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Abstract

Background Food-associated complaints in the gas-
trointestinal tract can be signs of an intolerance of dif-
ferent etiology, which is reported by almost a quarter
of the population. Due to the unspecific symptoms,
a whole range of different triggers and immune reac-
tions can be considered for the differential diagnosis,
which cannot always be determined unambiguously
and quickly.

Differentiation and diagnosis of disease entity The time
course in connection with the clinical picture already
allows a rough estimation of the underlying pathome-
chanism and points the diagnostic way. Thus, im-
mune-mediated clinical pictures such as allergy must
be distinguished from nonimmune-mediated intoler-
ances. An allergic reaction can be IgE-mediated or
cellularly induced. Secondary food allergies are trig-
gered by other allergens than primary allergies, dif-
fer in their sensitization routes and course of dis-
ease. Non-immunological intolerance reactions also
play a not insignificant role, including carbohydrate
utilization disorders and histamine intolerance in ad-
dition to toxic reactions. Often difficult to identify
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are also those food components which trigger a non-
specific mast cell activation. Due to their particu-
lar clinical relevance, wheat intolerances of different
pathogenesis are also discussed. As a consequence of
their complexity with regards to disease-causing pro-
teins, target organ manifestations, pathomechanisms
and diagnostic clarification, these require a particu-
larly differentiated approach.

Purpose This review article presents the current rec-
ommendations regarding the diagnosis of food intol-
erance and food allergy, with a separate focus on the
specifics in the interpretation of different tests includ-
ing IgE diagnostics.
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Abbreviations

o-Gal Galactose-a-1,3-galactose

DD Differential diagnoses

EGID Eosinophilic gastrointestinal disorder
EoE Eosinophilic esophagitis

FA Food allergy

FPIES Food protein-induced enterocolitis syndrome
HIT Histamine intolerance
HWP  Hydrolyzed wheat protein

IBD inflammatory bowel disease

IBS Irritable bowel syndrome

IFN vy Interferon vy

Ig Immunoglobulin

nsLTP Nonspecific lipid transfer protein

OAS Oral allergy syndrome

WDEIA Wheat-dependent exercise-induced anaphy-
laxis

@ Springer

Food intolerances—a diagnostic challenge 23



https://doi.org/10.1007/s40629-021-00194-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s40629-021-00194-2&domain=pdf

Adverse reaction
against food

/

Immune mediated

/

\

( IgE- ) (" cell ) /" mixed IgE- O\
mediated mediated and cell-mediated Celiac
Urticaria Food protein- Eosinophilic disease
Angioedema induced Gastrointestinal
Rhinitis Enterocolitis Disorders
Broncho-/ (FPIES) (EGID):
Laryngo- Food protein- eosinophilic
spasm induced Esophagitis
Diarrhoea Proct(ocol)itis eosinophilic
Vomiting Food protein- Gastroenteritis
Anaphylaxia induced
\__ 0AS J \ Enteropathy )\ )
Fig. 1 Classification of food intolerances. EGID eosinophilic

gastrointestinal disorder, FPIES food protein-induced entero-
colitis syndrome, G/ gastrointestinal, IBS irritable bowel syn-

Introduction

Numerous patients are referred to the allergist for clar-
ification of questionable “allergic” diseases with com-
plaints in various organ systems, with manifestations
mainly in the skin, eyes, upper and lower respiratory
tract, and gastrointestinal tract. The clinical picture
ranges from acute, transient to chronic symptoms and
from mild to life-threatening clinical presentations.

Over 20% of the general population report suffering
from food allergy, but only about one tenth of these
can be verified as IgE-mediated allergy [1]. Food in-
tolerance may be far more common but is more diffi-
cult to diagnose because diagnosis is primarily clinical
with the aid of a dietary and symptom diary as well as
provocation testing, and clinical complaints are dose-
dependent and modified by cofactorial influences [2].

Since the clinical picture is often nonspecific and
the trigger cannot always be identified with certainty,
it usually takes years until a reliable diagnosis with
corresponding targeted therapy can be made. In ad-
dition, the number of foods suspected of triggering
the symptoms is almost inexhaustible and the under-
lying pathomechanisms are also manifold. The most
common pathologies are presented and discussed in
this review.
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Adapted from Turnbull, Adams, Gorard [4], Worm et al. [5]

Delimitation

In general, a distinction is made between immune-
mediated and non-immune mechanisms in the diag-
nosis of food intolerances [3, 4]. For example, a pa-
tient may be allergic to cow’s milk due to an immuno-
logic reaction to milk protein or intolerant to milk
due to an inability to digest lactose, resulting in in-
creased bacterial fermentation and fluid retention in
the intestine. The clinical presentation in either case
may remain nonspecific with abdominal pain and di-
arrhea. In terms of differential diagnosis, it is not only
important to consider the age and the triggers: in lac-
tose intolerance, lactose-free dairy products, but also
cheese and butter, are usually tolerated without any
problems [5].

