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Abstract
There have frequently been doubts as to the relevance of

food allergy, in particular as far as the involvement of the

intestinal tract is concerned. Several studies, however,

have confirmed the existence of allergic reactions in the

gut, with an estimated prevalence of about 1–2% in

adults. Clinical symptoms are unspecific and include

nausea, vomiting, abdominal pain, cramping and diar-

rhea. Intestinal mast cells, as well as intestinal eosino-

phils, have been shown to be involved in the pathogene-

sis of food-allergy-related enteropathy. In addition to

classical IgE-dependent degranulation, further agonists

have been demonstrated for mast cell activation, for

example IL-4. The methods used to confirm the diagno-

sis of instestinal allergy are still insufficient. Until now,

blinded oral challenge procedures with food antigens

have been accepted as the ‘gold standard’ in diagnosing

food allergy, although these tests have practical prob-

lems. Therefore, new test systems have been developed,

such as endoscopic provocation tests, that may improve

diagnostic procedures. Elimination diet still presents the

main basis of therapy. Aspects to be focused on in the

future are the role fo IgE-independent allergic mecha-

nisms in intestinal allergy, the impact of cross-reactivity

with other allergens and the relationship to other inflam-

matory bowel diseases such as Crohn’s disease, ulcer-

ative colitis, celiac disease and irritable bowel syn-

drome.
Copyright © 2000 S. Karger AG, Basel

Introduction

Enormous progress has been made in our understand-
ing of allergic diseases and their management during the
last 3 decades since the discovery of IgE, in particular in
the field of asthma and rhinitis. However, some other
fields of allergy have remained rather obscure, e.g. hyper-
sensitivity reactions that are not based on the classical
type I anaphylactic reaction, often occurring rather in a
delayed fashion. Furthermore, there have frequently been
doubts as to the clinical relevance of food allergy, in par-
ticular as far as the involvement of the intestinal tract is
concerned. Especially in adults, the significance of gas-
trointestinal (GI) allergy is still questioned. There is, how-
ever, indeed substantial evidence in the literature as well
as from our own experience that allergic reactions exist in
the GI tract, and that this food-allergy-related enteropa-
thy is of relevance not only in children, but in certain
adult patients as well [1–3].

One of the major problems with GI allergy is the fact
that its manifestations can hardly be visualized – as is pos-
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Fig. 1. The natural course of allergy (current
hypotheses). Onset of allergic disease accom-
panied by sensitization to food proteins (e.g.
fruits etc.) is frequently observed in early
childhood, possibly because of an immature
immune system or incomplete gastrointesti-
nal barrier. In most cases, children lose food
intolerance, but a few fail to develop oral tol-
erance during childhood. The latter may de-
velop seasonal allergy, e.g. against pollens
that cross-react with food allergens. Others
develop unrelated allergies which may occur
also in patients who never suffered from
allergic diseases before.

sible in skin reactions – or measured – as by bronchial
obstruction or hyperresponsiveness in allergic asthma.
Our knowledge of epidemiology, clinical manifestation,
and specific therapy is poor, mainly due to a lack of stan-
dardized diagnostic procedures and due to the inaccessi-
bility of the target organ. The role of GI hypersensitivity
reactions in the natural history of disorders such as
inflammatory bowel disease (e.g. Crohn’s disease, ulcer-
ative colitis) and irritable bowel syndrome also remains
controversial [4–6]. Furthermore, the understanding of
the pathomechanisms involved is limited.

Epidemiology

A recent population study by Young et al. [7] used dou-
ble-blind placebo-controlled food challenges to confirm
reported reactions to food on an objective basis. The
results of this survey suggest that the prevalence of food
allergy in adults (general population) is about 1.4%. In
this study, 28% of the individuals with a diagnosed food
allergy had intestinal symptoms. Due to the limitations of
the diagnostic means used to identify afflicted patients,
the prevalence may have been underestimated in this
study. Using a broad array of diagnostic means, including
mucosal food challenge procedures, we could confirm
intestinal food allergy in 3.2% of adult patients suffering
from inflammatory bowel disease or irritable bowel syn-
drome [2]. Compared to adults, a higher prevalence of

food allergy can be found in children of less than 3 years.
According to the literature, 2–8% [8, 9] of children are
afflicted. The most relevant allergen in childhood seems
to be cow’s milk. Most children tend to ‘outgrow’ their
allergy by the 3rd [10] or, at the latest, 6th [11] year of life.
A small group, however, undergoes a so-called change of
level that is a change from food allergy involving the skin
and gut to allergic diseases of the respiratory tract trig-
gered by inhalative allergens (fig. 1). The factors deter-
mining the natural course of allergy during life are un-
known.

Clinical Presentation

Clinical Symptoms of GI Allergy
Allergic reactions of the GI tract may occur from with-

in minutes to several hours after ingestion of the offend-
ing food allergen, and present as a variety of clinical find-
ings. These include nausea, vomiting, abdominal pain,
cramping and distension, flatulence, constipation or diar-
rhea [1, 12, 13]. Occult fecal blood loss and malabsorption
have also been reported in association with allergic re-
sponses of the GI tract.

