accidental reaction and the immediate challenge reaction were based on 
the type of organ system affected and ranged from 1 to 12. Upper airway, lower airway, 
or cardiovascular/neurological symptoms were considered most severe and each of these 
organ systems scored 3 if involved, the presence of gastrointestinal symptoms scored 2, 
and the presence of cutaneous symptoms scored 1. The sum of scores for each involved 
organ system resulted in the final severity score.

Statistical analysis

The frequency of clinical reactivity was studied using univariate and multiple logistic 
regression analysis with the DBPCFC outcome as the binomial variable (positive/nega-
tive). To address the sub-questions concerning differences in severity of both previous 
accidental and DBPCFC reactions, univariate and multiple linear regression analyses were 
used, and by using the severity score as the outcome variable. 
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Factors that changed the regression coefficients of three nuts by 10% or more were treated 
as confounding variables and included into the regression models. Variables taken into 
consideration were age, sex, sIgE level, being allergic to more than one type of food included 
in the analysis, the presence and/or severity of a previous accidental reaction, atopic comor-
bidity (rhinoconjunctivitis, eczema, and asthma), an atopic family history, and, for positive 
food challenges, the eliciting dose and the severity of the DBPCFC reaction.  

The analysis was performed using the statistical program SPSS, version 20.0 (IBM Corp., 
Armonk, NY). A p-value of <0.05 was considered to be significant. Due to multiple testing 
concerning our primary analysis on the frequency of clinical reactivity, the Benjamini–
Hochberg’s step-up procedure was used to control the false discovery rate (18). When 
applicable, adjusted p-values are reported. The assumptions for logistic and linear regres-
sion were fulfilled. When required, variables were logarithmically transformed in order 
to normalize the distribution of the residuals. In such cases, the back-transformed coef-
ficients and confidence intervals are reported. 

RESultS

Study population

Of 872 food challenges performed  to diagnose allergy to peanut or tree nut in children, 
30 cases were excluded due to an inconclusive challenge outcome, 12 cases on the basis 
of incomplete data, and 66 cases in which the sIgE testing and food challenge were more 
than six months apart. Furthermore, 54 challenges were excluded as they represented the 
second or third challenge performed with the same food in the same patient. A total of 
710 DBPCFCs were thus  included in the  analysis.

The majority of patients were challenged with peanut (n=391), followed by hazelnut 
(n=136), cashew nut (n=104), walnut (n=49), and almond (n=20). Less frequently tested 
were macadamia nut (n=3), pistachio (n=5), pecan nut (n=1), and Brazil nut (n=1). The 710 
challenges were performed in a total of 532 patients, of whom 382 were challenged with 
only one type of nut , 107 were challenged with two types of nuts, and 24 were challenged 
with three nuts or more. 

The population age ranged from 10 months to 18 years of age, and 58.7% of challenges 
were performed in male patients. Atopic comorbidities were common, with 86.2% having 
a medical history of eczema, 55.2% asthma, and 47% with allergic rhinoconjunctivitis. In 
82% of cases a family history of atopy was noted.
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Sixty-six percent of cases had a history of previous reactions to the type of nut tested, 
for the remainder it was their first exposure. Fifty-six percent of all challenges were 
positive, including both DBPCFCs with immediate and late home reactions. This number 
was slightly higher for those with a positive reaction history (63.4%). For all types of nuts 
tested, a history of a previous reaction occurred more often than a positive food challenge 
outcome. Out of 605 cases with sIgE levels ≥ 0.35 kU/l, 62% were found to be DBPCFC posi-
tive, while this percentage was lower for those sensitized but without a positive reaction 
history (44.8%). Of the 105 cases with sIgE levels <0.35 kU/l  18.1% had a positive DBPCFC 
outcome. Reactions to placebo were only observed in 6.2% of cases and more than two 
thirds of these cases also had a reaction on the verum day. The characteristics of the study 
population per nut are described in Table 1.

Table 1. Characteristics of the study population per nut. 

