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Abstract

Background: Food allergy is a growing health concern with a prevalence of 2%-3% in
the adult population in Europe. Non-immune-mediated food hypersensitivities, which
include reactions after ingestion of food additives, affect 1% of adults and may re-
semble IgE-induced allergic reactions without identifiable immunologic sensitization.
A double-blind placebo-controlled food challenge (DBPCFC) is the gold standard for
the diagnosis of any food hypersensitivity.

Objective: We analysed a large group of adult patients with suspected food hyper-
sensitivity, who had undergone DBPCFC, to better understand IgE-mediated food
allergy and non-immune-dependent food hypersensitivity to food additives in adults
regarding elicitors, symptoms and positivity rates of oral challenges.

Methods: Data from 541 patients with suspected food hypersensitivity were ana-
lysed, who underwent an oral food challenge between 2010 and 2019.

Results: IgE-dependent food allergy was confirmed in 114 of 329 adult patients
(34.6%). The confirmation rate was lower in the group of patients with suspected
non-immune-mediated reactions to food additives (65 of 286, 22.7%). Urticaria and
angioedema appeared more frequently in patients with IgE-mediated food allergies.
By contrast, flush and diarrhoea were the most frequent symptoms after a challenge
in the group with the non-immune-mediated reactions to food additives. Wheat and
celery were the most frequently identified food allergens in adults, whereas colour-
ings and preservatives were the most frequent elicitors of non-immune-mediated
food hypersensitivity.

Conclusion: The importance of oral food challenges for the diagnosis of food hy-
persensitivity is confirmed. IgE-dependent food allergy is more frequently proven,
reaching a positivity rate of one-third and only about 20% for non-immune-mediated
hypersensitivity. Future studies should elaborate on the mechanisms of non-immune-

mediated food hypersensitivity and the clinical impact of cofactors in this setting.
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1 | INTRODUCTION

Immunoglobulin (Ig)E-mediated food allergy is a common medical
condition with clinical manifestations ranging from mild skin symp-
toms to life-threatening impairment and in rare cases resulting in
death.? On the other hand, it is also an overestimated medical prob-
lem, as up to 20% of the general population report hypersensitiv-
ity reactions to some kind of food.? Different studies throughout
Europe indicated that the rate of proven food allergy is much lower
and depends on various endogenous and exogenous factors (e.g.,
geographical region, age or eating habits).®

Primary food allergies occur mainly not only via gastrointesti-
nal but also epicutaneous sensitization to thermo- and acid-stable
food allergens, such as the plant-based storage proteins, e.g., pea-
nut and tree nuts, or food allergens from animal sources, e.g., cow's
milk, hen's egg or shellfish, and the panallergenic lipid transfer
proteins (LTP).** The latter ones are present in native as well as
cooked or processed plant-based food.®® Secondary food allergies
are induced by thermolabile allergens found in raw fruits, vegeta-
bles and some tree nuts due to cross-reactivity mainly with birch
pollen allergens.’

Food allergy in adults is mostly caused by tree nuts, fruits and
vegetables.lo’11 Pollen-associated food allergies are more common
in adulthood.’® Recent data from EuroPrevall studies indicated a
large variation in food allergy prevalence throughout Europe, being
more common in central northern versus southern European coun-
tries.!® The prevalence of a probable food allergy in adults has been
reported from 0.3% to 5.6%.1

IgE-mediated food allergy requires sometimes the presence of
cofactors for elicitation.>*” This phenomenon is well known not
only for wheat-induced anaphylaxis'® but has also been reported
for other elicitors like shellfish as well as LTP-dependent reac-
tions.® Such cofactors can either enhance the clinical severity or
are even indispensable for the elicitation of a given reaction.” In
adults, in up to 30% of food hypersensitivity cases, the require-
ment of such cofactors for the elicitation of a given reaction has
been reported.?°

In adults, immediate reactions may occur after the ingestion of
food additives, causing non-immune-mediated food reactions which
are supposed to affect up to 1% of adults.?! Food additives are
generally categorized as natural additives and synthetic additives.
Natural and synthetic food additives are further classified depend-
ing on their specific role into many functional classes, e.g., flavour
enhancers, preservatives, thickeners, stabilizers, glazing agents,
flavours, emulsifiers, humectants, colourants and gelling agents.22
Recent epidemiological data on the prevalence and symptoms are
missing. The mechanism of how food additives induce symptoms
in a given individual is poorly understood. Due to the lack of a

Key Messages

e Non-immune-mediated food hypersensitivities to food
additives may resemble IgE-induced allergic reactions

e The “gold standard” for the diagnosis of food hypersen-
sitivities remains the double-blind, placebo-controlled
oral food challenge.

e Our results show not only clear differences but also
overlaps of the clinical profiles in patients with proven
IgE and non-immune-mediated food hypersensitivity to

food additives.

standardized diagnostic workup, this patient group is often under-
recognized and under-diagnosed.

