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Gastrointestinal food hypersensitivity:
Symptoms, diagnosis and provocation tests

Gastrointestinal gida duyarliligi: Semptomlar, tani ve provokasyon testleri

Giilen ARSLAN LIED

Section of Gastroenterology, Institute of Medicine, Haukeland University Hospital, University of Bergen, Bergen, Norway

As many as 25% of the general population in Western countries
believe that they suffer from adverse reactions to food. However,
the actual prevalence of food allergy is much lower. Food-indu-
ced allergic reactions cause a variety of symptoms including cu-
taneous, gastrointestinal and respiratory tract. Food allergy
might be caused by IgE-mediated, mixed (IgE and /or non-IgE)
or non-IgE-mediated (cellular) mechanisms. The clinical diag-
nosis is based on a careful history, laboratory findings (total
and specific IgE), skin prick test, elimination diet and food
challenges. New intestinal provocation tests have also been app-
lied to pick up the allergic response of the duodenal mucosa by
endosonography and external ultrasound. The management of
food allergy continues to be a strict avoidance of the offending
food item.
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Food hypersensitivity affects nearly everyone at
some point, either as an unpleasant reaction to so-
mething eaten or as a concern for a family mem-
ber suspected of having food allergy. Increasing
public and medical interest have also popularized
claims that a variety of physical and psychological
symptoms are the result of food hypersensitivity.
Increasing numbers of patients are therefore requ-
esting investigation. In Western countries, the ra-
te of perceived food hypersensitivity is as high as
approximately 25% in the general population (1).
However, the prevalence of true food allergy is 8%
in children under three years and 1-2% in adults.
Therefore, it is very important to determine if the
food really causes these symptoms or if there are
other underlying factors. The increasing number
of patients with problems attributed to food has
thus resulted in growing tasks for clinicians, rese-
archers and food chemists.

Bati iilkelerinde halkin %25t gidaya karst duyarl olduklarini
ifade etmelerine ragmen, aslinda gerc¢ek gida allerji insidanst
¢ok daha digiiktiir. Gidaya bagli allerji reaksiyonlari deri,
gastrointestinal ve solunum yollarini iceren bir¢ok semptomla-
ra neden olabilmektedir. Gida allerjisi, IgE araciligi, karma
(IgE ve/veya non-IgE) veya IgE araciligr olmayan (hiicresel)
mekanizmalar ile gerceklesebilir. Klinik taninin konulmast de-
tayli hastalik hikayesi, laboratuar bulgulart (total ve spesifik
IgE), deri prik testi, eliminasyon diyetleri ve gida provokasyon-
larina dayanmaktadir. Duodenum mukozasinda gelisen aller-
Jik reaksiyonu gozleyebilmek i¢in endosonografi ve ultrason ile
yapilan yeni intestinal provokasyon testlerine de basvurulmak-
tadir. Gida allerjisinin tedavisi mutlak siiratle duyarliliga ne-
den olan gida maddesinden kaginmaktir.

Anahtar kelimeler: Gida allerjisi, gida duyarlihigi, gida
provokasyon testleri

Definition of Food Hypersensitivity

In 1995 the European Academy of Allergology and
Clinical Immunology (EAACI) Position Paper on
Food Allergy established a classification of food al-
lergy based on pathogenetic mechanisms. Accor-
ding to this classification, adverse reactions to fo-
od comprise two main groups, toxic and non-toxic
reactions, the latter being subdivided into immu-
ne-mediated (food allergy) and non-immune-medi-
ated based on the pathogenic mechanisms invol-
ved. The non-immunological reactions may de-
pend on enzymatic, pharmacological and, altho-
ugh still unclear, include causes such as irritants
and psychosomatic responses (2). This classificati-
on underwent revision by the EAACI in 2001. The
term hypersensitivity is now being used as the
"umbrella" term to cover all kinds of adverse reac-
tions to food such as reactions to food additives, si-
de-effects to drugs, psychological reactions blamed
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on environmental factors, behavioral disorders,
and others (3). Food hypersensitivity can be subdi-
vided into two groups as demonstrated in Figure 1.