Peanut Hazelnut Cashew 
nut

Walnut Almond

Number of cases 391 136 104 49 20

Sex, females/males 144/247 59/77 47/57 29/20 8/12

Age (years), median [IQR] 6.8
[4.9-11.8]

7.6
[5.6-12.0]

8.3
[5.2-11.7]

8.7
[6.7-11.6]

9.1
[6.2-11.0]

sIgE level > 0.35 kU/l, % 
(n)

86.4 (338) 89.7	(122) 83.7	(87) 75.5	(37) 65.0	(13)

PR history, % (n) 64.2 (251) 51.5	(70) 86.5	(90) 71.4	(35) 55.0	(11)

PR severity score, median 
[IQR]

3	[2-6] 3	[2-6] 4	[2-6] 3	[2-6] 2	[1-5]

History of eczema, % (n) 88.2 (345) 88.2	(120) 79.8	(83) 77.6	(38) 95.0	(19)

History of 
rhinoconjunctivitis, % (n)

46.3 (181) 51.5	(70) 50.0	(52) 34.7	(17) 55.0	(11)

History of asthma 59.8	(234) 58.1	(79) 43.3 (45) 30.6	(15) 70.0	(14)

Atopic family history, % 
(n)

85.4 (334) 75.7	(103) 78.8	(82) 81.6	(40) 80.0	(16)

Positive DBPCFC, 
% (n)

56.0	(219) 47.1	(64) 72.1	(75) 67.3	(33) 5.0	(1)

Positive DBPCFC and 
sensitized, % (n)

62.1	(210) 50.0	(61) 81.6	(71) 81.1	(30) 7.7	(1)

Eliciting dose (mg), 
median [IQR]

6.0
[70.0-194.0]

14.0
[2.0-155.0]

14.0
[2.0-70.0]

15.0
[3.0-315.0]

285.0
[285.0-285.0]

DBPCFC severity score, 
median [IQR]

3	[2-5] 3	[2-5] 3	[2-5] 3	[2-4] 3

IQR, interquartile range; PR, previous reaction.
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Figure 1 shows the types of organ system affected during DBPCFCs with peanut and the 
most commonly encountered tree nuts. Cashew and peanut were the only foods associ-
ated with cardiovascular symptoms (1.4% and 0.5%, respectively). Severe cardiovascular 
or airway symptoms were not seen for any of the tested foods. Lower airway symptoms 
occurred relatively frequently upon ingestion of walnut (21.9%). Oral allergy symptoms 
were seen in about 20.9% of peanut challenges, 26.0% of cashew challenges, 30.5% of 
hazelnut challenges, and 25.0% of challenges with walnut. Concerning data on less fre-
quently challenged nuts, 1 out of the 3 DBPCFCs with macadamia nut was positive and 
resulted in cutaneous symptoms. Pistachio elicited a (gastrointestinal) reaction in 1 out 
of the 5 challenges. DBPCFCs performed for pecan nut and Brazil nut were negative in all 
cases. Challenges with almond only  resulted in one positive food challenge, with  upper 
airway symptoms. 

Figure 1: Involvement of organ systems upon DBPCFCs with peanut and tree nuts.

frequency of allergy confirmed by DBpcfc

Both patients who were sIgE positive and those who were sIgE negative to the challenged 
nut, were included in the analysis (n=710). Adjusted for sIgE levels and the severity of 
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previous accidental reactions, DBPCFCs with cashew nut or walnut were more than twice 
as likely to elicit a positive reaction compared to peanut (adjusted OR=2.44 and 2.18, 
respectively). In contrast, challenges with almond were only 0.06 times as likely to result in 
a positive test result compared to challenges performed with peanut, and challenges with 
hazelnut were about half as likely to result in a positive reaction (Table 2a). 

A sub-analysis with the exclusion of non-sensitized patients resulted in a total of 605 
DBPCFCs. For hazelnut, almond and other nuts, adjusted logistic regression including only 
sensitized patients resulted in odds ratios and p-values similar to those resulting from 
inclusion of both sIgE positive and sIgE negative patients (Table 2b). Odds ratios for cashew 
and walnut increased to 3.18 and 3.33, respectively. 

By only including patients with a previous accidental reaction to the type of nut tested 
(n=472), and adjusting for sIgE levels and previous reaction severity, the odds for a positive 
reaction upon ingestion of almond or cashew nut remained significantly different from the 
odds for peanut (OR=0.10 and OR=3.74, respectively). For hazelnut, however, the odds for 
eliciting a positive DBPCFC did not differ significantly from the odds of peanut eliciting a 
positive DBPCFC (Table 2c). 

