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To determine why a significant proportion of birch pollen-sensitive patients' do not have the 
oral allergy syndrome (OAS), possible predictive in vivo or in vitro tests for OAS were sought 
in a large retrospective and prospective follow-up study performed in 283 patients with clinical 
evidence of birch pollen hypersensitivity. (?AS was associated with morn severe respiratory 
symptoms and with higher birch-specific and total lgE levels; moreover, its onset was clearly 
related to duration of birch pollinosis. The prospective part of this study, performed in 63 
patients without OAS, confirmed these findings and highlighted the very high negative 
predictive value of both skin prick tests with fresh foods and RAST with food allergens, This 
work suggests that about 15% of patients with birch pollen hypersensitivity are not prone to 
OAS and that their anti-birch IgE might be directed against determinants that do not cross- 
react with food allergens. (J ALLERGY CLIN [MMUNOL 1996;97.'611-6.) 
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Up to 70% of patients with birch pollen allergy 
(BPA) have the so-called "oral allergy syndrome" 
(OAS), an IgE-mediated food allergy character- 
ized by immediate oral itching and angioedema 
after eating several fruits and/or vegetables? -5 The 
association between respiratory allergy and food al- 
lergy is due to structural similarities (and hence 
cross-reactivity) between birch pollen and vegetable 
foods; the presence of common epitopes has been 
demonstrated both by RAST-inhibition studies and 
by Western and Northern blot analysis.t, 2, 6-8 

Specific IgE against apple allergens is detectable 
in sera from virtually all birch pollen-sensitive 
patients2, 9; however, a significant proportion of 
them do not show any food intolerance. This has 
been related to the existence of an individual 
threshold for anti-birch pollen IgE titers to cause 
apple intolerance2: actually, several studies dem- 
onstrated higher birch pollen-specific lgE titers, 
larger birch skin prick test (SPT) wheals, or more 
severe nasal symptoms in patients with OAS? 4, 10 
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Abbreviations used 
AU: Arbitrary units 

BPA: Birch pollen allergy 
NPV: Negative predictive value 
OAS: Oral allergy syndrome 
PPV: Positive predictive value 
SPT: Skin prick test 

Moreover, some patients have OAS symptoms 
only during the pollen season, when anti-birch- 
specific IgE titers rise. 11 However, other studies 
demonstrated no difference in serum or secretory 
apple-specific IgE between birch-sensitive patients 
with or without apple-triggered OAS 9 or demon- 
strated an inverse relationship between the risk of 
having OAS and total IgE levels. 5 All these studies 
were performed in a relatively small number of 
patients, and none of the studies were carried out 
in a prospective fashion. To better define the 
relative importance of several risk factors for OAS 
in patients with BPA, we carried out this retrospec- 
tive, prospective follow-up study. 

METHODS 
Identification of patients with BPA 

Over 2000 patients (age >12 years) living in the Milan 
area, who were referred to our allergy center from 
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TABLE I. Compar i son  be tween pat ients  

w i th  and w i t h o u t  OAS 

OAS-negative OAS-positive 
(n = 117) (n = 166) p Value 

Sex (M/F) 54/63 59/107 NS 
Age at first visit 36.9 -+ 12.3 37.6 ± 12.3 NS 
Age at onset 33.4 -+ 12.0 31.3 + 11.9 NS 

(yr) 
Mean BPAD 3.6 [2] 6.2 [4] <0.0001" 

(yr) 
Asthma (%) 48 (41%) 102 (61%) <0.001 
Other allergy 48 (41%) 91 (55%) <0.05 

(%) 
Mean RAST 8.3 [7] 10.7 [10] <0.0005* 

(AU/ml) 
Median total 118 158 <0.05* 

IgE 
(1U/ml) 

Figures in brackets are medians. 
BPAD, Birch pollen allergy duration; NS, not significant. 
*Mann-Whitney U test. 