Food hypersensitivity

Food allergy Non-allergic food
hypersensitivity

IgE-mediated|| Mixed IgE-and

non-IgE-mediated
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Figure 1. Nomenclature of food hypersensitivity

The term "food allergy” is often used non-specifi-
cally to include intolerances or psycho-emotional
reactions, but should instead be restricted to reac-
tions mediated by classical immune mechanisms
(3). Food allergy is also divided into three groups,
named IgE-mediated food allergy (type-I), mixed
IgE and/or non-IgE-mediated, and non-IgE-medi-
ated (cellular) food allergy (1, 4). Non-IgE-medi-
ated food allergy (type III or IV) is supposed to be
a cell-mediated immunologic reaction, which in-
volves immune complex formation and comple-
ment deposition (5). Here, immunologically sensi-
tized lymphocytes play a major role. Therefore,
non-IgE-mediated allergic reactions are subdivi-
ded into those in which the reaction is initiated
predominantly by mechanisms associated with al-
lergen-specific antibodies other than IgE, and tho-
se in which a cellular response is predominant. A
non-immunological reaction to food, previously
called food intolerance, is now denoted as non-al-
lergic food hypersensitivity (3).

Table 1. Overview of "true" food allergy

ARSLAN LIED

"True" Food Allergy

Food allergy is a hypersensitivity reaction initi-
ated by immunologic mechanisms. An overview of
immune mechanisms in various "true" food allergy
disorders is shown in Table 1.

IgE-Mediated Food Allergy

The symptoms in IgE-mediated food allergy are
typical for immediate reactions. A positive skin
prick test and specific IgE for a given food corrobo-
rate the IgE-mediated pathogenesis (6). This type
of food allergy is most common in young children.
Symptoms typically begin within minutes of food
ingestion, and are short-lived, although onset may
occasionally be delayed for up to two hours. The
rapid onset correlates highly with positive skin
prick test or IgE-radioallergosorbent test (RAST)
to the offending antigen. Caution must be exerci-
sed because positive skin prick and RAST tests do
not always predict clinically relevant reactions in
blinded food challenges (7). Immediate gastroin-
testinal (GI) hypersensitivity, oral allergy syndro-
me, acute urticaria, angioedema, acute bronchos-
pasm and allergic rhinitis are the main food aller-
gic disorders, which occur by IgE-mediated mec-
hanisms.

Mixed IgE- and Non-IgE-Mediated Food Allergy

Gastrointestinal eosinophilic infiltration is promi-
nent in a number of disorders (eosinophilic esop-
hagitis and gastroenteritis) for which food-induced
hypersensitivity is the underlying cause (1). The
mechanisms by which eosinophils mediate inflam-
matory effects are multiple and include the rele-
ase of cytotoxic proteins and other lipid mediators
together with the release of cytokines that deviate
toward The-type responses. Another possible mec-
hanism is by acting as antigen-presenting cells
(APCs). Allergic eosinophilic esophagitis, gastritis

IgE-mediated

Mixed IgE / non-IgE-mediated

Non-IgE mediated

GI Immediate GI
hypersensitivity
Oral allergy syndrome

Cutaneous Acute urticaria
Angioedema
Acute contact urticaria
Chronic urticaria
Respiratory Allergic rhinitis Asthma

Acute bronchospasm

Allergic eosinophilic esophagitis
Allergic eosinophilic gastritis

Allergic eosinophilic gastroenteritis

Atopic dermatitis

Dietary protein enterocolitis
Dietary protein proctitis
Dietary protein enteropathy

Celiac disease

Dermatitis herpetiformis

Pulmonary hemosiderosis
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and gastroenteritis are characterized by eosinop-
hil infiltration of the esophagus and gastric and
intestinal walls to varying depths and distributi-
on, in the absence of other processes such as para-
sitic, collagen vascular disease, inflammatory bo-
wel disease (IBD) and Helicobacter pylori infection
(8-10). Peripheral eosinophilia is accompanying in
about 50% of the patients (4). Although peripheral
blood T cells from these patients have been shown
to secrete excessive amounts of interleukin (IL)-4
and IL-5 compared with that found in normal
control subjects, the underlying immunopathoge-
nesis is poorly understood (11). Several investiga-
tions have demonstrated an association with
atopy. For example, nearly half of the patients are
atopic as defined by elevated levels of total IgE or
food-specific IgE, and IgE-mediated mast cell deg-
ranulation has been demonstrated in patients
with eosinophilic gastroenteritis (12, 13). The
exact prevalence of the eosinophil disorders of the
GI tract remains unknown.