The existence of a delayed-type or chronic form of
allergic enteropathy with persistent inflammatory altera-
tions of the intestinal mucosa has not yet been proven.
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Table 1. Clinical aspects of allergic reactions in the gut

Clinical
symptoms

Relevant
allergens

Differential
diagnoses

milk irritable bowel syndrome
Vomiting hazelnut Crohn’s disease
Abdominal pains wheat ulcerative colitis
Cramping apple eosinophilic gastroenteritis
Distension pork celiac disease
Flatulence egg lactase deficiency
Constipation celery infectious diseases
Diarrhea carrots tumor diseases
Intestinal edema inhalants? pseudoallergic reactions

According to our own experience, the most relevant
allergens for intestinal food allergy are milk proteins,
hazelnut, wheat, apple, pork and egg [14, 15].

Table 1 shows a synopsis of the clinical aspects of aller-
gy in the gut.

Association with Other GI Diseases
The clinical features of GI allergy are variable and

unspecific and also typify other GI disorders, such as irri-
table bowel syndrome, Crohn’s disease and ulcerative
colitis [16, 17]. Thus, a differential diagnosis often proves
to be difficult. A crucial aspect that has to be focused on in
the near future is whether this similarity of symptoms is
purely coincidental, or whether it is part of a causal rela-
tionship between GI hypersensitivity reactions and other
GI disorders. There are, for instance, a few studies sug-
gesting an association between food and irritable bowel
syndrome [6]. Furthermore, the relationship between
food-allergy-related enteropathy and inflammatory bowel
diseases (Crohn’s disease, ulcerative colitis) has to be elu-
cidated. Although there are hints from the literature that
there might be a link between these disorders [2, 4, 5], a
distinct causality has not been proven so far, and clear
epidemiological data do not yet exist. The same applies to
celiac disease, where a food as responsible agent (wheat
protein gliadin) is well known; the mechanism by which
the disease is caused, however, is not fully understood
[18]. Many patients with celiac disease are sensitized
towards multiple other food proteins, which may reflect
either a hypersensitive immune status or an increase in
sensitization because of increased gut permeability
caused by celiac disease.

In the context of intestinal allergy, eosinophilic gas-
troenteritis must also be mentioned. It is a rare disease of
unknown etiology characterized by pronounced eosino-

phil accumulation and activation in the GI tract. The
eosinophil infiltration can involve all parts of the GI tract,
from the esophagus to the rectum. In most cases, the infil-
tration is limited to the mucosa, but sometimes the mus-
cle layer or the subserosa are predominantly affected. This
disease presents clinically with abdominal pain, cramps,
nausea, diarrhea, malabsorption and, if the subserosa is
infiltrated, eosinophilic ascites. It is interesting that 25–
50% of these patients are reported to suffer from food
allergy [19, 20].

Cross-Allergy
It is well known that pollen allergy can be associated

with food allergy to fruits, nuts and vegetables. This com-
plex is best established for the oral allergy syndrome, but
probably also applies to food-allergy-related reactions of
the gut. Cross-reactive IgE antibodies were found to be
responsible for this clinical phenomenon in patients with
inhalant allergy. The first relevant cross-reactive allergens
identified almost a decade ago were the major birch pol-
len allergen Bet v 1 and birch profilin (Bet v 2). Allergens
homologous to Bet v 1 have been detected in apple, pear,
celery, carrot and potato [21]. Furthermore, common IgE
epitopes of Bet v 1 and Mal d 1, the major apple allergen,
leading to allergic cross-sensitization have been proven
[22]. Profilin is an actin-binding protein in higher plants,
and it represents the cross-reactive allergen for almost
20% of all pollen-allergic patients [23]. We found that
administration of recombinant Bet v 1 to the colonic
mucosa in selected patients is effective in inducing a
mucosal wheal-and-flare reaction, suggesting that this al-
lergen is of significance also in the gut. It is not yet clear if
the inhalant sensitization subsequently leads to food hy-
persensitivity, or if the sensitization process is initially
determined by Bet v 1-related food allergens. It is possible
that food allergens prime T cells, which consequently also
react with pollen allergens. The earliest foreign antigens in
infant nutrition are usually apples, carrots and other vege-
tables containing Bet v 1 homologues. The immaturity of
the mucosal immune system in childhood can lead to
allergic sensitization to Bet v 1, which may account for a
subsequent sensitization to pollen allergens [22]. This
might be the reason for the observation that most children
with food hypersensitivity are likely to ‘outgrow’ their
allergic enteropathy, but are predisposed to develop pol-
len allergy later on (fig. 1). Genetic engineering of recom-
binant hypoallergenic Bet v 1 derivatives may produce
candidates for specific immunotherapy [24].
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Pathogenesis

In contrast to allergic disorders of human skin and
respiratory mucosa, little is known about the pathophysi-
ology of intestinal hypersensitivity reactions, and most of
the available information comes from animal studies [25].
For mast cells in particular, our knowledge is to a large
degree based on studies in rodents, the results of which
cannot be easily transferred to the human system because
of substantial functional differences between rodent and
human mast cells. In order to most closely reflect the clini-
cal situation, we performed in vitro studies using exclu-
sively purified human cell preparations (eosinophils iso-
lated from peripheral blood, mast cells isolated from sur-
gery specimens of intestinal tissue) or immunohistochem-
ical studies in colon biopsies taken from food-allergic
human individuals after allergen provocation.

