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Abstract High fruit intakes are associated with significant
health benefits but fruit allergy sufferers may be discouraged
from eating fruit due to the symptoms they experience.
Knowledge about allergens involved in fruit allergy and the
frequent cross-reactions to other allergens is essential to (a)
design the best strategy for fruit allergy testing (b) prescribe
optimal avoidance diets, and (c) design technological
solutions for development of hypoallergenic fruits. The
objective of this review was to investigate whether some
characteristic disease entities could be identified in Europe for
allergy to Rosaceae fruits. Five allergy patterns were found
involving the allergen families PR-10, LTP, and profilin. In
the Western Mediterranean area allergies to Rosaceae fruits
are caused by monosensitization to LTP, monosensitization
to profilin, or co-sensitization to both these allergens. On the
contrary, monosensitization to PR-10 and, to a lesser degree,
co-sensitization to profilin and PR-10 is dominant in
Northern and Central Europe. LTP sensitization is present
both in pollinosis and non-pollinosis patients and is
associated with peach allergy in particular. The disease
pattern for patients sensitized to profilin is characterized by

several concomitant allergies including grass and other
pollens, Rosaceae and non-Rosaceae fruits. Finally, PR-10
sensitization is primarily associated to concomitant birch
pollen and apple allergy.
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patterns . Fruit allergy . Rosaceae

Introduction

Regular intake of fruit promotes good health and has been
demonstrated to be preventive for development of several
chronic diseases [1, 2]. Out of these, evidence is strongest for
an inverse association between fruit intake and cardiovascu-
lar disease risk and in meta-analyses of observational studies,
a relative risk reduction of 11–23% for stroke [3, 4] and 7–
13% for coronary heart disease [5, 6] have been calculated
for daily fruit intakes above 160 g. Fruit intakes are generally
below recommended levels in Europe [7] and one likely
barrier for fruit consumption is the presence of diagnosed or
perceived fruit allergy, as fruit allergy sufferers have
decreased fruit availability due to avoidance of allergy-
causing fruits. The prevalence of fruit allergy is hard to
determine as valid tests and standard testing procedures are
lacking. In a review by Zuidmeer et al. [8], perceived fruit
allergy affected 2.2–11.5% of children aged 0–6 years and
0.4–6.6% of adults worldwide based on self-reported data.
These numbers most likely represent an overestimation, as
cases of self-reported allergy normally substantially outnum-
ber cases with clinical relevance in questionnaire surveys [8–
10]. The wide ranges in occurrence determinations probably
reflect differences in fruit allergy prevalence between
countries. A likely explanation for this could be that fruit
allergy patterns or susceptibilities to development of fruit
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allergies differ among populations. In support of such a
hypothesis, various disease characteristics have been dem-
onstrated in studies including subjects from different
European countries [11, 12]. Furthermore, the reported
dominant allergy-causing fruits vary between countries. In
Northern and Central Europe, allergy to apple is most
widespread [13–16], while strawberry and peach most often
cause allergy in Southern Europe [17–19]. Knowledge about
involved allergens and cross-reactions in fruit allergy is of
importance for the allergist to design the best test strategy for
patients suffering from fruit allergy and for the fruit allergy
sufferers themselves who need a strategy to increase the fruit
content of their diets without suffering allergic symptoms. In
addition, development of hypoallergenic fruits and applica-
bility of these for the diets of fruit allergy sufferers depends
on disease characteristics [20].

The objective of this review is to identify whether
separate or overlapping disease entities for fruit allergy can
be identified in Europe. This is done by comparing data
from studies where frequent cross-reactions between fruits
and pollens or prevalence of sensitization to specific
allergens have been investigated. As Rosaceae fruits most
often cause allergy, the review is limited to Rosaceae fruits
and the most important allergen families in these; PR-10,
LTP and profilin.

Method

Literature searches were carried out in “MEDLINE” and
“Web of Science”. Keywords and search strategies are
listed in Table 1. Only articles written in English or German
were included. In addition to the search results, reference
lists from included articles were reviewed. The literature
search was completed by 9/5-2009.

Main types of fruit allergy and disease determinants

Fruit allergy is a multifactorial immunological disease with
highly individual features. Development of fruit allergy is
initiated by a sensitization process, in which an IgE
response against an allergen is generated. In most cases,
the allergen originates from a pollen source which cross-
reacts with allergens from fruits due to similarities in
protein structure [21, 22]. Such types of fruit allergies are
designated as a class 2 (Fig. 1a). Class 2 fruit allergies are
also called the pollen food syndrome [23]. They usually
involve labile allergens and therefore sensitization is only
possible through the respiratory passages.

