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KEYWORDS Abstract

anaphylaxis; Background: The oral food challenge (OFC) in IgE mediated food allergy causes anxiety both in
children; parents and in patients due to its inherent risks.

food allergy; Objective: Documentation of the rate, spectrum, and predictors of positive reactions is
IgE; instructive.

oral food challenge; Methods: Children, who underwent OFC between January 1, 2017 and December 31, 2019 were
positive reaction analyzed.

Results: A total of 1361 OFCs in 613 cases were reviewed. Most of them were performed in
preschool children (<2 years 50%) and 55% of them had more than one OFC. Mainly consid-
ered food groups were cow’s milk (31.8%), hen’s egg (28.5%), tree nuts (20%), legumes (7%),
seeds (4.9%), and wheat (2.7%). The overall OFC positivity was 9.6%, whereas 6.7% with cow’s
milk, 4.9% with hen’s egg, 16.1% with tree nuts, 21.6% with wheat, and 32.8% with seeds. The
severity scoring revealed grade | (24.4%), Il (45.8%), and Il (29.7%) reactions. Fifty (38%) cases
required epinephrine and four cases required hospitalization. OFCs with sesame seeds (odds
ratio [OR]: 7.747, [confidence interval (Cl) 95%: 4.03-14.90]), wheat (OR: 3.80, [Cl: 1.64-8.84]),
and tree nuts (OR: 2.78, [Cl: 1.83-4.23]) predicted a positive OFC while a concomitant asthma
(OR: 3.61 [CI: 1.27-10.28]) was more likely to elicit anaphylaxis.

Conclusion: In OFC practice, priority is given to basic nutritional sources and the most fre-
quent food allergens, where preschool children with multiple sensitizations are the primary
subjects. Increased risks of positive reactions with sesame, tree nut, and wheat and increased
risk of anaphylaxis with concomitant asthma should be considered while performing OFC.
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Introduction

In recent years, the prevalence of IgE-mediated food aller-
gies (FA) has steadily increased and emerged as a signifi-
cant health problem." Furthermore, more than half of these
patients have multiple FAs.?* Though skin prick tests (SPTs)
and specific IgE are routinely used for clinical work-ups, oral
food challenge (OFC) is still the gold standard diagnostic
test.*® In clinical practice, OFCs are usually performed to
diagnose/confirm FA or to determine the tolerance or reso-
lution of an allergy.5” OFCs carry inherent risks as positive
OFC symptoms can range from mild to potentially life threat-
ening.? Though the severity of reactions can be predicted by
SPTs or food-specific IgE levels, it is not the case for the
most.”® Thus, experienced professionals are needed to
ensure that symptoms are recognized quickly and treatment
initiated promptly to optimize outcomes." Documentation
of OFC-related experiences like the rate, spectrum, and
predictors of positive reactions is informative and instruc-
tive if we are to improve the outcomes of health services.
In this study, we retrospectively analyzed the OFCs we have
performed, to examine whether inputs and outcomes varied
based on the characteristics of OFC predictors.

Materials and Methods
Study design and subjects

All OFCs evaluating IgE mediated FAs/sensitivities per-
formed between January 1, 2017 and December 31, 2019
in Hacettepe University Pediatric Allergy Division, which
is a referral center for the entire country of Turkey, were
reviewed retrospectively for the clinical outcomes, labora-
tory data, demographic characteristics, presence of other
allergies, comorbidities, and for the type of treatment if
the challenge was positive.

Oral food challenge

OFCs were performed based on the clinical decision of the
attending physician, along with clinical history and results
of allergy testing. In summary, OFCs were conducted
according to the national guideline that was in conso-
nant with the PRACTALL consensus by applying 3, 10, 30,
100, 300, 1000, 3000mg food protein at 15-30min inter-
vals according to the amount of protein contained in the
food.”? Challenges were terminated as soon as objective
symptoms were observed.”® Treatment for positive reac-
tions was performed according to the type and severity of
the symptoms. Age-appropriate doses of antihistamine for
cutaneous symptoms, inhaled salbutamol for lower respi-
ratory symptoms, and systemic steroid were used. If the
patient met the criteria for anaphylaxis, intramuscular epi-
nephrine was administered.” When there was a reaction,
patients were observed at least for 4h.