Non-immune-mediated intolerances to foods are
basically divided into carbohydrate utilization disor-
ders, enzymatic, toxic, and undefined/idiopathic food
intolerances (Fig. 1), although overlaps can certainly
be found with regards to symptoms. A first clue to dis-
tinguish between food allergies and food intolerances
may be the dose dependence. In food intolerances,
small doses are usually tolerated, and symptoms de-
velop only with consumption of increasing amounts
or the combination of different triggers. This may
mean, for example, that consumption of cheese alone
is without discomfort, but combination with toma-
toes, red wine/beer, and salami causes problems. In
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the case of food allergies, the dose-symptom correla-
tion is not present to the same extent: Here, too, co-
factors can influence the severity of the reaction, but
patients can also develop severe systemic reactions to
even the smallest traces of the intolerant food.

Clinical manifestations

The specific symptomatology described in more de-
tail for the individual clinical pictures often allows an
estimation of the underlying pathomechanism and is
summarized in Table 1 as an example.

It is important to know that the triggers of urticaria
are basically the same regardless of age; they differ
only in the frequency of their occurrence: Thus, un-
like in adults, urticarial exanthema in children is most
frequently triggered by infections [7]. Moreover, in
children, chronic idiopathic urticaria is more likely to
be triggered by physical factors (cold, pressure, sun
exposure) than by food [8, 9]. The diagnostic pro-
cedure can be handled uniformly for all age groups
according to the current guideline [10].

Immune-mediated food intolerances

Immune-mediated intolerances can be classified as
allergic and nonallergic, with the former distinguished
between IgE-mediated, mixed IgE-dependent, and
cell-mediated and purely cell-mediated reactions
(Fig. 1; [3, 4]).

An allergy is a reproducible specific immune re-
sponse to a food component (allergen). Allergens are
usually proteins, with the exception of allergies to
galactose-a-1,3-galactose (a-Gal), an oligosaccharide
found in red meat, among other foods [11]. In food
allergies (FA), primary FA are distinguished from sec-
ondary FA [5]. Most primary FAs occur in infancy and
early childhood and are usually caused by gastroin-
testinal (and less commonly epicutaneous) sensitiza-
tion to genuine and usually stable food allergens.

Further classifications can be made depending
on the time course, immune mechanisms and or-
gan manifestations: In cow’s milk allergies, for ex-
ample, an IgE-mediated immediate-type allergy is
distinguished from a non-IgE-mediated late-type re-
action [12]. In immediate-type reactions, the skin and
gastrointestinal tract are primarily affected within
minutes of exposure. Life-threatening anaphylaxis is
possible. Older children increasingly show a quantity-
dependent and often strongly delayed IgE-mediated
reaction. In the case of delayed purely gastrointesti-
nal symptoms, specific IgE sensitization is usually
not detectable—in this case, diagnosis is performed
clinically by means of a symptom diary, time-limited
abstinence, and oral provocation testing [12].

Secondary FA develops in the wake of sensitization
to inhalant allergens (e.g., pollen) with consecutive re-
actions to structurally related, i.e., cross-reactive, and
often unstable allergens in foods [5].

Secondary FAs are far more common than primary
FAs: nearly 60% of all FAs in older childhood, adoles-
cence, and adulthood are related to inhalant allergy
[13].

Mixed IgE- and cell-mediated entities, not dis-
cussed in detail here, include food allergy-associ-
ated atopic dermatitis and eosinophil-associated
diseases of the gastrointestinal tract (EGID), such
as eosinophilic esophagitis and other eosinophilic
syndromes. Non-IgE-mediated conditions include
food protein-induced enterocolitis syndrome, proc-
tocolitis, and food protein enteropathy, respectively,
the former exclusively and the latter predominantly
affecting infants and young children, who usually de-
velop tolerance after some time (period first months
to years of life) [5, 13].

IgE-mediated food allergies

IgE-mediated food allergies can be divided into pri-
mary and secondary food allergies. Primary, genuine
food allergies are triggered by stable food allergens
(class I allergens). In contrast, secondary food aller-
gies are caused by more unstable cross-reacting aller-
gens (class II allergens), which, to take the example of
seasonal allergies, are present in pollen as well as in
raw fruits, vegetables, or some nuts [6].

In general, proteins can be classified according to
their sensitization route. Class I proteins are consid-
ered true food allergens, induce sensitization via body
surfaces with non-intact barrier function, i.e., the gas-
trointestinal tract and less commonly the skin, and
are characterized by linear sequence epitopes. These
proteins are heat stable and resistant to enzymes of
the gastrointestinal tract and therefore tend to induce
very severe systemic reactions [14].

In comparison, class II proteins are considered
cross-reactive molecules with primary sensitization
via the respiratory tract, where protein structures play
a major role. These are often more sensitive to heat
and enzymatic digestion and are more likely to lead
to milder and often localized symptoms, such as an
oral allergy syndrome; however, stable proteins such
as tropomyosins or nsLTPs (nonspecific lipid transfer
proteins) can also lead to secondary food allergies via
the inhalation sensitization route [15-17].