Non-IgE-Mediated Food Allergy

Non-IgE-mediated food sensitivities are becoming
increasingly recognized. Non-IgE antibody medi-
ated or associated food allergies represent a spect-
rum of clinical diseases attributed to adverse im-
mune responses to foods for which IgE antibodies
to the causal food protein cannot be demonstrated,
at least not by routine tests. Several clinically
well-defined disorders that develop in infants are
perhaps the best demonstration of this type of fo-
od allergy (14, 15). The onset of these reactions is
slower than immediate IgE-mediated reactions,
ranging from a few hours to more than a week af-
ter ingestion of the causative agent (16). In some
cases, even more prolonged and repeated exposure
is required for the development of clinically appa-
rent abnormalities. Inflammatory cell infiltration
of the GI wall is seen in many of these conditions,
but most diagnoses are currently made on the ba-
sis of clinical presentation and response to dietary
exclusion (1, 5). Identification of the causal foods
for non-IgE-mediated disorders is a complicated
undertaking. The symptoms are often subacute or
chronic in nature and no simple tests are availab-
le to secure the diagnosis. Therefore, elimination
diets and oral food challenges are the primary mo-
de of diagnosis and ancillary tests are often ne-
eded (such as intestinal biopsy). The atopy patch
test and in vitro lymphocyte studies may hold pro-
mise for future improved diagnosis of these disor-
ders (17, 18).

Non-allergic Food Hypersensitivity

Non-allergic food hypersensitivity, previously cal-
led food intolerance, is a non-immune mediated fo-
od hypersensitivity. Mainly, two types of causes
are responsible:

Intrinsic causes: Enzyme deficiency (lactase defici-
ency and phenylketonuria), malignancies and
psychological factors.

Extrinsic causes: Infections (bacteria, virus and
parasites), food additives (monosodium glutamate,
aspartame, sulfites, nitrates and dyes) and phar-
macological factors (alcohol, caffeine, histamine,
tyramine, serotonin and metal contaminants) (2,
3, 19).

Clinical Features

Food hypersensitivity may affect many organs,
thereby causing a perplexing variety of symptoms
with different immunopathologic mechanisms. In
IgE-mediated food allergy, anaphylactic shock, an-
gioedema, urticaria, asthma, vomiting, diarrhea,
atopic dermatitis, oral syndrome, rhinitis and con-
junctivitis are classical manifestations (20, 21).
Besides pure GI symptoms (nausea, vomiting, ab-
dominal cramping or colic, diarrhea), there can be
other allergic reactions in various target organs
such as cutaneous (urticaria, flushing, erythema-
tous pruritic rash, atopic dermatitis), respiratory
(nasal congestion, rhinorrhea, sneezing, laryngeal
edema, wheezing, asthma) and cardiovascular re-
actions (hypotension, shock, dizziness). In IgE-me-
diated food allergy, the response has a rapid onset
soon after food ingestion, whereas in cell-mediated
reactions, onset is slower following food ingestion.
In mixed reactions, the features are overlapping to
those seen in the other conditions.

Food items commonly cause rhinitis and atopic
dermatitis in children, whereas in adults, they
mainly cause GI symptoms (19). In children, 70-
80% of atopic dermatitis is IgE-mediated and food
items are responsible for 40% of those. Exercise,
alcohol and drugs can be co-triggers for food al-
lergy (22).

Food Allergens

An allergen may simply be defined as a substance
which causes hypersensitivity by an immunologic
mechanism. Food such as shrimp or peanut is an
"allergen source” and might contain many aller-
gens (Pen a 1 for shrimp and Ara h 1 for peanut).
These allergens also have several epitopes, which
can interact with many different primary targets.



Table 2. Most common major food allergens

Cow's milk

Caseins os-caseins
B-casein
K-casein
Whey B-lactoglobulin
o-lactalbumin
Chicken egg white Ovomucoid (Gald 1)
Ovalbumin (Gal d 2)
Ovotransferrin (Gal d 3)
Peanut Vicilin (Arah 1)
Conglutin (Ara h 2)
Glycinin (Ara h 3)
Fish Parvalbumin (Gad ¢ 1; cod)
(Sal s 1; salmon)
Shrimp Tropomyosin (Pena1;Penil)
Rice o-amylase inhibitor ~ (Ory s 1)
Celery Pathogenesis-related (Apig 1)
protein
Profilin (Apig2)
Apple Pathogenesis-related (Mald 1)
protein (PRG)
Profilin (Mal d 2)
Carrot PRG (Dauc 1)

The allergenic fraction of food is generally compri-
sed of heat-stable, water-soluble glycoproteins
ranging in size from 10 to 70 kd (4, 23). The major
allergens in some food items are shown in Table 2.

