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BACKGROUND: Ascribing food allergy diagnosis to patients who are not allergic is well described, but its implications on oral
immunotherapy (OIT) have not been studied. The aim was to study non-allergic patients referred for OIT.
METHODS: All patients who began OIT at Shamir Medical Center between November 2015 and August 2020 were included.
Medical records were reviewed, and skin prick tests (SPT) and/or specific IgE were measured. Patients were challenged to the index
food. Allergic and non-allergic patients were compared.
RESULTS: A total of 1073 patients were studied (milk, n= 327; egg, n= 41; peanut, n= 272; sesame, n= 130; and tree nuts,
n= 303) and 87 (8.1%) were found non-allergic (milk, n= 21; egg, n= 6; sesame, n= 5; peanut, n= 29; tree nuts, n= 26). Predictors
of being not allergic were no previous reaction to the index food (OR= 3.3, p= 0.001), not having asthma (OR= 2.4, p= 0.001),
or HDM sensitization (OR= 2.0, p= 0.007), male sex (OR= 2.3, p= 0.004), and a smaller SPT wheal size (OR= 1.5, p < 0.001).
CONCLUSIONS: A substantial number of patients referred for OIT are mislabeled with food allergy, suffer from unjustly food
limitations and impairments in quality of life, and “take up” OIT places of true allergic patients. Awareness of OIT centers to this
phenomenon is important.
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IMPACT:

● A significant number (8.1%) of patients referred for OIT are found not allergic to the food they intended to treat.
● This study characterizes non-allergic patients referred for OIT (a lack of previous reaction to the index food, a smaller or

negative SPT wheal size, and less atopic co-morbidities) and discusses the implications of such referrals.
● Increased awareness by OIT centers to potential non-allergic patients referred for OIT is required, including screening of

patients before treatment initiation, to minimize unnecessary treatments of non-allergic patients.

INTRODUCTION
Food allergy is a worldwide major public health problem, having a
detrimental effect on both patients and society on a personal,
social, and economic level.1–3 Oral immunotherapy (OIT) has
become an effective alternative treatment for food allergic
patients.4–7 In many areas of the world, OIT is largely provided
by specialists in the field of food allergy, and its availability is far
from matching the high demand for the treatment, leading to
long waiting times. In light of the recent approval of a peanut OIT
product by the Food and Drug Administration, OIT is likely to be
offered by an increasing number of centers.7,8 With the lack of
unifying guidelines, criteria for patient selection might vary
between centers, increasing the odds of non-allergic patients
entering OIT.
An OIT treatment program was initiated at the Institute of

Allergy, Immunology and Pediatric Pulmonology at Shamir
(formerly Assaf-Harofeh) Medical Center in 2010. The Center
provides OIT to patients with allergies to milk, egg, peanuts,
sesame, and tree nuts (walnut–pecan, cashew–pistachio, hazelnut,

and almond), as previously described.9–12 The OIT program
functions as a referral center for patients from all over Israel with
an average waiting time of 3 years. Most patients arriving for OIT
are diagnosed and followed by local allergists and are referred to
our center specifically for the treatment. All patients undergo an
oral food challenge (OFC) at the beginning of OIT, and those who
pass the challenge are excluded. Systematic documentation of
non-allergic patients began in 2015. The aim of the current study
was to identify patients who were referred for OIT, but who were
subsequently found to be non-allergic to that particular food,
describe the rate of this phenomenon, and patient characteristics,
and to identify factors distinguishing them from allergic patients.

METHODS
Patients
All patients who began OIT at Shamir Medical Center between November
2015 and August 2020 were included. Patients arriving for OIT were
required to provide an updated referral letter (within the past year) from
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their allergist, including documentation of previous reactions and OFCs
performed, and the results of skin prick tests (SPTs) and/or serum
immunoglobulin E (sIgE) to the respective foods. Medical records were
reviewed, and data were collected on demographics, allergic co-
morbidities (including atopic dermatitis, asthma, and house dust mite
(HDM) sensitization), previous allergic reactions, and results of SPT and/or
specific sIgE measurements. Patients referred for the treatment of milk,
egg, peanut, or sesame allergy underwent their evaluation during the first
week of OIT. Patients who were referred for the treatment of tree nut
allergy were invited for an evaluation, including SPTs and OFCs, before
starting OIT, to diagnose allergy vs. sensitization to the various tree nuts
and to determine which tree nut is to be treated first. Approval for the
documentation and publication of all patient data was obtained from the
Helsinki institutional review board committee.