In this study, we investigated a large cohort of adult patients with
suspected food hypersensitivity. The patients underwent controlled
food challenges to food allergens and/or food additives to exclude
or confirm the diagnosis. The data reveal positivity rates and clinical
profiles of adult patients with food allergy or non-immune-mediated
reactions to food additives including demographic features, elicitors

and symptoms.

2 | MATERIAL AND METHODS

We assessed data of patients with suspected food hypersensi-
tivity who presented for an allergy workup because of suspected
food hypersensitivity excluding FPIES, lactose and fructose intol-
erance in the Division of Allergy and Immunology at the Charité -
Universitatsmedizin Berlin, Germany, between 2010 and 2019. The
patients included in this analysis had immediate symptoms after
food ingestions in their medical history and underwent at least one
food and/or food allergen challenge. The food challenges were car-
ried out in an inpatient setting and were conducted as double-blind,
placebo-controlled food challenges (DBPCFC). In a few cases, open
food challenges were performed when the blinding of the suspected
allergen was impossible. The assessment of the clinical data for the
research purposes was approved by the ethics committee at the
Charité (EA2/301/21).

2.1 | Assignment to an oral food challenge
All subjects reported here received an oral food challenge. The

decision to proceed with an oral food challenge was based on the
patient's medical history (previous reactions, atopic history and
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comorbidities) and allergy workup including skin-prick test (SPT)
and/or serum IgE testing.’ Important decision-making factors
for conducting an oral food challenge included: the importance
of the food in the individual's diet, the expansion of the diet in
patients with multiple dietary restrictions, the evaluation of the
status of tolerance to cross-reactive food and, in a few cases, the
re-assessment of an existing allergy. The decision to challenge
with food additives was based on the patient's medical history,
negative sensitization tests (slgEs and SPTs) and as a mandatory
criterium on the improvement of symptoms during a protocol of
a food additive-free diet over 3weeks.?! Patients with suspected
non-IgE-mediated hypersensitivities such as food protein-induced
enterocolitis syndrome (FPIES), food protein enteropathy (FPE),
food protein-induced allergic proctocolitis (FPIAP) and eosinophilic
gastrointestinal disorders (EGIDs) such as eosinophilic oesophagitis

(EoE) were not included in our analysis.

2.2 | Food allergen challenges

DBPCFC was performed with five increasing dose steps. The food
challenge started with 0.1 g of the suspected food allergen up to a
cumulative dose that corresponded to an average daily consump-
tion (Table S1). The daily consumption doses differed for each food
and were based and calculated according to an average amount for
consumption (for examples see Table S1). The time interval between
the first and second dose was 15 and 30min between the follow-
ing steps. There was a minimum interval of 2 h between verum and
placebo if multiple allergens were tested in a single hospital visit. For
some allergens such as mammalian meats and wheat, the intervals
were longer; in these cases, the allergens were tested on different
days. In the cases of exclusion of food allergy in patients with no his-
tory of anaphylaxis, the challenges were conducted with one dose
of a daily consumption amount and no titration. The food allergens
used in the challenges were blinded and mixed into defined provo-
cation meals (porridges). A hypoallergenic infant formula (Nestlé
BEBA SINLAC) was the basic ingredient. Cacao and beta-carotene
were used for colour blinding. To blind the flavour, sugar and differ-
ent flavoured syrups (peppermint, lemon, pear and raspberry) were
used as described previously.23 Rice flakes were used as consistency
blinders.