Intestinal Mast Cells
Regulation. Mast cells are the well-recognized key cells

of type I hypersensitivity reactions. Almost no IgE-inde-
pendent triggering agents have been found for human
mucosal mast cells [26], in contrast to human basophils
and eosinophils, but also in contrast to rat peritoneal mast
cells and human skin mast cells. One of the most impor-
tant findings with regard to mast cell biology was the dis-
covery of stem cell factor (SCF), the c-kit ligand, in the
early nineties. SCF is known to regulate the development
of human mast cells from progenitor cells [27]. In addi-
tion, we found that SCF profoundly regulates mature
human mast cell functions. We were able to demonstrate
that SCF is a unique cytokine enhancing histamine re-
lease and leukotriene production in human lung and GI
mast cells [26, 28, 29]. Further studies have revealed that
SCF selectively promotes GI mast cell survival and prolif-
eration [30] and enhances the adhesion of human mast
cells to extracellular matrix proteins [paper submitted].
SCF is produced by stroma cells, fibroblasts and endothe-
lial cells, but not by lymphocytes [27]. Thus, SCF cannot
be claimed responsible for the link between mast cells and
the specific immune system, as was presumed for many
years. In rodents, IL-3 was found to be a major mast cell
regulator, which is obviously different in humans, since
Valent et al. [31] showed that human mast cells do not
express the IL-3 receptor. Very recently, we were able to
demonstrate that IL-4 seems to be a decisive regulator of
human intestinal mast cells [32]. IL-4 by itself has no visi-
ble effect on mast cells. In the presence of SCF, however,
IL-4 strongly enhances mast cell proliferation and surviv-
al, and increases IgE-dependent mediator release. IL-4

acts on mast cells directly through the IL-4 receptor
expressed on human mast cells. However, in contrast to
previously published papers, we found no significant IL-4
production in human intestinal mast cells, whereas hu-
man basophils are a potent source of IL-4 after stimula-
tion [32, 33]. In conclusion, constitutively produced SCF
seems to be required for the presence of mast cells, where-
as IL-4 regulates the functional status of mast cells, which
is probably different in allergic individuals after provoca-
tion. Figure 2 illustrates the different mechanisms in-
volved in mast cell regulation.

Distribution and Effects on the Intestinal Tract. Mast
cells are found at multiple body sites, including the GI
tract. The mast cell density in the intestinal mucosa is
even higher than, for example, in the skin. Between 2 and
3% of lamina propria cells in the gut are mast cells, which
are located in the neighborhood of blood vessels, nerves
and lymphatic tissue. Mast cells manifest a considerable
heterogeneity with regard to phenotype, protease content
and functional properties. As early as 20 years ago, mast
cells were shown to be involved in the pathomechanisms
of intestinal disorders such as Crohn’s disease, ulcerative
colitis and celiac disease. For example, degranulating
mast cells were found in the gut mucosa of patients with
Crohn’s disease [34], and elevated mast cell numbers in
the jejunal mucosa were detected in patients with celiac
disease [35]. Mast cell activation also seems to be of
importance in GI food allergy. It has been shown that
intestinal mucosal mast cells degranulate and release his-
tamine upon allergen stimulation in rats that had been
sensitized to cow’s milk or egg albumin [36]. Also, some
human studies have demonstrated the involvement of
mast cells in hypersensitivity reactions of the GI tract. In
endoscopic intragastral provocation tests performed by
Reimann and Lewin [37] and Bagnato et al. [38], mast cell
and histamine changes in the mucosa were reported. Con-
sistent with these findings, we also found mast cell activa-
tion in cecal biopsies after colonoscopic allergen provoca-
tion [14]. By virtue of the mediators and proteases they
release, mast cells have a significant potential to modulate
gut function. The cross-linking of IgE receptors has been
shown to stimulate epithelial ion transport, increase vas-
cular permeability, diminish barrier integrity, and cause
mucosal edema and contraction of intestinal smooth mus-
cle [36, 39]. These alterations may account for the clinical
findings associated with food-allergy-related enteropathy.
The effects of mast cells on the GI tract are illustrated in
figure 3.

Further Mediators. Mast cells not only release their
granule contents, but also synthesize several mediators de
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Fig. 2. Regulation of human mucosal mast
cells.

