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Background: Cross-reactivity between the major birch pollen

allergen, Bet v 1, and the apple protein, Mal d 1, frequently

causes food allergy.

Objective: To investigate the effects of successful sublingual

immunotherapy (SLIT) with birch pollen extract on apple

allergy and the immune response to Bet v 1 and Mal d 1.

Methods: Before and after 1 year of SLIT, Bet v 1–sensitized

patients with oral allergy syndrome to apple underwent nasal

challenges with birch pollen and double-blind placebo-

controlled food challenges with apple. Bet v 1–specific and Mal

d 1–specific serum antibody levels and proliferation in PBMCs

and allergen-specific T-cell lines (TCLs) were determined. Bet v

1–specific TCLs were mapped for T-cell epitopes.

Results: In 9 patients with improved nasal provocation scores

to birch pollen, apple-induced oral allergy syndrome was not

significantly reduced. Bet v 1–specific IgE and IgG4 levels

significantly increased. Bet v 1–specific T-cell responses to all

epitopes and those cross-reactive with Mal d 1 significantly

decreased. However, neither Mal d 1–specific IgE and IgG4

levels nor Mal d 1–induced T-cell proliferation changed

significantly. In contrast, Mal d 1–specific TCLs showed

increased responses to Mal d 1 after 1 year of SLIT.

Conclusion: This longitudinal study indicates that pollen SLIT

does not efficiently alter the immune response to pollen-related

food allergens, which may explain why pollen-associated food

allergy is frequently not ameliorated by pollen immunotherapy

even if respiratory symptoms significantly improve.
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Birch pollen is an important cause for type I allergy in
central and northern Europe and northern America.1 In
addition to seasonal respiratory symptoms, patients with
birch pollen allergy frequently develop hypersensitivity
reactions to apples and other birch pollen-related foods
that perennially hamper their quality of life.2,3 This
birch-fruit-vegetable syndrome mainly occurs because
IgE antibodies specific for the major birch pollen allergen,
Bet v 1, cross-react with homologous proteins in the re-
spective foods.4,5 Apples contain Mal d 1, a protein shar-
ing 64% amino acid (aa) sequence similarity with Bet v 1.6

Because of this high homology, both allergens have
several B-cell and T-cell epitopes in common.4,6,7 Bet v
1 was shown to inhibit IgE binding to Mal d 1 potently,
but not vice versa.6,8 When Mal d 1–reactive T-cell lines
(TCLs) and clones isolated from peripheral blood of
patients with allergy were restimulated with Mal d 1 or
Bet v 1, most cultures responded more pronouncedly to
the pollen than the apple protein.7 Thus, the major birch
pollen allergen seems to contain all relevant B-cell and
T-cell epitopes of the apple protein. These immunologic
findings together with the clinical observation that the ma-
jority of patients develop hypersensitivity reactions to ap-
ple after having developed hay fever to birch pollen led to
the conclusion that Bet v 1 initiates sensitization to Mal d
1. Accordingly, one would assume that successful specific
immunotherapy (SIT) of birch pollen allergy should also
reduce hypersensitivity to apples. Indeed, several studies
have reported improvement of associated apple allergy af-
ter birch pollen SIT,9-13 and one study showed that such
effect was rather long-lasting.14 However, some studies
have observed no beneficial effect on apple allergy.15,16

Thus, there is still a need for more efficient treatment strat-
egies for pollen-related food allergy.

The most frequent manifestation of birch pollen-asso-
ciated food allergy is the oral allergy syndrome (OAS):
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Abbreviations used
aa: Amino acid

BU: Biological unit

DBPCFC: Double-blind, placebo-controlled food challenge

dpm: D cpm

NPT: Nasal provocation test

OAS: Oral allergy syndrome

SI: Stimulation index

SIT: Specific immunotherapy

SLIT: Sublingual immunotherapy

SPT: Skin prick test

TCL: T-cell line

VAS: Visual analog scale

itching, tickling, blistering, and/or angioedema confined
to the oropharynx immediately after contact with fresh
fruits.17 Speculating that administration of birch pollen
extract directly at the site of food-allergic symptoms could
benefit the therapeutic efficacy on food allergy, we consid-
ered sublingual delivery an ideal route. Sublingual immuno-
therapy (SLIT) is a safe and convenient alternative to
subcutaneous SIT that is widely used in many European
countries.18-22 SLIT with birch pollen was demonstrated to
achieve a significant benefit of rhinitis, to reduce the eosin-
ophil infiltration in nasal mucosa, and to improve pulmonary
function significantly during the birch pollen season.23,24

