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Background: The incidence of cashew nut anaphylaxes is increasing and there is need for
accurate diagnostic tests. Age-specific cut-offs in children are lacking. Changes in serum
tryptase are not well documented in pediatric food allergy, except in anaphylaxis.
Objective: We aimed to evaluate the ability of various tests to diagnose cashew nut allergy,
and to predict reaction severity. We also investigated changes in tryptase, and their
correlation to reaction severity.

Methods: We performed an open cashew nut challenge on 106 children (aged 1-16 years),
who were sensitized to cashew nut with either previous allergic reaction to cashew nut or
no known exposure. We analyzed the accuracy of Ana o 3 -IgE, cashew nut-IgE, skin prick
test, basophil activation test (BAT), and combinations thereof to diagnose cashew nut
allergy and to predict reaction severity. Tryptase was measured at the baseline and during
an allergic reaction.

Results: Seventy-two children had a positive challenge. Ana o 3-IgE seemed to be the best
single test to diagnose cashew allergy, with 0.97 kU/L cut-off showing 94.1% specificity and
61.1% sensitivity. While BAT 222.8% best predicted reaction severity, with 91.7% specificity
and 60.7% sensitivity, the cut-offs were age-specific. Tryptase increased significantly 1-2
hours after the first allergic symptoms compared to baseline.

Conclusion: Ana o 3-IgE seems to be the best diagnostic test in pediatric cashew nut allergy,
and test combinations do not appear to improve the diagnostics. Cut-offs are age-specific.
BAT is promising in predicting reaction severity. Tryptase should be measured 1-2 hours
after initiation of an allergic reaction.
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Introduction

There is limited evidence that tree nut allergy is increasing.! In Finland the number of
anaphylaxis cases caused by cashew nut has increased during last ten years.? According to
Finnish customs Uljas-database cashew nut import to Finland has increased over 37-fold
between the years 2002 to 2019, probably due to changes in eating and cooking habits.

Cashew nut (Anacardium occidentale) belongs to Anacardiaceae-family, along with
pistachio nut and mango. Cashew and pistachio nut cross-react both in IgE-testing and
clinically.*® Cashew nut is commonly consumed as a snack and is used in Asian cuisine, in
pesto, baked goods, butters, and in sweets, ice cream and chocolates.

Cashew nut is a potent allergen. Less than 1 mg of protein can cause allergic
symptoms in 5% of children with cashew nut allergy.® In a double-blind placebo-controlled
(DBPC) multicenter study, nearly 50% of patients experienced subjective and 11% objective
symptoms from the first 1 mg dose,”and in further study some patients had mild transient
objective symptoms to 0.3 mg protein.® Davoren reported a 74% anaphylaxis rate to cashew
nut, with some reacting even to skin or mucosal contact.’ In one case-matched study, cashew
nut seemed to cause more severe reactions than peanut.'?

Component-resolved diagnostics has shown better accuracy than skin prick test (SPT)
and specific IgE (SIgE) to some culprit foods.** Sensitization to 2S albumin of cashew nut
(Ana o0 3) seems to be an accurate predictor for positive cashew nut challenge.**™*

The basophil activation test (BAT) measures the increase of the activation marker
CD63 on the surface of basophils after incubation with an allergen. BAT is a promising tool
in diagnosing food allergy, especially peanut and milk allergies.™ Basophil reactivity is
associated with reaction severity.*®” Santos demonstrated high specificity and sensitivity of
the BAT in diagnosing peanut allergy.*® The accuracy of diagnosing pediatric cashew nut

allergy was improved by combining BAT to SPT.”
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Tryptase is a serine protease released from degranulating mast cells in an allergic
reaction.’® Peak mast-cell tryptase and tryptase ratio have been used as markers of mast-cell
activation in anaphylaxis.?’ An adult study showed a significant increase in tryptase during
peanut challenge, and tryptase ratio correlated to reaction severity. The optimal time point to
measure tryptase was after two hours from reaction.?* An over 20% elevation in serum
tryptase during positive hazelnut challenge was seen in 63% of children.? In pediatric shrimp
allergy, a tryptase ratio >1.5 had high sensitivity and specificity for anaphylaxis.?