2.3 | Food additive challenges

The challenges for food additives following an elimination diet,
excluding colourants, preservatives and antioxidants, were con-
ducted as capsule challenges as previously described.?* The
food additive challenges were conducted only if the symptoms
improved during a food additive-free diet. The food additives
were blinded in capsules. The capsules were ingested at least 2 h
away from meals and the number of capsules ingested differed
according to the food additives tested. The patients underwent

the challenge with a mixture of the food additives, with all cap-
sules given at once. The tested food additives included the fol-
lowing: colouring agents (E110, 122, 124, 151, 104, 127, 131,132,
172 and 120; 5 mg each, and E102; 50 mg), preservatives (E200,
211 and 214; 1000 mg each, E223 and 251; 100 mg each), antioxi-
dants (E320, 321, 310 and 306-309; 50 mg each), taste enhancer
(E621; 500mg) and naturally occurring substances (salicylic acid,
100 mg). The placebo capsules were filled with mannitol and sili-
con dioxide or glucose. The capsules are manufactured from the

pharmacy in-house.

2.4 | Consideration of cofactors

If the patient's history indicated a possible relevance of a cofactor,
we integrated the cofactor during the food challenge. Cofactors
were applied separately before the addition of the suspected food
allergen. In detail, acetyl-salicylic acid (ASA) was applied 60min be-
fore food intake, and doses were given according to the patient’s his-
tory, ranging from 100 to 500 mg. Alcohol (15 ml ethanol 96%, mixed
with 200ml water and aroma) has to be ingested 10 min before the
challenge. The exercise was applied 60 min after the food intake.?’
The length and intensity of physical activity were based on the pa-
tient's performance status on a bicycle ergometer (and reached up
to 60min).

2.5 | Data processing and analysis

Statistical analysis was performed using R version 4.0.0 (2020-
04-24) and the R package gtsummary.?® A simple comparison of
categorical variables was performed using either the Chi? test or
Fisher's exact test (where the number of observations in a bin
was less than 10). Continuous variables were analysed using the
Wilcoxon rank-sum test. We defined statistical significance as
o = 0.05.

Suspected food hypersensitivity
n=541 patients*

Challenges with food allergens
(suspected IgE-mediated food
hypersensitivity)

n=329 patients
n=1123 challenges

Challenges with food additives
(suspected non-immune reactions
to food additives)

n=286 patients
n=518 challenges

FIGURE 1 Patientsincluded in the analysis. Patients included in
this analysis were divided into two groups: patients who underwent
challenges with food allergens and food additives. *A total of 74
individuals underwent challenges with food allergens and food
additives and were included in both groups.
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3 | RESULTS

3.1 | Patient population

A total of 541 patients were included in this analysis. Based on
their history and their clinical assessment including SPT, in vitro
diagnostics and dietary measures, 329 patients were challenged
with food allergens, 286 patients with food additives and 74 patients
with both (Figure 1). Patients from the food allergen challenge group
had a median age of 39years and the majority were females (72%).
The median total IgE was 122kU/L and the median tryptase was
not elevated (median value 3.83ug/L). Patients in the food additive
challenge group had a higher median age (45years), lower total IgE

(51kU/L) and the median tryptase was within normal limits (median

TABLE 1 Patient characteristics (entire cohort)

Entire cohort

value 3.78pg/L). In this group, 81% were female and the medical
history of previous anaphylaxis and/or atopic diseases was lower
than in the food allergy group, 16% versus 52% for anaphylaxis and
50% versus 86% for atopic diseases (Table 1).

The symptom profile of previous reactions differed signifi-
cantly between the groups. Patients with suspected IgE-mediated
food allergy suffered predominantly from skin symptoms includ-
ing angioedema (53%) and urticaria (43%), whereas diarrhoea and
vomiting were less frequent (24% and 12%). In contrast, patients
with suspected non-immune-mediated reactions to food additives
reported most frequently diarrhoea (39%). Skin symptoms were
also present, but to a lesser extent than in the IgE food allergy
group (angioedema 31%, urticaria 27% and flushing 15%) (Table 1,
Figure 2).

Patients with positive OFC

Suspected non-
immune -mediated

Suspected IgE-
mediated food

Characteristics of the hypersensitivity reactions to food
patients® (n=329) additives (n = 286)
Median age at 39 (13-81) 45 (15-81)
challenge (years)
Median levels of total 122 51
IgEs (kU/L)
Median levels of 3.83 3.78
tryptase (pg/L)
n % n %
Gender (female) 236 72% 232 81%
Medical history of 170 52% 45 16%
anaphylaxis
Coexisting atopic 282 85% 143 50%
diseases
Coexisting 43 13% 65 23%
gastrointestinal
diseases
Other coexisting 73 22% 83 29%
diseases
Symptoms of previous n % n %
reactions
Angioedema 173 53% 89 31%
Flushing 25 8% 43 15%
Urticaria 140 43% 76 27%
Generalized erythema 28 9% 23 8%
Diarrhoea 80 24% 112 39%
Vomiting 39 12% 27 9%
Loss of consciousness 28 9% 12 4%