September 15, 1987 to September 15, 1994 for treatment 
of rhinoconjunctivitis and/or asthma possibly caused by 
respiratory allergy, were considered eligible for the 
study. A careful clinical history was recorded at the first 
visit, and all the individuals underwent diagnostic SPTs 
with extracts of the main seasonal or perennial allergens 
present in this geographic area (grasses, birch, hazel, 
mugwort, ragweed, Parietaria species, mites, molds, and 
dog and cat dander). Wheals equal to or greater than 
2 ++ by comparison with histamine 10 mg/ml were 
considered positive. 12 A patient was diagnosed as having 
clinical birch pollen hypersensitivity only in the presence 
of typical seasonal respiratory symptoms (from the end 
of February to the end of April 13) and in the presence of 
positive SPT responses to one widely used commercial 
birch pollen extract (Lofarma Allergeni, Milan, Italy). 
When we were in doubt or when results of SPTs were 
positive for several seasonal or perennial respiratory 
allergens, patients were asked to record and score their 
daily symptoms on a standard form; only patients show- 
ing a significant worsening of their symptoms during the 
birch pollen season were included. Patients with positive 
SPT results who lacked typical seasonal symptoms were 
excluded. Two hundred eighty-three subjects with clini- 
cal evidence of birch pollen hypersensitivity were finally 
enrolled in the study. 

Identif ication of patients w i th  OAS 

The presence of OAS was assessed by specifically 
asking each patient whether he or she sometimes expe- 
rienced oral itching and/or angioedema immediately 
after eating any type of fresh fruits or vegetables. The 
diagnosis of OAS was confirmed by SPTs with fresh 
material performed according to the prick + prick 
technique, as previously described. 14 All of the patients 

with OAS had positive SPT responses to the offending 
fresh foods (most commonly apple and nuts). Not sur- 
prisingly, on the basis of well known cross-reac- 
tions]. 4. 15.16 all patients with OAS had positive SPT 
responses to fresh Golden Delicious apples and/or fresh 
hazelnuts. Positive SPT responses to these two fruits 
were considered reliable markers of the syndrome and 
were used to test OAS-negative patients in the prospec- 
tive part of this study. 

Prospective study 
Sixty-three randomly selected patients from the OAS- 

negative group, 59 of whom had SPTs with fresh Golden 
Delicious apples and hazelnuts at the time of diagnosis 
of BPA, were periodically followed up (every other 
month in most cases) for OAS. Patients were given 
complete information about OAS, were asked to main- 
tain their dietary habits, and were told to record the date 
of onset of OAS and the offending food (or foods), and 
to contact us as soon as possible. In these cases the 
follow-up was stopped at the onset of OAS, and ade- 
quate advice was given; patients who did not have OAS 
were followed up until September 15, 1994 (range, 4 to 
84 months). 

Specific and total  IgE measurements  

At the time of the first visit, blood samples were taken 
for the detection of specific anti-birch IgE by immunoen- 
zymatic RAST (Kallestad, Austin, Texas). Levels were 
expressed both in Allercoat arbitrary units per milliliter 
(AU/ml) and in 5 classes, 0 to 4, the upper limits of 
which were: class 0, 0.35 AU/ml; class 1, 0.7 AU/ml; class 
2, 3.5 AU/ml; class 3, 17.5 AU/ml; and class 4, greater 
than 17.5 AU/ml. Only classes equal to or greater than 2 
were considered positive. 

Thirty-one OAS-negative patients included in the 
prospective arm of the study were tested for anti-apple 
(n = 31) and anti-hazelnut (n = 24) specific IgE levels by 
an immunoenzymatic method (Phadezym; Pharmacia, 
Uppsala, Sweden) at the time of the first visit. Results 
were expressed as previously described. 

Total IgE levels were measured immunoenzymatically 
(Kallestad), and results were expressed in international 
units per milliliter. 

Statistical methods 

Differences between means were assessed by a two- 
tailed t test. Because of the skewed distribution of 
duration of BPA, specific IgE, and total IgE, these data 
were compared by nonparametric means by using the 
Mann-Whitney U test. Proportions were compared by 
two-tailed chi square test with Yates' correction. Prob- 
ability (p) values of less than 0.05 were considered 
significant. 

