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Seasonal intestinal inflammation in
patients with birch pollen allergy
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Background: The pathophysiologic interactions of inflammatory
reactions between the mucosa of the respiratory tract and that
of the gastrointestinal tract in individuals with allergy are poor-
ly studied, despite the fact that allergic symptoms in the airways
and the gastrointestinal tract might arise in the same patient.
Objective: The objective of this study was to examine the
inflammatory response histologically by enumerating
eosinophils, IgE+ cells, and T cells in duodenal biopsy speci-
mens in adult patients with IgE-mediated birch pollen allergy
during the birch pollen season and off-season.
Methods: Nine patients with birch pollen allergy verified by
skin prick test and serum IgE antibodies were investigated
toward the end of the birch pollen season and again 6 months
later (off-season). Duodenal biopsy specimens were obtained
and studied by immunostaining for the eosinophil major basic
protein (MBP), IgE, and CD3+ T cells.
Results: Oral allergy syndrome to birch-associated foods was
present in all patients as indicated by questionnaire. Duodenal
increases of MBP+ eosinophils and IgE-bearing cells were
found in the patients during the birch pollen season as com-
pared with off-season. No seasonal differences in the T-cell
numbers in these patients were seen. Off-season, there was no
significant difference between the patients and the control sub-
jects regarding the intestinal frequencies of MBP+ eosinophils,
mucosal IgE+ cells, and T cells.
Conclusion: Birch pollen exposure triggered a local inflamma-
tion with an increase in duodenal eosinophils and IgE-carrying
mast cells in patients with allergy. Our study gives evidence for
the interplay between immunologically active cells in the air-
ways and the gut. (J Allergy Clin Immunol 2003;112:45-51.)

Key words: Birch pollen allergy, Bet v 1, duodenal mucosa,
eosinophils, eosinophil major basic protein, immunoglobulin E, T-
lymphocytes

Inflammation in the nasal mucosa is associated with
the presence of IgE, mast cells, activated eosinophils, and
T lymphocytes in patients with rhinitis caused by birch or
grass pollen allergies.1-4 Birch pollen allergy is often
accompanied by oral symptoms to fruits and vegetables,
the so-called oral allergy syndrome (OAS). There is clin-
ical documentation for a connection of symptoms and
inflammation between the upper and lower respiratory
mucosa in patients with allergy.5-7 Less is known about a
similar link between allergy in the respiratory and gas-
trointestinal mucosa. Despite the presence of OAS in
response to birch-associated foods, little is reported as to
reactions in the intestinal mucosa in patients with an IgE-
mediated allergy when exposed to birch pollen.

In patients with a proven food hypersensitivity, chal-
lenge with the relevant food induces a local gastroin-
testinal reaction that possesses similar features to reac-
tions in the respiratory mucosa, with increased intestinal
secretion of hyaluronan and eosinophils releasing
eosinophil cationic protein (ECP) and major basic pro-
tein (MBP), as well as prostaglandins and albumin.8-11

IgE antibody production is generally considered to be a
systemic event in allergic diseases. However, a local
production of IgE has been discussed in the nasal
mucosa,6,7 the lungs,5 the lesional skin,12 and the intes-
tine13 during exposure to allergens. Features of local
allergic reactions in the gastrointestinal mucosa have
been demonstrated in atopic, nonatopic, and asthmatic
patients, implying that much of the mucosal immune
system is involved in these conditions.7,14-16 Gastroin-
testinal symptoms have also been noted in oral
immunotherapy with birch pollen antigen, in which the
patients experienced abdominal pain and discomfort
after local exposure in the gastrointestinal tract.17-20 The
aim of this study was to assess whether there was an
inflammatory response in the gastrointestinal tract of
patients with birch pollen allergy during the birch pollen

From athe Asthma and Allergy Research Group, Department of Respiratory
Medicine and Allergy, bDepartment of Clinical Immunology, cOccupation-
al and Environmental Medicine, and dDepartment of Rheumatology and
Inflammation Research, Sahlgrenska University Hospital; eSurgical
Department, Frölunda Specialist Hospital; and fInst Environmental Medi-
cine, Karolinska Institute.