In childhood, the most common food allergies are
against allergens of milk and chicken egg whites, soy;,
wheat, peanut, and tree nuts [5]. 60-75% of pediatric
patients develop tolerance to these foods by 7 years
of age [18, 19]. However, allergic reactions to peanuts,
tree nuts, and shellfish usually persist into adulthood
[19]. In allergic adults, fish and seafood are the main
triggers of allergic food reactions, in addition to wheat,
tree nuts, and peanuts [5, 20]. Prevalence figures on
food allergy vary widely depending on the source and
geographic region and are likely to be around 3-4%
globally in adults and up to 6% in children [1, 19, 20],
with recent data from the EuroPrevall cohort show-
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ing a much lower percentage of 1.4-3.8% for primary
school children in the participating eight European
countries [21]. This survey also confirmed the his-
torical finding that approximately 10% of anamnes-
tically reported food intolerances are diagnostically
verifiable as IgE-mediated FA [22]. The severity of
IgE-mediated food allergy ranges from mild unpleas-
ant symptoms such as itching in the oral cavity, ery-
thema, sneezing to severe reactions such as vomiting,
abdominal cramps, urticaria, angioedema and asthma
attacks and finally life-threatening anaphylactic reac-
tions. All these symptoms show a prompt onset with
the exception of delayed meat allergy, which is caused
by a reaction to the above-mentioned carbohydrate
galactose-a-1,3-galactose (a-Gal) and is readily mani-
fested several hours after meat consumption in asso-
ciation with augmenting factors such as physical exer-
tion (sports), alcohol consumption, hormonal factors,
etc. [11, 23, 24].

Secondary food allergy usually manifests as an oral
allergy syndrome and is a relevant clinical problem for
up to 70% of all patients with inhalant allergy [13, 25].
Typical symptoms after consumption of raw or unpro-
cessed cross-reactive foods are oral pruritus, swelling
of lips, tongue, throat, and larynx. Itchy ears and pe-
rioral urticaria are sometimes reported. Symptoms
are usually self-limiting and localized; anaphylactic
reactions have been described only in isolated cases.
Affected individuals can often eat the food, which
is intolerable in raw form, in cooked form because
the proteins are denatured during the heating process
[26], but exceptions have also been described in the
literature [27, 28]. However, inactivation of the IgE
epitopes does not affect T-cell reactivity, which may
result in a worsening of the skin condition in patients
with atopic dermatitis [26].

In Northern and Central Europe, the most common
pollen-associated secondary food allergy is directed
against birch pollen-associated plant foods. Clinical
symptoms are usually reduced to an oral allergy syn-
drome, which, however, is sometimes severe and may
lead to relevant respiratory distress, especially if la-
ryngeal swelling occurs. Systemic reactions to cross-
reactive PR10 proteins have been described for soy
(Gly m 4) [28, 29], carrot (Dau c 1) [30], hazelnut
(Cor a 1), celery (Api g 1) (31, 32], Sharon fruit [33],
and jackfruit [34].

Another major source of secondary food allergies is
mugwort pollen allergy, with the majority of sufferers
in northern and central Europe being sensitized to the
major allergen, “Art” v 1. The nsLTP from mugwort,
“Art” v 3, is another pollen allergen that is also sus-
pected to be responsible for cross-reactive reactions
with pome and stone fruits and also various vegeta-
bles. However, this allergen is only predominant in
southern Europe and plays a minor role in central
Europe [35]. It is questionable whether food aller-
gies with positive Art v 3 findings may be interpreted
in terms of a mugwort-associated food allergy: It is

now believed that the primary sensitization is not to
Art v 3 but to Pru p 3 or other LTPs [36]. The inci-
dence of mugwort pollen-associated food syndromes
is thought to be around 10% [37], but clinical reactions
can be consistently severe [13].

Mite allergy, the most common year-round inhalant
allergy, also causes associated symptoms in less than
10% of patients when eating crustaceans [38], mol-
luscs [39], and edible insects, which are probably
caused mainly by the muscle protein tropomyosin
[40, 41] and can be quite severe. A role of other pro-
teins such as arginine kinases [40, 42] or troponin C
(43, 44], which is mainly found in cockroaches, is
suspected but currently not confirmed.

Latex allergies are tending to decline but can still be
the cause of secondary food allergies to tropical fruits
such as kiwi, banana, pineapple, papaya, mango, but
also chestnut, cassava, curry, and avocado [45, 46].
Allergens with sequence homologies to the latex al-
lergens Hev b 2, 6, 7, 8, and 11 [13, 47] may be the
causative agents for these secondary food allergies. In
the rare inhalant Ficus allergies, patients complain (in
up to 35% of cases) of associated food allergies, here
especially to fig or papaya (papain; mainly contained
in barbecue spice mixtures) [48, 49].

In the literature, secondary food allergies in furry
animal allergy sufferers are repeatedly described as
the so-called “cat-pork syndrome” or as the “bird-egg
syndrome” in bird allergy sufferers [5, 13]. The
“cat-pork syndrome” is triggered by primary sensi-
tization to the serum albumin in cat dander (Fel d 2)
and affects about 1-3% of cat allergic individuals,
mainly older children, and adults [50, 51].

“Bird-egg syndrome” is due to cross-reactivity be-
tween serum albumin in pet birds and hen’s egg
(Gal d 5). The clinical picture after consumption
of raw or soft-boiled egg yolk ranges from OAS to
systemic reactions. Egg allergy in the “bird-egg syn-
drome”, in contrast to the primary egg allergy of early
childhood, often occurs and persists later in life [52].

The most common inhalant allergens and their
cross-reactive foods are summarized in Table 2.