Although fruit allergies of class 2 dominate, at least
one fruit allergen has been identified that is likely capable
of causing sensitization independently of pollen allergens

[24, 25]. This type of fruit allergy is designated as a class 1
(Fig. 1b). Allergens involved in class 1 fruit allergy are
resistant to proteolysis and sensitization is thought to take
place in the gastrointestinal tract [26]. Allergies of both
class one and two can involve one or more fruits depend-
ing on the degree of cross-reactions to other fruits. In
addition, a patient can be co-sensitized to more allergens,
further increasing the potential number of allergy-causing
fruits.

Presence of sensitization to one or more allergens in a
patient does not necessarily predict clinical relevance, as
sensitizations can also be latent [22, 27]. In Fig. 2,
suggested main determinants for sensitization, cross-
reactivity and symptom development are summarized.

In order to identify the characteristic fruit allergy
patterns in Europe, sensitization patterns of allergens and
frequent cross-reactions between fruits and pollens should
be known. Furthermore, the clinical relevance of the
common sensitization patterns must be considered.

Allergen families in Rosaceae fruits

Most plant allergens belong to a limited number of protein
families and therefore show similarities in primary and/or
tertiary structure across different species [28]. The official
list of allergens in Rosaceae fruits according to the Allergen
Nomenclature Sub-Committee [29] are shown in Table 2.
As the allergens primarily belong to the three protein
families PR-10, LTP and profilin, these are most central for
studying allergy patterns and consequently the focus of this
review.

Development of fruit allergies of class 2 with concom-
itant allergies to pollens and Rosaceae fruits are in the
majority of cases caused by PR-10, profilin and LTP
proteins from the most widespread and frequent pollen
sources in Europe. These pollen allergens are listed in
Table 3.

PR-10 allergens

Allergens in the PR-10 family are intracellular pathogenesis-
related (PR) proteins with a molecular mass around 17–18 kD
[28, 30]. Their biological function is unknown and the
protein sequence is highly variable, also within the same
species [31]. A high degree of structural homology has been
demonstrated between Mal d 1 from apple and Bet v 1 from
birch [32, 33] and between PR-10 proteins from different
Rosaceae fruits [34]. In accordance with this, cross-reactivity
between Bet v 1, Mal d 1, Pyr c 1, and Pru av 1 have been
demonstrated in inhibition experiments with serum pools
from fruit-allergic patients [32, 35, 36], PR-10 proteins are
heat labile and unstable to pepsin digestion [34, 37, 38]. It

Clinic Rev Allerg Immunol



has been demonstrated in several studies that IgE reactivity
to PR-10 proteins is absent following heat-treatment of fruits
[37–40].

LTP allergens

LTP is a subgroup of PR-14 proteins, which protect the
plant against bacteria, fungi, and possibly virus and non-
biotic stress factors [25]. LTP allergens from Rosaceae
fruits belong to a protein class called nonspecific LTP1.
These allergens have a structural sequence homology above
80% and a molecular mass of approximately 9 kDa. [41,
42]. Cross-reactivity between Pru p 3, Pru ar 3, Pru d 3,
Mal d 3, and Art v 3 have been demonstrated in inhibition
experiments using serum pools from patients with fruit
allergies [24, 43–46]. Two epitopes that could likely be

responsible for the cross-reactivity among LTP from
Rosaceae fruits have been identified in Borges et al. [47].
Contrary to the PR-10 family, LTP proteins from pollens
and fruits show less sequence homology. As a consequence
of this, LTP proteins are more rarely implicated in the
pollen–food syndrome [48]. An important common char-
acteristic among LTP proteins is a structure with eight
cysteine residues forming four disulfide bridges [41]. Due
to the stability of the sulfide bonds, the allergens are heat-
stable and are not degraded by gastric digestion [38, 41,
49]. IgE reactivity to LTP is therefore retained after heat-
treatment of fruits [39, 50]. LTP proteins are primarily
located in the peel of peaches, apples, and cherries and
consequently, peeled fruits are tolerable for some LTP fruit
allergy sufferers [20, 51–53]. However, this is not a general
characteristic for Rosaceae fruits and LTP has been

