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patients with severe OAS (p = 0.0001); in contrast, anti-rPru p 
3 IgE levels were significantly higher in patients with severe 
OAS than in patients with mild OAS (p  !  0.00005). Moreover, 
we found that any unitary increase in anti-rPru p 1 IgE values 
corresponded to a 2.48% reduction in the odds of having 
severe OAS (p = 0.048), whereas any unitary increase in anti-
rPru p 3 IgE values corresponded to a 9.02% increase in the 
probability of having severe OAS (p = 0.001). Unexpectedly, 
we found that patients positive to rPru p 3 as well as rPru p 1 
and 4 demonstrated a significant reduction of the odds of 
developing severe symptoms than those positive to rPru p 3 
alone. Anti-rPru p 3 IgE levels were a significantly better in-
dicator than anti-peach IgE values (p = 0.016) of patients with 
the highest risk for severe OAS. A cutoff of 2.69 kUA/l for an-
ti-rPru p 3 IgE values better discriminated peach-allergic pa-
tients at a higher risk for symptoms.  Conclusions:  Italian pa-
tients with positive anti-rPru p 1, 4 and 3 IgE levels seemed 
less likely to experience the clinical effects of high anti-rPru 
p 3 IgE values.  Copyright © 2011 S. Karger AG, Basel 
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 Abstract 

  Background:  The roles played by different peach allergens 
with respect to symptom severity have not been completely 
ascertained. We have evaluated the diagnostic efficacy of 
peach recombinant allergens ImmunoCAP compared to 
peach in the identification of subjects at an increased risk for 
severe reactions to peaches.  Methods:  148 peach-allergic 
patients were divided based on their symptom severity into 
2 groups: mild oral allergy syndrome (OAS) and severe OAS. 
Anti-rPru p 1, 3 and 4 IgE levels were measured. Statistical 
analyses were carried out using parametric and non-para-
metric tests.  Results:  anti-rPru p 1 and anti-rPru p 4 IgE levels 
were significantly higher in patients with mild OAS than in 
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 Introduction 

 Several epidemiological studies have shown that peach 
is one of the most important causes of food allergy in 
adults in Europe  [1–6] , and that it is the most frequent of-
fending food in Spain  [7]  and in Italy as demonstrated in 
a very recent multicenter study  [8] . As shown in these 
studies the most frequent clinical manifestation of peach 
allergy is the oral allergy syndrome (OAS), however, the 
literature clearly shows that peach hypersensitivity also 
can elicit systemic symptoms of variable severity includ-
ing anaphylaxis  [9] . Peach-induced OAS, which is more 
frequent in Northern than in Southern Europe, is often 
associated with birch pollen allergy; in these cases, the 
involved peach allergen is Pru p 1, the Bet v 1 homologue 
 [10] . By contrast, systemic symptoms prevail in Southern 
Europe, and they seem to be associated with sensitisation 
to a lipid transfer protein (LTP), namely Pru p 3  [11] . For 
example, in Spain, Gamboa et al.  [12]  evaluated sensitisa-
tion profiles and clinical symptoms in 30 peach-allergic 
subjects and showed that 19 patients with systemic symp-
toms were only sensitised to Pru p 3, whereas 5 patients 
with mild OAS were only sensitised to peach profilin and/
or to Bet v 1. However, given the low frequency of birch 
pollen allergy in Northern Spain, the role of birch pollen 
exposure in modulating the clinical manifestations of 
peach allergy could not be ascertained. It is thus impor-
tant to analyse different clinical manifestations of peach 
allergy in subjects exposed to birch pollen and predis-
posed to Pru p 3 sensitisation, as observed in people living 
in Northern Italy.

  The recent commercial availability of the most rele-
vant allergens for peach and birch in recombinant form 
(rPru p 1, 3, 4 and rBet v 1, 2, 4) allowed us to conduct a 
prospective study aimed at evaluating the role of these al-
lergens in determining the clinical manifestations of 
peach allergy. In particular, we tried to identify patients 
at a high risk for developing severe peach-induced symp-
toms in a large population of subjects resident in a birch-
rich area such as Milan by using component-resolved di-
agnostics for the major peach and birch allergens. At this 
point we evaluated the relationship between peach aller-
gy severity, defined on the basis of a questionnaire and 
symptoms score, with anti-rPru p 1, 3, 4 and anti-peach 
IgE levels. We also evaluated anti-rBet v 1, 2 and 4 spe-
cific IgE values to better characterise anti-rPru p 1 and 
anti-rPru p 4 IgE levels. We took such a broad approach 
in order to evaluate the role of sensitization to the single 
peach and birch allergens, but also to study their recipro-
cal interrelationships.