Supported by grants from the Swedish Asthma and Allergy Associations
Research Foundation, Consul Th C Berghs Foundation, SNF Swedish Nutri-
tion Foundation, VARDAL Foundation, and Pharmacia Diagnostics AB.

Received for publication January 13, 2003; revised April 8, 2003; accepted
for publication April 16, 2003.

*Current address: Pharmacia Diagnostics AB, Uppsala, Sweden.
Reprint requests: Jenny Magnusson, BSc, Asthma and Allergy Research

Group, Department of Respiratory Medicine and Allergy, Sahlgrenska
University Hospital, S- 413 45 Göteborg, Sweden.

© 2003 Mosby, Inc. All rights reserved.
0091-6749/2003 $30.00 + 0
doi:10.1067/mai.2003.1604

Abbreviations used
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season, compared to off-season and to healthy control
subjects without allergy. This was assessed by immuno-
histochemical characterization of the local cellular infil-
tration in the duodenal mucosa during the birch pollen
period and off-season.

METHODS

Study population

Nine patients with birch pollen allergy and 9 control subjects were
recruited by the Asthma and Allergy Research Group, Sahlgrenska
University Hospital, Göteborg, Sweden. The mean age of the 3 men
and 6 women was 40 years (range, 33 to 59 years). All had their diag-
nosis confirmed by a positive skin prick test (SPT) result (n = 9)
(Soluprick; ALK, Hørsholm, Denmark) and serum IgE antibodies (n =
9) (Pharmacia CAP system) to the birch pollen antigen Bet v 1 (Phar-
macia Diagnostics AB, Uppsala, Sweden). All patients reacted with
seasonal allergic rhinitis. Additional symptoms in 5 patients were
allergic conjunctivitis, asthma in 2 patients, and eczema in 1 patient
during the birch pollen season. Seven of the patients had positive SPT
results for other inhalant allergens (alder, hazel, timothy, mugworth,
Dermatophagoides pteronyssinus, cat, dog, horse, guinea pig), and 3
patients had positive SPT results to foods (hazelnut, kiwi fruit, rye
flour, soy protein). One of these 3 also had positive serum IgE anti-
bodies against peanut and soy protein. Those 3 latter patients strictly
avoided the foods they reacted to during the study. Six of the patients
had an atopic family history, 4 had had eczema during early childhood,
and 3 had had rhinitis/conjunctivitis since the early teens. Clinical and
demographic characteristics of the subjects are shown in Table I.

The patients were requested to answer a questionnaire about
their reactions of OAS to birch-associated foods (hazelnut, kiwi
fruit, peanut, apple, pear) if and when they had gastrointestinal
symptoms and if they fulfilled the irritable bowel syndrome (IBS)
criteria (Rome II criteria, described elsewhere).21

Nine age- and sex-matched healthy volunteers with a mean age
of 39 years (range, 30 to 58 years) and without a history of food or
inhalant allergy or gastrointestinal symptoms and a negative serolo-
gy for IgE antibodies as assessed by Phadiatop test (Pharmacia
Diagnostics AB) were used as control subjects.

Experimental design

The patients were subjected to gastroscopy at the end of 2 dif-
ferent Swedish birch pollen seasons (late May to early June), when
maximum exposure to the birch pollen was expected. The patients
had to avoid food and drinks for at least 12 hours before the gas-
troscopy. A local anesthetic was applied as a spray in the throat
about 5 minutes before the endoscopy started. The endoscope (Fuji-
non EG 200-S P; Fujinon Inc, Wayne, NY) was introduced orally
and monitored on screen by the gastroenterologist, and biopsy spec-
imens (4 to 6 biopsy specimens, 2 to 3 mm in size) from the proxi-
mal part of the duodenum were obtained. Duodenal biopsy and
serum samples were obtained after a period of 7 days, when all
birch-associated foods had been avoided that could give rise to
OAS. The second biopsy specimens were taken after the birch
pollen season in late autumn, when the patients were free of allergy
symptoms. At least 6 months were allowed between the first and the
second gastroscopies.