Fig. 3. Effects of mast cells on the GI tract.
LTC4 = Leukotriene C4; FGF = fibroblast
growth factor.

novo upon activation, e.g. leukotriene C4 and prostaglan-
din D2. More recently, it was found that in rodents,
mast cells are capable of producing TNF-· and many oth-
er cytokines [40]. These findings suggest that mast cells,
apart from their role as proinflammatory cells, may have
multiple physiological functions with regard to immuno-
regulation and host defense, especially against parasites

and bacteria [41, 42]. As we were able to show recently,
human intestinal mast cells also produce low levels of
TNF-· constitutively, and IgE cross-linking substantially
enhances TNF-· production [43]. Apart from proinflam-
matory cytokines such as TNF-·, which attracts neutro-
phils, human intestinal mast cells produce Th2-type cyto-
kines such as IL-3, IL-5 and IL-13, which attract eosino-
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phils and other cell types, a finding that may be of particu-
lar relevance for allergic diseases [44, 45]. In contrast to
proinflammatory cytokines, Th2 cytokines are only pro-
duced in mast cells stimulated by IgE cross-linking. The
addition of IL-4 to the cells strongly upregulates Th2-type
cytokines. In the presence of SCF and IL-4, low levels of
Th2 cytokines can be detected even without further stim-
ulation with IgE cross-linking [34, 45]. These data show
that human intestinal mast cells stimulated by IgE cross-
linking contribute to the production of selected Th2 cyto-
kines, particularly in the presence of IL-4, which may be a
mechanism of amplification of allergic inflammation. 

IgE-Independent Mast Cell Activation. Furthermore,
IgE-independent mechanisms of mast cell activation have
to be taken into account. Functional receptors other than
the high-affinity IgE receptor (FcÂRI) have been impli-
cated in the immediate hypersensitivity response of IgE-
deficient mice, suggesting that, for example, IgG1 recep-
tors (FcÁRI/II/III) expressed by mast cells may be in-
volved in anaphylactic reactions [46]. In addition, nitric
oxide has been described as a further regulator of mast cell
degranulation [47].

The interaction between mast cells and nerves is gain-
ing increasing attention. In airway mucosa, tachykinins
[substance P and neurokinins (NKs)] released from
nerves have been shown to influence vascular permeabili-
ty, stimulate secretion and enhance the recruitment and
activation of inflammatory cells. These effects are me-
diated by NK-1 receptors. In rodents, substance P binds
to NK receptors on mast cells, which subsequently release
serotonin. Our own unpublished results indicate that
human intestinal mast cells also express NK-1 upon stim-
ulation. Thus, substance P may have an indirect effect on
smooth muscle cells which prompts the smooth muscle
cells to contract [48, 49]. Circulating levels of nerve
growth factor (NGF) are increased in humans with aller-
gic disease [50]. The high-affinity NGF receptor, TrkA, is
expressed on rodent mast cells, and NGF has been shown
to increase the number of mast cells as well as to prime
histamine release [51, 52]. Potential cell sources of NGF
in allergic inflammation are mast cells, eosinophils, T and
B cells, dendritic and epithelial cells and fibroblasts.
Although the role of tachykinins and NGF in allergy in the
human gut has not been studied so far, it is indeed possi-
ble that these concepts can be applied to the intestinal
mucosa, too, as some data suggest [53]. There might be
therapeutic options offered by knowledge of the role of
neuropeptides in allergic inflammation, e.g. by NK-1
receptor antagonists. The proof of a role for NK receptor
antagonists, however, has yet to be delivered.

Intestinal Eosinophils
Role in Inflammatory Bowel Diseases. Several recent

studies and reviews have focused on the function of eosin-
ophilic granulocytes in GI disease [54, 55]. There is
increasing evidence that eosinophils are involved in the
pathogenesis of noninfectious inflammatory bowel dis-
eases such as Crohn’s disease, ulcerative colitis and celiac
disease, mainly by force of the cytotoxic proteins they
release upon activation. Electron microscopic as well as
immunohistochemistry studies have revealed the activa-
tion of eosinophils in both Crohn’s disease and ulcerative
colitis. Moreover, in patients with these diseases, in-
creased levels of eosinophil granule proteins, such as
eosinophil cationic protein (ECP) and eosinophil protein
X (EPX), have been found in feces, gut perfusates and gut
lavages [56–61].

Role in Allergic Enteropathy. Less is known about the
role of eosinophils in the pathophysiology of GI hypersen-
sitivity reactions, although the importance of eosinophils
in allergic conditions of other organs is well established
[62]. In recent years, however, some findings have been
reported that imply an involvement of eosinophils in
food-allergy-related reactions of the gut. For example, we
and others have found that the levels of eosinophil gran-
ule proteins such as ECP or EPX in feces is elevated in
patients with intestinal food allergy [59, 63]. Local stimu-
lation of the gut mucosa of food-allergic patients with the
relevant antigens leads to an activation of mucosal eosino-
phils as detected by electron microscopy [14] and immu-
nohistochemistry [unpubl. data], as well as to intestinal
secretion of ECP [64]. In both studies, eosinophil activa-
tion took place within 20 min of allergen challenge of the
mucosa, whereas until now, eosinophil activation has
been associated in particular with allergic late-phase reac-
tions occurring 2–4 h after allergen challenge in some
individuals, mainly in the respiratory system and the skin
[62]. These data suggest that eosinophils may be involved
in the immediate phase of food-allergy-related enteropa-
thy.