  Materials and Methods 

 Patients 
 During the period from January to October 2008, all patients 

referred to the Unit of Allergology and Immunology of the Ni-
guarda Ca’ Granda Hospital (Milan, Italy) were consecutively 
screened for a history of peach allergy. 148 patients, ranging from 
13 to 62 years of age, not pregnant and with a clear positive his-
tory of immediate-type reaction to peaches, were enrolled in the 
clinical study after signing the informed consent form.

  Independently, two physicians collected all clinical histories 
using the Case Report Form as part of the standardised protocol. 
Symptoms were classified into four possible grades of severity, as 
published elsewhere  [13] . Briefly, we defined OAS grade I as the 
presence of symptoms localised to the oral mucosa. OAS grades 
II, III and IV were defined as the presence of OAS and systemic 
symptoms of increasing severity as follows: grade II, OAS + gas-
trointestinal symptoms (vomiting, diarrhoea and severe abdomi-
nal pain); grade III, OAS and/or systemic symptoms (urticaria/
angioedema and/or rhinoconjunctivitis and/or asthma), and 
grade IV, OAS and/or life threatening symptoms (glottis oedema, 
hypotension, syncope)  [13] . Patients with anaphylaxis after peach 
ingestion were diagnosed according to Sampson’s criteria  [14] .

  Patients were then subdivided into two groups according to 
symptom severity: mild OAS (group A), OAS grade I only; severe 
OAS (group B), patients with OAS grades II, III and IV. Patients 
with mild OAS reintroduced peaches the subsequent spring under 
our supervision and experienced local symptoms of OAS; patients 
in the severe OAS group were not challenged because of docu-
mented severe peach allergy  [15] . The clinical symptoms of peach 
exposure could not be verified in some group B patients because 
they had avoided peaches for many years and did not agree to 
peach reintroduction. Age, gender and the presence of atopy were 
also evaluated. Ten non-peach-allergic and non-atopic patients 
were included as negative controls.

  Study Design 
 This cross-sectional observational study was approved by the 

Ethics Committee of Niguarda Ca’ Granda Hospital and regis-
tered at ClinicalTrials.gov, protocol ID NCT00715156. The gen-
eral objectives of the study were to select patients who were aller-
gic to peaches, and to stratify them into different categories based 
on symptom severity, checked on the basis of open peach reintro-
duction with patients diagnosed for having mild OAS and of a 
clear documentation of the previous reactions for patients with 
severe OAS. Other objectives were to characterise specific IgE re-
activity against peach recombinant allergens (rPru p 1, 3, 4), to 
evaluate the presence of respiratory symptoms caused by birch 
pollen, to characterise the specific IgE reactivity against birch re-
combinant allergens (rBet v 1, 2, 4) and finally to correlate IgE 
reactivity against each individual recombinant allergen to the dif-
ferent clinical symptoms.

  For statistical analysis we analyzed the different variables by 
comparing the patients of Group A to the patients of Group B 
(OAS II, III and IV). 

  In vivo Tests 
 All patients underwent skin prick tests (SPTs) with commer-

cial food and inhalant allergens (1:   10 w/v; ALK-Abelló); skin tests 
with fresh peach were performed using the prick-prick method 
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 [16] . All patients were also skin tested with purified peach LTP at 
the concentrations of 2.5, 5, 10 and 20  � g/ml. Natural peach LTP 
was chromatographically purified starting from peach peel ex-
tract, as previously described  [11] . Skin tests were performed on 
the volar aspect of the forearm, and histamine dihydrochloride 
(10 mg/ml) as well as saline solution were used as positive and 
negative controls, respectively. The results were evaluated after 15 
min, and tests were considered positive if the elicited wheal had a 
mean diameter of at least 3 mm  [16] . The spectrum of sensitivities 
to other foods was not included in this study.

  In vitro Tests 
 Serum levels of anti-rPru p 1, 3 and 4, anti-rBet v 1, 2 and 4, 

anti-peach and anti-birch IgE antibodies were determined using 
the ImmunoCAP system according to the manufacturer’s in-
structions. IgE values were considered positive when a value 
greater than 0.10 kUA/l was obtained.

  Analysis of Subpopulations 
 Based on positive (+) or negative (–) specific IgE levels against 

each recombinant peach allergen, the study population was di-
vided into eight subgroups as follows:
  (1) rPru p 3(+), rPru p 1 (–), rPru p 4(–);  
 (2) rPru p 3(+), rPru p 1 (–), rPru p 4(+);  
 (3) rPru p 3(–), rPru p 1 (+), rPru p 4(–);  
 (4) rPru p 3(–), rPru p 1 (+), rPru p 4(+);  
 (5) rPru p 3(+), rPru p 1 (+), rPru p 4(–);  
 (6) rPru p 3(+), rPru p 1 (+), rPru p 4(+);  
 (7) rPru p 3(–), rPru p 1 (–), rPru p 4(+);  
 (8) rPru p 3(–), rPru p 1 (–), rPru p 4(–). 