The eight foods or food groups responsible for the
vast majority of IgE-mediated food allergies are
cow’s milk, egg, fish, wheat, peanut, soybean,
crustacea (shrimp, crab and lobster) and tree nuts
(almond, hazel and walnut). However, there are
regional and national variations reflecting dietary
patterns. For example, fish allergy is common in
Scandinavia, rice allergy in Asia and peanut al-
lergy in the United States, while celery allergy ap-
pears to be fairly prevalent in Europe, sesame se-
ed allergy in many parts of the world and buckw-
heat allergy in South Korea (24). In Mediterrane-
an countries (Italy, Spain, Israel), fruit, especially
peach, is a common allergen.

Pathophysiology

There is little information about the pathophysi-
ology of intestinal hypersensitivity reactions.
Whether reduced mucosal barrier function, here-
ditary elevated IgE responses or inflammation
cells play the major role in pathogenesis is still
unknown (2). Previous studies indicate that mast
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cells, eosinophils and intraepithelial T-cells are in-
volved in the pathogenesis of intestinal food al-
lergy (25-28).

Interaction between IgE on mast cell surfaces
with food extracts has been well demonstrated in
immediate reactions. GI mucosal reactions might
be similar to those that follow mast cell degranu-
lation as shown by intraluminal administration of
food antigens in sensitive individuals, which leads
to a rapid increase in histamine and tryptase (25).
Mediators (histamine, tryptase, prostaglandins,
leukotrienes and cytokines) which are released in
response to FceRI cross-linking from mast cells
may contribute to the IgE-mediated late-phase
response. Eosinophils may also accompany both
the immediate and the late phase of allergic reac-
tion and they might be activated by a direct (cross-
linking surface-bound IgE or IgA on eosinophils)
or an indirect effect (via mast cell mediators). It
has been shown that patchy or diffuse lymphono-
dular hyperplasia with normal villous architectu-
re is a typical endoscopic finding of food allergy in
school-aged children. Increased densities of intra-
epithelial lymphocytes (IELs) have been observed
in jejunal biopsy specimens from patients with
cow’s milk protein intolerance and latent milk al-
lergy. However, the number of IELs in these pati-
ent groups has been lower than in celiac disease
patients (27). This indicates that subjects with ce-
liac disease and food allergy may have a similar
type of immunological activation, but celiac dise-
ase patients have it in a far more advanced form.

In addition, several cytokines (IL-3, IL-4, IL-5,
and IL-13) are important regulators of allergic inf-
lammation, and an imbalance between Thi and
Thz lymphocytes favors development of the aller-
gic response (2, 11). The release of these mediators
and cytokines by T cells, mast cells and eosinop-
hils is presumably a relevant step in the pathoge-
nesis of the late-phase reaction, characterized not
only by increased vascular permeability and ede-
ma but by the infiltration of the tissue with inf-
lammatory cells.

Diagnosis of Food Hypersensitivity
Case History

Most patients will describe a close connection bet-
ween intake of specific food and development of
symptoms. Therefore, a detailed history must be
taken to identify whether or not the complaints
are likely to be associated with food hypersensiti-
vity. A careful history should focus on: the symp-
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toms attributed to food ingestion (type, acute vs.
chronic), which food are involved, consistency of
reactions, the quantity of food required to elicit
symptoms,

the timing between ingestion and onset of symp-
toms, the most recent reaction or patterns of reac-
tivity, the manner in which the food was prepared
(raw or cooked), potential contamination with
known allergens and any ancillary associated acti-
vity that may play a role (e.g., exercise, alcohol or
drug). Additionally, it is helpful if the patients ke-
ep a symptom diary and chart the foods they con-
sume with and without symptoms, and to collect
ingredient labels from the foods they eat. In this
way, the physician may construct a priori assess-
ments of chance that foods do play a role and
which foods may be involved (19).

