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tions were detected between the reported age at onset and 
anti-peach, anti-rPru p 4, anti-rBet v 2 IgE and total IgE values 
and serum tryptase levels. At diagnosis, when peach allergy 
starts at a younger age, it is likely associated with Pru p 3 sen-
sitisation, and the younger the onset, the higher the IgE ti-
tres. When peach allergy starts at an older age, it is more 
likely the result of cross-reactivity to Bet v1. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Peach is the most frequent cause of food allergy in 
adults living in the Mediterranean area  [1]  where it also 
represents the main cause of food-induced anaphylaxis 
 [2] ; however, its relevance in children is ill defined. In 
peach-allergic adults, severe symptoms are significantly 
associated with sensitisation to peach lipid transfer pro-
tein (LTP; Pru p 3), while sensitisation to both the peach 
Bet v 1 homologue (Pru p 1) and peach profilin (Pru p 4) 
is mostly associated with mild local symptoms (OAS, oral 
allergy syndrome)  [3] . This probably depends on the 
physical and chemical characteristics of the allergens: Pru 
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 Abstract 

 Sensitisation to peach lipid transfer protein (LTP; Pru p 3) is 
significantly associated with severe allergic symptoms in 
adults, but little is known about the age at onset of peach 
allergy. We investigated a possible correlation between spe-
cific IgE levels to Pru p 3 and the age at onset of peach al-
lergy. One hundred and forty-eight patients allergic to peach 
were divided into 6 classes according to the age at onset. 
Sera were analyzed for IgE antibodies to peach, rPru p 3, rPru 
p 1, rPru p 4, rBet v 1, rBet v 2, total IgE titre, and tryptase; all 
collected data were statistically analysed. A significant in-
verse correlation was found between the age at onset of 
peach allergy and anti-rPru p 3 IgE levels at diagnosis (p < 
0.0005; Spearman’s ρ = –0.3833). In contrast, the age at onset 
was directly correlated with both anti-rPru p 1 IgE levels (p = 
0.0001; Spearman’s ρ = 0.3197) and anti-rBet v 1 IgE levels
(p = 0.0006; Spearman’s ρ = 0.2914) at diagnosis. No correla-
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p 3 is strongly heat and pepsin resistant, while Pru p 1 and 
Pru p 4 are easily destroyed by heat and gastrointestinal 
digestion. However, in a recent study, we found a signifi-
cant correlation between symptom severity and anti-rPru 
p 3 IgE levels only in Pru p 3 positive/Pru p 1 and Pru p 4 
negative patients  [4] , suggesting that the mutual influ-
ences within a complex immunological network, together 
with the biochemical properties of allergens, influence 
the grade of symptom severity to plant foods in multi-
sensitised patients. The role of Pru p 3 IgE in children has 
been scarcely investigated, although recently, Novembre 
et al.  [5]  found a 50% prevalence of systemic reactions to 
peach without any association between symptom severity 
and anti-rPru p 3 sensitisation. In order to investigate the 
prognostic value of anti-rPru p 3 IgE levels in the first 
years of life, we looked for a possible correlation between 
the age at onset of peach allergy and the levels of IgE spe-
cific to different peach allergens at diagnosis in 148 well-
characterized peach-allergic patients  [4] .

  Methods 

 Patients 
 The study was carried out on 148 subjects (41 males, 107 fe-

males; median age 37 years, range 13–62) with peach allergy of 
different degrees of severity confirming the diagnosis by open 
challenge performed distant from the birch pollen season. The 
Ethics Committee approved the study (ClinicalTrials.gov, proto-
col ID NCT00715156). Seventy-six patients presented only local 
symptoms (OAS) and 72 had systemic symptoms as well. The age 
at onset of peach allergy was thoroughly investigated in all patients, 
checking as best as possible all available recordings and interview-
ing both patients and their relatives about the first allergic reaction 
 [4] . All patients showed positive skin prick tests and specific anti-
peach IgE. In order to minimize potential errors in the age at onset 
of peach-induced symptoms, ages at onset were divided into 6 
classes, (0–9, 10–19, 20–29, 30–39, 40–49, and  50+).