 Subgroup 1 should be considered the reference population and 
subgroup 8 contained 10 negative controls, because none of the 
peach-allergic patients presented negative IgE levels against all 
three peach recombinant allergens.

  Statistical Analysis 
 Sample Size 
 Sample size was calculated from the expected positivity to re-

combinant rPru p 3 in the considered arms. Assuming that posi-
tivity in the group A would have been observed in 40% of subjects, 
it has been considered clinically significant to get a positivity at 
least equal to 65% in the group B. Using these figures, a two-sided 
�2 test with 70 patients per group would have achieved a 81% pow-
er in recognizing a difference of 25% between groups, with a sig-
nificance level of 0.05.

  Analysis 
 All data were submitted to descriptive analysis: the continuous 

variables were described by mean and standard deviation, or by 
median and range, respectively, if the distribution was found nor-
mal or non-normal on the basis of the Shapiro-Wilk test. The cat-
egorical and binary variables were analysed by cross-tabulation, 
to obtain the absolute and relative frequencies of their values. 

  Comparison of categorical variables among groups were car-
ried out with Pearson’s  �  2  or Fisher’s exact test. A generalised lin-
ear model with a logit link function was used to assess the depen-
dence of symptom severity on the various peach recombinant al-
lergens. ROC analysis was carried out for each univariate model 
to determine the optimal cutoff value, if any, for significant con-
tinuous independent variables; comparison of ROC curves was 

carried out according to the DeLong test. Spearman’s rank coef-
ficient ( � ) was used to quantify the correlation between all vari-
ables, both in vivo and in vitro. The comparison of continuous 
variables was carried out with the Student t test in case of normal 
distribution, and with the Mann-Whitney U test (two groups) or 
Kruskal-Wallis test (more than two groups) in case of non-normal 
distribution. Statistical significance was assumed at p  !  0.05. Data 
analysis was carried out using Stata/SE 11.1 (Stata Corp Inc.).

  Results 

 Patients 
 148 peach-allergic subjects were selected, comprising 

107 females and 41 males (p  !  0.001) with a median age 
of 37 years (range 13–62), no significant age differences 
between genders (p = 0.951). Of these patients, 76 were 
classified as mild OAS (group A) and 72 as severe OAS 
(group B). In the latter group, 14 patients (19.5%) were 
classified as OAS grade II, 49 (68%) as grade III and 9 
(12.5%) as grade IV, that is, life-threatening anaphylaxis. 
No differences were observed in OAS severity with re-
spect to gender (p = 0.703) or age (p = 0.759).

  All patients had positive SPTs for fresh peach. We ob-
served that 50/148 patients (33.8%) had a positive SPT for 
peach LTP at a concentration of 2.5  � g/ml, 19/148 (12.8%) 
at a concentration of 5  � g/ml, 12/148 (8.1%) at a concen-
tration of 10  � g/ml and 7/148 (4.7%) at a concentration of 
20  � g/ml. It is noteworthy that skin reactivity to purified 
peach LTP was significantly positively related to anti-
rPru p 3 IgE values (Spearman’s test  �  = 0.574; p  !  0.0005) 
and negatively related to anti-rPru p 1 IgE values (Spear-
man’s test  �  = –0.363; p  !  0.0005).

  We observed skin positivity to birch pollen in 81/148 
patients (54.7%), among whom 63 patients (77.8%) also 
presented with birch pollen symptoms.  Table 1  shows the 
significant differences between group A and group B pa-
tients with respect to pollen sensitisation and pollen 
symptoms. Respiratory symptoms were significantly 
more frequent in the mild OAS group; no differences 
were observed in the frequency of asthma between the 
two groups (28 patients in the mild OAS group and 30 in 
the severe OAS group, data not shown).

  Descriptive Results (ImmunoCAP Results for
Anti-Peach and Anti-Birch Specific IgE and Anti-rPru 
p 1, 3 and 4 and Anti-rBet v 1, 2 and 4 Specific IgE) in 
Patients with Mild and Severe OAS 
 All 148 patients presented positive peach Immuno-

CAP results (IgE value  1  0.10 kUA/l), whereas 106 pa-
tients had positive IgE levels against birch ImmunoCAP. 
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 Table 2  shows the number and percentage of patients with 
different sensitisation profiles to rPru p 1, 3 and 4 and 
rBet v 1, 2 and 4 in the two groups. In the group of patients 
with mild OAS, 50/76 patients (65.8%) were sensitised to 
rPru p 1, 41/76 patients (53.9%) to rPru p 3 and 31/76 pa-
tients (40.8%) to rPru p 4. In the group of patients with 
severe OAS, 23/72 patients (31.9%) were sensitised to rPru 
p 1, 63/72 patients (87.5%) to rPru p 3 and 13/72 patients 
(18.1%) to rPru p 4. In the group of patients with severe 
OAS, the number of patients who were monosensitised to 
rPru p 3 was six times greater than the number of patients 
who were monosensitised to rPru p 1. Thirty-four of 104 
patients (32.7%) sensitised to rPru p 3 were also sensitised 
to rPru p 1.