In the ideal patient care setting, one should use tests that predict both the likelihood of
an allergic reaction and even more importantly, the severity of the reaction. Here, we
examined the utility of sIgE to Ana o 3 and cashew nut, SPT, BAT, serum tryptase

measurement, and combinations thereof in evaluating pediatric cashew nut allergy.
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Methods

Participants

We recruited 110 children, aged 1 to 16 years, with suspected cashew nut allergy at the
Helsinki University Skin and Allergy Hospital between January 2017 and January 2020.
Patients were either sent to hospital due suspected cashew nut allergy or followed up for
other allergic conditions. Inclusion criteria were sensitization to cashew nut or its storage
protein (SPT >3 mm or sIgE against cashew nut or Ana o 3 >0.35 kU/L) and either a history
of an allergic reaction to cashew nut or no known exposure. Patients with earlier anaphylactic
reaction or high sIgE to cashew nut or Ana o 3 were also included. We excluded sensitized
patients who tolerated cashew nut and those with uncentrclled asthma or any major chronic
illness. Natural course of early food allergy usually leads to tolerance in the majority of
children by the age of 5 years, and therefore the study population was also analyzed between

two subgroups, children < and > 5 years of age.24
Procedures

A blood sample was drawn from each participant before the challenge. ImmunoCap®© system
(Thermo Fisher) immunoassays were used to measure sIgE to birch, cashew nut, and Ana o 3.
Complete blood count (CBC), serum tryptase and total IgE were also assessed.

Baseline tryptase and CBC were assessed before challenge, and 60, 120 and 240
minutes after occurrence of significant allergic symptoms. The 240-minute sample was taken
when possible within clinic hours. In the negative challenge, CBC and tryptase were
reassessed two hours after the last cashew nut dose. Tryptase was measured using
ImmunoCAP® system (Thermo Fisher) immunoassay, which has a detection limit of 1 pg/L;
13.5 pg/L was considered as upper limit of normal (95th percentile). Tryptase ratio (peak

tryptase divided by baseline) and delta-tryptase (peak tryptase minus baseline) were
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determined to investigate mast-cell activation. Peak mast cell tryptase (MCT), with >120% of
baseline tryptase plus 2 pg/L, was considered as a marker of confirmed mast-cell activation.”®

Skin prick tests were performed on each child’s forearm with a single-tine lancet
assessing cashew nut, pistachio nut, peanut, hazelnut, walnut, pecan, macademia nut,
coconut, brazil nut, almond, and birch. (10 HEP; ALK-Abello, Harsholm, Denmark). Patients
aged 1 to 5 years were also tested for raw egg, milk, and wheat. Histamine chloride (10
mg/ml) was the positive control and the solvent was the negative control. SPT to all nuts was
performed with in-house allergen extract from raw nuts. The nuts were grounded with a
mortar and then incubated with saline before performing SPT by using prick-prick technique.
A wheal size >3 mm was considered positive.

We performed BAT to cashew nut (BUHLMANN Laboratories, Switzerland) before
each challenge. BAT was performed with a Flow CAST® kit (BUHLMANN Laboratories).
A blood sample was collected into K2EDTA (Greiner Bio-one) tube and 50 pl of whole
blood was incubated with cashew nut allergen (BUHLMANN Laboratories) for 25 minutes at
37 °C in the presence of stimulation buffer containing IL-3 and fluorescently labelled
antibodies against CCR3and CD63. Red blood cells were lysed and cells suspended in wash
buffer for flow cytometry (Accuri C6, Becton Dickinson). Basophils were gated
SSClowCCR3+ and CD63 was used as an activation marker. To determine the basal value for
the test, cells were incubated with stimulation buffer containing IL-3. Anti-FceRI antibody
and N-formyl-methionyl-leucyl-phenylalanine (fMLP) were used as positive controls. The
BAT result is presented as percentage of activated (CD63+) basophils (BAT %). BAT%
could not be assessed in four patients; three did not react to positive control, and one had
hyperreactive basophils at baseline.