Mechanism of Activation. The mechanism of the ob-
served rapid eosinophil activation is unclear. Both a
directly stimulating effect of the allergen on eosinophils,
e.g. by cross-linking surface-bound IgE or IgA, or an indi-
rect effect, e.g. via mast cell mediators which can induce
eosinophil degranulation [65], may be hypothesized. Eo-
sinophil mediator release caused by IgE cross-linking has
not been shown consistently – although eosinophils ex-
press components of the high-affinity IgE receptor in the
cytoplasm – probably because the components are not
assembled to a functional surface receptor [66, 67]. In
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Fig. 4. Regulation of human eosinophils.

addition, several IgE-independent triggering agents have
been found for basophils and eosinophils, e.g. the bacte-
rial product fMLP and the anaphylatoxins C3a and C5a
[68–71]. More recently, it has been shown that several
chemokines, which are a family of small polypeptides
working as chemotactic cytokines, are potent basophil
and eosinophil triggers and chemoattractants. The che-
mokines MCP-2, MCP-3, RANTES, MIP-1·, and eotaxin
1 and 2 are potent eosinophil agonists, and are produced
by various cells (T cells, monocytes, macrophages, endo-
thelial cells, fibroblasts). Among these, eotaxin 1 and
eotaxin 2 lead to exclusive recruitment of eosinophils.
Most of these chemokines bind to the chemokine receptor
CCR-3, which is expressed on eosinophils [62, 72, 73].
Interestingly, some chemokines preferentially induce me-
diator release, whereas others act mainly as chemoattrac-
tants. The reason for these differential and redundant
effects became clear when the chemokine receptors that
are expressed on human eosinophils were discovered [74].
It has been repeatedly suggested that chemokines are sig-
nificantly involved in the regulation of inflammatory
effector cells and in the determination of the type of
inflammation [75–77]. We have been able to describe par-
ticular sets of cytokines modulating the effector functions
of eosinophils. For example, IL-3, IL-5 and GM-CSF
enhance IgE-independent mediator release in human eo-
sinophils [70, 71]. It has been shown by several groups
that this set of cytokines is upregulated at sites of allergic

inflammation, confirming that IL-3, IL-5 and GM-CSF
are important regulators of allergic inflammation, in par-
ticular of the late-phase reaction [78]. The release of these
cytokines and chemokines by T cells, eosinophils, mast
cells and other cells is presumably a most relevant step in
the pathogenesis of the late-phase reaction, characterized
not only by increased vascular permeability and edema
but by the infiltration of the tissue with inflammatory
cells. Figure 4 shows the mechanisms of eosinophil activa-
tion and the interaction between eosinophils and other
cell types.

Diagnostic Procedures

General Remarks
A suspicion of GI food allergy is frequently expressed,

but unfortunately, it can be confirmed objectively in very
few cases. Thus, a substantial skepticism exists in relation
to this kind of disease in the medical profession, particu-
larly among gastroenterologists. The major reason for this
is that the methods available to confirm the diagnosis of
GI allergy are insufficient at present, and therefore it
remains difficult to identify afflicted patients on an objec-
tive basis. The classical allergologic tests [skin test, ra-
dioallergosorbent test (RAST)] often fail to deliver reli-
able results in situations where the GI tract is exclusively
involved. Thus, new laboratory methods were established
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to measure IgE or eosinophil-derived mediators in stool
samples [57–59, 79]. In addition, a few attempts have
been made to develop local provocation tests. Most of
them, however, have not exceeded experimental status
yet.

A selection of diagnostic procedures for intestinal aller-
gy is listed below. It is not possible to give the exact speci-
ficity and sensitivity of these methods, as there is no gold
standard of diagnostics for gut allergy with which these
methods can be compared. In addition to allergologic
tests, it is important to perform careful gastroenterologi-
cal diagnostics. Since the symptoms of intestinal allergy
are unspecific and variable, the diagnosis is to a large part
a diagnosis by exclusion. The lactose tolerance test, mal-
absorption tests, microbiological examinations, sonogra-
phy and endoscopy can serve to exclude nonallergic
causes of GI disorders [13].

The main principles of the diagnosis of GI allergy are
summarized in table 2.

In vitro Tests
Radioallergosorbent Test. The RAST or appropriate

enzymatic tests allow the quantification of allergen-spe-
cific IgE in serum. Elevated total IgE or high levels of IgE
antibodies to specific foods may suggest the presence of
an IgE-mediated allergic disorder. They cannot, however,
establish the diagnosis of a clinical food allergy. The sensi-
tivity in particular is low compared to oral food challenge
tests, and normal values of such parameters do not
exclude intestinal allergy [15, 80, 81]. A possible explana-
tion of this discrepancy may be that hypersensitivity reac-
tions of the gut are mediated by local IgE that is not neces-
sarily reflected by serum levels. Older studies showed that
the IgE concentration in feces and intestinal juice does not
correlate with IgE concentration in the blood [79, 82].
Huggins and Brostoff [83] described a group of patients
with dust-mite-allergic rhinitis who had a negative RAST
and skin test, whereas in nasal fluid, specific IgE was
detected that did not correlate with serum levels. A simi-
lar phenomenon might be present in the GI mucosa.
Alternatively, one can speculate that in patients who
present with GI allergy, but have negative RAST results,
IgE-independent mechanisms such as IgG-mediated reac-
tions, immune complex disease or lymphocyte-triggered
reactions are involved in the pathogenesis of GI allergy.