Database Keywords Search strategy Number of hits

MEDLINE,
Advanced Ovid
Search

1: Aller* 1 a 2 Limits:
review

168

2: Fruit* 1 a 2 a 3 133

3: Prevalence 1 a 4 66

4: Rosaceae 1 a 5 Limits:
Human

470

5: Apple* OR Pear* OR Peach*
OR Plum* OR Apricot* OR Cherr*
OR Strawberr* OR Raspberr*

6 131

6: “Mal d” OR “Pru p” OR “Pru av” OR
“Pru ar” OR “Pyr c” OR “Pru d” OR
“Fra a” OR “Rub i”

Web of Science,
Search

1: Allerg*a 1 a 2 a 3 54

2: Fruit*a 1 a 2 a 4 157

3: Reviewa 1 a 5 96

4: Prevalencea 1 a 6 248

5: Rosaceaea 1 a 7 178

6: Apple* OR Pear* OR Peach*
OR Plum* OR Apricot* OR Cherr*
OR Strawberr* OR Raspberr*b

7: (Mal d) OR (Pru p) OR (Pru av) OR
(Pru ar) OR (Pyr c) OR (Pru d) OR
(Fra a) OR (Rub i)a

Table 1 Literature search
strategy

List of keywords and search
strategies applied in the search
for articles

a AND
a Topic as search field
b Title as search field

Fig. 1 Main types of fruit allergy. Ovals in dark gray represent
sources of primary sensitization, light gray represent cross-reactions. a
Class 2 fruit allergy: the sensitizing allergen originates from a pollen

source, which then cross-reacts to one or more fruit allergens. b Class
1 fruit allergy: the sensitizing allergen originates from a fruit. Cross-
reactions to other fruits containing similar allergens are possible
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reported to be more equally distributed between pulp and
peel in plums and apricot [54].

Profilin allergens

Profilins are the most widespread allergens throughout the
plant kingdom. They are present in the cytosol of all
eukaryotic cells in which they function as structural
proteins by participating in the regulation of actin filament
polymerization [28]. The molecular mass of profilins is 12–
15 kDa and the molecular structure is highly conserved
with 70–85% homology among different species. Inhibition
experiments with serum pools from patients with fruit
allergies have demonstrated cross-reactivity between the
profilins Mal d 4, Pyr c 4, Pru av 4, Bet v 2 [35, 55]. In
addition highly conserved regions that likely function as
epitopes responsible for allergenic cross-reactivity between
fruits and pollens have been identified in this group of
allergens. The presence of IgE antibodies to these epitopes
has been associated with allergic reactivity to a high
number of fruits [56, 57]. Profilin allergens are not heat-

stable and they are vulnerable to gastric digestion [28, 38,
58].

Sensitization patterns in Europe to Rosaceae allergen
families

To ascertain the relative importance of the allergen families
PR-10, LTP and profilin in Rosaceae fruit allergy, results
from studies investigating sensitization patterns to purified
or recombinant allergens in patients with allergy to one or
more Rosaceae fruits were collated and are listed in Table 4.
Only studies carried out in Europe for which the country of
origin of the patients with Rosaceae allergy, and the
percentage of those patients sensitized to PR-10, LTP and/
or profilin allergens could be determined, have been
included in the table. Overall, 27 studies fulfilled these
inclusion criteria. Sixteen studies were carried out with
Spanish patients, six with Italian patients, and four with
German patients. In addition, there was one study from
each of the following countries; Portugal, Switzerland,

Fig. 2 Determinants for sensiti-
zation, cross-reactions and
symptom development in fruit
allergy [21, 26, 27, 99–101]

Fruit Protein family

PR-10 LTP Profilins Other

Apple (Malus domestica) Mal d 1 Mal d 3 Mal d 4 Mal d 2 (PR-5)

Peach (Prunus persica) Pru p 1 Pru p 3 Pru p 4

Sweet cherry (Prunus avium) Pru av 1 Pru av 3 Pru av 4 Pru av 2 (PR-5)