  For birch recombinant allergens, all patients in the 
group with mild OAS presented positive IgE levels to at 
least one birch recombinant allergen, in comparison to 
30/72 (41.6%) patients in the group with severe OAS. In 
the group with mild OAS, 62/76 patients (81.6%) were 
sensitised to rBet v 1, 44/76 patients (57.9%) to rBet v 2 and 
24/76 patients (31.6%) to rBet v 4. In the group with severe 
OAS, 26/72 patients (36.1%) were sensitised to rBet v 1, 
13/72 patients (18.1%) to rBet v 2 and 3/72 patients (4.2%) 
to rBet v 4.

  Univariate Analysis (to Compare Variables Using 
Parametric and Non-Parametric Tests) 
  Figure 1 a shows that anti-rPru p 1 IgE levels were sig-

nificantly higher in patients with mild OAS than in pa-
tients with severe OAS (p = 0.0001); in contrast, anti-rPru 
p 3 IgE levels ( fig. 1 b) were significantly higher in pa-
tients with severe OAS than in patients with mild OAS 
(p  !  0.00005). We also observed that anti-rPru p 4 IgE 
levels were significantly higher in the mild OAS group 
when compared to the severe OAS group (p = 0.0017) 
( fig. 1 c).

  Next, we evaluated the relationship between anti-rPru 
p 1 and anti-rPru p 3 IgE levels and discovered a negative 
correlation (Spearman’s test  �  = –0.4920; p  !  0.00005), 

Table 1. C omparison by Fisher’s exact test of mild and severe OAS 
groups as regards pollen and specific IgE ImmunoCAP values

Inhalant allergen Mild OAS Severe OAS p values

Birch
ImmunoCAP 65 (85.50%) 37 (51.40%) <0.0005
Symptoms 45 (59.20%) 18 (2.50%) <0.0005

Ragweed
ImmunoCAP 59 (77.60%) 41 (56.90%) 0.009
Symptoms 20 (26.30%) 14 (19.40%) 0.336

Grass
ImmunoCAP 55 (72.30%) 28 (38.80%) <0.0005
Symptoms 42 (55.20%) 26 (36.10%) 0.022

Mugwort
ImmunoCAP 54 (71%) 58 (80.50%) 0.187
Symptoms 15 (19.70%) 9 (12.50%) 0.271

Wall pellitory
ImmunoCAP 51 (67.10%) 35 (48.60%) 0.030
Symptoms 10 (13.10%) 3 (4.10%) 0.080

A  greater percentage of positive ImmunoCAP values and 
symptoms for all of the considered pollens were detected in the 
mild OAS group, with the exception of mugwort which was high 
in both groups even if group B showed slightly more sensitisation 
with respect to group A, even if symptoms were lower in group B 
patients.

Table 2.  Patients with mild (76) and severe (72) OAS demonstrat-
ing positive IgE values for peach and birch recombinant allergens, 
both alone and in combination

Positive IgE values Mild OAS 
(n = 76)

Severe OAS 
(n = 72)

Total 
( n = 148)

n % n % n %

Peach
anti-rPru p 1 20 13.5 7 4.7 27 18.2
anti-rPru p 3 19 12.8 44 29.7 63 42.5
anti-rPru p 4 5 3 0 0 5 3
anti-rPru p 1–3–4 14 9.4 6 4 20 13.5
anti-rPru p 1–3 6 4 8 5.4 14 9.4
anti-rPru p 1–4 10 6.7 2 1.3 12 8.1
anti-rPru p 3–4 2 1.3 5 5 7 4.7
Total 76        100 72        100 148    100
Total anti-rPru p 1 50 65.8 23 31.9
Total anti-rPru p 3 41 53.9 63 87.5
Total anti-rPru p 4 31 40.8 13 18.1

Birch
anti-rBet v 1 23 15.5 16 10.8 39 26.3
anti-rBet v 2 5 3.4 3 2.0 8 5.4
anti-rBet v 4 1 0.7 0 0 1 0.7
anti-rBet v 1–2–4 7 4.7 1 0.7 8 5.4
anti-rBet v 1–2 24 16.2 8 5.4 32 21.6
anti-rBet v 1–4 8 5.4 1 0.7 9 6.1
anti-rBet v 2–4 8 5.4 1 0.7 9 6.1
Total 76        100 30 41.6 106 71.6
Total anti-rBet v 1 62 81.6 26 36.1
Total anti-rBet v 2 44 57.9 13 18.1
Total anti-rBet v 4 24 31.6 3 4.2

