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It is well known that most patients allergic to birch
pollen present oral allergy syndrome (OAS) when
they eat fresh fruits (mainly apples), nuts (hazel-
nuts), and raw vegetables (celery, carrot) (1-5).
Some of them may suffer from systemic symptoms
such as urticaria, angioedema, asthma, or anaphy-
lactic shock (6, 7). Bet v 1 and Bet v 2 (profilin)
are the major birch-pollen allergens responsible for
most cross-reactions between birch pollen and
related foods (8-13). However, concomitant sensi-
tizations to mugwort and/or grass pollen are often
present (14-18) (Fig. 1). Recently, on evaluating
the results of IgE determinations to rBet v 1 and
rBet V 2 by the Pharmacia CAP System in 65
patients with rhinoconjunctivitis or asthma to birch
pollen and OAS to apple (/7=28), Rossi et al. (19)
have suggested that sensitization to Bet v 1 is
specific for birch and apple allergies, whereas sen-
sitization to Bet V 2 is common in polysensitized
patients.

The present survey was undertaken to describe
what characterizes in vitro the clinically relevant
cross-reactivities in birch-pollen-sensitized patients
(absence of symptoms, isolated or polyvalent sen-
sitivity to fruits and vegetables) and the severity of
symptoms, and whether there is a correlation

between the magnitude of the IgE response to rBet
V 1, rBet V 2, apple, hazelnut, celery, and carrot and
the clinical situation.

Material and methods
Serum samples from 84 patients (45 females, 39
males, mean age 32 years, range 11-60, referred to
the allergy unit in the period from July 1996 to June
1997) with a positive CAP result of at least class 2
to birch pollen (t3) (IgE level >0.7 kU/1) were
selected for the study.

Total and specific serum IgE to birch (t3), grass
(gx3, g6, or gl2), mugwort pollen (w6), rBet v 1
(t215), rBet v 2 (t216), apple (f49), hazelnut (fl7),
celery (f85), and carrot (131) were measured
by the immunoenzymatic CAP FEIA System
(Pharmacia & Upjohn Diagnostics, Uppsala,
Sweden), according to the manufacturer's
recommendation.

Skin prick tests (SPT) were performed with
routine inhalants, food allergens (Alyostal extracts,
Stallergenes, France), and fresh food (prick-prick
technique) and a standardized needle (Stallerpoint,
France). Tlie results of the SPT were evaluated
according to the EAACI guidelines (5, 22).
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The patients were evaluated by case history,
particularly of adverse reactions to food, clinical
examination, and the results of the SPT. The symp-
toms after eating apple, hazelnut, celery, and carrot
were classified as class 0 (no symptoms), class 1
(local symptoms such as OAS or contact urticaria),
or class 2 (systemic symptoms such as generalized
urticaria, angioedema, asthma, gastrointestinal
symptoms, and anaphylactic shock).

Statistical comparisons of the data were made
with the Mann-Whitney U-test for nonparametric
data. Correlation coefficients were determined by
Spearman's rank correlation test. The significance
level chosen was P<0.05. Eor multiple U-tests,
Bonferoni's correction was done. In the correlation
tables, P<0.01 was chosen as significant.

Results and Discnssion
Of the 84 patients in our study, 11 (13%) had a
diagnosis of atopic dermatitis. Statistical analysis
with the Mann-Whitney U-test showed differences
in distribution for specific IgE levels of grass and
rBet V 2, for total IgE level, and for pollen symp-
toms (Table 1). The atopic dermatitis group was
excluded from further analysis.

The remaining patients, mainly affected by pol-
len allergy (rhinoconjunctivitis and/or pollen-
induced asthma), were divided into four groups
depending on the sensitization pattern of rBet v 1
and rBet v 2 (Table 2). Eig. 1 shows the distribution
of the allergen-specific IgE values in these four
groups; Eig. 2 the frequency of symptoms after
eating the corresponding food. In both figures, the
11 patients with atopic dermatitis are also shown.

