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The prevalence of food allergy has increased over the last decade, affecting 1-3% of the general population
and 6-8% of children1 . Tree nuts are the cause of 18-40% of food-induced anaphylaxis events and of more
than 25% of food allergy related deaths2 . Thus, the fear for a life-threatening allergic reaction after accidental
exposure to an allergen has a significant impact on the quality of life of both patients and their families1,3 .
Among tree nuts, the prevalence of cashew allergy is increasing, being reported to cause even more severe
anaphylactic reactions than peanut allergy1,4 .
Cashew (CN) and pistachio share a phylogenetic origin and are members of the Anacardiaceae family. Both
serological and clinical cross-reactivity have been observed and may be explained by a high degree of homology
of their seed storage proteins Ana o 1/Pis v 3 (7S vicilin; 78%), Ana o 2/Pis v 2 (11S legumin; 80%), and
Ana o 3/Pis v 1 (2S albumin; 70%)5,6 . For these reasons, some authors refer to patients suffering from
allergy to these nuts as presenting with the cashew/pistachio syndrome8 .In children with CN sensitization,
an elimination diet is prescribed for both foods, although oral food challenges (OFC) are essential to confirm
or exclude allergy to both6 .
Through a retrospective chart review, we aimed to assess the safety of reintroduction of one of these two
nuts at home based on negative allergy testing for the other one. Our secondary objective was to determine
the concordance and predictive values of skin prick tests (SPT) with the prick by prick method for OFC
outcomes.
We included all patients admitted to the Allergy Unit of the University Hospital of Montpellier, between
January 2006 and March 2020, for suspected allergy to CN and/or pistachio, based on clinical history and/or
positive SPT, who underwent open OFC for CN and/or pistachio. We defined as “allergic” those patients
with a positive OFC, based on international guidelines for assessing OFC outcomes7 . In each patient, we
evaluated age, sex, comorbidities (asthma and atopic dermatitis), results of SPT (positive when wheal size
was [?] 3 mm), specific IgE and OFC. Ana o 3 IgE were considered positive when > 0,1 kUA/L. The study
was approved by a local ethic committee (IRB MPL202000401, Clinical Trial NCT04304586). Missing data
were included in the determination of PPV and NPV and were considered MAR.
We included 115 patients, with a median age of 9 years (3 years-20 years); 65 of them were males (56.5%).
Eighty-seven patients (75.7%) had positive SPT to CN, 99 (86.1%) to pistachio and 77 to both (67.0%).
Cashew SPT data were missing for 3 patients, and pistachio SPT was missing for 3 additional patients. Of
24 patients with a negative SPT to CN, 20(83.3%) had a positive SPT to pistachio. On the other hand,
9(69%) of the 13 patients with a negative SPT to pistachio had a positive SPT to CN. Based on our results,
the Positive and Negative Predictive Value (PPV and NPV) of SPT to CN and pistachio are shown in Table
1.
Among the 115 patients who underwent an OFC, 37 were tested to both nuts, 41 only to cashew and37
only to pistachio (Table 2). OFC was positive for both nuts in 5 patients (4.3%), who presented non-severe
cutaneous reactions in 3 cases during both tests, whereas the other 2 presented anaphylactic reactions during
both OFC.
Among our patients with a positive OFC to cashew (32), only 4 had negative IgE for Ana o 3. However,
using a cut-off level of 2 kUA/L, we found that Ana o 3 had a PPV of 64.3% (35.1-87.2%, 95%CI) for a