A  clear prevalence of Pru p 3 sensitisation in the severe OAS 
group and a slight predominance of Bet v 1 sensitisation in the 
mild OAS group were detected.
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that is, for each single patient we found that the higher the 
titre for anti-rPru p 1 IgE the lower the titre for anti-rPru 
p 3 IgE. Furthermore, the generalised linear model re-
vealed a significant association between both anti-rPru p 
1 and anti-rPru p 3 IgE values and symptom severity. 
More precisely, any arbitrary unitary increase (+1 kUA/l) 
in anti-rPru p 1 IgE values corresponded to a 2.48% re-
duction (95% CI 0.02–4.89%) in the odds of developing 
severe OAS (p = 0.048), and any arbitrary unitary in-
crease (+1 kUA/l) in anti-rPru p 3 IgE values correspond-
ed to a 9.02% increase (95% CI 3.60–14.72%) in the odds 
of developing severe OAS (p = 0.001). Only anti-rPru p 1 
and anti-rPru p 3 IgE values were significantly associated 
with OAS severity, whereas anti-rPru p 4 IgE levels were 
not (p = 0.208).

  Anti-rPru p 3 IgE Cutoff Values 
 When considering all of our patients, if we take the 

ones with anti-rPru p 3 IgE levels  1  0 and those with an-
ti-rPru p 3 IgE = 0, the odds ratio of a severe reaction are 
5.96 (95% CI 2.44–14.65%).

  We further analysed the sensitivity (SE) and specific-
ity (SP) of anti-rPru p 1 and anti-rPru p 3 IgE values using 
ROC curves. Reliable cutoff values were not produced for 
anti-rPru p 1 IgE levels; thus, we focused our attention 
only on anti-rPru p 3 IgE values. The maximum accuracy 
achieved by the model was 70%, which was observed at 
two different anti-rPru p 3 IgE cutoff values: 0.39 kUA/l 
with 84.7% SE and 55.3% SP; 2.28 kUA/l with 68.1% SE 
and 71.1% SP; the third cutoff of 2.69 kUA/l, with 63.9% 
SE and 75.0% SP, showed an accuracy of 69%. Given these 
data, an anti-rPru p 3 IgE value of 2.69 kUA/l appeared 
to better discriminate peach-allergic patients at risk for 
developing more severe symptoms.
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  Comparison of the Diagnostic Performance of
Anti-Peach, Anti-rPru p 1 and Anti-rPru p 3 IgE  
 The SE and SP of anti-rPru p 1 and anti-rPru p 3 IgE 

values in comparison with anti-peach IgE values were 
evaluated using ROC curves.  Figure 2 a shows that there 
was no significant association between anti-peach IgE 
values and anti-rPru p 1 IgE values (p = 0.600).  Figure 2 b 
shows that anti-rPru p 3 IgE levels were significantly 
more sensitive than anti-peach IgE values (p = 0.016) in 
discriminating peach-allergic patients at risk for develop-
ing severe OAS.

  Correlation between Anti-Peach and Anti-rPru p 3 
and Anti-rPru p 1 IgE Values 
 Anti-peach IgE values were significantly related to an-

ti-rPru p 3 IgE values (Spearman’s test  �  = 0.658; p  !  
0.0005) ( fig. 3 a), whereas no correlation with anti-rPru p 
1 IgE values was detected (Spearman’s test  �  = –0.064;
p = 0.4489) ( fig. 3 b).

  The Relationship between OAS Severity and Anti-rBet 
v 1, 2 and 4 IgE Levels 
 Anti-rBet v 1 IgE levels were significantly higher in the 

mild OAS group compared to the severe OAS group (p = 
0.0002) ( fig. 4 a), and using the generalised linear model, 
we observed a significant association between the mea-
sured anti-rBet v 1 IgE values and OAS severity (Wald’s 
test: p = 0.018). In fact, a unitary increase in anti-rBet v 1 
IgE values corresponded to a 1.83% reduction in the odds 
of developing severe OAS (95% CI 3.31–0.32%).

  Anti-rBet v 2 IgE values were also higher in the mild 
OAS group than in the severe OAS group (p = 0.0015) 
( fig. 4 b). However, using the generalised linear model, no 
significant associations were found between anti-rBet v 2 
IgE values and OAS severity (Wald’s test: p = 0.565).

  Similarly to what has been shown by other authors in 
apple  [17] , we found a correlation between anti-rPru p 1 
and anti-rBet v 1 IgE values (Spearman’s test  �  = 0.9717; 
p  !  0.00005), as well as between anti-rPru p 4 and anti-
rBet v 2 IgE levels (Spearman’s test  �  = 0.9836; p  !    0.00005), 
revealing that sensitisation to Pru p 1 and Pru p 4 de-
pends on sensitisation to Bet v1 and Bet v 2, respectively. 