During both periods the patients were encouraged to fill in
symptom protocols for 2 weeks, starting with the 7-day washout
period when all foods that could cause symptoms were carefully
avoided. During both periods antihistamines, corticosteroids,
antileukotrienes, and sodium cromoglycates were withdrawn. Biop-
sies and sera were obtained in the same manner for the control sub-
jects as for the patients. Informed consent was obtained from the

participants, and the Ethics Committee of the Medical Faculty, Uni-
versity of Gothenburg approved the study protocol.

Immunohistochemistry

The tissue specimens were immediately embedded in OCT com-
pound (Tissue-Tek Miles, Inc, Elkhart, Ind), frozen in isopentane, pre-
cooled by liquid nitrogen, and finally transferred into pure liquid nitro-
gen. Biopsy specimens and sera were kept at –70°C until analyzed.

The following mouse monoclonal antibodies were used: anti-
human eosinophil MBP (15381A IgG1 κ; PharMingen, San Diego,
Calif), anti-IgE (CIA-E-7.12, IgG1 κ), anti-CD3 (UCHT1, IgG1 κ)
(all from DAKO, Glostrup, Denmark).

Cryostat sections (7 µm) were stained as previously
described.14,22 The slides were coded and evaluated in a random
order. Positively stained cells were counted by using a computer-
supported image analysis system Leica Q500MC (Leica, Cam-
bridge, United Kingdom). All positive cells in at least 4 fields of the
mucosa were counted, separating the villi from the basal lamina
propria (BLP) regions. The positive cells were recorded as the num-
ber of stained cells/mm2 of tissue.

SPT

The SPT was performed and the reactions were graded accord-
ing to the recommendations of the Standardization Committee of
the Northern Society of Allergology.23 Wheal reactions correspond-
ing to the 10 mg/mL histamine reference were recorded as +++ and
double this size as ++++; half the histamine reference size was
recorded as ++ size and half of that as +.

Determination of IgE antibodies in serum

Serum IgE antibodies to inhalants and foods were measured
with the Pharmacia CAP system, and sera of healthy control sub-
jects were analyzed for the presence of atopy with a screening test,
Phadiatop, according to the manufacturer’s instructions. The Pha-
diatop is a common qualitative test for the presence of serum IgE
antibodies against the aeroallergens most commonly occurring in
the environment.

Statistical analysis

The values were reported as individual data points and median
values. The statistical analyses were carried out by using Statview
(SAS Institute, Inc, Cary, NC) on a Macintosh (Apple Computer,
Cupertino, Calif) computer. The Mann-Whitney U test for non-
paired data and Wilcoxon signed rank test for paired data were
applied. The level for significance was set at P less than .05.

RESULTS

All the patients reacted with oral symptoms of itching
and hoarse throat, sensation of swollen throat, or pain and
redness in the throat after intake of birch-associated foods.
Six patients experienced increased symptoms of OAS dur-
ing the birch pollen season, and 3 did not associate such
symptoms with the birch pollen season. Seven of the
patients also complained of gastrointestinal symptoms
such as abdominal distention, nausea, diarrhea, flatulence,
abdominal pain, and constipation. The symptoms from the
gastrointestinal tract affected 3 patients all year round, and
4 patients had severe abdominal symptoms during the
birch pollen season. Five patients fulfilled the IBS crite-
ria.21 Three of the patients experienced that the gastroin-
testinal symptoms depended on the severity of the birch
pollen season. These results are shown in Table II.
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Immune parameters in the serum

There were significantly elevated levels of serum IgE
against Bet v 1 in the patients during the pollen season,
35.7 kilounits of allergen-specific IgE (kUA)/L, which
were decreased off-season to 29.7 kUA/L (P = .02). The
control subjects showed low levels of IgE anti-Bet v 1
regardless of season, 0.5 kUA/L and 0.4 kUA/L, respec-
tively (P = .0003).