IgE and BAT measurements, as well as SPTs were performed either on the challenge

day or within a month before the challenge.
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Open cashew nut challenges were performed as follows: each patient received 5, 25,
50, 100, and 500 mg raw cashew nut protein at 30-minute intervals. The cumulative dose was
680 mg cashew protein, corresponding to 3.5 cashew nuts. The challenge was stopped with
emergence of significant subjective or objective symptoms according to PRACTALL
guidelines.”® Oral allergy symptoms, nausea and stomach ache, and itching were regarded as
subjective symptoms. All other observed symptoms or signs of an allergic reaction
concerning skin, upper or lower respiratory tract, gastro-intestinal system, cardiovascular
system, or central nervous system were regarded as objective symptoms. Reaction severity
was assessed by the following modified threshold-adjusted score: 1 to 5 indicated mild, 6 to
13 moderate, and 14 to 23 severe reactions, presented in eTable 1.2"% The results were
analyzed in three reaction groups (negative, mild, and moderate-to-severe). Anaphylaxis was
defined according to EAACI 2014 guidelines with rapid onset (minutes to several hours) of
allergic symptoms from at least two organs (invelvement of the skin, respiratory compromise,
reduced blood pressure or related symptoms, persistent gastro-intestinal symptoms), or low
age-specific systolic blood pressure, or >30 mmHg decrease in systolic blood pressure.?® All
challenges were performed by the same pediatric allergist who examined each patient before
the challenge and recorded patient and family asthma, atopic eczema, allergic rhinitis, and
food allergies. Earlier history of avoidance or allergic reaction to cashew nut was inquired.
Information regarding time from the latest reaction and associated symptoms was obtained.
Pistachio nut allergy was defined as proven sensitization and clinical history of an allergic
reaction to pistachio.
Statistical Analyses
Primary outcome measures were the correlation between BAT% and challenge reaction
severity in three categories (negative, mild, and moderate-to-severe), the correlation of sige

to Ana o 3 with reaction severity, and the correlation between severity of reaction and change



Journal Pre-proof

in tryptase levels. Secondary outcome measures were sensitization to Ana o 2, 3, and to
cashew nut whole extract and changes in tryptase levels at different time points. We applied
receiver operator characteristic (ROC) curves to estimate optimal cut-off levels for diagnostic
tests, and calculated sensitivity, specificity, and likelihood ratio (LR) with 95% confidence
intervals (95% CI). We defined positive (PPV) and negative predictive values (NPV) for the
sIgE to cashew nut and Ana o 3, SPT and BAT%. We used the Mann-Whitney-U and
Kruskal-Wallis tests to compare non-normally distributed data and Pearson’s Chi-square or
Fisher’s exact test for categorical data. Pairwise comparison of tryptase levels at different
time points was analyzed by using Wilcoxon signed-rank test. Correlations were investigated
by Spearman’s correlation test. Binary logistic regression was used to compare the
combinations of various diagnostic tests. We used SPSS Inc. (Chicago, IL) version 25

software in our analyses.
Ethics

Food challenge is the gold standard in diagnosing food allergy. For safety reasons, each
patient had an i.v. catheter inserted before challenge. The ethics committee at the Helsinki
University Hospital of Children and Adolescents approved the study protocol, according to
which one of the parents and patients >6 years signed written informed consents. The study

followed the principles of Helsinki declaration.
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Results

Study population

110 patients participated in the study, of which four were excluded due to negative sIgE and
SPT to cashew nut. Median age was 5.04 (range 1.41-16.66) years; 50 (48%) patients were
male. Twenty-three children (21.7%) were aged <3 years. Baseline characteristics and

baseline values by challenge outcome are presented in Table 1.

Challenge outcomes

Seventy-two (68%) patients developed symptoms to cashew protein in oral food challenge
(OFC). Fourteen (19%) of the reactions were graded as mild, 26 (36%) moderate, and 32
(44%) severe. Eighteen (25%) patients had cardiovascular symptoms, which were most often
drowsiness. No patients experienced fall in blood pressure >30%. Thirty-four (47%) positive-
challenge reactions were defined as anaphylactic. Forty-two (58%) patients received
epinephrine, of which 8 (11%) received epinephrine twice, one three times and one patient
four times. Symptoms and medication used in challenges are presented in eTable 2 A-B in
this journal’s eSupplement. Cashew nut challenge was negative in 19 (29 %) children despite
reliable history of earlier reaction, of whom seven patients had their latest reaction <1 year
before the challenge. In three patients, the earlier reaction was severe (multiorgan symptoms
requiring emergency visit, epinephrine, or both). Among those with negative challenge
despite earlier reaction, median sIgE to Ana o 3 was 0.07 kU/L (range 0.01-31.20). Out of the
children allergic to pistachio, 6 (67%) had a positive cashew nut challenge. Sixty-six (62%)

children had an earlier reaction to cashew nut, and 9 (8%) to pistachio nut, respectively.
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Cumulative reactive dose and correlations

The first (5 mg) dose caused objective symptoms in 20 (28%), and subjective symptoms in 32
(44%) children, which led to a severe reaction in 7 and 16 patients, respectively. Median
cumulative reactive dose was 80 mg protein. There was a moderate negative correlation
between the cumulative reactive dose and Ana o 3-IgE (Spearman’s rho -0.583), and cashew
nut SPT (Spearman’s rho -0.545), while cashew nut-IgE and BAT% showed a weak negative
correlation to the cumulative reactive dose (-0.493 and -0.469 respectively). The skin prick
test to cashew correlated strongly to pistachio SPT (Spearman’s rho 0.725). The severity
score correlated to cashew nut SPT and to BAT% (Spearman’s rho 0.412 and 0.448,
respectively) and also with Ana o 3-1gE and cashew nut-IgE (Spearman’s rho 0.338 and