  Analysis of Subpopulations 
 In the whole study population the values of the 6 re-

combinant allergens (Bet v 1, Bet v 2, Bet v 4; Pru p 1, Pru 
p 3, Pru p 4) that we measured for each patients showed 
a great number of interrelationships among them ( ta-
ble 3 ). Therefore, we investigated the odds of developing 
severe reactions in seven subpopulations, we divided the 
subpopulations on the basis of positive or negative IgE 
values for rPru p 1, rPru p 3 and rPru p 4. The eighth sub-
group, with negative IgE values for all three peach recom-
binant allergens, consisted of the negative control pa-
tients.

  We used the general linear model with the subpopula-
tions as a categorical independent variable [where the 
condition anti-rPru p 3(+)/anti-rPru p 1(–)/anti-rPru p 
4(–) IgE values was used as a reference] and symptom se-
verity as a binary dependent variable, to determine the 
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odds ratio of developing a severe reaction with respect to 
the reference subpopulation ( table 4 ).

  In this model the presence of only positive anti-rPru p 
1 IgE antibodies [anti-rPru p 3(–)/anti-rPru p 1(+)/anti-
rPru p 4(–) subpopulation] indicates a statistically sig-
nificant reduction (p  !  0.0005) in the odds of developing 
severe symptoms with respect to the reference subpopu-
lation, that is, anti-rPru p 3(+)/anti-rPru p 1(–)/anti-rPru 
p 4(–). However, when both anti-rPru p 1 IgE and anti-
rPru p 3 IgE values are simultaneously positive in a sub-
population, there is no significant improvement in the 

odds of developing a severe reaction with respect to the 
reference population if the anti-rPru p 4 IgE levels are 
negative (subpopulation 5). This case is clearly evident in 
subpopulation 6, where a significant reduction (p = 0.003) 
in the odds of developing severe symptoms with respect 
to the reference population [that is, anti-rPru p 3(+)/anti-
rPru p 1(–)/anti-rPru p 4(–)] is only observed in anti-rPru 
p 3(+)/anti-rPru p 1(+)/anti-rPru p 4(+) patients (subpop-
ulation 6). The subpopulation of anti-rPru p 3(–)/anti-
rPru p 1(–)/anti-rPru p 4(+) patients was too poorly rep-
resented (only 5 patients) to allow a statistical analysis.

Table 4.  Odds ratio of severe reactions for all subpopulations identified, using the subpopulation with anti-rPru p 3 positive IgE values 
only as a reference

No. Subpopulation Patients Compared to anti-rPru p 3(+) anti-rPru p 1(–) 
anti-rPru p 4(–) (n = 63)

odds ra tio 95% CI p values

(2) anti-rPru p 3(+) anti-rPru p 1(–) anti-rPru p 4(+) 7 1.0795 0.1921–6.0640 0.931
(3) anti-rPru p 3(–) anti-rPru p 1(+) anti-rPru p 4(–) 27 0.1511 0.0548–0.4171 <0.0005
(4) anti-rPru p 3(–) anti-rPru p 1(+) anti-rPru p 4(+) 12 0.0863 0.1725–0.4323 0.003
(5) anti-rPru p 3(+) anti-rPru p 1(+) anti-rPru p 4(–) 14 0.5758 0.1756–1.8876 0.362
(6) anti-rPru p 3(+) anti-rPru p 1(+) anti-rPru p 4(+) 20 0.1851 0.0618–0.5549 0.003
(7) anti-rPru p 3(–) anti-rPru p 1(–) anti-rPru p 4(+) 5 n.d. n.d. n.d.

An  odds ratio greater than one indicates an increased risk for a severe reaction. n.d. = Not determined due to a small number of 
patients.

Table 3.  Spearman’s rank correlation values between anti-rBet v 1, anti-rBet v 2, anti-rBet v 4, anti-rPru p 1, anti-rPru p 3 and anti-rPru 
p 4 IgE values in all 148 patients

anti-rBet v 1 anti-rBet v 2 anti-rBet v 4 anti-rPru p 1 anti-rPru p 3

anti-rBet v 2 0.3660
0.0001

anti-rBet v 4 0.2378
0.0541

0.3975
<0.0001

anti-rPru p 1 0.9716
<0.0001

0.3454
0.0003

0.2473
0.0366

anti-rPru p 3 –0.4920
<0.0001

–0.1614
0.7633

–0.1224
>0.9999

–0.4950
<0.0001

anti-rPru p 4 0.3685
0.0001

0.9836
<0.0001

0.3898
<0.0001

0.3519
0.0002

–0.1579
0.8283

A  negative coefficient indicates an inverse correlation. The second row shows the significance (p value) of the coefficient shown 
directly above; all p values were adjusted according to the Bonferroni method for multiple comparisons.
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  Discussion 

 In this study, we selected 148 Italian patients with a 
food allergy to peaches; we assessed the severity of their 
reactions using an OAS severity score and evaluated the 
in vitro IgE reactivity to peach recombinant allergens 
rPru p 1, 3 and 4 as well as to rBet v 1, 2 and 4 using the 
ImmunoCAP system.