Measurement of Inflammatory Markers in Feces. In
patients with allergic enteropathy, elevated levels of eo-
sinophilic granule proteins, such as ECP and EPX, can be
measured in feces [59, 63]. However, increased fecal con-
centrations of ECP and EPX are also found in patients

Table 2. Diagnostic means proposed to confirm GI (food) allergy

I.Patient’s history (3/6)
– history of food intolerance
– improvement of symptoms after exclusion diet
– improvement of symptoms after treatment with oral DNCG

for 11 month
– negative GI diagnostics
– history of allergy (extrinsic asthma, seasonal rhinitis,

atopic dermatitis)
– history of atopy (eczema in childhood) or afflicted

first-degree relatives

II.Laboratory tests (3/6)
– elevated total IgE in serum
– specific IgE against food antigen in serum
– eosinophilia in serum/intestinal mucosa
– elevated levels of ECP or EPX in serum/feces
– positive SPTs using food allergens
– facultative: BHRT, CAST, TOP (?)

III.Provocation test (after oral elimination diet) (1/2)
– DBPCFC
– COLAP test

DNCG = Disodium cromoglycate; BHRT = basophil histamine
release test; CAST = cellular allergen stimulation test; TOP = tissue
oxygenation provocation. The numbers in parentheses indicate how
many items should be fulfilled to confirm the diagnosis of food
allergy.

with Crohn’s disease and ulcerative colitis [57–61]. Single
attempts have also been made to measure IgE levels in
feces from allergic individuals [79, 84].

‘Ex vivo’ Stimulation Tests
Basophil Histamine Release Test. It has been shown

that isolated peripheral blood-derived basophils from pa-
tients with food allergy have an increased rate of sponta-
neous histamine release compared to controls [85]. Dis-
persed mast cells and basophils from the jejunal mucosa
of patients with GI allergy have been found to release his-
tamine when stimulated with the relevant food extracts
[86]. These test procedures, however, are really of experi-
mental character and are not established in routine diag-
nostics yet.

Cellular Allergen Stimulation Test. This is an alterna-
tive in vitro approach similar to the basophil histamine
release test [87]. There has been only limited experience
with this test procedure so far, but sensitivity and specific-
ity seem to be at least comparable to those of the RAST
[88].
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Tissue Oxygenation Provocation. Intestinal biopsies
taken endoscopically undergo oxygenation in a so-called
‘Tabbox’ system and are incubated with food antigens.
The authors found that relevant allergens lead to signifi-
cantly increased rates of mediator secretion (tryptase,
ECP, TNF) from intestinal tissue. These functional re-
lease experiments are used for allergen identification [89].
An appreciable advantage of this method is the possibility
of challenging the involved organ in an ‘ex vivo’ manner
without the risk of inducing an anaphylactic reaction in
the patient. However, controlled studies to validate these
preliminary data are still lacking.

In vivo Provocation Tests
Skin Prick Test. Like the RAST, the skin prick test (SPT)

indicates the presence of systemic allergen-specific IgE, and
thus, it has similar drawbacks to the RAST; a patient who
experiences hypersensitivity reactions in the GI tract does
not necessarily have positive skin reactions after prick test
provocation, maybe due to local intestinal IgE production.
Accordingly, the usefulness of the SPT for the diagnosis of
intestinal hypersensitivity is limited [14, 80].

Elimination and Rechallenge Diet. Elimination diet
and rechallenge can be a valid, objective method for con-
firming a diagnosis of food-allergy-related enteropathy
[1]. In practice, however, this approach has limitations
because of difficulties in eliminating the food allergens
suspected to be of relevance, which depends on a correct
choice of the food to be avoided, the compliance of the
patient and the type of food. In addition, a properly car-
ried out elimination and reintroduction diet is a pro-
tracted procedure which takes days or even weeks. To
avoid fatal reactions, patients have to be carefully select-
ed, and challenges should be performed in hospital set-
tings.

Double-Blind Placebo-Controlled Food Challenge. Oral
challenge procedures with food substances are acknowl-
edged as the ‘gold standard’ for the confirmation of intes-
tinal food allergy [13, 80]. In this test, food antigen as well
as placebo is given in a blinded form (e.g. in capsules), and
the patients’ symptoms after ingestion are registered. At
present, a positive double-blind placebo-controlled food
challenge (DBPCFC) is considered the only conclusive
evidence of food allergy, provided it is performed proper-
ly [13]. However, there are several practical problems
connected with the DBPFC, e.g. the read-out system. The
test procedure was originally developed for patients with
food-induced urticaria or atopic dermatitis. In these
cases, the alterations after ingestion of a food can easily be
demonstrated and registered. The most significant draw-

back of the DBPCFC in GI allergy, however, is that most
patients present only subjective symptoms which cannot
be objectively verified (e.g. abdominal pain, cramps, nau-
sea), so the interpretation of the test results is often unsat-
isfactory [13] and depends on the patients’ subjective
reports of their experienced symptoms. An additional dis-
advantage is the variable time interval between ingestion
and the onset of symptoms, which may occur hours or
days after ingestion if, for example, the colonic mucosa is
the target organ. Finally, the DBPCFC does not discrimi-
nate between food allergy and food intolerance. Our own
experiences with the DBPCFC in patients with allergic
enteropathy were to a great extent disappointing [14].