Immune parameters in the duodenal mucosa

Frequency of eosinophils in the duodenal mucosa.
During the birch pollen season the biopsy specimens
from the patients showed an increased number of MBP+
eosinophils and pronounced mucosal infiltration of
MBP+ cells throughout the villi and BLP (Fig 1, A). The
frequency of MBP+ eosinophils was significantly higher
in the patients during the birch pollen season (Fig 2, A)
as compared with off-season (Fig 2, B) (P = .008), in the
villi and in the BLP or compared to the control subjects

(Fig 2, C) in season (P = .009 in the villi and P = .001 in
the BLP). Off-season, there were no significant differ-
ences in the eosinophil numbers comparing the patients
and the control subjects.

Frequency of IgE-positive cells in the duodenal
mucosa. During the birch pollen season (Fig 2, D)
more IgE+ cells were present in the duodenal mucosa
of the patients compared with the patient samples taken
off-season (Fig 2, E) (P = .008 in the villi and P = .01
in the BLP). The patients showed significantly higher
numbers of IgE+ cells as compared with the control
subjects during the birch pollen season (P = .002 in the
villi and P = .009 in the BLP) (Fig 1, B). Off-season,
the cell counts in the villi did not differ between the
patients and the control subjects (Fig 2, F). However,
there were still slightly higher numbers of IgE+ cells in
the BLP of the patients as compared with the control
subjects (P = .05). Morphologic analysis showed that
the IgE+ cells were mainly mast cells, and only a few
were IgE+ eosinophils.

TABLE I. Clinical features of the 9 patients with birch pollen allergy

SPT/Serum IgE antibodies SPT/Serum IgE antibodies SPT/Serum IgE Birch pollen

Case no. Age/ Sex to birch pollen to other inhalants antibodies to foods related symptoms

1 60/F +++/4 +++/4 ++/– A, AR, AC, E
2 47/F ++/2 ++++/– –/– AR
3 45/F +++/3 +++/– –/– AR
4 38/M ++++/4 +++/– –/– AR, AC
5 37/M +++/3 +++/– –/– AR
6 37/F +++/3 –/– ++/– AR, AC
7 36/M +++/6 +++/3 +++/2 AR, AC
8 35/F ++++/4 –/– –/– AR
9 34/F ++/4 +++/– –/– A, AR, AC

Classes 1-6 depending on results of serum IgE antibodies or negative results (–). Other inhalant allergens are alder, hazel, timothy, mugworth, D pteronyssinus,
cat, dog, horse, and guinea pig.
A, Asthma; AR, allergic rhinitis; AC, allergic conjunctivitis; E, eczema; +, positive results of the test, according to criteria for SPT; –, negative results of the
test, according to criteria for SPT.

TABLE II. Birch-related and gastrointestinal features in the 9 patients with birch pollen allergy

Increased gastro-

Birch- Increased OAS intestinal symptoms Fulfills Gastrointestinal disorder

associated during birch Gastrointestinal during birch IBS depending on worse/

Case no. symptoms pollen season symptoms pollen season criteria mild pollen season

1 OAS – AD, D, F, N – + –
2 OAS + AP, D, E, V from soy, peanuts, + + –

nuts, seafood
3 OAS + AD, AP, F, from birch-associated + + +

foods and biogenic amines in
foods

4 OAS + –– – – –
5 OAS + –– – – –
6 OAS + AD, D from birch-associated + + +

foods
7 OAS – AD, AP, D – – –
8 OAS – AD, AP, C, D, F – + –
9 OAS + D, F from birch-associated + – +