  All patients were assigned to one of two groups ac-
cording to OAS severity: mild OAS (mucosal symptoms, 
controlled by peach challenge, group A) and severe OAS 
(mucosal symptoms as well as systemic reactions of vari-
able severity, closely documented, group B). We found a 
statistically significant association between mild OAS 
and anti-rPru p 1 IgE levels, whereas severe OAS was sig-
nificantly associated with higher anti-rPru p 3 IgE levels. 
Given this observation, we attempted to correlate the two 
variables (anti-rPru p 1 and anti-rPru p 3) and found a 
significant inverse Spearman’s rank correlation (p  !  
0.0005) that led us to hypothesise that elevated anti-rPru 
p 1 IgE values are less likely to be associated to sensitisa-
tion to Pru p 3. 

  Moreover, in this large population of peach-allergic 
patients living in Northern Italy and exposed to birch 
pollen, we found that sensitisation to Pru p 1 and Pru p 3 
could coexist in a single patient, however, the two sensi-
tisations had different clinical connotations. At present 
this scenario of co-sensitization seems to be unique to 
Northern Italy inasmuch as Bet v 1 has been shown to be 
lacking in Southern Europe and Pru p 3 sensitisation does 
not occur in Northern Europe due to unclear reasons. We 
thus focused our attention on this unusual population of 
patients, allowing us to verify the clinical response 
through ‘field observation’ on a large number of peach-
allergic subjects.

  Because the majority of anti-rPru p 1(+) patients also 
demonstrated positive anti-rPru p 4 IgE values, we de-
cided to explore the likelihood of developing severe reac-
tions in eight subpopulations, determined by the permu-
tation of positive or negative values of anti-rPru p 1, anti-
rPru p 3 and anti-rPru p 4 IgE antibodies, to better 
understand the clinical outcome of sensitisation to all al-
lergens. We observed evidence that co-sensitised patients 
with positive anti-rPru p 1 IgE levels had a reduced likeli-
hood of Pru p 3-induced severe symptoms. However, this 
effect was not significant in the subpopulation of patients 
positive to Pru p 3 and Pru p 1 but negative to Pru p 4 
(subgroup 5), this was most likely due to the small size of 
this group (only 14 patients;  table 4 ). In fact, when we con-
sidered the entire population the presence of positive an-

ti-rPru p 1 IgE values in the univariate analysis (73 pa-
tients) resulted in a reduction in the likelihood of devel-
oping severe symptoms by about 80% (p  !  0.0005) as 
compared to the presence of positive anti-rPru p 3 IgE 
levels. Therefore, when we analysed the subpopulations, 
the presence of anti-rPru p 1 and anti-rPru p 4 IgE levels, 
in anti-rPru p 3(+) patients, seemed to enhance the ‘pro-
tective’ role of positive anti-rPru p 1 IgE values on symp-
tom severity (p = 0.003), inasmuch as the simultaneous 
presence of both antibodies (that is, anti-rPru p 1 and 4) 
reduced the risk of severe reactions by about 90%. How-
ever, the subpopulation that was positive to rPru p 4 but 
negative to rPru p 3 and rPru p 1 (subgroup 7;  table 4 ) was 
too small (n = 5) to allow for the detection of any Pru p 
4-induced effect versus the reference subgroup. These re-
sults can be interpreted in the light of the different geo-
graphic distribution of sensitisation and clinical symp-
toms to peaches and other fruits across Europe. In fact, 
allergic reactions are more severe and more frequently 
associated with LTP (for example Pru p 3) sensitisation in 
Southern Europe; conversely, in Northern Europe, symp-
toms caused by the same fruit are generally mild and in-
duced by Bet v 1 homologues in fruit  [17] . In Spain, Fer-
nandez-Rivas et al.  [17]  used an apple allergy model to 
show that a severe allergy to apple is related to Mal d 3 
sensitisation, with an odds ratio of 7.76 (95% CI 3.87–
15.56%) for the development of systemic reactions. This 
result is similar to our finding of an odds ratio of 5.96 
(95% CI 2.44–14.65%) for peach-induced severe systemic 
reactions when anti-rPru p 3 IgE antibodies are  1 0, in our 
entire population. Fernandez-Rivas et al.  [17]  also found 
that sensitisation to Bet v 1 had a protective effect against 
Mal d 3 sensitisation (decrease in odd ratio of 0.29). We 
confirmed analogous results for Pru p 3 and Bet v 1. How-
ever, our original finding was that peach-allergic subjects 
sensitised to Bet v 1 and Bet v 2 homologues might also 
be sensitised to Pru p 3, and that subjects who had posi-
tive anti-Pru p 1, anti-Pru p 4 and anti-Pru p 3 IgE levels 
had a reduced likelihood of severe symptoms with respect 
to patients positive to only anti-rPrup 3. Therefore, it ap-
pears that the presence of anti-rPru p 1 and anti-rPru p 4 
IgE antibodies actually counteracted the effects of anti-
rPru p 3 IgE antibodies. Although this clinical observa-
tion was statistically very significant, it is difficult to ex-
plain the grounds for this evidence, thus we can only try 
and forward some speculative hypotheses. For example, 
if one considers the rather similar molecular weights of 
the three allergens, one can suppose that anti-rPru p 1 
and anti-rPru p 4 IgE antibodies may somehow impede 
the facilitated access of anti-rPru p 3 IgE to its allergen on 
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grounds of spatial antagonism and not on grounds of im-
munological competition. On the other hand, given the 
elevated water-soluble nature of Bet v 1 homologues, such 
as Pru p 1 and Pru p 4, it is possible to conceive that these 
proteins immediately react with mast cells in the oral mu-
cosa, thus causing OAS and the release of mast cell-de-
rived serine protease such as tryptase in the local envi-
ronment, and this protein could partially digest Pru p 3 
acting in a trypsin-like manner. Tryptase is a trypsin-like 
serine protease with a cleavage site that has been shown 
to contain arginine  [18] , and recently some investigators 
have shown that threonine-39 and arginine-40 are the 
only active cleavage site of trypsin in Pru p 3  [19] . Thus, 
it is possible that the tryptase delivered by mast cell de-
granulation secondary to Pru p 1 exposure can cleave and 
thus partially degrade Pru p 3 at the arginine-40 site, the 
latter being contained in one of the principal IgE epitopes 
of Pru p 3.