Jejunal Perfusion. An alternative approach with a
more objective read-out system has been proposed by
Bengtsson et al. [64]. During endoscopy of the upper
intestinal tract, these authors isolated an approximately
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 min. Increased concentrations of ECP and hista-
mine in the perfusate were measured in food-allergic
patients after allergen challenge. This test has only been
performed in patients with cow’s milk allergy so far. The
rather large amount of allergen solution required for the
challenge (10 ml of cow’s milk) increases the risk of an
anaphylactic reaction of the patient. A minor disadvan-
tage of this technically complicated procedure is that the
mucosa changes are not visible, and biopsies cannot be
taken. So far, this technique is really reserved to research
settings.

Gastroscopic Provocation Tests. In previous studies,
attempts were made to challenge gastric mucosa with food
allergens during gastroscopy. Local mucosa changes with
edema, reddening and bleeding were reported in cases of
challenge with a food allergen. However, these tests could
not be developed for clinical practice [37, 38].

Colonoscopic Allergen Provocation Test. We resumed
the idea of local challenge in the GI tract and developed
the colonoscopic allergen provocation (COLAP) test [14,
15]. During colonoscopy, liquid (food) antigen extracts, a
buffer control and a positive control containing histamine
are injected into the mucosa of the cecum with a fine nee-
dle. The antigen extracts are selected according to the
patient’s history and/or RAST results. Three or four dif-
ferent antigens are tested in each patient. After 20 min,
the wheal-and-flare reaction of the provoked mucosa is
registered semiquantitatively using a score from 0 to 4,
and biopsies are taken from the provocation areas as well
as from unprovoked cecal mucosa. To date, more than
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150 patients with suspected GI food allergy and 10
healthy volunteers have undergone the COLAP test. No
systemic anaphylactic reactions occurred in response to
intestinal challenge, except one case of generalized urti-
caria. In the case of a positive mucosa reaction, wheal-
and-flare began approximately 2 min after antigen chal-
lenge and was maximally pronounced after 10–15 min.
Whereas no positive mucosa reactions to antigen chal-
lenge were seen in the control group, about 50% of all
antigens tested positive in the patient group. Histamine
injection led to a mucosal wheal-and-flare reaction in 70%
of the patients and 80% of the control individuals, while
buffer injection was always negative. Antigen-induced
wheal-and-flare reactions correlated with the patients’
history of adverse reactions to food, but not with serum
levels of total or specific IgE or skin test results.

The clinical relevance of the COLAP test results has to
be evaluated. A preliminary follow-up showed that an
individual diet with strict elimination of each food that
tested positive in the COLAP, in a few cases combined
with additional antiallergic medication, seems to achieve
an improvement of symptoms in the majority of patients
[14]. A disadvantage of this technique is that late-phase
reactions escape the diagnosis, unless a second colonosco-
py with reevaluation of the provoked areas is performed
the next day. Besides its application as a diagnostic tech-
nique, the COLAP provides a model of intestinal allergy
in humans and thus additionally serves as a tool to study
the underlying mechanisms leading to mucosal wheal-
and-flare reaction. Immunohistochemical surveys of
biopsies can deliver new information concerning the cells
and mechanisms involved in allergic reactions of the gut.
For example, a rapid activation of eosinophils after aller-
gen application could thus be demonstrated.

Therapy

In the situation where relevant food allergens as a
cause of GI complaints can be identified, a diet with elim-
ination of the responsible food is a causal therapy. The
practicability of such an elimination diet is, however, lim-
ited by the number of allergens and quite often also by the
frequency of the allergen within normal nutrition. Food
(extracts) that serve as ingredients for common products,
e.g. egg, wheat, soy and spice, can hardly be eliminated.

If an elimination diet cannot be performed properly
due to the above reasons, or because the responsible foods
could not be identified, antiallergic medication is re-
quired. A preparation of disodium cromoglycate that is

effective locally in the GI tract is available. Due to a low
side-effect rate, oral cromoglycate can be used in children
as well. In more severe cases, therapy with steroids might
be inevitable. To what extent locally acting steroids, e.g.
budesonide, are helpful in GI food allergy, has not been
studied yet. In conclusion, the therapeutic options for
hypersensitivity reactions in the gut are at present poorly
evaluated.

Several innovative antiallergic drugs are under devel-
opment at present, e.g. tolerogenic peptides, anti-CD4,
anti-IgE, anti-IL-5 or anti-IL-4 strategies. The first clinical
studies with recombinant epitopes, anti-IgE antibodies, or
IL-4 receptor antagonists were performed in asthmatic
individuals. The results suggest that these strategies might
present a benefit for allergic patients [90–95]. In particu-
lar, recent results from clinical studies on the use of anti-
IgE antibodies are promising. It is unclear whether these
therapeutic approaches are effective in the GI tract as
well.