Diagnostic Tests

Skin prick test: Skin prick-puncture test is a com-
monly used method to detect food-specific IgE an-
tibody. The foods selected for testing should be ba-
sed on case history and the patients should stop
taking any antihistamines for an appropriate
length of time. The technique is simple. A device
such as needle, bifurcated needle, probe or lancet
is used to puncture the epidermis through an ext-
ract of food. Appropriate positive (histamine) and
negative (saline-glycerin) controls are also placed.
The test site is examined 10-20 minutes later. A
local wheal and flare response indicates the pre-
sence of food-specific IgE antibody. A mean wheal
diameter 3 mm or greater compared to a saline
control is generally considered positive (29, 30).

Total and specific serum IgE levels: Total serum
IgE does not add considerable insight into the di-
agnosis of food allergy because it may increase in
other disorders than allergy such as parasitic in-
fections. Therefore, specific serum IgE is more
specific for food allergy. However, it cannot estab-
lish the diagnosis of a clinical food allergy. RAST
allows the quantification of allergen-specific IgE
in serum (25).

Atopy patch test: Atopy patch tests are classically
used to evaluate cell-mediated (type IV, late pha-
se reaction) responses to various chemical sensiti-
zers. The test is generally performed by applying
the suspected allergen to the surface of the skin in
a metal cup under an occlusive dressing and le-
aving it in place for 24 hours (31). The test site is
evaluated at the time of removal and 1-2 days la-
ter for evidence of inflammation that can be scored

by severity. Controls are applied to determine pos-
sible irritant reactions. The atopy patch test can
hypothetically induce T cell responses reflecting
those that occur in subacute and chronic atopic
dermatitis or perhaps in GI food hypersensitivity
(32, 33). In several studies, positive atopy patch
test was associated with delayed reactions and it
may perhaps help to distinguish between non-IgE-
mediated food allergy and non-allergic food hyper-
sensitivity (34). Atopy patch test requires two to
three physician visits and a fairly large area of in-
tact, rash-free skin, and the test is more cumber-
some and more costly than the skin prick test. Cle-
arly, atopy patch test shows some promise as a di-
agnostic tool, but the method needs to be further
studied.

Elimination Diet

An elimination diet is often warranted before un-
dertaking food challenges. This can be done by eli-
minating one or several food items from the diet,
and would also represent a therapeutic interventi-
on. The length of trial depends on the type of
symptoms, but the time interval required is usu-
ally 1-6 weeks. If there is no improvement with eli-
mination, then the foods eliminated are not likely
to be a cause of the complaints. However, if reso-
lution of symptoms is achieved, food challenges
may be warranted as a next step in identifying the
offending foods among those eliminated (35).

Food Challenges

The food challenges ultimately either confirm or
refute specific foods as causing clinical disease. In-
dication for challenge, challenge type (open, single
or double-blind) and challenge location (home, of-
fice or hospital) should be decided before underta-
king a food challenge. Severe anaphylaxis after in-
gestion, with a positive test for specific IgE anti-
body to the causal food, is a relative contraindica-
tion for food challenge. Patients should avoid the
suspected foods for at least two weeks, antihista-
mines should be discontinued according to their
elimination half-life, and chronic asthma medica-
tions should be reduced as much as possible prior
to undertaking the challenge.

There are several methods for food challenge such
as open, single-blind and double-blind placebo-
controlled food challenge (DBPCFC). Labial food
challenge was performed in children with food al-
lergy (36, 37). Some researchers begin challenges
with labial food challenge by placing the food ext-
ract on the lower lip for two minutes observing
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local or systemic reactions in the ensuing 30 minu-
tes. The development of contiguous rash of the
cheek and chin, edema of the lip with conjunctivi-
tis or rhinitis, or a systemic reaction is considered
a positive test (38). Negative labial challenges are
generally followed by an oral food challenge.

During open provocation, both the patient and the
physician know the food item, whereas in
DBPCFC, neither the patient nor the physician
knows the food item being tested. In single-blind
test, the food item is only unknown to the patient.
In the latter two formats, the food must be hidden
in some way, such as in another food or in opaque
capsules. DBPCFC is least prone to bias by pati-
ents and/or physician. Although the open food
challenge is most prone to bias, it is often prefer-
red because no special preparation is needed to
mask the food.