Patient evaluation
Patients were evaluated in our clinic by a specialized allergist and
underwent SPTs to the index food. A graded OFC is performed during the
first week of OIT regardless of sensitization level or a history of previous
reactions (Supplementary Methods, Table S1). In the case of tree nuts,
patients are evaluated prior to OIT with multiple OFCs to the different tree
nuts (walnut–pecan, cashew–pistachio, hazelnut, and almonds), based on
their medical history, sensitization level, and previous reactions, to
elucidate the allergic status of each nut (Table S2). Patients with pecan
and pistachio allergy were all allergic to their cross-reactive nuts (walnut
and cashew, respectively) and these pairs of nuts were thus included
together. Patients with no reaction to the final dose of the OFC (milk,
3600mg protein; peanut, 3000mg; egg, 6000mg; sesame, 4000mg; and
tree nuts, 2500–4200mg) are considered non-allergic.13 These patients are
instructed to consume the index food at home for a at least a month
before their OIT slot is canceled. In the case of tree nuts, only patients who
completed all tree nut challenges without an allergic reaction were
considered non-allergic to tree nuts.

Skin prick tests
SPTs were performed on the volar surface of the forearm and read after
15–20min (Supplementary Methods). A “highly positive” SPT was defined
as either a wheel diameter ≥95% positive predictive value (PPV) (milk 8
mm, egg 7mm, peanut 8mm, walnut 8 mm, cashew 8mm) or, in the
absence of a 95% PPV value, as the optimal cutoff on receiver operating
characteristic (ROC) curve, based on Youden’s index (hazelnut 8 mm) for
the respective food.14–17 A cutoff of 8 mm was used for sesame as well. SPT
values ≥3mm and less than the level providing 95% PPV were defined as
an intermediate range. Almond SPT values ≥3mm were defined as an
intermediate range.

Statistical analysis
Statistical analysis was done using the SPSS-20 software. Comparisons
were made between allergic and non-allergic patients using the chi-square
test (or Fisher’s exact test) for categorical variables and Mann–Whitney test
for continuous variables. Variables found to differ significantly between
allergic and non-allergic patients on univariate analysis were inserted into
a multivariable logistic regression analysis. Significance was determined
when p value was <0.05.

RESULTS
Study population
A total of 1073 patients performed OFCs to various foods before
starting OIT and were included in the analysis. The foods
challenged were milk, n= 327; egg, n= 41; peanut, n= 272;
sesame, n= 130; and tree nuts, n= 303 (walnut–pecan, n= 194;
cashew–pistachio, n= 82; hazelnut, n= 23; almond, n= 4).
Median (interquartile range (IQR)) patients’ age was 7 (5.5–10)
years and 657 patients (61.2%) were males. Asthma was
diagnosed in 512 (47.7%) and 776 patients (72.3%) were sensitized
to HDM. While an anaphylactic reaction to the index food, or to a
cross-reactive nut (walnut–pecan or cashew–pistachio) in the case
of tree nuts, was reported by most patients (n= 601, 56%), and
while 375 (34.9%) reported a previous use of injectable
epinephrine for such reactions, 83 (7.7%) patients had no history
of a previous reaction to the index food. Seventeen patients had a
negative SPT upon arrival to OIT (Table 1).

Allergic vs. non-allergic patients
Eighty-seven patients (8.1%) concluded their OFCs without an
allergic reaction and were deemed non-allergic (milk, n= 21; egg,
n= 6; sesame, n= 5; peanut, n= 29; tree nuts, n= 26
(walnut–pecan, n= 11; cashew–pistachio, n= 8; hazelnut, n= 5;
almond, n= 2)). The median age of allergic and non-allergic
patients was comparable (Table 1). More males were represented
in the non-allergic group (p= 0.004). The rate of non-allergic
patients for the different foods ranged from 3.8% for sesame to
14.3% for egg (Fig. 1) and, in tree nuts, from 5.7% for
walnut–pecan to 50% for almond (Fig. S1). The rate of non-
allergic patients in foods considered to have high spontaneous
resolution rates (milk and egg) vs. those with low spontaneous
resolution (sesame, peanut, tree nuts) was not significantly

Table 1. Demographics of the study population.