Table 2. Odds ratios for a positive DBPCFC outcome – comparing individual tree nuts to peanut.

Unadjusted Adjusted*

OR [95% CI] p-value OR [95% CI] p-value

a. Including sensitized and non-sensitized patients; n(peanut)=391

Almond (n=20) 0.04	[0.01-0.31] 0.010BH 0.06	[0.01-0.50] 0.018BH

Cashew nut (n=104) 2.03	[1.27-3.26] 0.010BH 2.44	[1.48-4.03] 0.010BH

Hazelnut (n=136) 0.70	[0.47-1.03] 0.090BH 0.55	[0.35-0.86] 0.018BH

Walnut (n=49) 1.62	[0.86-3.04] 0.113BH 2.18	[1.14-4.18] 0.032BH

Other nuts (n=10)† 0.20	[0.04-0.94] 0.059BH 0.26	[0.05-1.27] 0.107BH

b. Including sensitized patients only; n(peanut)=338

Almond (n=13) 0.05	[0.01-0.40] 0.004 0.07	[0.01-0.54] 0.011

Cashew nut (n=87) 2.71	[1.51-4.86] 0.001 3.18	[1.72-7.97] <0.001

Hazelnut (n=122) 0.61	[0.40-0.93] 0.020 0.48	[0.30-0.77] 0.002

Walnut (n=37) 2.61	[1.12-6.12] 0.027 3.33	[1.39-7.97] 0.007

Other nuts (n=8) † 0.20	[0.04-1.02] 0.053 0.27	[0.05-1.43] 0.123

c. Including only patients with a previous accidental reaction; n(peanut)=256

Almond (n=11) 0.07	[0.01-0.52] 0.010 0.10	[0.01-0.88] 0.037

Cashew nut (n=90) 2.28	[1.32-3.98] 0.004 3.74	[2.06-6.77] <0.001

Hazelnut (n=72) 1.39	[0.80-2.42] 0.247 1.21	[0.65-2.25] 0.555
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Walnut (n=35) 1.25	[0.60-2.62] 0.557 2.00	[0.92-4.35] 0.081

Other nuts (n=8) † 0.09	[0.01-0.77] 0.027 0.18	[0.02-1.51] 0.113

BH Benjamini-Hochberg adjusted p-value. *adjusted for sIgE levels and the severity of  previous accidental reactions. 
†Other nuts include Brazil nut, macadamia nut, pecan nut, and pistachio. OR, odds ratio; CI, confidence interval.

Severity of allergic reactions during DBpcfc 

In the analysis of the clinical reaction severity 373 positive DBPCFCs were included. No 
significant differences in severity were found for peanut and tree nuts in terms of type 
and degree of reaction, whether unadjusted or adjusted for possible confounders (Table 
3a). The use of a different scoring system, developed by Astier et al. (19), did not change 
these results.

Severity of previous accidental reactions reported by history

Analysis of the severity of previous accidental reactions to the challenged nuts included 
464 cases, for which severity scores were calculated. Accidental reactions to cashew were 
found to be significantly more severe than accidental reactions to peanut (adjusted and 
back-transformed B=1.23). This result was also shown by using the Astier scoring system. 
The severities of accidental reactions to hazelnut, walnut, and almond were not statisti-
cally different from those reported for peanut (Table 3b).

Table 3. Differences in allergic reaction severity – comparing individual tree nuts to peanut.