The usefulness of SPTs with fresh foods and of 
anti-apple and anti-hazelnut IgE as predictive tests for 
OAS was assessed by calculating positive predictive 
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value (PPV) and negative predictive value (NPV) with 
Goldman's method. 17 

RESULTS 
General population 

Two hundred eighty-three patients with BPA 
(113 male and 170 female patients) were included 
in the study. One hundred sixty-six (59%) had 
OAS at the time of the first visit; in 12 cases, OAS 
preceded respiratory symptoms. Patients with and 
without OAS are compared in Table I. There was 
a slightly higher prevalence of OAS in female 
patients (male, 59/113 [52%] female, 107/170 
[63%]). No difference in mean age at the first visit 
(37.6 + 12.3 years vs 36.9 _+ 12.3 years) or at the 
onset of BPA (31.3 _+ 11.9 years vs 33.4 _+ 12.0 
years) was observed between the OAS-positive and 
the OAS-negative groups; by contrast, OAS-posi- 
tive patients showed a much longer duration of 
BPA (mean, 6.2 [median, 4] vs mean, 3.6 [median, 
2] years; p < 0.0001). The relationship between 
OAS and duration of BPA is further analyzed in 
Fig. 1. The proportion of patients with OAS pro- 
gressively increased from 41% in subjects with 
BPA duration of 1 year up to 86% in subjects with 
BPA duration of more than 15 years. 

Asthma was significantly more common in OAS- 
positive patients (102/166 [61%] vs 48/117 [41%];p 
< 0.001), and a higher proportion of patients with 
respiratory allergies other than BPA was observed 
in OAS-positive group (91/166 [55%] vs 48/117 
[41%];p < 0.05; Table I). Serum samples from 270 
patients were submitted to the detection of specific 
anti-birch pollen IgE; all of the samples were RAST- 
positive. Significantly higher RAST values (mean, 
10.7 [median, 10] vs mean, 8.3 [median, 7] AU/ml, p 
< 0.0005) were found in OAS-positive patients, who 
also showed higher total IgE levels (Table I). 

Birch pollen-monosensitive patients 

To exclude a possible bias caused by the associ- 
ation between OAS and seasonal respiratory aller- 
gies other than BPA, 4,8,1°,18~22 144 patients (75 
with OAS) who had positive SPT results for only 
birch or hazel tree pollen were analyzed sepa- 
rately (Table II). Again, there was a slightly 
higher prevalence of OAS in female patients. No 
difference in age at the onset of BPA was found 
between patients with and without OAS, 
whereas the former were older at the first out- 
patient clinic visit (42.5 _+ 11.2 years vs 38.4 _+ 
11.7 years; p < 0.05). As in the general popula- 
tion, there was a marked difference in BPA 
duration (mean, 5.76 [median, 4] vs mean, 3.03 
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FIG. 1. Preva lence of  OAS in 283 pat ien ts  w i t h  d i f fe rent  

du ra t i ons  o f  BPA. 

[median, 2] years;p < 0.0005) and anti-birch IgE 
levels (mean, 10.1 [median, 9] vs mean, 7.36 
[median, 6] AU/ml; p < 0.01), whereas no 
difference was observed in total IgE levels. 

Comparisons between male and female 
patients 

In view of the higher prevalence of OAS in 
female patients, we looked for differences in clin- 
ical and laboratory data between male (n = 113) 
and female (n = 170) patients. Female patients 
showed a longer duration of the disease (mean, 5.8 
[median, 4] years vs mean, 4.1 [median, 3] years; 
p = 0.01); no other relevant difference was found 
(data not shown). 

Monosensitive versus multisensitive 
patients 

OAS was more common in patients with multi- 
ple respiratory allergies (91/139, 65%) than in 
patients with BPA only (75/144, 52%) (]) < 0.05). 
The influence of respiratory allergies other than 
birch pollinosis on clinical and serologic data was 
investigated by comparing findings in OAS-posi- 
rive or OAS-negative patients with or without 
multiple respiratory allergies (Table II). 

Within both the OAS-negative and the OAS- 
positive subgroups, patients with multiple respira- 
tory allergies showed significantly higher total IgE 
levels. OAS-positive patients with multiple aller- 
gies were much younger than patients with BPA only 
(33.6 _+ 11.7 years vs 42.5 + 11.1 years;p < 0.0001). 