Characteristic Allergic (n= 986) Non-allergic (n= 87) p value

Age (years; median, IQR) 7 (5.5–10) 7 (5.5–10.5) 0.73

Male gender 591 (59.9%) 66 (75.9%) 0.004

Food treated Milk 306 (31%) 21 (24.1%) 0.06

Egg 35 (3.5%) 6 (6.9%)

Sesame 125 (12.7%) 5 (5.7%)

Peanut 243 (24.6%) 29 (33.3%)

Tree nuts 277 (28%) 26 (29.9%)

Milk, egg 341 (34.6%) 27 (31%) 0.29

Sesame, peanut, tree nuts 645 (65.4%) 60 (69%)

HDM 729 (75.8%) 47 (54.7%) <0.001

Asthma 489 (49.6%) 23 (26.4%) <0.001

Previous reaction None 69 (7%) 14 (16.1%) 0.005

Anaphylaxis 564 (57.2%) 37 (42.5%) 0.006

Epinephrine 357 (36.2%) 18 (20.7%) 0.002

SPT (mm; median, IQR) 8 (6–10) 5 (3–8) <0.001

IQR interquartile range, HDM house dust mite, SPT skin prick test.
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different (p= 0.29). Both asthma and HDM sensitization were less
common in non-allergic patients compared to allergic ones.

A history of previous reactions in allergic and non-allergic
patients
A previous reaction to the index food was reported in all patients
referred for milk OIT, but no reaction was documented in 7.3% of
patients in the case of egg, 3.7% of peanut, 4.6% of sesame, and
21.1% of tree nuts-challenged patients (walnut–pecan 21.1%,
cashew–pistachio 17.1%, hazelnut 30.4%, and almond 50%, (Figs. 2
and S2). A previous reaction (p= 0.005), anaphylactic reactions
(p= 0.006), and reactions treated with injectable epinephrine
(p= 0.002) were significantly less frequent in non-allergic patients
(Table 1). In seven of these patients, the reaction described was
either on skin contact with the index food or involved minor
perioral symptoms. All patients referred for milk, egg, and sesame
OIT, who were found to be non-allergic, had a history of previous
reactions to these foods. In contrast, 13.8 and 38.5% of those
found not allergic to peanut or tree nuts, respectively, had no
previous reactions (Fig. 2). These rates for the various tree nuts are
shown in Fig. S2. The median age of last reaction to each food in
non-allergic patients ranged from 2 years (egg) to 13 years
(sesame) and included patients whose last reaction occurred at
age ≤1 year for each of the foods studied (Tables S3 and S4). The
characteristics of previous reactions (age at first and last reactions
and organ system involved) in these patients are shown in
Tables S3 and S4.

SPTs in allergic and non-allergic patients
SPTs were significantly smaller in the non-allergic group
(p < 0.001) (Table 1). Seventeen patients who arrived for OIT had
a negative SPT to the target food (milk, n= 1; egg, n= 4; sesame,
n= 1; peanut, n= 4; tree nuts, n= 7). Of those, 16 were non-
allergic and 1 was allergic to sesame. Additional 448 patients had
SPTs in the mid-range, and 608 had highly positive SPTs for their
respective foods (Figs. 3 and S3). Of the group of patients with
highly positive SPTs, 3.9% were found to be non-allergic (milk,
5.1%; egg, 7.7%; sesame, 1.4%; peanut, 5.1%; and tree nuts, 2.6%
(walnut–pecan, 2.7%; cashew–pistachio, 1.5%; hazelnut, 8.3%)). Of
the patients with SPTs in the mid-range, 10.5% were non-allergic
(milk, 7.1%; egg, 4.2%; sesame, 6.8%; peanut, 17.8%; and tree nuts,
13.2%, (walnut–pecan, 8.8%; cashew–pistachio, 23.1%; hazelnut,
30%; almond, 33.3%). An algorithm demonstrating the breakdown
of allergic and non-allergic patients based on a history of previous
reaction and sensitization level is shown in Fig. 4. Most patients
with a highly positive SPT, regardless of a positive or negative
history of a previous reaction (96.9 and 94.5%, respectively) were

allergic. Nearly all patients with a negative SPT, regardless of a
history of a previous reaction, were non-allergic. In patients with
intermediate SPT, the rate of non-allergic patients was 10.2% in
cases where a history of a previous reaction was documented and
reached 32% if no such history was present (Fig. 4).

Allergic vs. non-allergic patients on multivariate analysis
Comparing allergic and non-allergic patients using a logistic
regression analysis, no history of a previous reaction to the index
food was the strongest predictor for no allergy (odds ratio (OR)=
3.3), followed by lack of asthma (OR= 2.4), male sex (OR= 2.3), no
HDM sensitization (OR= 2.9), and a smaller SPT wheal size (OR=
1.5), (Table 2). Twenty-nine patients in the non-allergic group had
a food allergy to a different food from the one they intended to
treat, and 16 started OIT for that food.