Apricot (Prunus armeniaca) Pru ar 1 Pru ar 3

Pear (Pyrus communis) Pyr c 1 Pyr c 3 Pyr c 4 Pyr c 5

European plum (Prunus domestica) Pru d 3

Strawberry (Fragaria ananassa) Fra a 1 Fra a 3 Fra a 4

Red raspberry (Rubus idaeus) Rub i 1 Rub i 3

Table 2 List of allergens from
Rosaceae fruits and family
classification
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Austria, and The Netherlands. Generally, there is good
accordance as regards sensitization patterns in Table 4
between studies including only confirmed clinically relevant
cases and studies where patients were included based solely
on patient histories and positive IgE and/or SPT tests.
Therefore, these two types of studies have been combined.
Several different purified or recombinant allergen sources
have been applied in the studies. Although the prevalence of
sensitization to each allergen family is dependent on the
origin of the allergens applied, the differences seen in Table 4
are minor and therefore it is reasonable to discuss sensitiza-
tion patterns in general, regardless of allergen origin.
Furthermore, recombinant allergens have been demonstrated
to be equally valid for testing compared to purified natural
allergens [59–61].

Spain and Portugal

Spain and Portugal are geographically close and as the results
from the study carried out in Portugal are comparable to the
results from the Spanish studies, these are considered together.
PR-10 sensitization seems to be of minor relevance, as only 0–
13% of patients are sensitized to this allergen in 14 out of 16
studies and none of these PR-10 sensitized patients are
monosensitized. Profilin sensitization has been detected in
0–75% of the Spanish and Portuguese patients and higher
prevalence of sensitization to this allergen is found in patients
with concomitant grass pollen allergy. As up to 56% of the
profilin-sensitized patients are monosensitized, presence of
allergy can probably be ascribed to profilin sensitization in
some patients with concomitant pollinosis. LTP sensitization
is dominant in Spain and Portugal and has been detected in
47–100% of the patients. The highest prevalence of LTP
sensitization is found in studies where patients had concom-
itant plane tree or mugwort allergies or where patients were
free from pollinosis. In concordance with this, Pru p 3
sensitization was significantly associated with absence of
pollinosis in the study byFernandez-Rivas et al. [62] (Table 4).
The Spanish study where allergy to strawberry was an
inclusion criterion for patients has a divergent sensitization
pattern with higher prevalence of PR-10 and profilin
sensitization and lower prevalence of LTP sensitization

compared to the studies where inclusion criteria required
the observation of peach or cherry allergies. As the same
tendency can be seen for Italian patients (Table 4) this
suggests that LTP sensitization is less dominant in strawberry
allergy. However, more studies are needed to investigate this
further. Based on the available studies, peach is the most
significant allergy-causing fruit in Spain followed by apple,
pear and cherry and sensitization patterns to allergens for
each of these individual fruits appear to be concordant.

Italy

For studies carried out in Italy, the prevalence of PR-10
sensitization is 0–91% and closely associated to prevalence
of birch pollen allergy. The prevalence of profilin sensiti-
zation is 0–50% and could likely be associated with grass
pollinosis although grass pollen allergy is less frequently
reported in the Italian studies. In concordance with this,
patients with IgE towards Bet v 2 were sensitized to grass
in all cases, while grass sensitization was less widespread in
the group monosensitized to Bet v 1 in the study by Rossi
et al. [63] (Table 4). LTP sensitization is dominant in
patients without concomitant pollen allergies and in studies
including patient groups with lower prevalence of birch and
grass pollinosis. It has not been possible to evaluate the
extent of monosensitization in the majority of the Italian
studies. However, all allergen families seem to be clinically
relevant as a considerable percentage of the patients are
monosensitized to each of them depending on the study
population. Peach, cherry, and apple allergies are dominant.

Austria, Switzerland, Germany, and The Netherlands

Based on the available studies in Table 4, the sensitiza-
tion patterns in Austria, Switzerland, Germany, and The
Netherlands are similar and therefore these are considered
together. PR-10 is the dominant allergen with 84–100% of
the patients being sensitized and 26–75% monosensitized.
Like in Italy, PR-10 sensitization is strongly associated
to birch pollinosis rather than specific fruits. Prevalence
of profilin sensitization is 15–74% with highest numbers
in studies where grass pollinosis was reported. Further

Pollen Protein family

PR-10 PR-14 Profilins

Birch (Betula verrucosaHH) Bet v 1 Bet v 2

Mugwort (Artemisia vulgarisHH) Art v 3 Art v 4

London Plane tree (Platanus acerifoliaHH) Pla a 3

Oriental Plane tree (Platanus orientalisHH) Pla or 3

Timothy (Grass) (Phleum pratenseHH) Phl p 12

Table 3 List of the most
widespread pollen allergens in
Europe belonging to the protein
families PR-10, PR-14, and
profilin [29, 77]

Clinic Rev Allerg Immunol



Table 4 Results from studies where sensitization to isolated allergens has been tested

Ca Nb Patient characteristics PR-10e Profiline LTPe Ref.