In the current study, we evaluated whether successful
birch pollen SLIT cures apple-induced OAS in Bet v 1–
sensitized patients. Clinical improvement was assessed in
nasal provocation tests (NPTs) with birch pollen and double-
blind placebo-controlled food challenges (DBPCFCs) with
apple before and after 1 year of SLIT. In patients with
improved NPT, Bet v 1–specific and Mal d 1–specific serum
IgE and IgG4 levels and proliferative responses to both aller-
gens were individually monitored. TCLs specific for Bet v 1
or Mal d 1 were generated before and after 1 year of SLIT
and tested for cross-reactivity with pollen and food allergens
and T-cell epitope recognition patterns.

METHODS

Patients

Twenty patients (5 men and 15 women; mean age, 33.2 years;

range, 21-47 years) with a clear history of birch pollen rhinocon-

junctivitis and OAS to apples were included. All patients gave written

consent before enrollment in the study, which was approved by the

local Medical Ethical Committee of Vienna and conducted according

to guidelines for Good Clinical Practice. Definitive inclusion criteria

were a positive skin prick test (SPT; >5 mm2) to birch pollen extract

(Soluprick; ALK-Abelló, Hørsholm, Denmark), specific serum IgE >
0.7 kU/L to birch (CAP/FEIA; Phadia & Upjohn, Uppsala, Sweden),

and a positive DBPCFC with apple. All individuals were exclusively

sensitized to Bet v 1 as determined by immunoblotting experiments

using birch pollen extract (data not shown). In addition, patients

were positive in CAP/FEIA for Bet v 1 but not for Bet v 2 (Phadia;

data not shown). During the study, 2 patients moved. One patient

was excluded because she discontinued the medication for 8 weeks

during vacation. One patient stopped SLIT because she disliked the

taste of the preparation. One patient was excluded because of a reac-

tion with the placebo during the DBPCFC after 1 year of SLIT.
SLIT protocol

Pangramin SLIT BU (221) birch pollen extract (provided by

ALK- Abelló, Allergie-Service Gmbh, Linz, Austria) was used.

Drops were self-administered at home and held under the tongue

for 2 minutes before swallowing. According to the manufacturer’s

protocol, increasing numbers of drops (1, 2, 4, 6, 8, 10, and 10) of in-

creasing strengths of extract were administered daily during 4 weeks.

The maintenance dose of 10 drops (equalling 4.5 mg Bet v 1) was

applied daily. NPTs with birch pollen and DBPCFCs with apples

were performed before SLIT in November 2002 (t 5 0) and in

November 2003 (t 5 52). At the same time, SPT with titrated concen-

trations of birch pollen extract, open food challenges with fresh

apples, and blood sampling were performed.

NPTs

Before nasal provocation, the nose of each patient was rhinosco-

pically evaluated. Nonspecific responsiveness was determined by

spraying the glycerol diluent on the nasal mucosa of the wider side. If

after 10 minutes no significant changes occurred, provocation with

birch pollen allergen was started with a concentration of 0.016

biological units (BU)/mL. After 20 minutes, rhinomanometric mea-

surement was performed. This procedure was repeated with increas-

ing concentrations of birch pollen allergen (0.08, 0.4, 2, and 10 BU)

until a positive response occurred or the highest concentration was

reached. A nasal airflow decrease of >40 % was regarded as positive

response.

DBPCFCs

The placebo contained 15 g shredded Golden Delicious apple mi-

crowaved for 5 minutes at 958C, 15 g shredded cabbage turnip, and

3 mL commercially available pasteurized apple syrup. The verum

contained 10 g each, microwaved and fresh apple, cabbage turnip,

and syrup. Freshly shredded apple was added within 5 minutes before

challenge. During the challenge, all patients wore sun glasses. The

sequence verum versus placebo or placebo versus verum for each

patient was blinded by the dietitian. An interval of 30 minutes was

kept between the test meals or longer if symptoms were still present.