DISCUSSION
In the current study, 8.1% of patients who were referred by
allergists for OIT to a specific food allergy following a recent
evaluation by an allergist were found to be non-allergic to that
food. While there were differences in the rate of non-allergic
patients between the various foods, there was no significant
difference between food allergies that typically resolve (milk and
egg) and those that typically persist (sesame, peanut tree nuts).
Characteristics of non-allergic patients included fewer cases of
previous reactions to the suspected food, particularly for peanut
and tree nuts, a smaller SPT wheal size, less atopic co-morbidities
(asthma and HDM sensitization), and male sex.
While several practice guidelines for OIT have been published,

significant differences exist between centers.6,18–21 For example, in
a recent European review, 98% of centers reported that they
challenge patients before starting OIT.22 In contrast, in a US
survey, only 52.6% of academic centers and 47.3% of non-
academic centers reported challenging patients before OIT.23 With
its growing demand, and increased availability of commercial
products, OIT will likely be offered by an increasing number of
centers in the near future. While not having to challenge every
patient might simplify the treatment and increase its availability,
confirming the diagnosis of food allergy before OIT is important
from several aspects (Table S5). First, OIT is challenging, requiring
daily dose consumption under specific limitations, associated with
adverse reactions, some severe, and may temporarily impair
quality of life.24,25 Second, OIT in many centers is not covered by
health care insurances.22 Third, treating a food that a multiple
food allergic patient is not actually allergic to would delay
treatment of a true food allergy. Fourth, non-allergic individuals
take up places of allergic patients awaiting OIT. The current study
demonstrates that the rate of non-allergic patients referred by
allergists for OIT is not negligible, despite a specialist follow-up
visit in proximity to OIT. Ideally, these patients should be identified
before entering OIT.
Surprisingly, a previous reaction to the target food was not

experienced by 7.7% of our patients and those were referred for
OIT, rather than an OFC. Patients who had no history of a previous
reaction to the suspected food were diagnosed based on
sensitization only. Those who were ultimately found to be not
allergic might have not been allergic at all and perhaps suffered
from unnecessary elimination diet. Potentially, some allergic
patients with no history of a previous reaction might not have
been allergic initially but rather developed allergy following
elimination diet.26,27 All those who were found not allergic to milk,
egg, and sesame reported previous reactions, likely representing
natural food allergy resolution, which was missed. A remote last
reaction, particularly in food allergies with high spontaneous
resolution rates, should prompt such investigation.
Another predictor of non-allergic patients was the SPT.

Seventeen patients were referred for OIT with a negative SPT
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(sIgE is not routinely obtained in Israel). This could suggest that
allergists prefer that the evaluation be made at the OIT center,
even when an OFC is clearly indicated. Many patients referred to
treatment had SPTs that were intermediate in size. Moreover,
commercially available SPTs for certain foods (tree nuts, sesame)
have no published 95% PPV values.16,17 The rate of patients with
intermediate size SPT who were found not allergic was 10.5%,
ranging from as low as 4.2% for egg to 30% for hazelnut. The
decision on whether or not to challenge these patients before
starting OIT depends on the specific food, the patient’s age, and
the interval from the previous reaction, but should not be
overlooked.
Asthma and HDM sensitization were significantly less common

in non-allergic patients, similar to previous reports.28 In addition,
while several studies reported a male sex preponderance in food
allergic patients, male sex in our study was more representative in

those who were non-allergic.29,30 Importantly, nearly a third of the
non-allergic patients in our study did have a food allergy to a
different food, limiting these observations.
This study has several limitations. First, being a retrospective

study, the information collected was limited to the data available
in the medical records. As a result, data regarding atopic
dermatitis was unattainable for a considerable number of our
patients. Second, our patients reflect a selected group, enrolled
from a single center, and may not necessarily represent food
allergic patients referred for OIT in other centers or countries.
In summary, many patients referred for OIT are found not

allergic to the food they intended to treat. While food allergy
mislabeling is a well-known entity, the current study emphasizes
that this phenomenon occurs even in patients followed regularly
by allergists and referred for OIT. Some of these patients likely
represent spontaneous resolution of food allergy while others
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potentially were not allergic to begin with. These patients unjustly
suffer from food limitations and quality-of-life impairments
associated with food allergy and will be unnecessarily subjected
to the challenges of OIT if not challenged before. Also, these
patients take up OIT places of truly allergic patients. Allergists
should be aware of this phenomenon and be proactive in the
evaluation of patients prior to OIT referral.

DATA AVAILABILITY
Additional data regarding the current study are available from the corresponding
author on reasonable request.
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