Unadjusted Adjusted*

B [95% CI] p-value B [95% CI] p-value

a. Immediate DBPCFC reaction severity; n(peanut)=206

Cashew (n=73) 1.02	[0.91-1.14] 0.777 1.06	[0.93-1.20] 0.370

Hazelnut (n=59) 0.95	[0.85-1.08] 0.437 0.95	[0.85-1.08] 0.467

Walnut (n=32) 1.05	[0.90-1.24] 0.514 1.11	[0.95-1.31] 0.193

Other nuts (n=3) † 0.68	[0.41-1.11] 0.122 0.78	[0.47-1.28] 0.327

b. Severity of previous accidental reactions; n( peanut)=250 

Almond (n=11) 0.81	[0.50-1.33] 0.408 0.85	[0.51-1.41] 0.535

Cashew (n=90) 1.18	[1.03-1.34] 0.014 1.23	[1.08-1.41] 0.002

Hazelnut (n=70) 0.98	[0.85-1.13] 0.780 0.96	[0.84-1.11] 0.620

Walnut (n=35) 1.00	[0.82-1.21] 0.981 1.05	[0.87-1.27] 0.630

Other nuts (n=8) † 1.11	[0.76-1.62] 0.593 1.21	[0.81-1.80] 0.355

*adjusted for sIgE levels, the presence of  a previous reaction (only a.), a history of  eczema (only b.), age (only b), and 
the eliciting dose (only a). †Other nuts include almond (only in a), macadamia nut, pistachio, Brazil nut (only in b), and 
pecan nut (only in b). B, regression coefficient; CI, confidence interval. This table reports back-transformed regression 
coefficients and confidence intervals.
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DiScuSSion

This study provides a head-to-head comparison of the frequency and severity of double-
blind challenge-proven clinical allergy between different kinds of tree nuts and peanut. In 
children suspected of having nut allergies, we demonstrated that the odds of a positive 
challenge reaction to that nut were more than twice as high for cashew and walnut than for 
peanut. Under the same circumstances almond and hazelnut showed significantly lower 
odds of eliciting an allergic reaction compared to peanut. Among our study population, 
sub-analysis further demonstrated asymptomatic sensitization to hazelnut and almond to 
be significantly more frequent than asymptomatic sensitization to peanut. Sensitization 
to cashew and walnut, in contrast, was significantly less frequently asymptomatic than 
sensitization to peanut. We were not able to demonstrate any significant difference in 
severity of DBPCFC reactions between peanut and tree nuts. However, based on reaction 
history, cashew causes more severe reactions than peanut upon accidental ingestion. 

The differences in frequency of clinical reactions found between peanut, hazelnut and 
almond are in contrast with the results of Ludman et al. who could not demonstrate a 
significant difference in the probability of a positive challenge between these foods (8). 
However, it is not clear whether they based their results on DBPCFCs or open challenges, 
and their study included only 98 patients, none of whom had ever previously consumed 
the food tested. The differences observed in our study may largely be explained by a high 
frequency of asymptomatic sensitization for hazelnut and almond as sub-analysis sug-
gests. The relatively high frequency of asymptomatic sensitization observed in patients 
challenged with hazelnut may be explained by cross-reactivity with pollen, which is usually 
more common in older children and adults (20). Flinterman et al., however, found more 
than 80% of children older than 3.5 years living in birch-endemic areas to be sensitized 
to the hazelnut protein Cor a 1, a homologue of Bet v 1 (21). Therefore, cross-reactivity 
with birch pollen may indeed be quite common in our hazelnut study population as well, 
despite the median age of only 7.63 years. This relatively high level of cross-sensitization 
could increase the level of suspicion for hazelnut allergy and may result in the inclusion of 
more children with doubtful histories and positive sIgE levels in the hazelnut group than 
in the peanut group. This hypothesis is also supported by the fact that the difference in 
clinical reactivity between hazelnut and peanut is much less and almost negligible when 
only children with previous reactions are included. The study by Flinterman et al. shows 
that children without previous allergic reactions or with only oral allergy symptoms upon 
DBPCFCs with hazelnut may be significantly more frequently sensitized to only Bet v 1 
homologues than children with objective symptoms (21). The cross-reactivity between 
almond and Bet v 1 homologues may similarly be responsible for the relatively high rate of 
asymptomatic sensitization seen with almond (22). 
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Sub-analysis showed no lower frequency of clinical allergy for cashew and walnut when 
including only sensitized patients. In fact, sensitization to cashew and walnut  even in-
creased the odds of true clinical allergy to these nuts, while non-sensitization seemed 
to have the opposite effect (data not shown). Van der Valk et al. have recently reported 
a high rate (76.5%) of DBPCFC reactivity in a population sensitized to cashew nut (23), 
comparable to that observed in our group (81.6%). Sensitization is therefore likely to be 
an important predictor of allergy to cashew and walnut. Moreover, sensitization to peanut 
and especially cashew and walnut is less commonly reported to be associated with cross-
reactivity to pollen, possibly because primary sensitization to these tree nuts and peanut 
seems to be acquired through the gastrointestinal rather than through the respiratory 
tract (24, 25). This partially theoretical construct (illustrated in table 4) is suggested by our 
findings, since we observed clinical reactivity to cashew, walnut (and less so to peanut) to 
be more frequent than to hazelnut and almond, while the opposite is true for asymptom-
atic sensitization. 