Confirmed non-
immune-mediated
reactions to food

Confirmed IgE-
mediated food
hypersensitivity

p-Value® (n =114)° additives (n = 65) p-Value®

.005 36 (20-75) 41 (19-71) .6
<.001 136 54 <.001

.2 3.83 3.33 .054

n % n %

.006 84 74% 55 85% .091
<.001 63 55% 8 12% <.001
<.001 102 89% 35 54% <.001

.002 22 19% 13 20% >.9

.052 21 18% 17 26% 2

n % n %
<.001 57 50% 21 32% .022

.003 6 5% 11 17% .011
<.001 43 38% 14 22% .025

.8 12 11% 6 9% .8
<.001 35 31% 30 46% .039

.3 16 14% 7 11% .5

.03 14 12% 3 5% .093

Note: The basic demographics and patient characteristics of the entire cohort and patients with confirmed IgE-mediated and non-immune-mediated
reactions to food additives. Patients included in this analysis were divided into two groups, patients who underwent challenges with food allergens
(suspected IgE-mediated food hypersensitivity) and with food additives (suspected non-immune-mediated reactions to food additives).

2A total of 74 individuals underwent challenges with food allergens and food additives and were included in both groups.

PWilcoxon rank-sum test; Pearson's Chi-squared test.

Positive sensitization tests in 106/162 cases (n = 74 SPT positive, n = 32 negative SPT but positive sIgE and n = 56 no sensitization tests available or

possible).
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3.2 | Confirmation rates of IgE-

dependent and non-immune-dependent food
allergies differ significantly and display distinct
clinical profiles

IgE-dependent food allergy was confirmed in 114 of 329 adult
patients (34.6%) (Table 1). The confirmation rate was lower in pa-
tients with suspected non-immune-mediated reactions to food ad-
ditives (65 of 286, 22.7%). Comparing the confirmed cases of food
allergy and non-immune-mediated reactions to food additives, in
the latter group, the median ages (36 vs. 41years) and the pro-
portion of females (74 vs. 85%) were higher. By contrast, in the
IgE-dependent hypersensitivity group (Table 1), the medical his-
tory of anaphylaxis and the co-existence of atopic diseases were
significantly more frequent and median tryptase levels and total
IgE were higher.

The symptoms as depicted in Figure 2 show a dominance of
angioedema and urticaria in patients with IgE-mediated food al-
lergy while flush and diarrhoea were the most prevalent symptoms
in the group with non-immune-mediated reactions to food addi-
tives. Similar symptom profiles were seen during food challenges
(Table S2, Figure 3).

3.3 | Celery and wheat were the most frequently
identified food allergens in adults

The most frequently identified food allergens in the adult cohort of
patients with suspected IgE-dependent food allergies were celery,

Symptoms of previous reactions

Angioedema

wheat, soy and hazelnut (Table 2). However, when the positivity ratio
of the challenges was considered, hazelnut, almond but also hen's
egg ranged among the elicitors with the highest positivity ratio. In
contrast, wheat provocations had the lowest positivity ratio. A total
of 25/162 (15%) food challenges were only positive if a cofactor was
considered. Table 3(a,b) shows the data regarding the requirement
of a cofactor for the elicitation of a reaction. In particular, wheat
and celery were among the allergens most frequently requiring a
cofactor for the elicitation of a reaction (12 and 5 cases). Exercise
(n = 11), food additives (n = 10) and acetylsalicylic acid (n = 8) were
the most frequently included cofactors during positive oral food
challenges.

3.4 | Colourings and preservatives are among the
most frequent elicitors of non-immune-mediated food
hypersensitivity

The overall positivity ratio for the food additive challenges given as a
mixture was 15% (44/292). Colourings and preservatives, as well as
stabilizers, reached higher positivity ratios, with 18% for preserva-
tives and colourings and 25% for stabilizers (Table 4), in those who
reacted to the mixture or had a highly suspicious history of non-
immune hypersensitivity.