positive CN OFC, considering 11 missing data of Ana o 3 level. Eleven patients (34.3%) did not have a prior
history of clinical reactivity to CN, 11 (34.3%) reported a history of anaphylaxis, and 10 (31.2%) reported
non-severe cutaneous reactions.
Of the 46 patients with negative CN OFC, 22 underwent OFC to pistachio. All of them were negative.
Among these patients, 20 (91%) had positive pistachio SPT and IgE, 1 (4.5%) had positive pistachio SPT
but negative IgE and 1 (4.5%) had negative both SPT and IgE. Of the other 24 patients who weren’t
challenged, 11 (45%) had positive allergic workup (both SPT and IgE) to pistachio, 4 (16.7%) had positive
SPT only, 2 (8.3%) had negative SPT but positive IgE and 5 (20.8%) had negative SPT.
Among 19 patients (16.5%) who had a positive pistachio OFC, 15 (78.9%) had no reported history of allergic
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reaction to pistachio, 3 (15.8%) had prior non-severe cutaneous reactions and 1 (5.3%) reported a history of
anaphylaxis (Table 2).
Among the fifty-six patients with a negative pistachio OFC, 11 (14.7%) had a positive CN OFC and 22 had
a negative CN OFC. Among these 22 patients, 17 (77%) had positive CN SPT and IgE with Ana o 3 positive
in 4 (18.2%) patients and negative in 7 (41%).
Moreover, 18 (94.7%) of the 19 patients with a positive pistachio OFC had positive CN SPT, but only 5 of
these had a positive CN OFC; on the contrary, 34 of the 56patients with negative pistachio OFC (60.7%)
had a positive CN SPT, and, among these, only 11(32%) had a positive CN OFC.
Considering missing data, PPV and NPV of OFC are shown in Table1.
By presenting these data, we want to highlight the differences in both sensitization and allergy between CN
and pistachio. As reported in the Improvement of Diagnostic mEthods for Allergy assessment (IDEAL) study,
98% of cashew-sensitized patients were co-sensitized to pistachio, and CN is often the primary sensitizer (the
first nut the patient is sensitized to)6 . Compared to this study, our results demonstrated a lower rate of 67%
cashew/pistachio co-sensitization.
In accordance with findings from prior publications, in our study, serum IgE to Ana o3 showed an excellent
diagnostic accuracy, suggesting that Ana o3 may be used in clinical practice to predict the likelihood of clinical
reactivity and outcomes of an OFC to cashew8,9 . However, using a cut-off level of 2 kUA/L as described by
Lange et al, only 9 of our 32 patients (28.1%) allergic to CN would have correctly been identified without
an OFC, whereas 12 (37.5%) would have been incorrectly classified as tolerant. Nevertheless, the cut-off
level was accurate in predicting tolerant patients, among which only 1 of 46 (2.2%) had higher level of Ana
o39 .Furthermore, our results did not demonstrate a statistically significant correlation between the severity
of reaction and the levels of IgE to Ana o 3.
In conclusion, we could say that it is safe to introduce pistachio at home if patients have a negative OFC
to CN, independently from its SPT and IgE, and that when an OFC to pistachio is positive, the patient is
highly likely to be allergic to CN as well. Nevertheless, the data we present come from a single center, are
retrospective, and should be strengthen and possibly confirmed by a prospective analysis. Therefore, the
safest conclusion, so far, is that CN and pistachio should be considered as two different sources of allergens
and a complete allergy work-up for both, including OFC, should be performed, before authorizing a safe
reintroduction at home.
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Table 1 – Predictive Values for SPT and OFC found in our study.