Future Directions

Many questions remain to be answered in the field of
GI food allergy, including the most appropriate means of
diagnosis and the basic pathomechanisms involved in
intestinal allergic reactions. By now, blinded oral chal-
lenge procedures with food antigens are accepted as the
‘gold standard’ in diagnosing food allergy, although these
tests have several practical problems, especially in pa-
tients with intestinal manifestations of food hypersensi-
tivity. However, new test systems have been developed,
such as the measurement of IgE and eosinophil parame-
ters in stool samples or endoscopic provocation tests per-
formed locally in the intestinal mucosa. These tests may
improve the possibility of identifying patients with food-
allergy-related enteropathy, and in addition, they can pro-
vide new insights into the pathophysiology of intestinal
hypersensitivity reactions. Nevertheless, the basic mecha-
nisms of allergic enteropathy still remain largely unclear.
Further investigations are necessary for an understanding
of the pathophysiology of GI allergy, because such knowl-
edge is important for the development of reliable diagnos-
tic tests and pharmacological agents for treatment of this
disease.

A particular aim of future research is to elucidate the
mechanisms of IgE-independent allergic reactions. For
example, the role of IgG in atopy is still controversial. The
relationship between IgG levels in serum and clinical
symptoms has been found to be rather weak, which may
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Fig. 5. Proposed role of IL-4 in the patho-
genesis of allergic inflammation. In humans,
IL-4 is produced predominantly by T lym-
phocytes of the Th2 phenotype and by baso-
phils, but not by mast cells. Because of the
multiple crucial effects of IL-4 on the prim-
ing of T lymphocytes to the Th2 phenotype,
on IgE production in B lymphocytes, and the
proliferation and mediator release of tissue
mast cells, IL-4 has been suggested as an
important therapeutic target for the treat-
ment of allergic diseases.

be due to a variable antigen/antibody balance in serum or
tissue. Some data suggest that IgG4 is a protective rather
than a sensitizing antibody. On the other hand, atopic
symptoms are reported to be associated with high levels of
IgG4 antibodies. The significance of the measurement of
specific IgG in serum is still doubtful [96, 97].

The central role of mast cells and eosinophils in allergic
inflammation is well established. Using our newly devel-
oped COLAP test, as well as immunohistochemical and
electron microscopy techniques, we were able to confirm
this knowledge also for GI allergy caused by food proteins.
Our in vitro data show that particular cytokines and
growth factors (IL-3, IL-5, GM-CSF for eosinophils, SCF
and IL-4 for mast cells) are of major importance not only
for the development and recruitment of inflammatory
effector cells, but also for the enhanced functional activity
and increased mediator release in response to classical
triggering agents. A local overproduction of these cyto-
kines, in particular Th2-type cytokines, may cause an
enhanced inflammatory reaction leading to allergic in-
flammation. What causes enhanced expression of these
cytokines? It is generally believed that they are mainly pro-
duced by lymphocytes of the Th2 phenotype. Increased
numbers of Th2 cells may be generated either because of
genetic alterations or because of allergen-dependent T cell
activation via antigen-presenting cells. The observation
that basophils, eosinophils and mast cells also produce dif-

ferent cytokines upon appropriate stimulation renders the
situation even more complex. Inflammatory cells, besides
T cells, may contribute to the local production of Th2 cyto-
kines in an allergen-specific manner. These findings pro-
vide new diagnostic and therapeutic targets, such as IL-4,
which is a key molecule of allergic inflammation regulating
T, B and mast cells (fig. 5).

Currently, several genetic studies are under way to
evaluate potential genetic factors that confer an atopic
disposition. Allergic disorders are not determined by a
single major gene and do not show a simple pattern of
inheritance. They belong to ‘complex’ diseases in which
environmental and multiple genetic factors interact in a
complex fashion to produce susceptibility and expression.
New techniques for scanning the human genome prom-
ise advances in tracking the origins of these disorders.
Two common genetic approaches have been used to
localize and evaluate heritable components of allergy:
genome-wide screens and candidate gene studies. The
candidate gene approach has been applied to the pro-
moter region of a number of cytokine genes and chromo-
somal regions related to allergic pathology, such as chro-
mosomes 5, 6, 11, 12, 14 and 16. These chromosomes
contain genes, e.g. for IL-4, IL-5, IL-4 receptor, SCF, the
ß-chain of the high-affinity IgE receptor, which are ac-
cepted as causing susceptibility to atopy. It is hoped that
knowledge from gene studies will have a practical clini-
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cal value. Determining the inheritance of a set of poly-
morphisms in a subject may allow the prediction of
those at risk of developing allergy and may allow more
accurate disease prevention strategies. There are several
questions which will hopefully be answered by gene stud-
ies, such as the cause of the increase in the incidence of
allergy, and the reason why certain environmental fac-

tors trigger allergy in some, but not all, exposed subjects.
In the future, genetics may result in the development of
novel, more specific therapeutic strategies in allergy [98–
100]. Nevertheless, we are still far from understanding the
genetic basis of asthma and atopy and their interaction
with the environment.
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