©  Food allergens

Food additives

Flush P " Loss_of_Consciousness

Urticaria

Erythema Diarrhea

Vomiting

FIGURE 2 Symptoms of previous
reactions (data are shown in descriptive
Table 1). The symptoms observed during
previous reactions. The colour blue is used
for patients with suspected IgE-mediated
food allergy and the colour red is used

for patients with suspected non-immune-
mediated reactions to food additives.
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FIGURE 3 Symptoms at challenges.
The symptoms observed during the oral
food challenges. The colour blue is used
for patients with confirmed IgE-mediated
food allergy and the colour red is used
for patients with confirmed non-immune-
mediated reactions to food additives.

Flush

Urticaria

Erythema

Diarrhea

TABLE 2 Most frequently confirmed food allergens, n = 162

Positivity

n Positive OFC ratio (%)

Positive oral food challenges: most common, proven food allergens

Wheat 272 20 7%

Celery 135 27 20%
Soy 68 15 22%
Shrimps 45 6 13%
Rye 43 6 14%
Hazelnut 33 11 33%
Peanut 30 6 20%
Cow's milk 28 5 18%
Hen's egg 23 6 26%
Almond 15 4 27%

4 | DISCUSSION

The “gold standard” for the diagnosis of food allergy remains the
double-blind, placebo-controlled oral food challenge.® This proce-
dure allows to confirm or exclude the clinical relevance of existing
sensitizations, or supposedly observed symptoms, independent of
subjective factors. The value of performing an oral food challenge
should be determined while taking into consideration the risks and
benefits for a patient undergoing the oral food challenge. In pa-
tients with anaphylactic reactions that are clearly attributable to
certain foods, challenges are usually not required. However, it may

WiLEY- 27

Symptoms at provocation

Angioedema
9 @ Food allergens

Conjunctivitis Food additives

Rhinitis

Dyspnea

ChangeBP_Tachycardia

Vomiting

be useful to determine the allergen amount necessary to trigger a
reaction (threshold level) and/or to investigate the impact of cofac-
tors on the outcome of a reaction. The use of recombinant single

11,12

allergens (e.g., Ara h 2) and/or a strong skin-prick test (SPT) re-

)13 allows for an improved assessment of the risk

sult (e.g., >8mm
of severe reactions in clinical practice. However, the sensitivity of
the SPT and slIgE values varies among different food allergens and
is sometimes not sufficient for making a diagnosis (e.g., celery and
wheat). On the other hand, several publications suggest a value of
recombinant sIgE detection to predict a reaction. Most studies,
however, have been performed in paediatric cohorts and their role
in adulthood has not been completely established. For example, Tri

2728 \yhereas for other

a 19 has been suggested for wheat allergy,
allergens, like celery, the availability of recombinant allergen diag-
nostics is still limited.

In this analysis, IgE-dependent food allergy was confirmed in
34.6% of patients with suspected food allergy. We emphasize that
these data represent a patient population who were seen in special-
ized allergy practice. In Germany, such challenge tests in adults are
only performed in a few specialized centres. The oral food challenges
were performed to confirm or to exclude the suspected new-onset
food allergies and in a few cases to re-assess the clinical relevance
of an existing allergy.

The challenge protocol used in our clinic differs from other stan-
dardized published protocols in terms of starting dose and number
of dosing steps. This protocol is suitable to increase time and cost-
effectiveness without endangering the patients at least with regard
to the allergens tested and the patients challenged in our cohort.
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TABLE 3 (a) Oral food challenges with cofactor inclusion, n = 25;
(b) Most frequent allergens requiring a cofactor, n = 25

(a) n %

Positive oral food challenges (nh = 162): cofactors

With inclusion of cofactors 25 15%
With inclusion of 1 cofactor 15 9%
With inclusion of 2 cofactors 7 4%
With inclusion of 3 cofactors 1 1%
With inclusion of 4 cofactors 2 1%
Without cofactor inclusion 137 85%
(b) n

Positive oral food challenges with the inclusion of
cofactors (n = 25)

Wheat 12
Celery
Prawn
Hazelnut
Soy

Fish

N PR R W O

Other original products

TABLE 4 Most frequently identified food additives in groups

Positivity
n Positive ratio (%)
Challenges with food additives
(n=519)

Colourings 61 11 18%
Preservatives 87 16 18%
Antioxidants 56 7 13%
Glutamate 11 1 9%
Stabilizer 4 1 25%
Others (i.e., sweeteners and 6 2 33%

salicylic acid)