  In vitro Tests 
 The different sensitisation profiles to the peach allergens Pru p 

1, Pru p 3 and Pru p 4 and to the birch allergens Bet v 1 and Bet v 
2 were detected by ImmunoCAP system 1000 (Phadia, now Ther-
mo Fisher Scientific, Uppsala, Sweden); IgE levels were expressed 
as kUA/l and considered positive when exceeding 0.10 kUA/l. 
Tryptase was measured by an immunofluorimetric assay (Immu-
noCAP 100; Thermo Fisher Scientific). Values <5 μg/l were con-
sidered normal.

  Statistical Analysis 
 All collected data were validated and then submitted to descrip-

tive statistical analyses. Categorical/nominal variables were evalu-
ated by frequency tables, while the shape of distribution of the con-
tinuous variable was checked by both visual inspection of the 
graph and by the Shapiro-Wilk test. Pearson’s χ 2  test or Fisher’s 

exact test (if needed) was used for the comparison of categorical 
variables, whereas comparisons of continuous variables were car-
ried out by Student’s t test or the Mann-Whitney U test. Continu-
ous correlations were analysed with Pearson’s r or Spearman’s  ρ , 
depending on distributions.

  The Kruskal-Wallis test, followed by the test for pair-wise com-
parison according to Conover  [6] , was used to check the between-
group differences of continuous variables among more than two 
groups.

  Significance was assumed for p < 0.05, adjusting by Bonferroni 
for possible multiple comparisons. Statistical analysis was done us-
ing Stata/SE 12.1 (The Stata Corp., College Station, Tex., USA).

  Results 

 Patients 
 The final dataset included 141 patients for whom the 

age at onset of peach allergy was reliably ascertained. The 
average reported age at onset of peach allergy was 22 ± 13 
years. Almost 50% of patients started having peach al-
lergy between 10 and 29 years of age ( fig. 1 ). A total of 48 
patients (34%; 9 males, 39 females) started having peach 
allergy at 2–15 years of age: 42 of them (87.5%) showed 
specific IgE to rPru p 3, 26/42 (62%) to rPru p 3 only, 
13/42 (31%) to both rPru p 3 and rPru p 1, and 3 (7%) to 
both rPru p 3 and rPru p 4. Four out of 6 rPru p 3 nega-
tive peach-allergic patients were positive only to rPru p 1, 
and 2 patients to both rPru p 1 and rPru p 4.

  Analysing the 6 age classes, a significant inverse cor-
relation was found between the reported age at onset of 
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  Fig. 1.  Reported age at onset of peach allergy in the study popula-
tion subdivided in age classes. 
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peach allergy and the anti-rPru p 3 IgE levels at diagnosis 
(p < 0.0005; Spearman’s ρ = –0.3833), i.e. the lower the 
age at onset, the higher the anti-rPru p 3 IgE level at diag-
nosis. In contrast, the age at onset of peach allergy was 
directly correlated with both anti-rPru p 1 IgE levels
(p = 0.0001; Spearman’s ρ = 0.3197) and anti-rBet v 1 IgE 
levels (p = 0.0006; Spearman’s ρ = 0.2914) at diagnosis. 
No correlations were detected between the reported age 
at onset and anti-peach (p = 0.1800), anti-rPru p 4 (p = 
0.9358) and anti-rBet v 2 (p = 0.9537) IgE values. Further, 
the age at onset did not correlate with total IgE levels
(p = 0.4873), the serum tryptase levels (p = 0.2075) at di-
agnosis and the number of other plant foods causing al-
lergic symptoms (p = 0.0939).