Allergy to Rosaceae
fruitsc

Allergy to pollensd

ES 16 Peach (100%) Grass (100%) 6.25% 69% [78]
Apple (81%) Birch (75%) Bet v 1 (I) (0% MS) L. Perenne (I) (62% MS)

Pear (56%) Olive (69%) 44%

L. Perenne (S)

ES 36 Peach (100%) Plane tree (100%) 85% [79]
nPru p 3 (I)

ES 22 Peach (100%) Grass (100%) 75% [65]
Apple (68%) L. Perenne (I6)

Pear (55%) 47%

Cherry (27%) L. Perenne (S)

Apricot (23%)

Plum (23%)

Strawberry (14%)

ES 5 Peach (100%) Grass (100%) 0% 80% [80]
Olive (100%) rBet v 1 (I) rBet v 2 (I)

ES 9 Peach (100%) Mugwort (100%) 89% [44]
nPru p 3 (I)

89%

nArt v 3 (I)

ES 47 Peach (100%) Pollinosis 100% [81]
Apple (51%) (83%) nPru p 3 (I)

Mugwort (57%) 92%

nPru p 3 (S)

77%

nMal d3 (S)

36%

nArt v 3 (S)

ES 18 Peach (78%) Grass (83%) 6% 56% [82]
Apple (39%) Olive (72%) Bet v 1 (I) (0% MS) Bet v 2 (I) (50% MS)

Pear (22%) NP (17%)

Strawberry (17%)

Cherry (6%)

Plum (6%)

ES 10 Peach (100%) Plane tree (0%) 100% (I)
nPru p 3

[79]

ES 7 Peach (100%) CR Birch (100%) 57% 100% [74]
Apple (14%) nPru p 4 (I) nPru p 3 (I)

ES 25 Peach (100%) CR Pollinosis (100%).
Pollen sources NR.

56% 44% [83]
rBet v 2 (I) nPru p 3 (S) (44% MS)

56%

rPru p 4 (I) (56% MS)

ES 76 Peach (100%) CR Grass (72%) 7% 34% 62% [62]
Olive (42%) rBet v 1 (I) rBet v 2 (I) nPru p 3 (S)

Cypress (21%)

Plane tree (3%)

NP (22%)
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Table 4 (continued)

Ca Nb Patient characteristics PR-10e Profiline LTPe Ref.

Allergy to Rosaceae
fruitsc

Allergy to pollensd

ES 30 Peach (100%) CR Birch (10%) 13% 20% 93% [84]
Grass (50%) rBet v 1 and/or

rMal d 1 (I)
rBet v 2 (I) nPru p 3 (S)

20% 90%

rPhl p 12 (I) rPru p 3 (I)

17% 80%

rMal d 4 (I) rMal d 3 (I)

ES 62 Peach (100%) CR Pollinosis (79%).
Pollen sources NR

7% 32% 65% [85]

rBet v 1 (I) rBet v 2 (I) nPru p 3 (S)

ES 6 Peach (100%) CR Birch (17%) 50% 67% 50% [60]
Grass (83%) nMad d 1 (S) rMal d 4 (I) nPru p 3 (S)

50% 33%

rMal d 1 (I) rPru p 3 (I)

50% 33%

rBet v 1 (I) rMal d 3 (I)

ES 8 Peach (100%) CR Birch (0%) 0% 100% [74]
Cherry (12.5%) nPru p 4 (I) nPru p 3 (I)

Strawberry (12.5%)

ES 11 Peach (91%) NP (100%) 0% 0% [65]
Apple (91%) Bet v 1 (If) Profilin unspec. (If)

Cherry (36%) 0%

Plum (36%) Profilin unspec. (S)

Pear (27%)

Apricot (18%)

ES 4 Peach (100%) CR NP (100%) 25% 75% [83]
rBet v 2 (I) nPru p 3 (S)

(75% MS)25%

rPru p 4 (I) (25% MS)

ES 7 Cherry (100%) Grass (14%) 0% 14% 100% [64]
Mugwort (29%) rPru av 1 (S) rPru av 4 (S) rPru av 3 (S)