Table 1. Frequencies of clinical and serotogic characteristics of birch-pollen-sensitive

patients (no. of patients). Significance level for Mann-Whitney U-test: P<0.05

No atopic

dermatitis

Patients

Sensitization (lgE>0.35 kU/l)

Birch

rBet V 1

rBet V 2

Alder

Hazel

Mugv\/ort

Grass

Apple

Hazelnut

Celery

Carrot

Total IgE (median)

Symptoms (local or systemic)

Apple

Hazelnut

Celery

Carrot

Pollen

73

73
60
14
72
11
38
50
63
56
33
49

210

38
31
12
15
68

Atopic

dermatitis

11

11
9
6

11
9
9

10
9
7
5
8

1622

2
2
0
2

C
Jl

Total

84

84
69
20
83
81
47
60
72
63
44
57

246

40
33
12
17
73

U-test

0.49

0.99

0.01

0.66

0.52

0.10

0.01

0.60

0.81

0.74

0.28

<0.0001

0.03

0.09

0.15

0.90

0.001

In Spearman ranking, the CAP results for all
measured allergens were correlated with each
other (Table 3). In Table 4, the same was done with
food symptoms.

Eig. 3 shows box-plots of allergen-specific IgE
levels in comparison with symptom classes for
apple, hazelnut, celery, and carrot. In Table 5, the
relationship among them is statistically analyzed by
the Mann-Whitney U-test.

Comparison of patients with diagnosed atopic
dermatitis with patients with mainly pollen allergy

Table 2. Frequencies of sensitization and symptoms in all patients without atopic dermatitis (no. of patients)

Total patients

Sensitization (lgE>0.35 kU/l)

Birch

rBet V 1

rBet V 2

Alder

Hazel

Mugwort

Grass

Apple

Hazelnut

Celery

Carrot

Symptoms (local or systemic)

Apple

Hazelnut

Celery

Carrot

Pollen

rBet V 1 -1-

rBet V 2 -

53 (73%)

53
53
0

52
52
20
31 .

45
41
27
29

32
23
8

11
52

rBet V 1 -

rBet V 2 -1-

7 (9.5%)

7
0
7
7
7
7
7
7
3
2
7

0
1
1
1
6

rBet V 1 +

rBet V 2 -1-

7 (9.5%)

7
7
7
7
7
6
7
5
6
4
7

4
5

0
1
7

rBet V 1 -

rBet V 2 -

6 (8%)

6
0
0
6
6
5
5
6
6
6
6

2
2
2
2
3

Total

73 (100%)

73
60
14
72
72
38
50
63
56
39
49

38
31
12
15
68
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Group 1: Bet V 1 > 0.35 kU/l IgE, Bet v 2 < 0.35 kU/l IgE (n = 53)
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Group 2: Bet v 1 < 0.35 kU/l IgE, Bet v 2 > 0.35 kU/l IgE (n = 7)
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Group 3: Bet v 1 > 0.35 kU/l IgE, Bet v 2 > 0.35 kU/l IgE (n = 7)
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Group 4: Bet v 1 < 0.35 kU/l IgE, Bet v 2 < 0.35 kU/l IgE (n = 6)

100

10

1

0 1 '

o °

cP
O"

100

1 0

1

0.1 ^

o

""^

1 00

1 0

1

0.1 '

w o

c°

100

10

1

0.1

N O

1 00

1 0

1

0 . 1 •

X O

m

100

10

1

X o
Q.

cP
1

Bet V 1 Bet V 2 Uugwort Grass Apple Hazelnut Celery

Patients with atopic dermatitis (n = 11)
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Fig. I. Scatler-plots of allergen-specific IgE values in all four patient groups and in atopic dermatitis group. Dotted lines indicate
CAP classes aceording to Pharmacia & Upjohn Diagnostics. In plots with specific IgE against food, O = no symptoms, • = local
symptoms, x=systemic symptoms.
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Fig. 2. Frequency of symptoms after eating corresponding food in all four patient groups and in atopic dermatitis group
(0 = no symptoms; I = local symptoms; 2 = systemic systems).

showed significant differences in distribution for
the total IgE levels, for specific IgE levels of grass
and rBet v 2, and for pollen as well as apple
symptoms (Table 1). However, our patients with
atopic dermatitis and birch-pollen sensitization did
not have more frequent or severe symptoms from
birch pollen-related food than patients with birch
allergy. Nevertheless, the atopic dermatitis group
was excluded from further analysis.