  The median anti-rPru p 3, anti-rPru p 1 and anti-rBet 
v 1 IgE levels at diagnosis and the average ages of patients 
in the 6 age-at-onset classes are shown in  table 1 . In the 
first 3 classes, anti-rPru p 3 IgE levels were significantly 
higher than in patients who developed peach allergy at 
older ages, thus confirming the inverse relationship be-
tween age at onset and anti-rPru p 3 IgE levels at diagno-
sis. In contrast, the median anti-rPru p 1 and anti-rBet v 
1 IgE levels at diagnosis were higher among patients of the 
last 3 classes of age at onset, suggesting that anti-rPru p 1 
and anti-rBet v 1 IgE levels show a tendency to increase 
with age at onset of peach allergy ( fig. 2 ). The Kruskal-
Wallis test confirmed an overall difference between class-
es of age for anti-rPru p 3 (p = 0.0037;  fig. 2 a), anti-rPru 
p 1 (p = 0.0445;  fig. 2 b) and anti-rBet v 1 (p = 0.0428; 
 fig. 2 c) IgE levels.

  Pair-wise comparisons, adjusted by Bonferroni, 
showed that anti-rPru p 3 IgE levels in patients of the first 
class of age were significantly higher than in the last 3 

Table 1. Median values of anti-rPru p 3, anti-rPru p 1 and anti-rBet 
v 1 IgE levels and average age in the 6 classes of reported age at 
onset of the peach allergy symptoms

Age class Average
age, years

Anti-rPru p 3
IgE levels
kUA/l

Anti-rPru p 1
IgE levels
kUA/l

Anti-rBet v 1
IgE levels 
kUA/l

1 (0 – 9 years) 5.2 4.79 <0.10 <0.10
2 (10 – 19 years) 14.5 3.13 <0.10 <0.10
3 (20 – 29 years) 22.9 2.07 <0.10 <0.10
4 (30 – 39 years) 32.2 <0.10 4.74 14.9
5 (40 – 49 years) 43.0 0.12 11.3 19.8
6 (50+ years) 52.6 0.05 6.53 16.8

Total 1.99 <0.10 0.20
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  Fig. 2.  Boxplot graphs reporting anti-rPru p 3 ( a ), anti-rPru p 1 ( b ) 
and anti-rBet v 1 ( c ) IgE levels at diagnosis for the 6 classes of re-
ported age at onset of the peach allergy symptoms. 
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classes; in the second class, levels were significantly high-
er than in classes 4 and 6. Finally, in class 3, levels were 
significantly higher than in class 4 ( table 2 a). Anti-rPru p 
1 IgE levels in the first class of age were significantly low-
er than those observed in classes 4 and 5 ( table 2 b). Also, 
anti-rBet v 1 levels resulted significantly lower in the pa-
tients of the first class than in those of classes 4, 5 and 6 
( table 2 c).

  Discussion 

 This study showed that in Mediterranean countries, 
severe peach allergy, associated with Pru p 3 sensitisation, 
occurs at a young age, whereas peach allergy associated 
with sensitisation to Pru p 1, the allergen homologous to 
the major birch pollen allergen Bet v 1, appears in adults. 
We found that the age at onset of peach allergy is inverse-
ly related to anti-rPru p 3 IgE levels at diagnosis and di-
rectly related to anti-rPru p 1 and anti-rBet v 1 IgE levels. 
The statistical analyses confirmed a highly significant dif-
ference between reported classes of age at onset of peach 
allergy for anti-rPru p 3 (p = 0.037), anti-rPru p 1 (p = 
0.0445) and anti-rBet v 1 (p = 0.0428) IgE levels ( table 2 ) 
at diagnosis, however, with different trends ( fig.  2 ). In 
particular, anti-rPru p 3 IgE levels were significantly 
higher in peach allergy patients at a younger age (first 
class of age at onset) than at older ages (last 3 classes of 
age at onset). These observations clearly show that the 
younger the age when the symptoms start, the higher the 
anti-rPru p 3 IgE levels in adult age. In a recent paediatric 
study  [5] , anti-rPru p 3 IgE levels were not associated with 
systemic symptoms and did not correlate with the sever-
ity of the reaction; however, a long-term follow-up of 
these young patients was missing and might confirm the 
association we have found.