Celiac disease and other wheat intolerances
Celiac disease

Among non-IgE-mediated wheat intolerances, celiac
disease is the most important and one of the most
common autoimmune diseases, with a prevalence of
about 1% of diagnosed patients. As a non-atopic im-
mune-mediated disease, celiac disease plays an im-
portant role in the differential diagnosis of adverse
reactions to wheat. This malabsorption disorder is
caused by the gluten fraction present in wheat and
other cereals. Furthermore, genetic factors (genetic
markers HLA-DQ2 or HLA-DQ-8) are characteristic for
the disease.
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Antibodies (IgG, IgA) are produced against gliadins,
endomysium, and tissue transglutaminase. The pro-
duction of IFN-g (interferon gamma) by TH1 cells
leads to damage of the epithelial tissue in the small
intestine with consecutive villous atrophy, which is
a main feature of celiac disease. Depending on the
existing pathological mucosal changes and the clini-
cal picture, we now distinguish potential, subclinical,
symptomatic, classic, and refractory forms [59]. The
clinical picture is quite nonspecific with the typi-
cal gastrointestinal symptoms of nausea, vomiting,
diarrhea, flatulence or constipation, and failure to
thrive, but also extragastrointestinal abnormalities
such as liver dysfunction, iron deficiency anemia,
and affections of bone and skin. The majority of
patients with celiac disease has no symptoms at all
and is classified as “subclinical” if celiac disease-spe-
cific serology and typical changes are detectable in
small intestinal biopsies or as “potential” if small in-
testinal pathology is absent. Today, due to improved
diagnostic possibilities and a significantly increased
awareness, far more affected persons are diagnosed
than 30 years ago; however, the number of unre-
ported cases is probably more than double due to
the high percentage of subclinical and symptom-free
cases [60]. This is critical, as the continuous expo-
sure of undiagnosed patients to gluten significantly
increases the risk of further autoimmune diseases
[61]. The cutaneous manifestation of celiac disease
is dermatitis herpetiformis Duhring. This blistering
autoimmune dermatosis with subepidermal blistering
indicates an underlying (subclinical) celiac disease in
almost all affected patients [59]. Functional intestinal
diseases such as irritable bowel syndrome [62], carbo-
hydrate intolerance or malabsorption syndromes, or
other wheat-associated diseases should be evaluated
(Fig. 2), as well as motility disorders and nutritional
abnormalities [63].

Celiac disease is detected by serological detec-
tion of celiac disease-specific antibodies according
to recent guideline recommendations. The diag-
nosis is confirmed by duodenal mucosal biopsies.
Since the findings normalize under gluten abstinence,
both serology and biopsy must be performed under
a gluten-containing diet, i.e., celiac disease must be
reliably ruled out before initiating a gluten-free diet
[59, 63].

IgE-mediated wheat allergy

Wheat allergies are differentiated between food allergy
and inhalant allergy, which are clearly distinguished
by different allergens.

The alcohol-soluble gluten fraction, which con-
tains mono- and polymeric gliadins and is considered
a marker for severe nutritive wheat allergies, accounts
for the largest proportion of allergens present in wheat
(80%) [66]. These manifest as urticaria with or with-

out angioedema, anaphylaxis, or wheat-dependent
exercise-induced anaphylaxis (WDEIA).

Primary wheat allergy affects 0.4-1% of infants in
the first year of life and often occurs together with
allergy to milk and hen’s egg [17]. Clinical symptoms
range from worsening of an existing eczema condition
to food protein-induced gastrointestinal disorders and
anaphylaxis. In children, foods are the most impor-
tant triggers of anaphylaxis, and wheat ranks seventh
in frequency [67]. Most children outgrow the con-
dition by school age, with only a small proportion
persisting into adolescence [68]. In adults, wheat is
an important trigger of wheat-dependent exercise-in-
duced anaphylaxis (WDEIA) or baker’s asthma. Statis-
tically, food anaphylaxis in adults is listed third after
insect venom and drug anaphylaxis, but wheat being
the most important trigger [67].

Given the cross-reactivity indicated above and the
poor predictive value of skin test and sIgE level, clini-
cal reactivity can only be verified by provocation test-
ing.

It is important to know that wheat-allergic patients
develop immune reactions to almost all domestic ce-
reals and all wheat subspecies [69]. Only millet, corn,
the millet subspecies teff and sorghum, as well as
amaranth and quinoa and gluten-free produced oats
are actually gluten-free [70].

Another source of wheat allergy, which is still un-
clear in terms of its clinical significance, is allergy to
hydrolyzed wheat proteins, which are added to food
as a source of vegetable protein and are used in cos-
metics. Industrial hydrolysis processes generate ad-
ditional IgE epitopes, which can lead to urticaria in
gliadin-sensitized patients, but also to severe symp-
toms such as anaphylaxis [71].