In all challenges, the food is given in gradually
increasing amounts. For most IgE-mediated reac-
tions, the researcher gives a total of 8-10 g of the
dry food or 100 ml of wet food (double amount for
meat and fish) in gradually increasing doses at 10-
15-minute intervals over about 90 minutes follo-
wed by a larger, meal size portion of food a few ho-
urs later (39, 40). However, a variety of other chal-
lenge regimens have been used with successful re-
sults (lower starting doses, variations in the deg-
ree of dosing increases, different time intervals)
(38,41). The challenge data for 513 positive chal-
lenges to six common allergenic foods in children
with atopic dermatitis showed that starting dose
were usually 500 mg, but at the physician‘s discre-
tion, this was sometimes 100-250 mg. Usually,
starting doses of 100 mg or less were recommen-
ded (42). The dose that elicited a reaction was not
predictable from the skin prick test response or
IgE antibody concentration. DBPCFC also applies
graded doses, but in this case either a placebo or a
challenge food is administered. The order of admi-
nistration should be randomized.

Even though there is dissatisfaction and doubt
about DBPCFC, this method is still considered the
"gold standard" for diagnosing food allergy (25).
However, false positive and false negative results
should be taken into consideration. To help exclu-
de false negatives, it has long been suggested to
include an open feeding under supervision of a me-
al-size portion of the tested food prepared in its
usual manner, as a follow-up to any negative
DBPCEFC (43).
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Other Provocation Tests

Jejunal perfusion: An alternative food challenge
was performed by collecting jejunal perfusion
samples. The investigators isolated an approxima-
tely 10 cm long segment in the proximal part of
the jejunum by a two-balloon, six-channel tube
and perfused it with an allergen solution. Samples
of the perfusate were collected after 20 minutes.
Bengtsson et al. (44) indicated increased intestinal
secretion of eosinophil cationic protein (ECP) and
histamine after intestinal challenge in patients
with cow's milk intolerance. Intraluminal admi-
nistration of food antigens may induce intestinal
release of mast cells tryptase, histamine, prostag-
landin D2 and eosinophils peroxidase activity wit-
hin 30 minutes after challenge (45). A disadvanta-
ge of this procedure is that the mucosal changes
are not visible and biopsies cannot be taken. So
far, this technique has been reserved to research
settings.

Gastroscopic provocation test: In previous studies,
attempts have been made to challenge gastric mu-
cosa with food allergens during gastroscopy. In the
intragastral allergen provocation test under en-
doscopic control (IPEC), mucosal changes with
edema, reddening and bleeding of the stimulated
area were reported in cases of positive challenges
with food allergen (46, 47).

Colonoscopic allergen provocation test: During the
colonoscopic allergen provocation (COLAP) test, li-
quid (food) antigen extracts, a buffer control and a
positive control containing histamine are injected
into the mucosa of the cecum with a fine needle.
The antigen extracts are selected according to pa-
tient’s history and/or RAST results. After 20 min,
the wheal and flare reaction of the provoked mu-
cosa is registered semiquantitatively using a score
from O to 4, and biopsies are taken from the provo-
cation areas as well as from unprovoked cecal mu-
cosa (48, 49).

New provocation tests with ultrasound: In previ-
ous studies we applied endosonography and exter-
nal ultrasound to pick up the allergic response of
the duodenal mucosa to provocation (50, 51). Pati-
ents were challenged with the suspected food item
through a nasoduodenal tube. Using external ult-
rasound, the sonographic features (wall thickness
and diameter of the duodenal bulb and jejunum,
peristalsis activity, and luminal fluid) were recor-
ded before and during one hour after challenge. GI
symptoms were registered using a Visual Analo-
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gue Scale (VAS). Sonographic changes in response
to challenge were observed in 44% of patients. The
sonographic response was significantly related to
the response of the skin prick test and of the
DBPCFC. Interestingly, the degree of provocation-
induced symptoms was significantly correlated to
the increase in intestinal wall thickness. Hence,
responses of the proximal small intestine to direct
provocation (swelling of the wall and exudation of
fluid into the lumen) could be visualized by tran-
sabdominal ultrasound, and this new provocation
test may become helpful in the evaluation of pati-
ents with food hypersensitivity. However, further
validation studies are required.