Diagnostic procedures

The diagnosis of IgE mediated food sensitization was
defined as a positive SPT (3mm or more above the negative

control) and/or positive specific IgE (=0.35 kU/L). Allergen
extracts (ALK®, Horsholm, Denmark) were applied on the
volar surface of the forearm or back along with negative
and positive controls. Mean wheal diameter was measured
after 15min by calculating mean value of the longest diam-
eter and the diameter perpendicular to it. Allergen-specific
IgE levels were measured by the Immuno-CAP method in
the sera of the patients (Phadia, Uppsala, Sweden) within 2
months before OFC.

Ethics

OFC was not performed in patients with uncontrolled
asthma, severe atopic dermatitis and allergic rhinitis, and
with ongoing disease. Patients taking medication including
antihistamines, neuroleptics, oral steroid, aspirin and other
NSAID’s, ACE-inhibitors, and beta-blockers were challenged
after the completion of their medications or excluded
depending on their situation.”> OFC was performed if the
parents and patient (if >7 year of age) had given informed
consent. The local ethics committee (GO-20/515) of the
Hacettepe University Faculty of Medicine approved this
retrospective study.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows v.22.0 (IBM Corp., Armonk, NY,
USA). Descriptive analysis was used to characterize the
patients. Pearson’s x2 test or Fisher’s exact test was used
for between-group comparisons. Values are shown as the
median and interquartile range (IQR) for data not normally
distributed. The Mann-Whitney U test or Kruskal-Wallis test
was used to compare values. Univariate and multivariate
analyses were performed to predict persistence. Factors
that were significant based on univariate regression anal-
ysis (p < 0.2) were then included as covariates in multiple
regression analysis. The odds ratio (OR) with relevant 95%
confidence interval (Cl) was calculated via univariate and
multivariate analyses. All statistical tests were two-sided,
and the level of statistical significance was set at p < 0.05.

Results
Study population

Between January 1, 2017 and December 31, 2019, 1361
OFCs were performed in 613 children. Out of this number,
66.2% were males. In addition, 50.18% (683/1361) of OFCs
were performed in children <2 years (14.3% <1 year, 90%
<6 years). Remarkably, 262 (42.8%) patients had single
food-group sensitization/allergy and 351 (57.2%) had multi-
ple ones (>2). From 613 children, 276 (45%) had single OFC
during the study period, 170 (27.73%) had two, 72 received
three (11.75%), 95 (15.50%) had four or greater OFCs. Most
of the children had comorbid atopic disease, that is, atopic
dermatitis (58.3%), asthma (14.6%), and allergic rhinitis
(1.9%) (Table 1).

The median age during OFC was 2 years (IQR 1.2-3.3) in
the study population. When the ages of the patients during
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Table 1 The characteristics of the study group and its subgroups
Whole Group OFC (+) Group OFC (=) Group  Pvalue OFC(<2years) OFC(2-18 years)
(n:1361) (n:131) (n:1230) Group (n:683) Group(n:678)
Age* 2(1.2-3.3) 2.03(1.2-3.86) 2(1.15-3.31) NS 1.16(0.95-1.53)  3.35(2.53-5.27)
Gender-male, n (%) 901(66.2) 94(71.7) 807(65.6) NS 433(63.4) 468(69)
History of asthma, n (%)  199(14.6) 21(16) 178(14.5) NS 35(5.1) 164(24.2)
History of ICS usage n(%) 154(10.9) 16(12.2) 138(11.2) NS 20(2.9) 134(19.8)
History of atopic 793(58.3) 76(58) 717(58.3) NS 422(61.8) 371(54.7)
dermatitis, n (%)
History of allergic 26(1.9) 2(1.5) 24(2) NS 3(0.4) 23(3.4)
rhinitis, n (%)
Laboratory findigs
sIgE (kU/L)* 1.15(0.31-3.42)  1.95(0.7-5.71)  1.06(0.27-3.16)  <0.001 0.63(0.14-1.65) 2.08(0.64-5.39)
Total IgE (kU/L)* 82.6(27.6-293.5) 98.9(34.5-534) 80.1(27.6-278.5)  0.027 37.2(14.5-117) 185(69-584)
SPT (mm wheal)* 2(0-5) 4(0-6) 2(0-5) <0.001 0(0-4) 4(0-6.5)
Eosinophil (n)* 300(200-600) 300(200-500)  300(200-600) 0.703  300(200-525) 300(200-600)
Eosinophil (%)* 3.5(2.2-5.7) 3.6(2.1-5.8) 3.5(2.2-5.6) 0.891  3.4(2.2-5.4) 3.6(2.2-6)
Basophil(n)* 100(0-100) 100(0-100) 100(0-100) 0.499 100(0-100) 0(0-100)
Basophil (%)* 0.5(0.4-0.7) 0.55(0.4-0.8) 0.5(0.4-0.7) 0.528 0.5(0.4-0.7) 0.6(0.4-0.8)