Non-IgE mediated wheat allergy

Wheat is also a major trigger of conditionally or non-
IgE-mediated, cell-mediated allergic clinical pictures,
which include the eosinophilic gastrointestinal dis-
orders such as eosinophilic esophagitis. Eosinophilic
esophagitis (EoE) was first described in the 1970s
and is characterized by chronic esophageal dys-
function, presumably mediated by topical allergen
exposure and other exogenous cofactors. Endoscop-
ically, esophageal epithelial inflammation is found
with more than 15 eosinophils per high-power field
(Eos/HPF) in the biopsy specimen [72]. The over-
all incidence and prevalence has increased in recent
decades and is currently reported to be as high as
50/100,000 in adults with wide geographic variations
and higher numbers [73, 74]. The disease can occur
in all age groups, with incidence peaks described in
older adolescents and in 30- to 50-year-olds. The risk
of disease is two- to threefold higher in men [75].
Eosinophilic esophagitis often manifests nonspecif-
ically as dysphagia to compact foods such as steak,
which is then suspected as the trigger. However, only
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Table 1

Likely IgE-mediated response
sponse

One or more of the following symptoms <2h:
— Skin symptoms: rash, urticaria, pruritus, flush toms:

— Angioedema — Stomach pain
— Rhinitis or rhino conjunctivitis — Nausea

— Bronchospasm (chest tightness, shortness of breath, — Vomiting

wheezing, cough, cyanosis) — Diarrhea
— Hemodynamic instability (presyncope, syncope, — Flatulence
arrhythmia, seizures, cardiac arrest) — Reflux symptoms

- 0AS

Clinical symptoms (classification modified acc. to [6])
Likely not IgE-mediated re-

No intolerance

Isolated gastrointestinal symp- — No temporal relationship between symptoms and food intake

(Caution: can take up to 12h with a-Gal reaction!)

— Subsequent exposure to the same food without reaction

— Symptoms that are no indication for an immune-mediated reaction
(e.g., headache, obstipation, hypertension, blurred vision)

— Temporal relationship between food consumption and the appear-
ance of symptoms is vague/unknown.

— Vague history without details (e.g., “childhood food allergy”!)

o.-Gal galactose-a.-1,3-galactose, /g immunoglobulin E, OAS oral allergy syndrome

Table 2 Important inhalative allergens and their cross-reactive foods
Inhalative Cross reactive foods Protein group Frequency of severity ~ References
allergen
source
Tree pollen Apple, cherry, nectarine, peach, hazelnut, carrots, celery, soybeans, kiwi, sharon, PR-10 Upto 70% OAS, upto  [13, 26-30]
(birch and jackfruit 50% systemic reactions
homologues) in carrots, celery, soy,
sharon, jackfruit
Mugwort Umbelliferae (celery, carrot, parsley, fennel, coriander, anise, cumin/curry), daisy Unclear Occasionally, 0AS [13, 34-36,
family (chamomile, sunflower seeds, black salsify, lettuce, Jerusalem artichoke), Artv1? to severe systemic 52-54]
nightshade family (tomato, paprika), Piperaceae (pepper, Anacardiaceae, Lychee) nsLTP? reactions
and Liliaceae (garlic, onion), cruciferous vegetables (mustard, broccoli, cabbage,
cauliflower), nuts, legumes, rose fruits, corn, honey
House dust Crustaceans, mussels, mollusks, edible insects Tropomyosin Rarely (less than 10%), [37, 38, 42,
mite Troponin C? partly severe 43]
Arginine kinase?
Latex Pineapple, avocado, banana, potato, tomato, kiwi, chestnut, passion fruit, pa- Hevein 21-58%, partly severe  [13, 46, 55,
paya, mango, pepper Endochitinase 56]
1,3-B-glucanase
Hevb2,6,7,8
and 11
Ficus benjam- Fig, kiwi, papaya, avocado, pineapple, banana Thiol protease? - [47, 48, 57,
ina 58]
Avian Egg yolks, poultry meat, offal Serum albumin Rarely, partly severe [51]
allergens
Animal epithe- Cow’s milk, meat, offal Serum albumin Rarely (1-3%), partly [50]
lia severe

0AS oral allergy syndrome, nsLTP nonspecific lipid transfer protein

a few foods are likely to be responsible for the major-
ity of food-associated inflammation in patients with
eosinophilic esophagitis; these include milk, wheat,
egg, and soy [76, 77], with milk and wheat likely to be
prominent in children. However, specific sensitization
cannot be demonstrated in all patients, and dietary
measures also lead to limited clinical and histologic
improvement [73-75].

Non-celiac wheat sensitivity

Non-celiac wheat sensitivity is postulated to be an in-
tolerance reaction to amylase trypsin inhibitors (ATIs)
that occurs relatively quickly after consumption of
gluten-containing wheat products and is thought
to lead to activation of the innate immune sys-
tem without the formation of any antibodies [78].
That so-called FODMAPs (fermentable oligo-, di- and
monosaccharides and polyols) play a not insignifi-
cant role in this context is suspected, but has not yet

been definitively clarified [59, 65]. Since validated
diagnostic criteria are still lacking, a careful differen-
tial diagnosis is recommended, which should include
a differentiated anamnesis with the keeping of a di-
etary and symptom diary, an allergological diagnosis
and the reliable exclusion of celiac disease [65].

Intolerances

Carbohydrate-induced reactions: malabsorption
versus intolerance

Carbohydrate utilization disorders Carbohydrate
utilization disorders are among the most important
nonimmunological food intolerances. One example
is lactose intolerance with hypolactasia, i.e., a defi-
ciency of lactase, the enzyme that breaks down lactose
ingested with milk into galactose and glucose.