Table 4. Ranking tree nuts and peanut according to true clinical allergy, asymptomatic sensitiza-
tion, cross-reactivity, and severity of the allergic reaction.

Type of nut DBPCFC
positivity

Asymptomatic
sensitization

Cross-reactivity 
with pollen*

Accidental 
reaction 
severity

Hazelnut/almond - ++ ++ +

Peanut + + + +

Cashew/walnut ++ - - ++/+

*Based on literature (19-21, 23, 24)

With respect to the severity of allergy, we found cardiovascular reactions only to occur 
with the ingestion of peanut and cashew. This observation is in accordance with the lit-
erature, which shows peanut and cashew to be associated with the most severe allergic 
reactions in children (25, 26). However, cardiovascular reactions were rare and linear 
regression was not able to confirm significant differences in the severity of DBPCFC reac-
tion based on the type of organ system affected. In fact, differences with peanut could not 
be established for any of the tested tree nuts in terms of challenge severity. Blom et al. 
identified no significant differences in threshold dose distribution curves between peanut, 
cashew and hazelnut, although peanut and cashew seemed to give reactions within a 
smaller dose range (27). Their results are in agreement with ours, since the eliciting doses 
of the different nuts and peanut are not significantly different from each other in our 
study. However, whether eliciting doses correlate with severity of allergic reactions to 
foods is controversial (28). 
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Furthermore, comparing differences in the severity of allergic reactions based on DBPCFCs 
may be of limited value since in DBPCFCs the clinical reactions are kept as mild as possible 
without completing dosing after the onset of symptoms, whereas accidental reactions 
with initial exposure to higher doses may become much more severe (12, 29). Indeed, 
analysis of the severity of previous accidental reactions showed reactions to cashew to be 
significantly more severe than accidental reactions to peanut. This finding is in accordance 
with other studies proposing cashew to be associated with more severe reactions than 
peanut based on patient reports (9, 30).

Our study was limited to the most common tree nuts encountered in our region. As 
sample sizes for almond, pistachio, macadamia, pecan, and Brazil nut were modest, in-
ferences about the frequency and severity of allergy to these types of nuts need to be 
interpreted with caution. Further studies including more patients for these types of nuts 
are required. Additionally, larger studies on age-related sensitization profiles for peanut 
and tree nuts using component testing are needed to complement the knowledge gained 
from this study. Another limitation is that data on  SPTs were not available for this study. 
Sensitization based on SPTs may deviate from sensitization based on positive sIgE levels. 
Therefore a part of the group determined as sIgE negative in the analysis, could indeed 
show sensitization if additionally tested with SPT. Our data may not be applicable to adults, 
particularly in those whose peanut allergy begins in adulthood, which may show a closer 
relation with cross-reactivity to pollen than in children (31). Finally, our data was derived 
from a tertiary care center in Nothern Europe and may differ from other populations or 
geographic areas. 

In conclusion, this study gives a differentiated overview of the frequency and severity 
of clinical allergy in children to individual tree nuts in relation to peanut using a uniform 
test procedure including the DBPCFC, which minimizes the risk of overdiagnosis inher-
ent when relying on histories, open challenges, and sIgE (32). Our results show that the 
frequency of true clinical allergy in sensitized individuals is lowest for hazelnut and almond 
and highest for cashew and walnut, probably because of differences in the frequency of 
cross-reactivity with birch-pollen. This fact emphasizes the special need for DBPCFCs as 
confirmation of hazelnut or almond allergy. Secondly, we found that there is no significant 
difference in the severity of challenge reactions between tree nuts and peanut, probably 
because reactions during  DBPCFCs tend to be milder than accidental reactions. While this 
finding confirms the safety of DBPCFCs, it also demonstrates the limited value of DBPCFCs 
for studying  the severity of allergic reactions. However, based on reaction history, cashew 
elicited significantly more severe accidental reactions than peanut. Cashew nut should 
thus be considered a priority in preventive initiatives which aim to reduce the risk of ac-
cidental exposure, including labeling of prepared food products.
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