  On the contrary, anti-rPru p 1 and anti-rBet v 1 IgE 
levels were higher in patients developing peach allergy at 
an older age. The different anti-rPru p 1 and anti- rPru p 
3 IgE levels as a function of age might depend on the dif-
ferent routes of sensitisation: Pru p 3 most probably 
causes sensitisation via the gastrointestinal tract and Bet 
v 1/Pru p 1 via the respiratory tract. The immature gas-
trointestinal mucosa in the younger patients might fa-
vour Pru p 3 sensitisation, whereas in our geographic 
area, birch pollen sensitisation (and subsequent cross-re-
activity to plant-derived foods) occurs at an older age 
than sensitisation to other airborne allergens  [7] . This can 
explain why anti-Pru p 1 IgE antibodies, strictly associ-
ated with anti-Bet v 1 IgE, are higher in those patients. 

Previous studies found that birch pollen-specific IgE is 
directly related to the probability of developing an OAS 
due to cross-reactivity with plant-derived foods  [8, 9] .

  Another interesting point is the detection of high anti-
rPru p 3 IgE levels in patients who stopped eating peach 
at a young age, after the first severe allergic reactions. Al-
though serial measurements of IgE levels in single pa-
tients have not been carried out here, it seems that an ap-
parent increase or persistence of high IgE levels (and 
hence, hypersensitivity) has occurred in the absence of 
contact with the offending food. This possibly happens 
via the ongoing ingestion of tolerated cross-reacting 
plant-derived foods, such as apple and Prunoideae, maize, 

Table 2.  Pair-wise comparisons by Dunn’s test (following Kruskal-
Wallis) for anti-rPru p 3 (p = 0.0037), anti-rPru p 1 (p = 0.0445) 
and anti-rBet v 1 IgE levels at diagnosis in the different age classes 
(p = 0.0428)

a Anti-rPru p 3

Age class, years n Average
rank

Different (p < 0.05)
from age class

1 (0 – 9) 28 91.84 4-5-6
2 (10 – 19) 34 85.94 4-6
3 (20 – 29) 36 76.19 4
4 (30 – 39) 25 52.62 1-2-3
5 (40 – 49) 13 61.92 1
6 (50+) 12 55.75 1-2

b Anti-rPru p 1

Age class, years n Average
rank

Different (p < 0.05) 
from age class

1 (0 – 9) 28 61.09 4-5
2 (10 – 19) 34 69.82
3 (20 – 29) 36 68.93
4 (30 – 39) 25 87.52 1
5 (40 – 49) 13 94.38 1
6 (50+) 12 87.08

c Anti-rBet v 1

Age class, years n Average
rank

Different (p < 0.05) 
from age class

1 (0 – 9) 28 62.95 4-5-6
2 (10 – 19) 34 70.56
3 (20 – 29) 36 66.17
4 (30 – 39) 25 86.92 1
5 (40 – 49) 13 91.27 1
6 (50+) 12 93.58 1
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tree nuts, tomato, fennel, rice, green bean and others  [10] . 
In another study, with the same study population, we 
have found that in LTP-allergic patients, the number of 
sensitising, cross-reacting foods was higher in rPru p 3 
positive than in rPru p 3 negative patients being directly 
related to peach LTP IgE levels (p < 0.00001; Spearman’s 
rank)  [11] . In that study, we have also demonstrated that 
the baseline tryptase levels were related to anti-Pru p 3 IgE 
levels, thus indirectly confirming the hypothesis that the 
exposure to different LTP-containing foods may continu-

ously stimulate the immune system, provoking an in-
crease in Pru p 3 IgE levels, in the absence of contact with 
peach. All these observations allow us to conclude that the 
cross-reactive nature of LTP may sustain the increase in 
LTP-specific IgE antibodies towards a big array of plant-
derived foods and confirm previous similar data of one of 
the authors  [12] . Alternatively, an ongoing stimulation of 
the immune system through the airways or the skin can-
not be ruled out  [13, 14] .
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