The clinical picture of lactose intolerance is based
on lactose malassimilation, a mismatch between en-
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Adverse reaction

ances. IBD inflammatory against wheat

bowel disease, DD differen-
tial diagnosis, EoE eosinophilic
esophagitis, HWP hydrolyzed
wheat protein, WDEIA wheat-

Fig. 2 Wheat intoler-
[ J—

Non celiac wheat
hypersensitivity

Pazaig

dependent exercise-in- Non IgE-mediated ( Autoimmune disorder |
duced anaphylaxis. Adapted ~ N .
from Gianferoni [64], Reese Food allergy Inhalative EoE
et al. [65] allergy disease
— Eosinophilic Dermatitis
Urticaria Baker’s gastritis herpetiformis
Angioedema asthma Duhring
Anaphylaxia Baker’s other DD:
rhinitis - Malassimilation
WDEIA - Motility disorder
-1BD

HWP allergy

zyme and substrate, by which undegraded lactose is
taken up and processed by intestinal bacteria, produc-
ing bacterial degradation products such as methane,
carbon dioxide and hydrogen, and triggering symp-
toms such as osmotic diarrhea, flatulence, cramps,
etc. The most common cause in adolescents and
adults is lactase nonpersistence. The most common
cause in adolescents and adults is primary (genetic)
lactase nonpersistence. Prevalence rates vary consid-
erably globally with a south-north and east-west gra-
dient and are as high as 100% in some regions, es-
pecially Africa and Asia [79, 80]. This should be dis-
tinguished from congenital lactase deficiency, a very
rare pediatric disorder associated with severe symp-
toms and failure to thrive in infants [81].

With prevalence rates of about 20%, fructose mal-
absorption is also common [82] and should be distin-
guished from the very rare autosomal recessive hered-
itary fructose intolerance. It occurs because more
fructose is supplied with food than can be absorbed by
GLUT-5 and GLUT-2 transporters in the small intes-
tine, whereby unabsorbed fructose is bacterially fer-
mented in the large intestine and induces symptoms
similar to lactose intolerance [83].

Histamine intolerance A different pathomechanism
is suspected in the disease pattern of histamine in-
tolerance, which has been insufficiently documented
and controversially discussed to date: Thus, a de-
ficiency or insufficient enzyme(s) diamine oxidase
(DAO) and histamine N-methyltransferase (HNMT)
are supposed to lead to the fact that dietary histamine
and other biogenic amines cannot be metabolized
sufficiently and therefore cause allergy-like symp-
toms after enteral absorption [84, 85]. The hypothesis
is supported by data showing that DAO supplemen-
tation significantly mitigates clinical symptoms in af-
fected individuals [86]. On the other hand, histamine-
induced symptoms have limited reproducibility [86],
and subjects with positive and negative histamine

- Irritable bowel syndrome
- Nutritional misconduct

provocation, respectively, do not differ in their DAO
levels, nor is an increase in plasma histamine levels
detectable with positive provocation [87]. However,
the oral histamine tolerance threshold varies con-
siderably from individual to individual and depends
on cofactors. The transition to toxic reactions (e.g.,
when eating spoiled fish) is fluid, and it remains un-
clear to what extent the symptomatology is caused by
endogenous histamine liberation [84].

The clinical picture of these disorders is extremely
variable and nonspecific and includes symptoms such
as sudden facial erythema (flush), pruritus, and skin
rashes, as well as gastrointestinal symptoms such as
nausea and/or vomiting, diarrhea, and abdominal
pain. Respiratory symptoms, migraine, and cardio-
vascular symptoms such as hypotension, dizziness, or
tachycardia are less common, but are recurrent and
also require differential diagnosis.

Pseudoallergies To date, so-called “pseudoallergies”,
are also postulated, assuming that other substances
in food cause nonspecific mast cell activation with
consecutive allergy-like reactions or chronic sponta-
neous urticaria [88]. However, experimental evidence
for such mechanisms is scarce [89]. This area in-
cludes food additives, which, due to their ubiquitous
use in the food industry, are still present in quite
a few nonnatural preparations and are correspond-
ingly difficult to be identified as triggers of intoler-
ance reactions. Among the 316 currently approved
food additives are flavor enhancers such as glutamate
(E 620), sweeteners (including E 951=aspartame,
E 952=cyclamate, E 954=saccharin), preservatives
(including E 200=sorbic acid, E 210=benzoic acid,
E 214=PHB ester, E 280=propionic acid) and azo
dyes as well as antioxidants [17].

For all food additives, specific abstinence measures
have not yet been shown to improve symptoms [17,
86].
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On the contrary, there are even considerations re-
garding protective effects of salicylic acid [90, 91],
which is found in high concentrations in spices such
as bell pepper or spice mixtures such as curry, pa-
prika powder, rosemary, thyme, oregano, and Worces-
ter sauce, but also in ketchup and tomato paste, red
berries, and green olives, and has historically been
suspected of causing pseudoallergic reactions.

Diagnostics

The diagnostic procedure is carried out according
to the recommendations of the guidelines of the in-
volved professional societies in the respective valid
version and is based on the clinical suspected diag-
nosis—a differentiated anamnesis is therefore indis-
pensable! The plausibility check, which includes the
question of reproducibility and the assignment of the
complaints to the trigger, also in relation to age, is
decisive for the further procedure. In Fig. 3, the diag-
nosis of food intolerances of different pathogenesis is
illustrated.