(86% MS)Plane tree (71%)

NP (29%)

ES 4 Cherry (100%) 0% 0% 100% [38]
rPru av 1 (I) rPru av 4 (I) rPru av 3 (I)

ES 19 Strawberry (100%) Grass (100%) 47% 68% 47% [86]
Olive (95%) nMal d 1 (I)

(5% MS)
rMal d 4 (I) (32% MS) nMal d 3 (I)

(5% MS)Plane tree (21%)

Cypress (11%)

PT4 25 Peach (100%) CR 4% 12% 96% [87]
rPru p 1 (Ig)

(0% MS)
rPru p 4 (Ig) (4% MS) rPru p 3 (I7)

(84% MS)

IT 24 Apple (92%) Fagales (100%) (birch,
hazel or alder)

88% 33% [63]
Peach (13%) Bet v 1 (I)

(67% MS)
Bet v 2 (I) (13% MS)

Cherry (13%)

Apricot (13%)

Pear (4%)
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Table 4 (continued)

Ca Nb Patient characteristics PR-10e Profiline LTPe Ref.

Allergy to Rosaceae
fruitsc

Allergy to pollensd

IT 8 Strawberry (100%) Birch (63%) 63% 50% 13% [86]
Grass (50%) nMal d 1 (I)

(12.5% MS)
rMal d 4 (I) (25% MS) nMal d 3 (I)

(0% MS)Olive (38%)

Ragweed (38%)

IT 32 Apple (100%) CR Birch (100%) 91% 50% 28% [75]
Peach (41%) Grass (59%) nMal d 1 (I)

(38% MS)
nMal d 4 (I) (0% MS) nMal d 3 (I)

(3% MS)

Cherry (41%)

Apricot (31%)

Plum (19%)

Pear (16%)

Strawberry (3%)

IT 11 Apple (100%) CR Birch (0%) 0% 0% 100% [75]
Cherry (55%) Grass (0%) nMal d 1 (I) nMal d 4 (I) nMal d 3 (I)

Apricot (27%) Mugwort (27%)

Peach (27%) Ragweed (18%)

Pear (18%) Parietaria (9%)

Plum (9%)

Strawberry (9%)

IT 21 Apricot (100%) CR Birch (67%) 57% 19% 100% [24]
Peach (76%) Grass (43%) nPru ar 1 (I) nPru ar 4 (I) nPru ar 3 (I)

Cherry (43%) Mugwort (14%)

Apple (24%)

Plum (19%)

IT 16 Plum (100%) CR Birch (69%) 56% 75% [46]
Peach (100%) Grass (94%) nPru d 1(I) nPru d 3 (I)

Cherry (63%) Mugwort (6.25%)

Apricot (63%)

Apple (19%)

IT 7 Cherry (100%) CR 29% 29% 100% [88]
rPru av 1 (I) rPru av 4 (I) rPru av 3 (I)

(57% MS)

IT 9 Apricot (100%) CR NP (100%) 0% 0% 100% [24]
Peach (78%) nPru ar 1 (I) nPru ar 4 (I) nPru ar 3 (I)

Apple (44%)

Cherry (33.3%)

Plum (22%)

IT 7 Plum (100%) CR NP (100%) 0% 100% [46]
Peach (100%) nPru d 1(I) Pru d 3 (I)

Cherry (71%)

Apricot (29%)

Apple (14%)

CH 24 Cherry (100%) CR Birch (96%) 92% 17% 4% [64]
Grass (75%) rPru av 1 (S)

(75% MS)
rPru av 4 (S) (0% MS) rPru av 3 (S)

(4% MS)Mugwort (17%)

AT 29 Rosaceae
(primarily Apple)

Birch (83%) 100% 15% [89]

Grass or Weed (45%) rBet v 1 (S)
(86% MS)

rBet v 2 (S) (0% MS)
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supporting the link between grass pollinosis and
profilin sensitization, all profilin-sensitized patients had
concomitant grass pollen allergy in the Swiss study
[64] (Table 4). LTP sensitization is almost absent in
Austria, Switzerland, Germany, and The Netherlands as

only 3–4% of the patients are sensitized to this allergen.
The most important allergy-causing fruits are probably
apple, peach, and cherry. However, prevalence of con-
comitant allergies to other Rosaceae fruits was only
reported in one study.