The skin and oral cavity was inspected for lesions before, during, and

after the challenge. Patients scored their OAS using visual analog

scales (VASs) ranging from 0 to 10 cm. After DBPCFCs, open chal-

lenges were performed with a slice of fresh apple (20 g).

SPTs

Skin prick tests were performed on the flexor aspect of the forearm

with different concentrations of birch pollen extract (Pangramin;

ALK-Abelló; 500, 250, 100, 50, 20, and 4 BU). All skin reactions

were recorded after 20 minutes by copying the wheal reaction onto

a transparent adhesive tape, and wheal diameters were measured.

Histamine (10 mg/mL) and the glycerol diluent of the allergen extract

were used as positive and negative controls (ALK-Abelló).

Allergens

Recombinant Bet v 1 and Mal d 1 were purchased from Biomay

(Vienna, Austria). Throughout the entire study, the same batches of

allergens were used. Endotoxin levels were <2.5 endotoxin units/mg

as determined by limulus amoebocyte lysate assay (BioWhittaker,

Walkersville, Md).

Determination of allergen-specific
IgE and IgG4

Microtiter plates (Maxisorp, Nunc, Denmark) were coated with

Bet v 1 (1 mg/mL) and Mal d 1 (2 mg/mL) in carbonate buffer (pH 9.6)

overnight at room temperature. After saturation with 1% BSA in PBS
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for 6 hours, sera were incubated overnight at room temperature.

Bound IgE and IgG4 antibodies were detected using alkaline phos-

phatase-conjugated antihuman IgE and IgG4 antibodies, respectively

(BD Biosciences Pharmingen, San Diego, Calif). For inhibition

experiments, sera from patients were preincubated with titrated

concentrations (0.003-1 mg/mL) of each allergen for 6 hours at room

temperature before transfer to Bet v 1–coated and Mal d 1–coated

microtiter plates, respectively.

T-cell responses

Proliferative responses of PBMCs (2 3 105) were determined as de-

scribed.25 Bet v 1 and Mal d 1 were titrated from 3.18 to 25 mg/mL.

Data are expressed as D counts per minute (cpm) (dpm) 5 cpm in stim-

ulated cultures minus cpm in those containing medium alone.

Allergen-specific TCLs were generated from PBMCs of individuals

with birch pollen allergy by initial stimulation with 10 mg/mL Bet v

1 or 10 mg/mL Mal d 1 according to protocols described.26 In parallel,

cultures without allergens served as controls. TCLs were restimulated

with Bet v 1 or Mal d 1 (5 mg/mL each), and proliferation was deter-

mined after 48 hours. Stimulation indices (SIs) were calculated as ratio

between cpm obtained in cultures with T cells plus autologous antigen-

presenting cell (APC) plus peptide and cpm obtained in cultures

containing T cells and APC alone. T-cell epitope recognition in Bet

v 1–specific TCLs was determined as described.26

Digestion fragments of Bet v 1

Peptides created by simulated gastrointestinal digestion of Bet v

1 were analyzed as described previously.25 Briefly, Bet v 1 was digested

with pepsin for 30 minutes at 378C and, after adjusting the pH with

1 mol/L NaOH to pH 8.3, for another 30 minutes at 378C with trypsin.

LC-MS/MS spectra of digested Bet v 1 were recorded on a Micromass

Global Ultima Q-Tof instrument (Waters, Milford, Mass).

Statistics

Statistical significance of differences was determined by the

Wilcoxon signed rank test. Differences were considered statistically

significant for P < .05.

RESULTS

Successful birch pollen SLIT does not
significantly improve OAS to apple

In 9 of 15 individuals, higher concentrations of birch
pollen extract were needed in NPT after 1 year of SLIT
(t 5 52) to reduce the air flow-through equally compared
with the respective NPT performed before SLIT (t 5 0)
(Table I). These individuals were defined as respond-
ers and selected for further analysis. All these patients
also experienced improved seasonal allergic symptoms.
Successful SLIT was further reflected by the significant
reduction of skin reactivity to titrated concentrations of
birch pollen extract (Table I). In parallel to NPT, patients
underwent DBPCFC with apple. At both time points, indi-
viduals experienced OAS only after provocation with
verum and rated their reactions using VAS. In addition,
open challenges with apple were performed (Table I).
Overall, at t 5 52, the VAS of neither DBPCFC nor
open challenges differed significantly from t 5 0.