In cases of suspected IgE-mediated food allergy, the
diagnosis is based on several complementary mea-
sures, the most important of which is the patient’s
medical history (possibly with a dietary and symp-
tom protocol), without which subsequent in vivo or
in vitro analyses cannot be interpreted. Diagnosti-
cally, the specific anamnesis of the patient is therefore
in the foreground since it represents the essential cri-
terion for the therapy decision. A sensitization per se
does not mean an allergy, only the corresponding clin-

ical symptoms result in the disease value and thus the
therapy indication for the IgE-mediated allergy. Sen-
sitization can remain without clinical correlate, i.e.,
mute, and thus does not result in therapy. Since posi-
tive sensitization evidence is found in a very high per-
centage of the population without clinically manifest
allergy, the positive predictive value of the test result
is manageable [55, 93]. In practice, the skin prick test
is the most commonly used test method for the detec-
tion of IgE-mediated sensitization because it is simple,
rapid, inexpensive, and safe to perform and has good
sensitivity and specificity when interpreted correctly.

Commercial extracts of good quality are available
for fish, seafood, egg, milk, peanut, and hazelnut.
However, not all allergens relevant to the patient are
always available in sufficient quantity in the extracts,
making false-negative test results possible. When
good quality commercial extracts are not available,
prick-to-prick testing (PPT) with native allergens can
be considered. There is better diagnostic sensitivity
in prick-to-prick testing with the native food, which
is in principle suitable for all types of food. In the
case of potentially irritating foods (Table 3), control
subjects should be tested as well. Irritative reactions
have been described for tomato, mustard, kiwi, spices,
strawberries, and pineapple ([5, 17]; Table 3).

In the in vitro diagnostics of IgE-mediated food al-
lergies, the detection of allergen-specific IgE antibod-
ies is particularly important. These can be determined
qualitatively and quantitatively using tests based ei-
ther on extracts of the allergen sources or on native
purified or recombinantly produced single allergens.

Initial assessment [

Anamnesis (incl. Food diary) and physical examination ]

Suspected diagnosis

Food Celiac Carbohydrate Intolerance
allergy disease utilization unknown
- disorder ;
[ IgE mediated ][ Cell med|ated] Pathom;:lszrhanlsm
Basic Diagnostics l Tissue transglutaminase
(tTG)
slgE SPT Deamidated Gliadin peptide
sIgE Serum (DGP)
) tTG++ {TG+/DGP+or— |\
(>10 x Cut-off*) or DGP
/ DGP + or — TG - / DGP+ 3

Advanced
Diagnostics

[Exposition] [ Biopsy ]

B 08 O

[ Therapy ] [ DD?] [ Avoidance ]

l
O
Procedere | | X / /

O
| ! N\

[DD?] [DD?][ Therapy ][DD?] Avoidance

Fig. 3 Diagnostic algorithm for the clarification of food intolerances of different pathogenesis. DD differential diagnosis, HIT his-
tamine intolerance, sIgE specific immunoglobulin E, SPT skin prick test. Husby et al. [92]
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Table 3 Overview of the suitability of prick test materials.
From [5], with the kind permission of Springer®
Commer- Suitable for Conditionally suitable

cialex-  native testing? for native testing®
tract

Food of animal origin

Fish + + %}
Meat (+) + %]
Chicken egg + + (%]
Seafood and snails + %}
Milk + + (%]
Food of plant origin

Pineapple %] %] +
Apple 7] + (%]
Cereals (+) + %]
Strawberry 7] 7] +
Peanuts + + (%]
Spices %] 7] +
Hazelnuts + + (o]
Carrot 2] + %}
Kiwi %} %} +
Lychee 7] + (%]
Mango %] + (%]
0Oil seeds (e.g., poppy @ + (%]
seeds, sesame seeds)

Peach %] + (%}
Celery (+) + (%]
Mustard (%] (%] +
Soy (+) + (%]
Tomato %] %] +
Grape 7] + (%]
Sugar snap %] + o]

+ very good, (+) good

ddeally, test control persons for possible irritative components (testing con-
trol persons with non-approved test preparations is not legal in Germany
according to the ,Arzneimittelgesetz“ (German Pharmaceuticals Act)
bHigher irritative potential

CData on the quality of the extracts are only available for individual foods,
so this table can only provide limited information. In principle, testing with
native foods usually has better diagnostic sensitivity with low specificity

Molecular diagnostics are particularly indicated when
possible cross-reactions play a role and the risk of se-
vere reactions such as anaphylaxis and resulting emer-
gency measures must be assessed. Especially in pa-
tients with multiple allergies, knowledge of the sensiti-
zation pattern as well as knowledge of the significance
of the respective allergens for the clinical symptoma-
tology only enables sensible and specific therapy plan-
ning. In individual cases, molecular allergy diagnos-
tics with a multiplex method, i.e., the simultaneous
quantification of a whole series of allergens, can be
helpful. Various quantitative or semi-quantitative as-
says from commercial suppliers are now available on
the market. Especially for patients with polysensitiza-
tion, severe atopic dermatitis, very high total IgE val-
ues, unclear anaphylaxis or with low available serum
volume, the preparation of a differentiated sensitiza-

tion profile considerably facilitates the interpretation
of the test results with regards to the assignment to
a clinical symptomatology and the consecutive ther-
apy planning [94].