Table 4 (continued)

Ca Nb Patient characteristics PR-10e Profiline LTPe Ref.

Allergy to Rosaceae
fruitsc

Allergy to pollensd

DE 19 Cherry (100%) Birch (100%) 89% 26% [61]
rBet v 1 (I) rBet v 2 (I) (5% MS)

89%

rPru av 1 (I)

84%

nMal d 1(I)
(68% MS)

DE 101 Cherry (100%) Birch (100%) 96% 16% 3% [88]
Apricot (96%) rPru av 1 (I)

(76% MS)
rPru av 4 (I) (1% MS) rPru av 3 (I)

(0% MS)

Peach (57%)

Pear (53%)

Strawberry (25%)

Plum (9%)

Apricot (8%)

DE 20 Apple (100%) Birch (100%) 100% 20% [90]
rBet v 1 (I) rBet v 2 (I)

DE 16 Pear (100%) Birch (100%) 100% 50% [91]
rBet v 1 (I) rBet v 2 (I)

100%

rPyr c 1 (I)
(50% MS)

NL 23 Apple (100%) Birch, Grass or Mugwort
(100%)

100% 70% [68]

rBet v 1 (S, I)
(30% MS)

nBet v 2 or L. Perenne (S, I) (0% MS)

NL 19 Peach (100%) Birch, Grass or Mugwort
(100%)

100% 74% [68]

rBet v 1 (S, I)
(26% MS)

nBet v 2 (S, I) (0% MS)

aC country: AT Austria, CE Central Europe, CH Switzerland, DE Germany, ES Spain, IT Italy, NL The Netherlands, PT Portugal
bN number of subjects
c Selection criteria for patients in each study were based on the first mentioned fruit in each box and confirmed by patient history and positive IgE
test and/or SPT test. CR in brackets indicates that the clinical relevance of the allergy has been tested in the study by open or blinded food
challenges. Concomitant allergies to Rosaceae fruits listed in the table are based solely on patient history and were not reported in all studies. The
percentage of patients with allergies to the different fruits is written in brackets.
d The percentage of patients allergic to the different pollens is written in brackets. Presence of concomitant pollen allergies was not reported fully
in all studies. Not reported (NR); No pollinosis (NP)
e I IgE-based in vitro test (RAST, EAST, immunoblot or CAP). Unless otherwise stated, the detection limits for positive reaction used in the
studies was 0.35 kU/l; S SPT test, MS monosensitized. As data was not available at the individual level for all studies, the percentage of patients
monosensitized to each of the included allergens in a study could not be determined in all cases.
f Detection limit in IgE test 0.7 kU/l
g Detection limit in IgE test 0.1 kU/l
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Sensitization patterns in Europe to Rosaceae fruits

As patients in the included studies in Table 4 were
selected based on presence of specific Rosaceae fruit
allergies, it is not possible to evaluate which fruit and
pollen allergies are typically associated from the studies in
this table. Therefore, studies investigating significant
associations in sensitization patterns to fruits and pollens
are listed in Table 5. According to the studies in Table 5,
significant associations between allergies to the Rosaceae
fruits apple, peach, pear, plum, cherry, and apricot have
been demonstrated independently of country. However, in
Northern and Central Europe (Sweden, Denmark, Estonia,
Lithuania, The Netherlands and Switzerland), allergy to
Rosaceae fruits are in all cases significantly associated
with birch pollinosis, which is not the case for studies
carried out in Spain (Table 5). In one of the Italian studies,
allergies to Rosaceae were both significantly associated
and not associated to pollen allergies indicating that more
different fruit allergy patterns can be found in this country.
Interestingly, in one of the Spanish and one of the Italian
studies, sensitization patterns were investigated for
profilin-sensitized patients only. According to the results
from these studies, profilin sensitization was significantly
associated with allergy to melon, watermelon, citrus fruits,
and banana and not Rosaceae fruits. As melon and
watermelon were associated with grass pollen allergy in
the Italian study and grass pollinosis were characteristic
for profilin-sensitized patients in Table 4, these results
suggest that profilin sensitization is not limited to
Rosaceae fruits. As opposed to this, PR-10 sensitization
was only significantly associated with Rosaceae fruits in
the Italian study (Table 5).