Follow-up arm of the study 

Four of 63 patients were lost to follow-up, 
leaving 59 patients for the analysis. Fifty-seven had 
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TABLE II. Comparison between birch-monosensitive patients and subjects with multiple 
respiratory allergies with and without OAS 

OAS-negative OAS-positive 

BPO MS p Value BPO MS p Value 

No. 69 48 75 91 
M/F 32/37 22/26 NS 27/48 32/59 NS 
Asthma (%) 30 (43) 18 (38) NS 48 (64) 54 (59) NS 
Age (yr) 38.4 + 11.7 34.9 --_ 12.9 NS 42.5 _+ 11.2 33.6 -+ 11 .7  <0.0001 
BPAD (yr) 3.0 [2] 4.4 [2.5] NS 5.8 [4] 6.6 [4] NS* 
RAST (AU) 7.5 [6] 9.4 [71 NS 10.1 [91 11.1 [11] NS* 
Total IgE 91.5 165 <0.005* 101 398 <0.0001" 

Figures in brackets are medians. 
BPO, Birch pollinosis only; MS, multisensitive patients; BPAD, birch pollen allergy duration; NS, not significant. 
*Mann-Whitney U test. 

TABLE III. Comparison between followed- 
up patients who experienced OAS or 
remained free of OAS 

OAS-negative OAS-positive 
(n = 34) (n = 25) p Value 

M/F 15/19 8/17 NS 
Age at first 36.0 _+ 11.8 37.2 +_ 13.8 NS 

visit (yr) 
Mean BPAD 3.4 [3] 3.5 [2] NS 

(yr) 
SPT+ (%) 13/32 (41)  23/25 (92) <0.001" 
Asthma (%) 11 (32) 15 (60) NS 
Other allergies 12 (35) 14 (56) NS 
Mean RAST 6.7 [5.5] 11.9 [11.5] <0.0005* 

(aU/ml) 
Median total 95 260 <0.01" 

IgE (|U/ml) 

Figures in brackets are medians. 
SPT+, SPT performed with fresh foods that produced a wheal 

->2+; NS, not significant. 
*Mann-Whitney U test. 

SPTs with fresh apple and hazelnut at the time of 
the first visit. Twenty-five subjects (42%) experi- 
enced OAS during the follow-up period (average, 
11.8 months; range, 1 to 60 months). The most 
frequently reported offending foods were apple (17 
patients), peach (7), hazelnut (5), and apricot (4); 
OAS was less frequently triggered by cherry, car- 
rot, kiwi, fennel, pear, orange, or walnut. Thirty- 
four subjects were OAS-negative after 18.3 months 
of follow-up (range, 4 to 84 months). Comparisons 
between the two groups are shown in Table III. As 
expected, no differences in age, sex, duration of 
BPA, and prevalence of allergies other than BPA 
were found; in contrast, patients who experienced 

OAS more commonly had asthma (60% vs 32%, 
p = NS), positive SPT responses to fresh apple and 
hazelnut (23 of 25 vs 13 of 32, p < 0.001), and by 
far higher birch-specific IgE levels (mean, 11.9 
[median, 11.5] vs mean, 6.7 [median, 5.5] AU/ml, 
p < 0.0005) and total IgE levels (p < 0.01). 

OAS-negative patients who had OAS during the 
follow-up period showed strikingly higher anti- 
birch-specific IgE levels than the remaining 93 
OAS-negative patients (mean, 11.9 [median, 11.5] 
vs mean, 7.3 [median, 6] AU/ml; p < 0.0005). More- 
over, notably, in this subgroup specific anti-birch IgE 
levels, as well as the proportions of patients with 
asthma and respiratory allergies other than BPA, 
were nearly identical to those found in patients with 
OAS at the first visit (Tables I and II). 