For the assessment of the clinical relevance of sen-
sitization, a diagnostic elimination diet for a maxi-
mum period of 2 weeks may also be useful, ideally in-
volving a nutritionist in its planning and implemen-
tation [5]. This should be followed by food provo-
cation under controlled conditions according to the
guideline recommendations to confirm the diagno-
sis of food allergy or to prove clinical tolerance [5,
95, 96, 97]. This will not be done if an anaphylactic
reaction has been recently experienced or if the di-
agnosis is clear. The procedure depends on the age
of the patient, clinical picture, and purpose of the
provocation [17]. Oral food provocation is performed
in a standardized manner, double-blind placebo-con-
trolled provocation corresponds to the current gold
standard and is recommended with increasing age
whenever nonspecific or atypical as well as late-type
reactions are described, the outcome of the provoca-
tion is unclear or uncertainties exist in patients and
their families. Here, the provocation meals are given
titrated at 30min intervals, with semilogarithmic in-
creases to avoid severe reactions (e.g., 3mg, 10mg,
30mg, 100mg, 300mg, 1000mg, 3000 mg peanut pro-
tein) [93]. Placebo and allergen are given on different
days in randomized order. Cumulative administra-
tion, in which the total amount of food is applied once
on a different day, is useful because approximately
10% of patients only respond to this total amount
and not to titrated provocation [17, 96]. In case of
an immediate-type reaction, open provocation is rec-
ommended, especially in very young children.

If celiac disease is suspected, primary serological
tests are indicated. Tissue transglutaminase IgA an-
tibodies (tTG IgA antibodies), determined by ELISA,
and endomysium IgA antibodies (EmA IgA antibod-
ies), detected by indirect immunofluorescence, have
a specificity of at least 75 and 83%, respectively, and
a sensitivity of almost 100% in the diagnosis of celiac
disease [64]. A total IgA level is always collected, since
IgG antibodies against tissue transglutaminase (tTG)
or IgG antibodies against deamidated gliadin peptides
(dGP) must also be tested in the case of IgA deficiency.
Since a gluten-free diet can lead to a negation of the
test results within one month, serological diagnostics
are only useful under gluten exposure [97].

In the diagnosis of carbohydrate utilization disor-
ders, H, breath tests are of great importance. Here,
the concentration of hydrogen (H,) in the exhaled air
is measured in ppm (parts per million) over a period of
3h after the patient has drunk a carbohydrate solution
(lactose, fructose). The fermentation gases (hydro-
gen gas=H, and methane) produced by the bacterial
degradation of carbohydrates in the intestine, which
pass by diffusion through the intestinal wall into the
bloodstream and from there to the alveoli, are exhaled
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and can thus be measured [82]. To date, there are
no validated test systems for intolerance reactions to
histamine and food additives [84, 89]. In individual
studies, the concentration or functionality of DAO in
serum and intestine as well as histamine in serum,
stool, and urine (methylhistamine) were determined,
but a correlation with the clinical symptoms of the pa-
tients could not be found in any of the studies [84, 87].
There are recommendations for re-exposure after pre-
vious abstinence, but no standardized procedure. The
recommendations of the guideline [84] are to perform
a titrated exposure test under controlled conditions to
determine the individual tolerance limit, which, how-
ever, may vary considerably depending on cofactors.

Management

Since the present review primarily deals with the di-
agnosis, the further therapeutic procedure can only
be briefly discussed. Often, regardless of the under-
lying pathomechanisms, avoidance of the symptom-
causing food is an important therapeutic pillar after
the diagnosis has been confirmed. However, this does
not always lead to freedom from symptoms and must
be handled in a very restrictive and targeted man-
ner in order to prevent malnutrition. Restriction mea-
sures are implemented and regularly re-evaluated de-
pending on the results of the oral provocation test
in collaboration with trained nutritionists after nutri-
tional counseling [5]. Especially in the case of his-
tamine intolerance, this is more likely to be under-
stood as a change in diet with optimization of nu-
trient intake [84]. Due to the natural development
of tolerance in childhood food allergies, the measure
should be reviewed every second year in any case. As
noted above, in eosinophilic esophagitis, for exam-
ple, dietary measures lead to a significant clinical im-
provement in only about half of the patients, which
can be objectified histologically only in some cases
[75]. Here, supportive therapy plays an important role:
modern oral corticosteroid formulations with budes-
onide or fluticasone induce better clinical effects than
proton pump inhibitors or other antiallergic or anti-
inflammatory agents [75]. In any case, in the event
of anaphylaxis, after patient education has been pro-
vided, an emergency kit is carried that includes an oral
antihistamine, an oral or rectal corticosteroid, and an
epinephrine autoinjector [98]. The availability of stan-
dardized specific therapeutic options for the induc-
tion of clinical tolerance in food anaphylaxis will be
available in the near future, at least for peanut: Here,
an oral preparation will be available from fall 2021,
and clinical development has already been completed
for at least one other formulation for epicutaneous
use. For enzyme supplementation in the case of en-
zyme deficiencies such as DAO insufficiency, the data
currently do not permit any recommendations.
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