0.379, respectively).
Sensitization

Median sIgE to cashew nut in the entire study population was 1.02 (range 0.03-81.30), and
0.69 (0-96.90) to Ana o 3. Median SPT to cashew nut was 8 mm (0-18). Ten children with
positive challenge had Ana o 3-IgE <0.35 kU/L. Specific IgE to Ana o 3 and cashew nut,

SPT and BAT% by reaction severity are presented in Figure 1 A-D.
Tryptase

Median baseline tryptase was 4.1 pug/L (range 1.3-15.0). Tryptase was >11.40 pg/L in seven
patients already at baseline. In one patient, the value was elevated after experiencing a severe
reaction. Three children with a baseline tryptase >11.4 kU/L had a negative challenge and
four experienced a severe reaction. Six (5.7%) patients had elevated peak MCT (>120% of
the baseline tryptase plus 2 pug/L), in all cases reactions were graded as severe. Tryptase ratio
elevated both in mild and moderate-to-severe reactions, demonstrated best in the subgroup of
children aged <5 years. Baseline tryptase and tryptase ratio by reaction severity in the study

population and in the two subgroups (children <5 and >5 years) are presented in Figure 2 A-
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D. Changes in tryptase levels at four different time points are shown in Figure 3. Optimal
cut-off levels for tryptase ratio and delta-tryptase for a positive challenge were 1.12 and 0.7
ug/L, respectively. The ability of tryptase ratio and delta-tryptase to support the positive
challenge outcome and the suspicion of a moderate-to-severe reaction in the study population
and in the two subgroups are presented in Figure 4 A-D. Delta-tryptase levels by reaction
severity in the study population and in the two subgroups are presented in eFigure 1 A-C

(available in this article’s eSupplement).
Cut-off levels and combinations of diagnostic tests

Ana o 3-IgE had the largest AUC (94.1% specificity and 61.1% sensitivity) and seemed to be
the best predictor for a positive challenge, although 95% Cls for all different tests were
overlapping. Various test combinations did not improve the diagnostic values. ROC curves
with 95% CI for each diagnostic test and combinations thereof are presented in Figure 5 A-
B. Optimal cut-offs for sIgE to cashew nut and Ana o 3, SPT and BAT% were higher in
children aged <5 years compared to older children. The optimal cut-off levels, sensitivity,
specificity, positive (PPV) and negative predictive values (NPV), and LRs for sIgE to cashew
nut and Ana o 3, SPT, and BAT% in predicting challenge outcome in the study population
and in the two subgroups (children <5 and >5 years) are shown in Table 2. While BAT
>22.8% best predicted reaction severity in the study population, with 91.7% specificity and
60.7% sensitivity, the cut-offs were age-specific. In the subgroup of children aged >5 years,
the specificity and sensitivity of BAT were better, the cut-off >14.5% demonstrated 100%
specificity and 76.5% sensitivity. The optimal cut-off levels for diagnostic tests in predicting
moderate-to-severe reaction compared to mild reaction in the study population and in the two
subgroups (children <5 and >5 years) are presented in Table 3. In ROC-analysis BAT
showed the largest AUC (0.812) in predicting moderate-to-severe reaction, data is presented

in eFigure 2 in this journal’s eSupplement.
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Discussion

Ana o 3-1gE seems to bring major additional value in predicting cashew nut allergy.
Combining these tests does not improve diagnostic accuracy, although BAT in particular may
be useful in predicting risk for moderate-to-severe reaction and tryptase elevation is related to
reaction severity.

With regard to the challenge outcome, Ana o 3 -IgE seemed to work better compared
to SPT, BAT% and slgE to cashew nut in the study population. However, the differences
between diagnostic tests were not statistically significant due to overlapping of the
confidence intervals, possibly as a result of too small sample size. In earlier studies
sensitization to Ana o 3-IgE was considered the best predictor for positive challenge
outcome.**™ Various combinations of these tests did not seem to improve the diagnostic
accuracy. Earlier studies have not examined all these test combinations in diagnosing cashew
nut allergy.