Among patients with positive SPT responses 
to fresh fruits, those who had OAS (n = 23) 
showed higher specific anti-birch-pollen-specific 
IgE levels than patients who did not (n = 13) 
(mean, 12.1 [median, 12] vs mean, 8.6 [median, 
8]; p = 0.06). In turn, the latter group showed 
higher anti-birch-pollen-specific IgE levels than 
patients with negative results who did not have 
OAS (n = 19) (mean, 8.6 [median, 8] vs mean, 
4.8 [median, 3.5] AU/ml; p < 0.005). PPV and 
NPV of SPT responses to fresh fruits were 58% 
and 92%, respectively. 

Anti-apple and/or anti-hazelnut IgE were de- 
tectable in sera from 9 of 19 (47%) OAS-negative 
patients and in 11 of 12 (92%) patients who had 
OAS (p < 0.05). PPV and NPV of serologic tests 
were 41% and 93%, respectively. 

D I S C U S S I O N  

The aim of this study was to identify possible 
predictive tests for OAS in a large group of 
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patients with clinical evidence of BPA. The retro- 
spective part of this study confirmed that OAS is 
more common in female patients < t4, 23; that OAS 
is associated with a more severe allergic disease, as 
shown by the higher proportion of patients with 
asthma and with respiratory allergies other than 
BPA3; and that sera from OAS-positive patients 
contain higher levels of both specific anti-birch IgE 
and total IgE. 3, 5, 10 This study, like others, 9 did not 
confirm the reported inverse relationship between 
total IgE levels and OAS. 5 

The role of BPA duration was seldom investi- 
gated previously; one study 9 demonstrated a much 
longer BPA duration in OAS-positive patients, but 
differences lacked statistical significance because 
of the small number of patients. This study clearly 
highlights the association between BPA duration 
and OAS, showing the increasing incidence of the 
syndrome over time from 1 to more than 20 years 
of BPA. 

In the prospective part of this study, SPTs with 
fresh fruits and anti-apple or anti-hazelnut IgE 
measurements showed an extremely high NPV; 
thus, they seem most useful for identifying patients 
who are not prone to have OAS. In contrast, and 
not surprisingly, PPVs of these tests were rather 
low because of many false-positive results: better 
PPVs would have been likely found with a longer 
follow-up period. 

About 15% of patients were still free of OAS 
even after 15 or more years of BPA (Fig. 1). This 
is the same proportion of patients who had nega- 
tive SPT responses to fresh fruits at the first 
outpatient visit (37% of OAS-negative population, 
which represented 41% of patients with BPA). 
Because all OAS-positive patients had positive 
SPT responses to fresh fruits and only a negligible 
proportion of patients with negative SPT results 
had OAS during the follow-up period, one can 
infer the existence of a subgroup of subjects (about 
15% of all patients with BPA) who are not prone 
to OAS. 

Previous studies demonstrated a complete inhi- 
bition of reactivity against apple by minimum 
amounts of birch pollen extract, while even high 
amounts of apple extracts were unable to inhibit 
birch pollen reactivity, suggesting that all the im- 
munologic determinants in fruits were present in 
birch pollen but not all birch pollen determinants 
were present in fruits and vegetables, a, 7,16, 24 Our 
results raise the possibility that anti-birch IgE 
antibodies found in patients who do not experience 
OAS even after many years of BPA may be 

directed against pollen antigens that do not cross- 
react with food allergens. 

We thank Prof. Et tore Marubini for his useful sugges- 
tions and comments .  

REFERENCES 

1. Halmepuro L, Vuonteta K, Kalimo K, Bjorksten F. Cross- 
reactivity of IgE antibodies with allergens in birch pollen, 
fruits and vegetables. Int Arch Allergy Appl Immunol 
1984;74:235-40. 

2. Ebner C, Birkner T, Valenta R, et al. Common epitopes of 
birch pollen and apples: Studies by Western and Northern 
blot. J ALLERGY CLIN IMMUNOL 1991;88:588-94. 

3. Fogl6-Hansson M, Bende M. The significance of hypersen- 
sitivity to nuts in patients with birch pollen allergy. Allergy 
1993;48:282-7. 

4. Eriksson NE, Formgren H, Svenonius E. Food hypersensi- 
tivity in patients with pollen allergy. Allergy 1982;37:437-43. 