*median, IQR (interquartile range)

different food challenges were analyzed, it was 2.03 (1.21-
3.56) for cow’s milk, 1.80 (1.07-2.95) for hen’s egg, 2.19
(1.42-3.57) for tree nuts, 2.36 (1.13-4.40) for wheat, 1.55
(1.06-3.01) for sesame, 1.16 (0.84-2.1) for poppy seeds, and
1.94 (1.13-3.36) for legumes. Moreover, the proportion of
children <2 years was 49.2% (213/433) for cow’s milk, 54.6%
(212/388) for hen’s egg, 44.3% (121/273) for tree nuts, 48.6
% (18/37) for wheat, 56.9% (29/51) for sesame, 75% (9/12)
for poppy seeds, and 52.5% (52/99) for legumes (Table 2).

OFCs and outcomes

Most of the OFCs were performed with cow’s milk (31.8%),
followed by hen’s egg (28.5%), tree nut (20%), legume (7%),
seeds (4.9%), and wheat (2.7%) (Table 2). When all OFCs are
considered, the positive reaction rate was 9.6% (131/1361),
with 6.7% (29/433) coming from cow’s milk, 4.9% (19/388)
from hen’s egg, 16.1% (44/273) from tree nuts, 21.6 % (8/37)
from wheat, 35.2% (18/51) from sesame, 33.3% (4/12) from
poppy seeds, and 8% (8/99) from legumes. Within the tree
nut group, the positive reaction rate was 26.2% (11/42) for
cashews, 23.9% (16/67) for walnut, 17.8% (8/45) for hazel-
nut, 9.1% (5/55) for pistachio, and 6.3% (4/64) for almond.
Positive reaction rate was the highest in bean (22.2%)
within the legume group and sesame (35.2%) among the
seed group. The positive reaction rates among the foods
are summarized in Table 2.

When positive OFC related symptoms were consid-
ered, most of them were cutaneous (81.7%; urticaria,
angioedema, flushing, pruritus, itching), respiratory (35.9%;
sneezing, rhinorrhea wheezing, cough, and dyspnea), and
gastrointestinal (26.7%; vomiting, nausea, abdominal colic)
(Figure 1). The severity scoring of positive OFCs revealed
grade | (24.4%), 11 (45.8%), and Ill (29.7%) reactions. Among
positive OFCs, 50 (38%) cases received intramuscular epi-
nephrine: 39 patients (29.7%) received one dose, eight
patients received (6.1%) two, two patients received (1.5%)

three, and one patient received (0.76%) four doses. 68.7%
(90/131) of the patients were treated with antihistamine,
45.8% (60/131) with systemic corticosteroids, 20.6% (27/131)
with inhaled salbutamol, and 3% (4/131) with nebulized
adrenalin. Only four (0.3%) required hospitalization, of
whom three were in intensive care unit. Among the hospi-
talized patients, one was from those who were challenged
with the hen’s egg while the other three in intensive care
unit came from the group challenged with tree nuts. No
fatality was observed.