We identified celery, wheat, soy and hazelnut as the most fre-
quently confirmed triggers of food allergy in our adult patient cohort.
Due to the history (onset of symptoms in adulthood), we suspect
the new-onset allergy in this age group?”°. Celery, hazelnut and soy
are also common pollen-associated food allergens in adults®! and
whether the clinical reaction is induced via PR10 sensitization can
only be determined via slgE profiling including the PR10 storage pro-
tein and LTP subfamilies. A previous study from our group in patients
suffering from food-induced anaphylaxis revealed a high-frequency
PR10 sensitization.®? Another study from the USA has shown that
the five most prevalent adult-onset food allergies were shellfish
(13.3%), milk (6.0%), wheat (5.6%), tree nut (4.8%) and soy (3.9%).%°
Although we suspect that the prevalence numbers are estimated
too high (data based on patient-based questionnaires, not provoca-
tion), the elicitors are overlapping. Interestingly, the challenges with

peanuts were positive in 20% of the suspected cases. This rather
low provocation ratio may be explained by the fact that most clini-
cally relevant cases of peanut allergy are already diagnosed in early
childhood®* and persist throughout adulthood.®>%¢ In addition, in
patients with anaphylactic reactions to peanuts, the sensitization via
SPT and/or sIgE can be identified with a certain prognostic value,
which means in clinical practice with an undoubted positive medical
history a challenge is not required.

Interestingly, 25 challenges were only positive after the imple-
mentation of a cofactor. Moreover, 13 of 25 patients reacted only
when multiple cofactors were considered during the oral provo-

151737 4|

cation. This phenomenon has been described previously,
though the underlying mechanisms have not been unravelled yet. In
our analysed cohort, wheat, celery and crustaceans were the most
frequently proven food allergens in combination with cofactors.
Exercise, NSAIDs and food additives were the most frequently in-
volved cofactors in our cohort. This finding is in line with the liter-

aturelS,19,38

and supports that in such patients, cofactors should be
considered more routinely if a given challenge with the according
food allergen was negative.

Challenges in using food additives are of scientific interest due
to their largely unknown mechanism.>**° However, for colour-
ings, an IgE-dependent mechanism has been proposed in some
patients.***? We suspect that confirmed food hypersensitivity
to food additives is not only rare but also likely to be medically
underdiagnosed, partly due to a lack of controlled challenges.
Reactions to food additives should be suspected in patients who
report symptoms to multiple unrelated foods or a certain food
when commercially prepared (not homemade), and the allergy as-
sessment rules out a type 1 sensitization to food proteins.*® On
the other hand, many adult patients presenting with various and
also often non-immediate symptoms are suspected to suffer from
food hypersensitivity and need to be distinguished. Currently, the
placebo-controlled challenges with food additives are performed in
specialized centres only. Our data indicate that most patients react
only when multiple food additives (mixtures) are given. In those
patients, the management should consider an incremental build-up
diet. Only rarely (38/519) patients react to the fractionated chal-
lenge as well. Once the specific eliciting additive has been identi-
fied, the key therapeutic management of a non-immune-mediated
food hypersensitivity is avoidance. Interestingly, preservatives and
colouring agents were the most frequently identified food additives
that result in a positive reaction. This observation is in line with our
previous data, where we have shown that these additives may trig-
ger a worsening of atopic dermatitis.?*

Given the dominance of gastrointestinal symptoms in patients
with non-immune-mediated food hypersensitivity, it is important
to consider a broad differential diagnosis covering gastrointestinal
disorders. Recent publications discuss the potential impact of food
additives on the gut microbiota composition potentially involved in
the development of irritable bowel syndrome““"45

In conclusion, we investigated alarge cohort of adult patients with
suspected food hypersensitivity. To our knowledge, this is the first
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larger cohort demonstrating clinical profiles of adults with proven
IgE-mediated food hypersensitivity and non-immune-mediated re-
actions to food additives. Other than a large number of patients, an
advantage of our study is that a confirmation of the diagnosis was
achieved with DBPCFC. However, although the DBPCFC is the gold
standard for the diagnosis of food allergy, oral food challenges may
not accurately reflect reactions outside of the challenge setting for
the individuals because of the gradual administration of the tested
food, the controlled environment, the accurate implementation of
cofactors and the challenge discontinuation when objective symp-
toms occur. Our results show not only clear differences but also
overlaps of the clinical profiles in patients with proven IgE-mediated
food allergies and non-immune-mediated reactions to food addi-
tives. The underlying mechanisms of non-immune-mediated food
hypersensitivity remain elusive and should be investigated in more

detail in future studies.
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