We show here that children <5 years have significantly higher cut-off values for
sIgE, SPT and BAT% compared to older children, which should be considered when
performing the cashew nut challenge. A Japanese study of 95 participants defined 2.2 kU/L
as a cut-off level for Ana o 3-1gE for positive challenge with 96% specificity. The median
age was 7 years (range 2-26 years), but only 26 patients were allergic, * limiting the value of
the study. Another study on 61 children sensitized to cashew nut (median age of 80 months),
revealed 2.0 KU/L as a cut-off point for Ana o 3-IgE in defining 95% probability for cashew
allergy. However, allergy diagnosis was confirmed by OFC in only 14/42 children; the cut-
off level was 4.8 kU/L among these patients.*® The lower cut-off value for Ana o 3-1gE
observed in our study could be due to the larger number of allergic children, lower median

age compared to earlier studies, and challenge-confirmed diagnosis. The different ethnic
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background may also have an effect on cut-off value. In two different study populations SPT
>10 and >14 mm, respectively, were determined as cut-offs in predicting positive challenge
with PPV of 95% * being in line with our results. Cashew-IgE combined with SPT showed
larger AUC for challenge outcome than either single test alone, optimal thresholds were 1.2
kU/L and 5 mm, respectively.*

BAT exhibited a rather low sensitivity and specificity by challenge outcome among
younger children but had superior specificity and sensitivity in children >5 years when
compared to other tests used. Previous studies have demonstrated over 90% specificity and
sensitivity for BAT by challenge outcome for peanut, hazelnut and milk allergy. 8232
However, in these studies median age was higher and in sorme studies not all patients were
challenged to confirm their current allergy status. Inthe DBPC hazelnut study, only eight
patients reacted in the challenge.?? The clinical outcome of cashew nut allergy was matched
in 97.6% of cases when cut-off levels for BAT and wheal size in SPT to cashew were >5.0%
and >3 mm, respectively.” We suggest that BAT may be valuable in predicting the challenge
outcome in cashew nut allergy especially among children >5 years.

This study revealed a novel finding regarding that BAT seems to be superior in
predicting the severity of a reaction to cashew nut compared to other diagnostic tools used.
Similar results have been reported in peanut allergy.*”* The usefulness of BAT was best
demonstrated in the subgroup of children aged >5 years. Our results suggest that BAT could
help to decide the optimal time for cashew nut challenge and thus avoid severe allergic
reactions. The utility of BAT in this regard should be further studied with a larger sample size
and in different age groups. The skin prick tests associated well with severity analysis,
especially among older children. The advantages of SPT are lower expenses and better

availability compared to BAT. The limited availability and greater costs of BAT are
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restricting the use of BAT to special cases in order to estimate the optimal time for a cashew
nut challenge for example after a history of a severe reaction.

Tryptase elevation in anaphylaxis has been observed in many studies.”> We showed
that the tryptase ratio and delta-tryptase were higher among those with reactions; both
parameters were elevated in mild and moderate-to-severe reactions and not just in
anaphylaxis. Children <5 years in particular had a more elevated tryptase ratio in moderate-
to-severe reaction group compared to the mild reaction group, which was not seen in older
children. This could suggest a greater role of mast-cell driven mechanism in cashew allergy
among younger children. Interestingly, based on our data, BAT seems to work much better in
older children, which suggests a more prominent role of basophils in allergic reaction with
increasing age. Peak MCT showed high specificity but fow sensitivity to detect even severe
reactions. We defined 1.12 as an ideal cut-off for tryptase ratio and 0.7 pg/L elevation in
delta-tryptase to suggest an allergic reaction. One pediatric study revealed >20% elevation in
serum tryptase 30 to 60 minutes after allergic reaction in 6/8 children with positive
challenge.? A British study stated a 30% tryptase elevation from baseline as a cut-off to
identify an allergic reaction, and tryptase ratio correlated to severity in adult peanut allergy.
The ideal time point to assess tryptase seemed to be two hours from the beginning of an
allergic reaction.?! By comparing baseline tryptase to tryptase levels at multiple time points
during a reaction, we observed that the optimal time point to measure tryptase in children
would be 1 to 2 hours after beginning of symptoms. In unclear cases, measuring tryptase
during emergency or during challenge within 1 to 2 hours from the first symptoms and
comparing to a baseline tryptase level assessed later might be useful in confirming diagnosis
of suspected allergic reaction. We provide novel information regarding the timing and the
degree of tryptase elevation in pediatric cashew nut allergy, both in mild and moderate-to-

severe reactions and in different age groups.
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Previous studies revealed a resolution of peanut allergy of approximately 20%>* and
in tree nut allergy 9-20%.">% In this study, the resolution of cashew nut allergy based on
earlier reliable history was greater than in previous studies, nearly 30%. More interestingly,
out of patients with earlier reaction and negative challenge, nearly 40% had experienced their
latest reaction within a year; some of these reactions were severe. In many studies, patients
with a positive reaction history in the previous year were automatically considered as allergic.
Our findings emphasize that some patients with recent, and even severe reaction might not
necessarily be allergic and their current allergy status should always be confirmed with OFC.