Predictors of reactivity

There was no difference between those who passed or
failed the OFC with regard to age, gender, presence of con-
comitant atopic diseases, eosinophil, and basophil counts/
percentages and serum total IgE levels (Table 1). However,
the mean wheal size of SPT was greater in children with
positive OFC (4mm [IQR: 0-6]) than negative ones (2mm
[IQR: 0-5]), likewise the median of the serum specific IgE
(1.95 kU/L [0.7-5.71]) vs (1.06 kU/L [0.27-3.16]), respectively
(p < 0.001). In addition, characteristics of OFC predictors
were explored for in order to determine their impact on
reactivity. The results revealed that OFC with sesame
seeds (OR: 7.747 [Cl: 4.03-14.90]), wheat (3.80 [1.64-8.84]),
tree nuts (2.78 [1.83-4.23]), age (1.070 [1.006-1.137]), and
previous year’s OFCs (1.29 [1.004-1.653]) predicted a pos-
itive OFC. Remarkably, the presence of multiple sensitiza-
tion (0.49 [0.33-0.72]) was found to decrease the likelihood
of positive OFC (Table 3a).

Compared with cow’s milk (10/433) (2.3%) or hen’s egg
(6/388) (1.5%), significantly more OFC with tree nuts (21/273)
(7.6%) and seeds (8/67) (11.9%) rather met the criteria for
anaphylaxis (p < 0.001). Furthermore, results from multivar-
iate analysis revealed that concomitant asthma (3.61 [1.27-
10.28]) and previous year’s OFCs (2.378 [1.362-4.154]) were
more likely to elicit anaphylaxis (p < 0.05) (Table 3b).
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Table 2 The food specific OFCs according age groups and positive outcomes.

Whole group N = 1361 (+) OFC N = 131 (9.6%) <2 years OFCs (n = 683) 2-18 years OFCs (n = 678)

Cows’ milk 433 29 (22.1)
» Baked milk 82 4 (13.7)
o Fermented milk 233 13 (44.8)
o Raw milk 118 12 (41.3)
Hens’ egg 388 19 (14.5)
» Baked egg 41 3 (15.7)
o Egg white 168 9 (47.3)
» Egg yolk 179 7 (36.8)
Tree nuts 273 44 (33.5)
o Walnut 67 16 (36.3)
» Almond 64 4 (9)
« Pistachio 55 5 (11.3)
» Hazelnut 45 8 (18.1)
o Cashews 42 11 (25)
Legume 99 8 (6.1)
e Peanut 40 2 (25)
o Lentil 32 1 (12.5)
o Chickpea 1 2 (25)
* Bean 9 2 (25)
» Pea 7 1 (12.5)
Seeds 67 22 (16.7)
* Sesame 51 18 (81.8)
» Poppy seeds 12 4 (18.1)
« Sunflower seeds 2 0
o Pumpkin seeds 2 0
Wheat 37 8 (6.1)
Red meat 20 0 (0)
Fish 14 1(0.7)
Others 30 0

213 (31.1) 220 (32.4)
45 (21.1) 37 (16.8)
102 (47.8) 131 (59.5)
66 (30.9) 52 (23.6)
212 (31) 176 (26)
4(1.8) 37 (21)
96 (45.2) 72 (40.9)
112 (52.8) 67 (38)
121 (17.7) 152 (22.4)
28 (23.1) 39 (25.6)
33 (27.2) 31 (20.3)
13 (10.7) 42 (27.6)
19 (15.7) 26 (17.1)
28 (23.1) 14 (9.2)
52 (7.6) 47 (6.9)
22 (42.3) 18 (38.2)
21 (40.3) 1 (23.4)
3(5.7) 8 (17)
4 (7.6) 5 (10.6)
2 (3.8) 5 (10.6)
40 (5.8) 27 (3.9)
29 (72.5) 22 (81.4)
9 (22.5) 3 (11.1)
2 (5) 0
0 2 (7.4)
18 (2.6) 19 (2.8)
10 (1.4) 10 (1.4)
3 (0.4) 11 (1.6)
14 (2) 16 (2.3)

In positive OFCs, symptoms usually started after final
dose (25.8%) and less at the initial dose (6.7%).

Time trend

The annual numbers of OFCs were 340 in 2017, 501 in
2018, and 520 in 2019. There was a trend of increase in
the numbers over the years (p = 0.001). The proportion of
children with an age of <2 years were 46.8%, 57.7%, and
45.2% in 2017, 2018, and 2019, respectively (Figure 2). Most
of the OFCs with seeds (65.6%) and tree nuts (50.9%) were
done in 2019 (Figure 3). There was a trend of increase in
the number of OFCs over the years for tree nuts, seeds,
and wheat (p < 0.001). Positivity rate of OFCs by years
were 6.8% for 2017, 8% for 2018, and 13.1% for 2019 (p =
0.003). Anaphylaxis occurred in 2% in 2017, 1.3% in 2018,
and 6.9% in 2019. There were no hospitalizations during the
years 2017 and 2018. However, four hospitalizations (four
patients) took place in 2019.