The division of the remaining 73 patients into
four groups according to their sensitization to the
recombinant allergens rBet v 1 and rBet v 2 differs
from other recent studies. Rossi et al. found more
patients with sensitization to rBet v 2 (37/65=57%)
and. none without sensitization to rBet v 1 and/or
rBet V 2 (19). In contrast, Scheiner et al. had no
patients with sensitization to rBet v 2 exclusively,
but they had 2/34 (6%) without sensitization to
either rBet v 1 or rBet v 2 (21). In a paper by Pauli

et al., one out of 51 patients was sensitized to
neither rBet v 1 nor rBet v 2 (23). All these
differences may be due to non uniform selection of
study patients and to geographic differences in the
study group (24).

Recently, a third group of proteins, other than
Bet V 1, Bet v 2, and their homologs, displaying IgE
cross-reactivity shared by birch, mugwort pollen,
and celery, has been identified (20). Tliese proteins
have a molecular range of 46-60 kDa. Our patients
in group IV may illustrate such a cross-reacting
allergen. With one exception, all patients were
sensitized to grass, mugwort pollen, apple, hazel-
nut, celery, and carrot. They may also have suffered
from local or systemic reactions alter eating fruits
or vegetables.

In our patients, sensitization to rBet v 2 (birch
profilin) was not associated with more frequent or
more severe reactions to fruits or vegetables, in
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Table 3. Spearman rank correlations for IgE levels of all patients without atopic dermatitis. Correlations witii significance below P<0.01 are in boldface

Birch rBet V 1 rBet V 2 Alder Hazel Mugwort Grass Apple Hazelnut Celery Carrot

Birch

rBet V 1

rBet V 2

Alder
Hazel
Mugwort

Grass

Apple

Hazelnut

Celery

Carrot

0.92

-0.21

0.96

0.96
-0.03

-0.08

0.69

0.70

0.29

0.11

-0.29

0.90

0.90

-0.14

-0.14

0.61

0.63

0.22

0.00

-0.19

-0,16

0.37

0.44

-0,20

-0,14

-0,07

0.36

0.95

0,01

-0,04

0.75

0.73

0.35

0,20

0,00

-0,01

0.71

0.67

0.34

0,21

0.68
0,17
0,1B
0.45

0.61

0,04

0,03

0.36

0.52

0.80

0.69

0.54

0.54

0.36 0.80

Table 4, Spearman rank correlations for symptoms of all patients without atopic

dermatitis. Correlations with significance below P<0,01 are in boldface

Apple Hazelnut Celery Carrot

Apple

Hazelnut

Celery

Carrot

0.70

0,02

0.41

0.36

0.39 0.38

contrast to the findings of other authors (8, 10, 12,
18, 19, 23).

Statistical analysis of the CAP data mostly con-
firmed the results of previous studies (9, 11, 12, 19)
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(Table 3). Tliere was good correlation between rBet
V 1, birch, alder, and hazel pollen. Moreover, apple
and hazelnut were associated with them and with
each other.

Specific IgE to rBet v 2 showed a weak coirela-
tion with mugwort, grass pollen, and carrot but no
significant correlation with tree pollen, apple,
hazelnut, and celery. These findings have to be
treated with caution since the lowness of the
number of patients with rBet v 2 sensitization (IgE
>0.35 kU/1) might influence the results of Spear-
man's rank correlation.

Mugwort pollen showed weak correlation to
celery, carrot, and grass pollen (r=0.37-0.68).
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Fig. 3. Box-plot of allergen-specific IgE levels compared with symptom classes from corresponding food.

1191



Wuthrich and Straumann

Table 5, Mann-Whitney U-test for IgE levels grouped by symptom classes.
Significance level after Bonferoni correction P<0,013

Apple Hazelnut Celery Carrot

Class 0 i/s class 1 />< 0.0001 P=0,02 P=0,65 P = 0.007
Class 0 I/.! class 2 P=0.0002 P=0.006 P=0,07 P=0,07
Class 1 i/s class 2 P=0,28 P=0,15 P=0,27 P=0,39
Class 0 i/s classes 1+2 /'<0.0001 P=0.002 ^=0 12 P=0.002

whereas no significant association with tree pollen,
rBet V 1, apple, and hazelnut could be found.
Celery and carrot sensitizations have been shown
to be strongly associated (25).