Bet v 1 dominates the IgE response to Mal d 1

To confirm that Bet v 1 was the leading allergen for
sensitization to Mal d 1 in the patients under investigation,
IgE-inhibition ELISA were performed. Preincubation of
sera collected at t 5 0 with titrated concentrations of Bet v
1 abolished IgE binding to Mal d 1 equally as well as in-
cubation with Mal d 1 in all individuals (Fig 1). In contrast,
preincubation with Mal d 1 had no strong effect on
IgE-binding to Bet v 1. Equal results were obtained with
sera of the same patients collected at t 5 52 (data not
shown). Hence, Bet v 1 contains all epitopes recognized
by Mal d 1–reactive IgE in these individuals but not vice
versa.

Successful birch pollen SLIT induces Bet v 1–
reactive but not Mal d 1–reactive IgE and IgG4

Allergen-specific serum IgE and IgG4 levels were indi-
vidually measured by ELISA before (t 5 0) and after 1 year
(t 5 52) of SLIT. Bet v 1–specific IgE levels increased
significantly during SLIT (P 5 .028; Fig 2), which was
confirmed in CAP/FEIA (data not shown). In addition,
Bet v 1–specific serum IgG4 levels also increased signifi-
cantly (P 5 .038; Fig 2). Interestingly, Mal d 1–specific
serum IgE and IgG4 levels showed increasing tendency
but did not reach statistical significant difference
(Fig 2), indicating that the majority of SLIT-induced
Bet v 1–specific antibodies were not cross-reactive with
Mal d 1.

Successful birch pollen SLIT reduces
Bet v 1–specific but not Mal d 1–specific
T-cell proliferation

PBMCs obtained before (t 5 0) and after 1 year (t 5 52)
of SLIT were stimulated with Bet v 1 or Mal d 1. Of each

TABLE I. Clinical evaluation of responders (1-9) and

nonresponders (A-F) before and after 1 year of SLIT*

NPT

(BU)

SPT

(BU)

DBPCFC

(VAS)

OFC

(VAS)

t 5 0 52 0 52 0 52 0 52

1 0.4 10 20 20 2.5 2.5 2.5 6

2 2 10 4 20 1.5 0.8 4 3.5

3 2 10 20 20 1 0.8 2 1.8

4 2 10 4 20 2 0 4 0

5 0.4 2 4 20 1 4 5 5

6 0.08 2 4 50 5.8 6 4.2 9

7 0.08 2 4 20 1.5 3 2 1.6

8 0.08 0.4 20 50 1 8 10 10

9 0.08 0.4 20 50 3.5 4 2 4

P 5 .016 NS NS

A 2 2 4 20 1 2 9 4

B 2 2 20 20 3 3 3 3

C 10 10 4 4 4 2.8 3 4

D 10 0.08 4 4 4 3 4 6

E 2 0.4 4 50 7 0 9.2 0

F 2 0.08 20 20 3 4 4 3

NS NS NS NS

OFC, Open food challenge; NS, not significant.

*Statistical difference between values at t 5 0 and t 5 52 was calculated

by the Wilcoxon signed rank test.
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FIG 1. IgE-inhibition ELISA. Sera of 9 patients obtained before SLIT were preincubated with titrated

concentrations of Bet v 1 (solid circles) or Mal d 1 (open circles). The mean value of inhibition of IgE binding

to Bet v 1 (left) and Mal d 1 (right) is shown. *P < .05, Wilcoxon signed rank test.
allergen, the concentration inducing optimum prolif-
erative responses at t 5 0 was individually determined
and used at t 5 52. During SLIT, Bet v 1–induced prolif-
eration decreased significantly (P 5 .022), which was not
observed for Mal d 1–induced proliferative responses
(Fig 3). Cytokine responses are the subject of a separate
publication. TCLs were established from each individual
by stimulating PBMCs with either Bet v 1 or Mal d 1
and restimulated with both allergens. Bet v 1–specific
TCLs were obtained from 7 of 9 individuals and re-
sponded significantly less to restimulation with Bet v
1 at t 5 52 compared with t 5 0 (P 5 .018; Table II).
Four Bet v 1–specific TCLs cross-reacted with Mal d
1 (SI > 2), and 3 of 4 also showed reduced responses to
the apple allergen at t 5 52 (Table II). Mal d 1–specific
TCLs were obtained from 5 of 9 individuals at both time
points. Four of 5 Mal d 1–specific TCLs responded