Discussion

OFC remains an essential diagnostic tool for pediatric
allergy clinics.® We have documented that cow’s milk,
hen’s egg, tree nuts, and seeds are the most frequently

considered OFCs. Most of the children evaluated were
young (<2 years) and had more than one OFC. Over the
years, there has been an increasing trend in the number of
OFCs, especially the ones with tree nuts and sesame seeds.
Along with these increases, the ratio of positive OFCs and
hospitalizations also increased. Although reactivity can
occur in any OFC, tree nut, wheat, and sesame seeds OFCs
are more likely to have a positive OFC.

Our results showed that OFC has become a routine
practice of an allergy clinic in the Eastern Mediterranean
region. The upward trend in numbers and positive OFC
ratios reflect increased experience, increased confi-
dence, and risk-taking behavior. OFCs are time consuming
and labor intensive procedures and carry risks of serious
reaction. However, OFC is the gold standard, particularly
when it comes to eliminating the risk of unnecessary food
avoidance.''® Our OFC numbers are either slightly high'®
or slightly low'? compared with previous studies. The
numbers of OFCs are closely related to infrastructure and
experience. However, we do not know how long the trend
of increase in the numbers will last, but we anticipate that
this increase will somehow be offset by increases in the
positive OFC rates and the frequency of severe outcomes.

In Turkey, foods such as cow’s milk, hen’s egg, and
wheat are less costly, readily available and the main sources
of nutrition. Furthermore, cow’s milk and hen’s egg are the
two most common causes of FA in our region® as well as in
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Table 3 Predictors in univariate and multivariate analysis for (a) reactivity and (b) anaphylaxis.

Univariate Multivariate

OR 95% ClI P OR 95% Cl P
a)
Age 1.063 1.002-1.127 0.042 1.070 1.006-1.137 0.030
Male-female 0.751 0.504-1.118 0.159
Single-multiple food allergy 0.498 0.344-0.721 0.000 0.492 0.335-0.722 0.000
Cows’ milk 0.581 0.378-0.893 0.013
Hens’ egg 0.396 0.240-0.654 0.000
Sesame 5.778 3.153-10.590 0.000 7.747 4.027-14.903 0.000
Tree nuts 2.211 1.497-3.265 0.000 2.779 1.827-4.225 0.000
Wheat 2.694 1.205-6.021 0.016 3.804 1.637-8.839 0.002
OFC for years 1.491 1.169-1.902 0.001 1.288 1.004-1.653 0.046
b)
Age 1.055 0.947-1.175 0.331
Single-multiple food allergy 1.305 0.635-2.681 0.468
Asthma 2.526 0.978-6.529 0.056 3.615 1.271-10.280 0.016
Tree nuts 1.826 0.871-3.830 0.111
Total IgE 1.000 1.000-1.001 0.191
OFC for years 2.069 1.227-3.488 0.006 2.378 1.362-4.154 0.002

120

=
[=]
o

number of positive OFCs

Gastrointestinal
Symptoms

Neurological
Symptoms

Figure 1 Symptoms during positive oral food challenge.

others.” Therefore, it is an expected finding of this study
that these food groups (i.e., cow’s milk and hen’s egg) will
emerge as the most frequently utilized foods in OFCs. Cow’s
milk and hen’s egg are common food products regardless of
cultures. Hence in previous studies, most frequently evalu-
ated foods with OFC were cow’s milk and hen’s egg.?"?2

The prevalence of IgE-mediated food sensitization/
allergy is higher in the first 2 years of life?*?* and some of
these can be tolerated or become tolerated within few
years.?? This explains why our study population is young
(median age 2 years) and why almost half of OFCs are per-
formed at the age of 2 years or below. It is well known
during the first 2 years of life that allergy testing identifies

Respiratory
Symptoms

107
47 50
40 35
20
4
0 [ |

Cutaneous
Symptoms

Anaphylaxis

sensitivity in many, but most of them are actually toler-
able.?? OFC can document most of the tolerable sensi-
tivities. Not surprisingly, in developing countries such as
Turkey, FA diagnosis is more frequently used along with
increase in awareness. Therefore, OFCs seem to be a vital
tool to overcome over-diagnosis. Similar to our study, the
most frequently tested age group in previous studies evalu-
ating OFC results was young children (<2 years).3%3!