One of the strengths of this study was the large sample size and low median age. Both
analyzed subgroups included the same number of patients. This was beneficial for defining
age-specific cut-off levels for diagnostic tests. Every patient was challenged, which helped
define their correct current allergy status. All challenges were supervised by same pediatric
allergist and challenges were based on PRACTALL guidelines, thus improving diagnostic
accuracy and estimation of reaction severity. Children with high sIgE and previous
anaphylaxis history and children with rather recent reaction history were included. On the
other hand, many patients had no known exposure to cashew nut. In this regard, we believe
we have avoided patient selection bias.

This study had some shortcomings. The study was not double-blind and a greater
number of patients in mild reaction group may have been beneficial for statistical analysis. A
larger sample size in different reaction groups would have better enabled multivariable
analysis.

In conclusion, Ana o 3-IgE seems to provide the most value in predicting clinical reactivity
and a combination of several tests does not improve sensitivity or specificity. However, the
cut-off levels for single diagnostic tests are age-specific, suggesting a need for different tests

and combinations in various age groups both in predicting challenge outcome and in severity
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analysis. We propose further studies with a larger sample size to evaluate more profoundly
the age-specific cut-offs, also beyond subgroups analyzed in this study. Serum tryptase is also
increased in milder allergic reactions, not just in anaphylaxis, and optimal time to measure

serum tryptase seems to be 1 to 2 hours after onset of allergic symptoms.
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Figure 1 A-D. Ana o 3-IgE (A), cashew nut-IgE (B), skin prick test to cashew nut (C), and
percentage of activated CD63+ basophils (D) by reaction severity. P-values are Bonferroni

corrected. Kruskal-Wallis and Mann-Whitney-U tests used for statistics.



Journal Pre-proof

i
atia
| =
.
L

HIH
HH
-
o
;|4l
B

-
Nepatiez chaicage N roacham Moderale 4 3cecrc roachon Nogetne shakenge N rTaction Waderate lo- scerton
u’u‘.u e o=k e PRl ..f:':'
C o
o LEE i PN
=
-
i i s
i iy remr . g - 1%
.
- . .
- Ly ? 1
.
-
Nogetoe chebengs Mgl remctios Voderele So-acece rostien Negetne chalenge Rk rowtion Modoris du scvere resetias
"t ne =2 TR ey ILER

Figure 2 A-D. Baseline tryptase (A) and tryptase ratio in the study population (B), and
tryptase ratio in children aged <5 years (C) and =5 years (D) by reaction severity. P-values

are Bonferroni corrected. Kruskal-Wallis and Mann-Whitney-U tests used for statistics.
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Figure 3. Serum tryptase levels (median, interquartile range) by reaction severity. Among
patients with a mild reaction (n=14), there were five with measurements at all four time
points, the respective figure in those with a moderate-to-severe reaction (n=58) was 42.

Results are Bonferroni corrected.
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Figure 4 A-D. Tryptase ratio and delta-tryptase by challenge outcome (A), and in supporting
the suspicion of moderate-to-severe reaction compared to mild reaction in the study
population (B), and in children <5 (C) and >5 years (D). AUC, area under the curve; CI,

confidence interval; LR+, positive likelihood ratio; ROC, receiver operator characteristic
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Figure 5 A-B. ROC curves for diagnostic tests (A), and for diagnostic tests and test

combinations thereof (B) in predicting positive challenge outcome. AUC; area under the

curve; BAT%, percentage of activated CD63+ basophils; CI, confidence interval; ROC,

receiver operator characteristic; SPT, skin prick test. Binary logistic regression used for

statistics. n=101

Table 1. Baseline clinical characteristics and baseline values by challenge outcome

Clinical characteristics Positive Negative P-value
n =72 (68%) n = 34 (32%)

Male (%) 38 (52.7) 12 (35.3) .09

Age, yrs., median (range) 5.5 (1.4-16.7) 45 (1.6-15.1) 10

History of reaction to cashew nut (%) 47 (65.2) 19 (55.9) .35

Latest reaction to cashew nut (%)