SPT

Positive for CN

PPV

Positive for pistachio

OFC

Negative for CN
Negative for pistachio
Positive for CN
Positive for pistachio
Negative for CN
Negative for pistachio

NPV
PPV
NPV

Predictive values

95%CI*

35.6% for CN allergy
88.5% for positive SPT to pistachio
19.2% for pistachio allergy
77.8% for positive SPT to CN
16% for negative SPT to pistachio
30.8% for negative SPT to CN
15.6% for a positive OFC to pistachio
26.3% for a positive OFC to CN
47.8% for a negative OFC to pistachio
19.6% for a negative OFC to CN

25.6-46.6%
79.9-94.3%
12.0-28.4%
68.3-87.5%
4.6-35.9%
9.1-61.4%
5.3-32.8%
9.1-51.2%
32.9-63%
26.5-53.2%

Legend – SPT: Skin Prick Tests; OFC: Oral Food Challenge; PPV: Positive Predictive Value; NPV: Negative
Predictive Value; CN: Cashew Nut; CI: Confidence Interval; Positive SPT: wheal size >3 mm.
* Exact method
Table 2 – Clinical characteristics of patients undergoing OFC to pistachio and cashew.
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Sociodemographic
characteristics
Sex Male
Female Age
during test

Pistachio
OFC: positive
n=19 (%)

Pistachio
OFC: negative
n=56 (%)

16(21.3) 3(4) 6
(5.2) 13 (11.3)

29(38.6)
27(36)
15(13.1)
39(33.9)

13(17.3) 6(8)
4(5.3) 15(20)

35(46.7)
21(28)
13(17.3)
43(57.3)
45(60) 6(8)
5(6.7)

Cashew OFC:
positive n=32
(%)

Cashew OFC:
negative n=46
(%)

0.01 0.75

18(23)
14(17.9) 5(6.5)
27(35)

25(32)
21(26.9)
12(15.6)
33(42.3)

0.87 0.25

0.8 1

18(23)
14(17.9)
11(14.1)
8(10.3)
11(14.1)
10(12.8)
11(14.1)

30(38.5)
16(20.5)
21(26.9)
38(48.7)
31(39.7) 7(9)
8(10.3)

0.42 0.08

11(0.9) 5(4.3)
17(14.7) 2
(4.9) 3 (7.3) 11
(26.8)

22(19.8) 0(0)
24(20.8) 6
(14.6) 2 (4.9)
16 (39)

0.008

4(5.3) 27(36)
25(38.5)
5(7.7)

8(10.7)
36(48)
31(47.7)
4(6.1)

0.75 0.72

p-value

p-value

[?]
12
years old
<12 years old
Comorbidities
Asthma Yes
No Eczema
Yes No
Reported
reaction in
clinical
history+
Absent Grade
I Grade II and
+
Pistachio OFC
Negative
(n=56)
Positive
(n=19) Not
performed
(n=40)
Negative
Pistachio SPT
Lost during
follow-up
Not performed
yet
Pistachio
wheal size <
3 mm
?3 mm
Pistachio
IgE
(KUA/l) <
4.14
?4.14

15(20) 3(4)
1(1.3)

0(0) 19(25.3)
16(21.3) 3(4)

4(5.3)
52(69.3)
51(69.3)
4(5.3)

0.78

0.56 0.36

5

0.01

Posted on Authorea 20 Oct 2020 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.160315203.36109057/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

Cashew OFC
Negative
(n=46)
Positive
(n=32) Not
performed
(n=37)
Negative CN
SPT
Lost during
follow-up
Not performed
yet
Cashew
wheal size <
3 mm
?3 mm
Cashew IgE
(KUA/l) <
1.125
?1.125 Ana
o 3 IgE
(KUA/l) <
2
?2
Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Pistachio
OFC: positive
n=19 (%)

Pistachio
OFC: negative
n=56 (%)

0(0) 5(6.7)
14(18.7) 1
(2.7) 3 (8.1) 10
(27)

22(29.3)
11(14.7)
23(30.7) 16
(62.2) 2 (5.4) 5
(13.5)

0.008

1(1.3)
18(24.3)
10(15.9)
9(14.3)
4(11.1)
6(16.7)

20(27)
33(44.6)
31(49.2)
13(20.6)
24(66.7)
2(5.6)

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Cashew OFC:
positive n=32
(%)

Cashew OFC:
negative n=46
(%)

0.08 0.25
0.002

0(0) 31(40.3)
15(20.2)
14(18.9)
12(24) 9(18)

8(10.4)
38(49.3)
29(39.1)
16(21.6)
28(56) 1(2)

0.02 0.27
<0.001

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

Cut-off for
specific IgE
levels are
based on the
articles by
Lange et al.
and
Cetinkaya t
al. [4,9].
+Grading of
anaphylaxis
based on the
article by
Sampson et
al [10]

p-value

Legend – OFC: Oral Food Challenge.
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