  On the contrary, the different clinical manifestations 
cannot be attributed to lower levels of anti-rPru p 3 IgE 
values in the subpopulation of patients positive to Pru p 
3, Pru p 1 and Pru p 4, with respect to those only positive 
to Pru p 3, given that this group unexpectedly presented 
lower levels of anti-rPru p 3 IgE values. 

  Another important result of this study was the deter-
mination of a cutoff level for anti-rPru p 3 IgE values that 
can identify patients at greater risk for developing severe 
allergic reactions to peach that was determined by ROC 
curves. We found that an anti-rPru p 3 IgE value of 2.69 
kUA/l had the best SE (63.9%) and SP (75%) to better dis-
criminate peach-allergic patients at risk for developing 
more severe symptoms. It is interesting to observe that 
the anti-peach IgE levels were significantly related (Spear-
man’s test  �  = 0.658; p  !  0.0005) to anti-rPru p 3 IgE val-
ues, however, the latter were clearer indicators of patients 
at major risk of severe reactions, given that anti-peach IgE 
values did not reach a similar positive cutoff.

  Concerning pollen sensitisation we observed that pa-
tients with mild OAS, as compared to patients with severe 
OAS, reacted with greater frequency to all the main pol-
lens both in terms of symptoms and specific IgE levels, 
with the exception of mugwort which showed a frequen-
cy of sensitisation that was similar between the two 
groups. Moreover, in the group of patients with severe 
OAS, mugwort was the highest sensitising pollen. An ex-
planation for this finding is that mugwort pollen contains 
Art v 3, an LTP that cross-react with Pru p 3  [20] , and that 
almost all group B patients were LTP-sensitised even if 
few of them presented clinical pollinosis.

  The final consideration underlines the crucial role 
played by the availability of peach recombinant allergens 
in evaluating the IgE sensitization profile in peach-aller-
gic patients. In the present study, we found that positivity 
to the three peach recombinant allergens was sufficient 
to diagnose peach allergy in all recruited patients. Fur-
thermore, this study incontrovertibly shows that the pat-
tern of allergen sensitisation clearly influences clinical 
reactivity, and that IgE positivity to the different allergens 
conditions symptom severity. Thus showing that compo-
nent-resolved diagnosis for peach can provide notable ad-
vantages in the diagnosis of peach food allergy. There-
fore, in conclusion, our results show that the positivity to 
rPru p 3 gives way to a greater risk of severe peach in-
duced reactions, while positivity to rPru p 1 is associated 
to a lower risk of severe reactions. Moreover, patients pos-
itive to rPru p 3 and simultaneously positive to rPru p 1 
and 4 were conferred a sort of ‘protective’ effect against 
the development of severe symptoms induced by anti-
rPru p 3 IgE. This point highlights that the existence of 
different forms of co-sensitisation could determine clini-
cal situations that are significantly different from those 
seen in monosensitisation. This novel concept of variable 
clinical severity as an inverse function of the number and 
types of peach allergens that one is sensitised to, is clear-
ly evident in this study and has not been previously ad-
dressed in the literature. In summary, in Northern Italy 
the high concentration of birch allows for co-sensitisa-
tion to Bet v 1 homologues and LTP, and in these cases 
the favourable clinical feature is conditioned by sensitisa-
tion to birch homologues. 
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