From the clinical point of view, a good correla-
tion between symptoms to apple and hazelnut
could be determined. All other correlations were
weak or not statistically significant (Table 4).

Birch-pollen-allergic patients with symptoms
after eating apple, hazelnut, and carrot showed
significantly higher IgE levels to the respective
food items than asymptomatic patients. There were
no significant differences in the IgE level between
patients with localized or systemic symptoms. For
patients with celery sensitization, no significant
differences could be found in the distribution of
IgE levels between patients with and without symp-
toms after eating celery (Fig. 3, Table 5).

Of the 11 patients with symptoms after eating
celery, three (27%) had a negative CAP result to
celery Moreover, in general, in symptomatic cel-
ery-allergic patients, the CAP to celery showed
lower IgE levels than to apple, hazelnut, or carrot
(Fig. 4). This could be due to the lack of relevant
allergens in the commercial celery CAP (a mixture
of celery stick and celery root).

Conclusions
In our study, serum samples from 85 patients
sensitized to birch pollen were examined for spe-
cific IgE to rBet v 1 and rBet v 2, tree pollen (alder,
hazel), grass, mugwort, and foods (apple, hazelnut,
celery, and carrot). Evaluation of symptoms based
on the patients' case histories was compared to the
in vitro data. Patients with atopic dermatitis did not
have more frequent or severe symptoms to birch-
pollen-related food than the rest of our study
group. Among patients without atopic dermatitis,
82.5% reacted to rBet v 1, 19% to rBet v 2, 9.5%
to both, and 8% to neither. Sensitization to rBet v
2 was not associated with more frequent or more
severe reactions to foods. Patients with symptoms
after eating apple, hazelnut, and/or carrot showed
significantly higher IgE levels to the respective
food items than asymptomatic patients. Tliis was

not true for patients with clinical manifestations
after eating celery.

Taken together, our study failed to demonstrate
a clear correlation between the pattern of sensiti-
zation to rBet V 1 and rBet v 2 and specific IgE to
conventional allergen extracts. Tlierefore, the rou-
tine determination of IgE to rBet v 1 and rBet v 2
in birch allergy and birch-pollen-related food
allergy seems to be of little diagnostic value for
clinical work.

Acknowledgments
We thank the staff of our allergy laboratory, Mrs Irene Cuhat
Stark, Mrs Marie-Claire Weber, and Mrs Suzanne Marti-Wyss,
for their careful technical assistance.

References
1. Dreborg S, Foueard T. Allergy to apple, carrot and potato

in children with bireh pollen allergy. Allergy 1983;38:162-72.
2. Erikson N, Formgren H, Svenonius E. Food hypersensitiv-

ity in patients with pollen allergy in Sweden. Allergy
1982;37:437-43.

3. Halmepuro L, Vuontela K, Kalimo K, Bjorksten F. Cross-
reactivity of IgE antibodies with allergens in bireh pollen,
fruits and vegetables. Int Arch Allergy AppI Immunol
1984;74:235-40.

4. Ortolani C, Ispano M, Pastorello E, Bigi A, Ansaloni R.
Tlie oral allergy syndrome. Ann Allergy 1988;61:47-52.

5. Ortolani C, Pastorello EA, Farioli L. et al. IgE mediated
allergy from vegetable allergens. Ann Allergy 1993;71:470-
6.

6. Bruijnzeel-Koomen C, Ortolani C, Aas K, Bindslev-Jensen C,
Bjorksten B, Wuthrieh B. Adverse reactions to food.
Position paper of the European Aeademy of Allergology
and Clinical Immunology. Allergy 1995;50:623-35.

7. MCihlemann RJ, Wuthrich B. Nahrungsmittelallergien
1983-1987. Schweiz Med Wochenschr 1991:121:1696-1700.

8. Valenta R, Duchene M, Pettenburger K, et al. Identifica-
tion of profilin as a novel pollen allergen: IgE autoreactiv-
ity in sensitized individuals. Science 199f :253:557-60.