FIG 2. Bet v 1–specific and Mal d 1–specific IgE and IgG4 levels dur-

ing SLIT. Sera were tested for allergen-specific antibody levels

before (t 5 0) and after 1 year (t 5 52) by ELISA. *P < .05, Wilcoxon

signed rank test.
more pronouncedly to restimulation with Mal d 1 at
t 5 52 compared with t 5 0 (Table III). In parallel, Bet v 1–
induced proliferation was reduced.

Birch pollen SLIT downregulates T cells
specific for all Bet v 1 epitopes

We have previously shown that Bet v 1 is immediately
degraded by gastrointestinal enzymes.25 Analyzing and
sequencing the fragments created by subsequent digestion
with pepsin and trypsin revealed several remaining pep-
tides in the range of 8 to 18 amino acids (Fig 4). To
evaluate whether sublingually administered Bet v 1 re-
duced the T-cell response to all relevant epitopes of the
major birch pollen allergen or only to those still present af-
ter gastrointestinal passage, Bet v 1–specific TCLs estab-
lished from the same individual at t 5 0 and t 5 52 were
mapped with 50 synthetic 12-mer peptides representing
the entire aa sequence of Bet v 1.26 Comparison of prolif-
erative responses to each peptide at t 5 0 and t 5 52 in
7 patients revealed that T cells specific for all Bet v 1
epitopes were significantly downregulated during SLIT
(P < .001; Fig 4). In 6 of 7 TCLs, proliferative responses
to the most relevant epitope for cross-reactivity with Mal
d 1, Bet v 1142-153, were also reduced.27 Interestingly,
the fragments of digested Bet v 1 did not match
epitopes recognized by the individuals under investigation
(Fig 4).

FIG 3. Bet v 1–induced and Mal d 1–induced proliferation during

SLIT. PBMCs isolated before (t 5 0) and after 1 year (t 5 52) were

stimulated with the concentration of allergens individually induc-

ing the highest proliferation at t 5 0. *P < .05, Wilcoxon signed

rank test.
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TABLE II. Restimulation of Bet v 1–established TCLs before and after 1 year of SLIT

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

t 5 0 52 0 52 0 52 0 52 0 52 0 52 0 52

Bet v 1 124* 1.7 76.0 21.5 29.1 1.2 6.6 3.5 341 125 6.7 4.4 34.1 1.9

Mal d 1 2.1 1.3 27.9 0.9 2.8 0.9 0.8 0.9 2.3 4.3 1.0 1.1 1.0 1.6

*SIs are shown.
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DISCUSSION

The effects of successful SLIT with birch pollen on
associated allergy to apple were evaluated. For this
purpose, Bet v 1–sensitized individuals with birch pollen
allergy with OAS to apple underwent SLIT for 1 year.
Because no placebo group was included in our trial,
improvement in NPT with birch pollen was applied as sine
qua non for clinical success, which reduced the number of
individuals defined as responders to 9 (Table I). Allergic
reactions to apple were evaluated in DBPCFC. Reduced
respiratory symptoms to birch pollen were not associated
with significantly reduced apple-induced OAS (Table I).
These data may indicate that higher allergen doses are
needed to reduce food-induced than pollen-induced reac-
tions.28 However, in line with previous studies, we con-
clude that administration of birch pollen directly at the
site of food-allergic manifestations does not enhance the
therapeutic efficacy of pollen immunotherapy on associ-
ated food allergy.15,16