foods

AD, Abdominal distention; AP, abdominal pain; C, constipation; D, diarrhea; F, flatulence; N, nausea; V, vomiting; E, eczema; +, positive results of the test,
according to criteria for SPT; –, negative results of the test, according to criteria for SPT.
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Frequency of CD3+ T cells in the duodenal mucosa.
The numbers of CD3+ T lymphocytes were determined
in the villi and in the BLP of the duodenal biopsy speci-
mens. In the patients during the birch pollen season the
number of CD3+ T cells was comparable to that seen off-
season (Fig 1, C) in the villi (P = .09) and in the BLP (P
= .05). However, during the pollen season the patients did
not show any significant differences in the overall num-
bers of T cells (P = .07 in the villi and P = .1 in the BLP),
as compared with the healthy control subjects. Off-sea-
son, no differences in the T-cell number were found in
any of the comparisons. The CD4+ and CD8+ T-cell sub-
sets behaved very similarly in the groups studied (data
not shown) and followed the general trend of the com-
mon T-cell marker CD3.

Despite the infiltration of inflammatory cells in the
patients during the birch pollen season, there were no
signs of gross morphologic changes like crypt hyperpla-
sia, epithelial damage, edema, or villus atrophy.

No positive correlations were found between any of the
inflammatory markers in patients with additional positive
SPT/serum IgE to foods with single or inhalation aller-
gens. The inflammatory patterns in patients with and with-
out gastrointestinal symptoms were similar. Furthermore,
there were no significant differences between patient biop-
sy specimens taken during a season rich in birch pollen
compared to seasons with moderate pollen levels.

DISCUSSION

In this study we have demonstrated the presence of
allergic inflammation in the duodenal mucosa of subjects

with birch pollen allergy during the birch pollen season.
Eosinophil infiltration and increased numbers of IgE+
cells primarily characterized the inflammation. In an ear-
lier study we have shown that food-intolerant patients
with gastrointestinal symptoms and a diagnosis con-
firmed by double-blinded, placebo-controlled food chal-
lenge, but negative SPT results and serum IgE antibody
to tested foods, had a similar gastrointestinal inflamma-
tory pattern as the patients with birch pollen allergy with
a classic IgE-mediated reaction.14 Reactions in the gas-
trointestinal tract might be explained by the deposition of
the dissolved inhalants in the oropharynx and a succes-
sive passage into the gastrointestinal tract. Furthermore,
aerolized administration of radiolabeled pollen grains of
Poa pratensis to adults showed that most of these air-
borne particles affected the oropharyngeal mucosal sur-
faces and then were ingested with only a minor part end-
ing up in the bronchi.24 However, the allergenicity of
swallowed inhalant allergens has been questioned. In
vitro experiments have demonstrated that after 30-minute
incubation in duodenal juices most birch and timothy
pollen proteins had been hydrolyzed, leaving only 10%
of the original birch and timothy allergenic activity.25

During the birch pollen season, the patients in this
study showed increased numbers of MBP+ eosinophils
compared to off-season and to control subjects.
Eosinophilic inflammation has been observed previously
in the duodenal mucosa of atopic, nonatopic, and asth-
matic subjects. This would imply that much of the
mucosal immune system might be involved in such con-
ditions.7,14,16,26 Such a view is supported by studies
showing an increased proportion of eosinophils, neu-
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FIG 1. Numbers of MBP+ eosinophils (A), IgE stained cells (B), CD3+ T cells (C) in duodenal biopsy speci-
mens taken from patients with birch pollen allergy and healthy control subjects in season and off-season
(n = 9). Results are expressed as individual data points and the median is indicated. *P < .05. **P < .005.
***P < .001.
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FIG 2. Immunostaining of duodenal biopsy specimens from patients with birch pollen allergy and control
subjects. Red-brown color indicates positive staining; blue color is counterstaining of nuclei. Black bars indi-
cate 30 µm. (A) Marked increase of MBP-stained eosinophils in a patient during the birch pollen season; (B)

MBP+ cells in a patient off-season; (C) MBP-stained eosinophils in a healthy control subject; (D) enhanced
presence of IgE-stained cells in a patient during birch pollen season; (E) presence of IgE-stained cells in a
patient off-season; (F) IgE-stained cells in a healthy control subject; (G) isotype control staining.
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trophils, and IL-8 in sputum in nonasthmatic patients
with food allergy, in comparison with control subjects,
which might suggest a subclinical airway inflammation
in these patients.15