5. Eriksson NE, Wihl J-A, Arrendal H. Birch pollen-related 
food hypersensitivity: influence of total and specific IgE 
levels. Allergy 1983;38:353-7. 

6. Bjorksten F, Halmepuro L, Hannuskela M; Lahti A. Ex- 
traction and properties of apple allergens. Allergy 1980;35: 
671-7. 

7. Lahti A, Bjorksten F, Hannuskela M. Allergy to birch 
pollen and apple and cross-reactivity of the allergens stud- 
ied with the RAST. Allergy 1980;35:297-300. 

8. Calkhoven PG, Aalbers M, Koshte VL, Pos O, Oei HD, 
Aalberse RC. Cross-reactivity among birch pollen, vegeta- 
bles and fruits as detected by IgE antibodies is due to at 
least three distinct cross-reactive structures. Allergy 1987; 
42:382-90. 

9. Pastorello EA, Pravettoni V, Bigi A, et al. IgE-mediated 
food allergy. Ann Allergy 1987;59:82-9. 

10. Bessot JC, Pauli G, Dietmann-Molard A. Les association 
d'allergies alimentaires et d'allergies polliniques. Med Hyg 
1985;43:2704-8. 

11. Crimi E, Voltolini S, Gianiorio P, et al. Effect of seasonal 
exposure to pollen on specific bronchial sensitivity in aller- 
gic patients. J ALLERGY CLIN IMMUNOL 1990;85:1014-9. 

12. Bousquet J. In vivo methods for the study of allergy: skin 
tests, techniques, and interpretation. In: Middleton E Jr, 
Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, eds. 
Allergy: principles and practice. 3rd ed. St Louis: CV 
Mosby, 1988:419-36. 

13. Ortolani C, Fontana A, Bosetti M, Ciccarelli M. Pollinosi 
in Lombardia. Giorn Ital Allergol Immunol Clin 1991;1: 
515-8. 

14. Ortolani C, Ispano M, Pastorello EA, Ansaloni R, Magri 
GC. Comparison of results of skin prick tests (with fresh 
foods and commercial food extracts) and PAST in 100 
patients with oral allergy syndrome. J ALLERGY CLIN 
IMMUNOL 1989;83:683-90. 

15. Lowenstein H, Eriksson N. Hypersensitivity to foods 
among birch pollen allergic patients. Allergy 1983;38:577- 
87. 

16. Halmepuro L, Lowenstein H. Immunological investigations 
of possible structural similarities between pollen antigens 
and antigens in apple, carrot, and celery tuber. Allergy 
1985;40:264-72. 

17. Goldman L. Quantitative aspects of clinical reasoning. In: 
Wilson JD, Braunwald E, Isselbacher KJ, et al. eds. Prin- 



616 Asero, Massironi, and Velati J ALLERGY CLJN IMMUNOL 
FEBRUARY 1996 

ciples of internal medicine. New York: McGraw-Hill, 1987: 
5-11. 

18. De Martino M, Novembre E, Cozza G, et al. Sensitivity to 
tomato and peanut allergens in children monosensitized to 
grass pollen. Allergy 1988;43:206-13. 

19. Pauli G, Bessot JC, Dietmann-Molard A, et al. Anaphylac- 
tic reactions to celery amongst mugwort and birch pollen 
hypersensitivity patients. Clin Allergy 1985;15:273-9. 

20. Wfithrich B, Stager J, Johansson GO. Celery allergy asso- 
ciated with birch and mugwort pollinosis. Allergy 1990;45: 
566-71. 

21. Enberg RN, Leickly FE, McCullough J, et al. Watermelon 
and ragweed share antigens. J ALLERGY CLIN IMMUNOL 
1987;79:867-75. 

22. Anderson LB, Dreyfuss EM, Logan J, et al. Melon and 
banana sensitivity coincident with ragweed pollinosis. J 
Allergy 1970;45:310-19. 

23. Ortolani C, Ispano M, Pastorello EA, eta/. The oral allergy 
syndrome. Ann Allergy 1988;61:47-52. 

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