9. Hirschwehr R, Valenta R, Ebner CH, et al. Identification
of common allergenic structures in hazel pollen and hazel-
nuts: a possible explanation for sensitivity to hazelnuts in
patients allergie to tree pollen. .1 Allergy Clin Immunol
1992:90:927-36.

10. Valenla R, Duchene M, Vrtala S, et al. Profilin, a novel plant
panallergen. Int Areh Allergy Immunol ] 992:99:271-311.

11. Vieths S, Schoning B, Bakes W. Allergy to fruits and
vegetables in pollen-sensitive patients: allergen eharaeter-
ization by IgE immunoblotting and peroxidase staining.
Food Agric Immunol 1992:4:181-97.

12. Ebner CH, Hirschwehr R, Bauer L, et al. Identifieation of
allergens in fruits and vegetables. igE-cross-reactivities
with important birch pollen allergens Bet v 1 and Bet v 2
(birch profilin). J Allergy Clin Immunol 1995:95:962-9.

13. Schoning B, Vieths S, Petersen A, Baltes W. Identifieation
and eharacterization of allergens related to Bet v f, the
major birch pollen allergen, in apple, cherry, eelery and
carrot by two-dimensional immunoblotting and miero-
sequeneing. J Sci Food Agric 1995:167:43f-40.

14. Wtithrich B, Holer T. Nahrungsmittelallergie. Das Sellerie-
Beifuss-Gewlirz-Syndrom. Dtsch Med Wochenschr 1984:
fO9:981-6.

1192



Pollen cross-reactivity

15. Pauli G, Bessot J, Dietemann-Molard A. et al. Anaphylactic
reactions to celery amongst mugwort and birch pollen
hypersensitive patients. Clin Allergy 1985;15:273-9. 21.

16. Wuthrich B. Stager J. Johansson SGO. Celery allergy
associated with birch and mugwort pollinosis. Allergy
1990;45:566-71.

17. Vieths S, Jankiewicz A. Wtithrich B, Bakes W. Immunoblot 22.
study of IgE binding allergens in celery root. Ann Allergy
Asthma Inimunol 1994;74:48-5.5. " 23.

18. van Ree F, Fernandez-Rivas M. Cuevas M. et al. Pollen-
related allergy to peach and apple: an important role for
profilin. J Allergy Clin Immunol 1995:95:726-34.

19. Rossi RE, Monasteroloi G, Operti D, Corsi M. Evaluation 24.
of recombinant allergens Bet v 1 and Bet v 2 (profilin) by
Pharmacia CAP System in patients with pollen-related
allergy to birch and apple. Allergy 1996;51:940-5.

20. Bauer L, Ebner C. Hirschwehr R. Wuthrich B. et al. IgE 25.
cross-reactivity between birch pollen, mugwort pollen and
celery is due to at least three distinct cross-reacting aller-

gens: immunoblot investigation of the birch-mugwort-
celery syndrome. Clin Exp Allergy 1996:26:1161-70.
Scheiner O, Aberer W, Ebner C, et al. Cross-reaeting
allergens in tree pollen and pollen-related food allergy:
implications for diagnosis of specific IgE. Int Arch Allergy
Immunol 1997:113:^5-8.
Dreborg S. editor. Skin tests used in type 1 allergy testing.
Position paper. Allergy 1989:44 Suppl 10:22-30.
Pauli G, Oster JP. Deviller P. et al. Skin testing with
recombinant allergens rBet v 1 and birch profihn, rBet v
2: diagnostic value for birch pollen and associated allergy.
J Allergy Clin Immunol 1996:97:1100-9.
Elfman L, Svensson M. Lidholm J. Pauli G, Valenta R.
Different profiles in specific IgE lo rBet v 1 and rBet v 2
in patients allergic to birch pollen from six countries. Int
Arch Allergy Inimunol 1997:113:249-51.
Wuthrich B. Dietschi R. Das "Sellerie-Karottcn-Beifuss-
GewUrz-Syndrom": Hauttest- und RAST-Ergebnisse.
Schweiz Med Wochenschr 1985:115:.358-64.

1193