Increased numbers of IgE+ cells were noted in the duo-
denal mucosa in the patients compared with off-season
and control subjects. This is in concordance with other
findings demonstrating elevated specific IgE to inhalant
allergens in intestinal washings from nonatopic children.13

In the present study we did not find any significant
increase of T lymphocytes in patients during the birch
pollen season, compared with the patients off-season and
the control subjects. In asthma, T-cell–mediated mecha-
nisms have been demonstrated, although the role of the T
cells in IgE-mediated inflammation is quite unknown.27-29

Increased numbers of eosinophils and IgE-bearing
cells in the duodenal mucosa off-season further support
the idea that a more extended systematic inflammatory
reaction takes place in these patients with birch pollen
allergy. Allergic inflammation has been reported in a
remote and “upstream” organ (nasal) after a local aller-
gen challenge with grass pollen in a segmental bronchus
of the right middle lobe.30 Furthermore, recent evidence
suggested that allergic rhinitis might be linked to devel-
opment of systemic allergic manifestations such as aller-
gic asthma.31 These findings suggest that the allergic
inflammation is systemic and that lymphocytes of nasal,
bronchial, and enteric mucosa might belong to the same
recirculating pool.

The inflammatory response of IgE+ cells in the intes-
tine occurred primarily during the birch pollen season but
still remained in the BLP, albeit to a lesser extent, 6
months after the birch pollen season. A prolonged
inflammatory response still present even when the anti-
gen is not present has previously been described in the
nasal mucosa of patients with allergic rhinitis.32,33 One
might speculate that the subclinical inflammation off-
season seen in our study was aggravated by allergies both
to seasonal and perennial inhalant allergens as seen in the
majority of the patients (7 of 9). However, this view was
contradicted by the fact that the 2 patients not allergic to
any additional inhalants did not differ from the other
patients in regard to their numbers of inflammatory cells
in season or off-season.

In our study the majority of the patients with birch
pollen allergy complained about gastrointestinal symp-
toms, and 4 patients had severe abdominal symptoms
during the birch pollen season. A few patients also
reported severe symptoms related to the birch pollen
counts during the season. Although a connection between
the respiratory system and the gut has been discussed,
there has not been any clear-cut clinical experience of a
connection between birch pollen allergy and gastroin-
testinal symptoms according to some studies.7,34,35 On
the other hand, a relation between allergies in the respi-
ratory tract and the gut has been suggested in other stud-
ies.36 A recent investigation showed an allergic reaction
to Bet v 1 after colonoscopic allergen provocation in
patients with allergy to birch pollen.37,38

Gastrointestinal symptoms are difficult to diagnose,
and 5 patients in our study fulfilled the IBS criteria. This
might imply that patients with pollen allergy and gas-
trointestinal symptoms can be misdiagnosed with IBS and
thus not be adequately treated. Furthermore, a subset of
IBS might be seasonally determined, and this is explained
in part by somatization.39 There might be pathophysio-
logic links between IBS and allergy. Thus mast cells have
been discussed to be included in the pathogenesis of IBS,
and increased numbers of mast cells in biopsy specimens
in cecum of patients with IBS have been found. In those
studies, however, numbers of plasma cells, lymphocytes,
eosinophils, neutrophils, and macrophages were not ele-
vated.40 Furthermore, similar to our findings, the preva-
lence of asthma has been noted more commonly among
patients with IBS than in control subjects.41

In conclusion, this study showed that there was a sig-
nificant increase during the pollen season of the numbers
of eosinophils and IgE-positive mast cells in the duodenal
mucosa of adults with birch pollen allergy and a history of
rhinitis and OAS. In a majority of these patients this was
accompanied by subjective gastrointestinal symptoms.

We thank all involved staff at the clinic of Asthma and Allergy,
the Laboratory of Allergy, Department of Clinical Immunology at
Sahlgrenska University Hospital and the Surgical Department,
Frölunda Specialist Hospital. 
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