Having allergies for more than one food group is a
critical problem because constraints in daily life can lead
to many consequences in nutrition, growth, and mental
health. In such patients, OFC is vital both for eliminating
unnecessary restrictions and for providing an effective
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Figure 2 Distribution of oral food challenges (OFCs) according
to age groups.

variety of diet.’?3 57.2% of the patients included in this
study had more than one FA/sensitization and therefore
almost 55% of the study population required more than one
OFC. Indeed, from the multivariate analysis, multiple food
sensitization was observed to predict a lower likelihood
of a positive OFC. We believe this indicates that a signif-
icant part of OFCs were performed to avoid the unneces-
sary elimination diets in multiple-sensitized individuals. In
addition, with the increasing age, the likelihood of positive
OFC increased, which supports the view that most of the
OFCs in early years are indeed performed to either elim-
inate unnecessary diets or the expected reduction in the
likelihood of tolerance development with increasing age.
In the previous case series reviewing OFC results, multiple
FAs ranged from 40 to 80%.'834

In our study, oral challenge failure rate was 9.6%
whereas there was an allergic outcome in 33% and 29% in
two previous studies.’®® In our clinic, to be on the safer

200
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number of OFCs
(=]

(=]

Cows’ milk Hens’ egg Tree nuts

m 2017

Figure 3 Food specific oral food challenges (OFCs) by years.

Legume

side, a ladder approach is preferred in milk and egg OFCs
(baked, fermented). This is a potential cause of our low
allergic reaction rates while creating a safer test environ-
ment. Thus; the positive rates, ranging from 16% to 32%
observed in tree nuts, wheat, and sesame OFCs, support
that our low positive rate in the whole group comes from a
high number of milk and egg OFCs with individual positivity
ratios of 6.7% and 4.9%, respectively.

Peanut and seafood allergies are common in English-
speaking Western countries, while tree nuts and ses-
ame allergies are common in the Middle East and Eastern
Mediterranean countries.>*¢3 Tree nuts and sesame con-
sumption is quite high in Turkey and they are widely used
in many recipes, including those for desserts and meats.
Additionally, their consumption usually begins during
infancy. This situation was reflected in our OFCs by the
high number of OFCs with tree nut and sesame seeds.*

Prevention of severe reactions is essential to conduct
safe OFC. As expected, in our study serum food specific IgE
levels and mean wheal sizes of SPT were higher in failed
OFCs. This is similar to previous studies'*® which evaluated
OFC outcomes. In multivariate analyses, OFC with sesame
seeds, wheat, and tree nuts were found to predict a posi-
tive OFC which, together with food specific history and sen-
sitivity measures, emphasize the need to assess food group
specific risk factors as reported before.**? Furthermore, in
multivariate analyses, the presence of asthma was found
to be more likely to elicit anaphylaxis, as reported previ-
ously.® Although the most important limitation of our study
is the lack of predictive values for sIgE and SPT of indi-
vidual foods, its strength includes focusing on real-life OFC
practice by including multiple OFCs over a 3-year period.

Definite diagnosis of allergies is very important in chil-
dren who have or are thought to have FAs as unnecessary
elimination diets may cause unnecessary anxiety as well
as negative impact on nutrition. Though food challenges
have inherent risks, studies show that parents experience
reduced anxiety after a food challenge, even if the result is
negative or positive.*46
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In conclusion, we examined the rate, spectrum and
predictors of OFC’s reactivity in Eastern Mediterranean
region based on our expectations that they will lead to
safer, lower cost, less time, and labor-intensive processes.
As expected, the results of the study showed that primary
nutrition sources and the region’s most specific common
FAs were prioritized. Young children (i.e., preschool chil-
dren) with multiple sensitivities/allergies were priori-
tized. Remarkably, some food groups (tree nuts, sesame,
and wheat) predicted a reactive OFC and the presence of
asthma in the development of anaphylaxis.
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