<1 years 15 (20.8) 7 (20.6) .98
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1-3 years 16 (22.2) 4(11.8) 20
> 3 years 16 (22.2) 8 (23.5) .88
Convincing pistachio allergy (%)" 6 (8.3) 3(8.8) 93
History of IgE-mediated milk, wheat, egg or
other nut allergy, n (%)° 45 (62.5) 18 (52.9) .35
Atopic eczema, ever (%) 57 (79.1) 24 (70.6) .33
Asthma, ever (%) 28 (38.9) 7 (20.6) .06
Allergic rhinitis, ever (%)° 37 (51.4) 11 (32.4) .07
Total serum IgE, kU/L, median (range) 208 (18-6226) 175 (9-1598) 35
Cashew nut-1gE, kU/L, median (range) 2.85 0.20

(0.16-81.30) (0.03-38.70) < .001
Ana o 3-IgE, kU/L, median (range) 1.82 0.08

(0.11-96.90) (0.00-31.20) <.001
Cashew nut SPT, mm, median (range)® 10 (0-18) 4 (0-14) <.001
Pistachio nut SPT, mm, median (range) 7 (0-15) 4 (0-8) <.001
Sensitized to birch (%)° 47 (65.2) 14 (41.2) 019
Baseline blood eosinophil count, E9/L, 0.37 0.34
median (range) (0.02-1.01) (0.03-1.46) o
Baseline serum tryptase on a challenge day,
ug/l, median (range) 4.0 (1.3-13.3) 4.35(1.8-15.0) | .54
Cumulative reactive dose, mg, median

80 (5-730) 680 (430-680) <.001

(range)®

a. =105, b. Skin prick test >3 mm or specific IgE > .35 kU/L. c. In patients with a negative
challenge median and range demonstrate cumulative dose protein. Significant P-value < .05
calculated by Pearson Chi-square, Fisher’s exact or Mann-Whitney-U test
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Table 2. Cut-offs for diagnostic tests in predicting challenge outcome in the study
population, and in children < and >5 years

Diagnostic | Positive | Sens | Spec | PPV | NP | LR+ | LR- | AUC (95% CI)
test with challeng \
optimal e
cut-off by
challenge
outcome
n % % % %

Study
population
(n=106)
Cashew 27 38.0 [97.1 |96 43 129 | 0.6 |0.889 (0.818-
SPT
211 mm 0.960)
Cashew- 39 54.2 [88.2 |91 48 46 |05 |0.819(0.722-
IgE 0.916)
>2.33
kU/L
Anao 3- 45 61.1 [94.1 | 96 54 10.4 | 0.4 | 0.896 (0.822-
IgE
>0.97
KU/L 0.970)
BAT > 42 61.8 [85.3 | 89 53 42 104 |0.821(0.721-
17.15% 0.921)
Children
<5y(n=
53)
Cashew 22 68.8 | 85.0 | 88 63 46 |04 |0.863(0.748-
SPT>9 0.977)
mm

Cashew- | 18 545 [90.0 | 90 55 55 |05 |0.847(0.724-
IgE >5.07 0.970)

kU/L
Ana o 3- 21 63.6 | 95.0 | 96 61 12.7 | 0.4 |0.902 (0.803-
IgE >2.47 1.000)
kU/L
BAT 17 60.0 | 80.0 | 81 55 3.0 |05 |0.779(0.633-
>18.2% 0.925)
Children
>Sy(n=
53)
Cashew 29 71.8 [ 929 |94 55 10.1 | 0.3 | 0.907 (0.827-
SPT >8 0.986)
mm
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Cashew- |15 385 (929 |94 [35 [54 |07 |0.814(0.671-
IgE > 2.61 0.958)

KU/L

Anao3- |27 69.2 929 |96 |52 |97 |03 |[0.917(0.828-
IgE > 0.48 1.000)

KU/L

BAT > 28 737 [929 |97 |57 |103 |03 |[0.880 (0.753-
9.6% 1.000)

AUC, area under the curve; BAT, basophil activation test; Cl, confidence interval; LR,
likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; SPT, skin
prick test
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Table 3. Cut-offs for diagnostic tests in predicting moderate-to-severe reaction compared to

mild reaction in the study population, and in two age-groups.