Laboratory Tests

Histamine, Tryptase and Eosinophil Cationic Pro-
tein (ECP): Several mediators are released from 1)
mast cells: histamine, tryptase, prostaglandins
and leukotrienes, 2) eosinophils: ECP, eosinophil
protein X (EPX), eosinophil peroxidase (EPO), ma-
jor basic protein (MBP), prostaglandins and le-
ukotrienes, 3) basophils: histamine and leukotri-
enes, and 4) neutrophils: myeloperoxidase (MPO),
human neutrophil lipocalin (HNL), lactoferrin,
calprotectin and lysozyme (52). In various studies,
some of these mediators have been measured in se-
rum, urine and stool, and have been shown to be
elevated in patients with food allergy (44, 48, 53-
55). The notion that mast cells, eosinophils and ba-
sophils become activated after food allergen expo-
sure (provocation test) to skin, lung or intestine is
further emphasized by histological studies sho-
wing degranulation and cytokine production in
these cell types and by the measurement of enhan-
ced levels of proinflammatory mediators after al-
lergen provocation tests. In addition, methylhista-
mine, which is a metabolite of histamine, can be
determined in urine in patients with food allergy
(56, 57). However, none of these measurements are
well established as clinical diagnostic methods.

Leukotrienes: Leukotrienes (LT) and prostaglan-
dins (PG) have been used to monitor inflammation
in allergic disorders, mostly in patients with air-
way allergy, asthma and drug allergy. Both LTE«
and PGD:2 metabolite 90, 11b-PGF2 can be deter-
mined in the urine, although there is rather limi-
ted information on this in relation to food allergic
reactions (58). A specific test, CAST-ELISA, has
been developed to measure the LTBs, LTCs and
LTE4 released from peripheral cells (59). However,
all these methods need further documentation be-
fore they are applied within a clinical routine.
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Cytokines: Serum cytokines have not yet proven
useful for clinical information. Some studies have
reported an imbalance of IL-4 and interferon-y
(INF-y) in children and adults (60, 61). Furthermo-
re, INF-y and IL-2 have been reported to be eleva-
ted in food allergic reactions (62). However, much
more information is needed before use in clinical
routine.

Differential Diagnosis

GI disorders (functional GI disorders, IBD, celiac
disease and eosinophilic gastroenteritis), enzyme
deficiency (disaccharidase deficiency, galactose-
mia, phenylketonuria), malignancy, contaminants
and food additives (dyes, toxins, infectious orga-
nisms, seafood-associated disorders), pharmacolo-
gic agents (caffeine, histamine, serotonin, tyrami-
ne, alcohol) and psychologic reactions should be
considered in the differential diagnosis of food
hypersensitivity (19, 25).

Management

The mainstream treatment of food allergy conti-
nues to be a strict avoidance of the offending food
item. The practicability of such an elimination di-
et is, however, limited by the number of allergens
and quite often also by the frequency of the aller-
gen within normal nutrition. A spontaneous de-
sensitization may occur in 19-44% of patients fol-
lowing an elimination diet, but this process usu-
ally takes years (1, 19). If an elimination diet can-
not be performed properly, or if the responsible fo-
ods could not be identified, antiallergic medication
is required. In any patient with signs and symp-
toms of anaphylaxis, epinephrine should immedi-
ately be administered by intramuscular injection.
Oral cromolyn sodium is effective in treating IgE-
mediated food allergies and allergic eosinophilic
gastroenteritis. Due to a low side-effect rate, oral
cromoglycate can be used in children as well. Ot-
her medications such as Hi and H2 antihistami-
nes, ketotifen, corticosteroids and leukotriene in-
hibitors have been used in an attempt to modify
symptoms of food-induced allergic disorders. Anti-
histamines may partially mask symptoms of oral
allergy syndrome and IgE-mediated skin symp-
toms. Oral corticosteroids are generally effective
in treating chronic IgE-mediated disorders (atopic
dermatitis or asthma) or non-IgE-mediated GI
disorders (allergic eosinophilic esophagitis or
gastroenteritis and dietary food induced entero-
pathy) (19). At present, several other antiallergic
drugs are under development, such as anti-CD4,
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anti-IgE, anti-IL-5 or anti-IL-4 strategies (25). The
results on the use of anti-IgE antibodies are promi-
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