Successful birch pollen SLIT was associated with
significantly increased Bet v 1–specific IgG4 levels and
significantly reduced Bet v 1–induced proliferation in
PBMCs and Bet v 1–specific TCLs (Figs 2 and 3; Table
II). These immunologic alterations accord with previous
studies monitoring the same parameters for major aller-
gens during grass pollen and house dust mite SLIT in
adults.29,30 Moreover, patients who did not improve in
NPT showed neither significantly altered Bet v 1–specific
IgG4 nor proliferative responses (see this article’s Fig E1 in
the Online Repository at www.jacionline.org). Successful
SLIT also clearly reduced cross-reactivity of Bet v 1–
specific TCLs with Mal d 1 (Table II). Comparing epitope
recognition patterns in Bet v 1–specific TCLs from the
same patient before and after 1 year of SLIT revealed
that the T-cell response to all individually relevant Bet v
1 epitopes was abolished (Fig 4). Thus, monitoring the
effects of SLIT at the level of T-cell epitope recognition
demonstrated that sublingually administered allergen
induced peripheral tolerance in all respective T cells.
Proliferation to T-cell epitopes spreading the entire aa
sequence of Bet v 1 was reduced, and not only to those still
present after simulated gastrointestinal digestion (Fig 4).
These findings provide evidence that sublingually admin-
istered allergens enter the oral mucosa as intact proteins,
where they are taken up by APC of the local immune sys-
tem, which then migrate to lymph nodes and induce T-cell
tolerance. This hypothesis is also supported by Bagnasco
et al,31 showing in vivo that sublingually administered
allergens were degraded after reaching the gastrointestinal
tract but not before.

In all individuals under investigation, birch pollinosis
preceded food allergy to apple. IgE inhibition experiments
revealed that Bet v 1 contained all IgE epitopes of Mal d
1 recognized in these patients (Fig 1). These clinical and
immunologic observations strongly indicate that the
patients developed allergy to apple as a consequence of
primary sensitization to Bet v 1 and subsequent cross-reac-
tivity with Mal d 1. Thus, one would assume that Bet v 1
determines the allergic response to Mal d 1 in these in-
dividuals. However, SLIT-induced alterations of the Bet
v 1–specific immune response were paralleled by neither
significant changes of Mal d 1–specific antibody nor
T-cell responses (Figs 2 and 3). In contrast, after 1 year
of SLIT, TCLs generated with Mal d 1 responded more
pronounced to restimulation with Mal d 1 compared with
those established before therapy and concomitantly lost
cross-reactivity with Bet v 1 (Table III). These findings
may point to the existence of a Bet v 1–independent T-
cell response to Mal d 1. This concept is further supported
by the previous isolation of T-cell clones specific for Mal d
1 or other Bet v 1–related food allergens that did not cross-
react with Bet v 1.7,32,33 We thus speculate that the T-cell
response to pollen-related food allergens in an individual
can consist of 2 arms: a pollen-specific cross-reactive
and an exclusively food-specific response. The latter
may be difficult to detect because of the dominating pol-
len-specific response, but in our study, it became evident
after SLIT-induced tolerance induction of Bet v 1–specific
T cells. The existence of food-reactive T cells that are not
modulated by pollen immunotherapy may provide an
immunologic explanation for the limited effect of pollen
therapy on associated food allergy.

In summary, successful SLIT with birch pollen did not
efficiently reduce concomitant allergy to apple because the
immune response to Mal d 1 was not significantly altered.
Therefore, we propose to combine pollen and related food

TABLE III. Restimulation of Mal d 1–established TCLs

before and after 1 year of SLIT

Patient

1

Patient

2

Patient

3

Patient

4

Patient

5

t 5 0 52 0 52 0 52 0 52 0 52

Mal d 1 1.5* 8.9 1.4 42 4.7 2.2 3.5 7.3 1.8 9.3

Bet v 1 3.3 2.3 3.6 0.8 10.6 0.9 7.5 2.8 0.6 3.2

*SIs are shown.
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FIG 4. SLIT affects T cells specific for all Bet v 1 epitopes. Bet v 1–specific TCLs from 7 individuals were mapped

with 12-mer peptides representing the entire aa sequence of Bet v 1 before (t 5 0) and after 1 year (t 5 52).

Numbers indicate SI to individual peptides, and gray boxes mark positive responses (SI > 2). The aa se-

quences of fragments created by gastrointestinal digestion of Bet v 1 and their aa position are depicted.

The arrow indicates the most relevant epitope for cross-reactivity with Mal d 1, Bet v 1142-153.27
allergens in a vaccine for SIT of individuals with birch
pollen allergy with associated food allergy.
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