Diagnostic test Sens | Spec | PPV | NP | LR+ | LR- | AUC (95% CI)

with optimal cut- \
off by reaction
severity
% % % %
Study
population
(n=72)
Cashew SPT 649 | 714 | 90 33 23 |05 |0.749 (0.629-
=10 mm
0.868)
Cashew-IgE 39.7 1929 |96 27 56 |0.6 |0.682(0.530-
> 6.47 KU/L 0.833)
Anao 3-1gE 31.0 | 929 |95 25 43 107 |0.638(0.492-
> 6.47 kU/L
0.783)

BAT > 22.8% 60.7 | 91.7 | 97 33 73 |04 |0.812(0.678-

0.946)
Children
<5y (n=33)
Cashew SPT 47.8 | 100 | 100 |43 N/A [ 0.6 |0.717 (0.538-
>11 mm 0.896)
Cashew-IgE 75.0 | 88.9 |95 57 6.8 | 0.3 |0.824(0.684-
>4.50 kU/L 0.965)
Ana o 3-IgE 62.5 | 88.9 | 94 47 56 |04 |0.771(0.613-
>4.00 kU/L 0.928)
BAT > 23.6% 59.1 | 87.5 |93 44 47 |05 |0.801(0.605-
0.997)
Children
>S5y (m=39)
Cashew SPT 67.6 | 100 | 100 |31 N/A | N/A |0.821 (0.663-
>9 mm 0.978)
Cashew-IgE 55.9 [80.0 |95 21 28 |0.6 |0.671(0.364-
>1.11 kU/L 0.977)
Anao 3-1gE 47.1 | 80.0 |94 18 24 0.7 |0.612(0.341-
>1.30 kU/L 0.883)

BAT>14.50 % | 765 | 100 | 100 |33 | N/A | N/A | 0.860 (0.740-
0.980)
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AUC, area under the curve; BAT, basophil activation test; CI, confidence interval; LR,
likelihood ratio; N/A, not applicable; NPV, negative predictive value; PPV, positive
predictive value; SPT, skin prick test
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eSupplementary material (clean copy)

eTable legends and eTables

eTable 1. The modified severity scoring of allergic reactions at a food challenge.

Severity of allergic reactions at a food challenge

Cumulative dose (mg) of
protein at which the
symtoms appear (mg)

Symptoms >100 6-99 <5

Localized urticaria <5 lesions 1 2 3
on the face or extremities or pruritus

Mild stomach pain <30 min 3 4 5
and resolves without medication

Generalized urticaria 6 7 8

Abdominal pain >30 min, 9 11 13

vomiting, lethargy, diarrhea,
or angioedema

Laryngeal edema or mild 14 15 17
wheezing: hoarseness of voice,
stridor, cough, mild wheezing, pain in the throat

Severe respiratory symptoms or a collapse: drop in the

blood 21 22 23
pressure, severe bronchial obstruction, oxygen saturation
<92%, pallor, collapse

Modified from Hourihane (26).
Severity of the reaction is the highest, not cumulative, score: 1-5
indicate mild, 6-13 moderate, and 14-23 severe allergic reactions
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eTable 2 A. Medication used during the challenge.

Data is presented in number of patients and the percentage.

Antihistamine, n (%) 71 (99)
Cortisone, n (%) 46 (64)
Epinephrine, n (%) 42 (58)
Albuterol, n (%) 3(4)
Rasemic epinephrine, n (%) 1(1)
Oxygen, n (%) 2 (3)
Intravenous fluids, n (%) 15 (21)

eTable 2 B. Symptoms during the challenge.

Data is presented in number of patients and the percentage.

Gastro-intestinal, n (%) 51 (71)

Skin, n (%) 47 (65)

Oral allergy syndrome, n (%) 41 (57)

Upper respiratory, n (%) 22 (31)

Lower respiratory, n (%) 13 (18)

Cardio-vascular, n (%) 18 (25)
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eFigure legends and eFigures

eFigure 1 A. Delta-tryptase by reaction severity in the study population (n = 106).

P-values are Bonferroni corrected. Kruskal-Wallis and Mann-Whitney-U tests used for

statistics
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eFigure 1 B. Delta-tryptase by reaction severity in children <5 years (n = 53).

P-values are Bonferroni corrected. Kruskal-Wallis and Mann-Whitney-U tests used for

statistics
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eFigure 1 C. Delta-tryptase by reaction severity in children >5 years (n = 53).

P-values are Bonferroni corrected. Kruskal-Wallis and Mann-Whitney-U tests used for

statistics
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eFigure 2. ROC curves for BAT%, Ana o 3-IgE, SPT to cashew nut, and cashew nut-IgE in
predicting moderate-to-severe reaction compared to mild reaction with 95% confidence
intervals. AUC, area under the curve; BAT%, percentage of activated CD63+ basophils; Cl,

confidence interval; SPT, skin prick test.
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