Discussion

Fruit allergy patterns in Europe

As judged from sensitization patterns to allergens,
Rosaceae fruits, and pollens in Tables 4 and 5, the disease
patterns vary across Europe, with considerable differences
between Western Mediterranean countries and Northern and
Central Europe with Italy holding an intermediate position.
This has also been confirmed in a study including 398
patients with an allergy to apple from The Netherlands,
Austria, Italy, and Spain [11].

In the Western Mediterranean areas, PR-10 sensitization
is almost absent, which can probably be explained by a low
distribution of birch trees [65]. However, sensitization to
both Bet v 1 and Bet v 2 has been demonstrated in a birch-
free area in Italy, where it was explained by exposure to
other Fagales pollen species (hazel and alder), which could

likely cross-react with birch pollen allergens [66]. Such
reactivity patterns therefore probably explain the few cases
of PR-10 sensitization in Spain and Portugal. In an
inhibition study with Spanish patients, it was demonstrated
that PR-10 was not involved in cross-reactivity between
grass, birch, and peach, confirming the minor role of PR-10
allergens [67]. In addition, a Spanish study including 92
patients with a history of allergy to apple found a
significant association between sensitization to Mal d 3
and Mal d 4 and outcome of double-blind placebo-
controlled food challenge (DBPCFC), while sensitization
to Mal d 1 were not associated with symptom development.
These results suggest that PR-10 sensitization is not
clinically relevant in this part of Europe. The major allergen
in the Western Mediterranean areas is LTP and judged from
the studies in Table 4, this allergen can be involved in both
class 1 and class 2 allergies, with mugwort and plane tree
pollen as likely primary sensitizers in the latter. It has been
demonstrated that extracts from grass and birch pollen do
not inhibit binding of IgE antibodies to Rosaceae fruits in a
serum pool from Spanish LTP sensitized patients, as
opposed to mugwort pollen, which did inhibit IgE binding
[65]. Therefore, it is likely, that presence of grass and birch
pollinosis is not associated to LTP sensitization. Profilin
sensitization is the second most important allergen in the
Western Mediterranean countries and both monosensitiza-
tion to profilin and co-sensitization to profilin and LTP
seem to be of clinical relevance (Table 4). According to the
results in Table 5, profilin sensitization is associated with
both Rosaceae and non-Rosaceae fruits, which is concor-
dant with the ubiquitous nature of profilin in plants. Two
other studies have confirmed this tendency [65, 68]. In one
of these studies, carried out in Spain, profilin-sensitized
patients allergic to Rosaceae fruits and pollens, were
sensitized to both a higher number of fruits and a wider
variety of fruits, including fruits outside the Rosaceae
family. Conversely, patients without pollinosis were not
sensitized to profilin and primarily demonstrated reactivity
to Rosaceae fruits only [65]. In the second study, profilin
sensitization was associated with a higher number of
positive IgE reactions to both different plant foods and
pollens [68]. Sensitization to more pollens was also a
characteristic for profilin-sensitized patients in a study by
Mari et al. [66]. The characteristic Western Mediterranean
allergy patterns seem to be similar for all Rosaceae fruits
with only strawberry as a possible exception. However,
peach allergy is most widespread and probably the primary
sensitizer in most cases.

In Northern and Central Europe Rosaceae fruit allergies
of class 1 and LTP sensitization are almost absent. The
major class 2 fruit allergy pattern characteristic for this area
is the association between birch pollen allergy and
Rosaceae fruit allergy, with PR-10 as the most frequent
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cross-reacting allergen. Although several Rosaceae fruits
can be involved, apple is most frequently associated with
birch pollen allergy. In a Finnish study [69], it has been
demonstrated that apple extract did not inhibit birch
extract when using a serum pool from 20 patients with
an allergy to apple, confirming that birch pollen is likely
the primary sensitizer. The second most widespread
allergy pattern in Central- and Northern Europe involves
profilin. However, no clear associations between profilin-
sensitized patients and pollen allergies can be determined
from the existing studies. It is likely that grass pollen is a
primary sensitizer like in the Western Mediterranean
countries, but monosensitization to profilin seems to be
less common in Northern- and Central Europe as judged
from the results in Table 4. The clinical relevance of

profilin is therefore hard to determine. In the Swiss study
in Table 5, two significant associations were found of
which one involved several pollens and plant foods, while
the other involved only birch and apple. This result could
likely be explained by profilin sensitization and PR-10
sensitization, respectively, and suggests that profilin
sensitization is associated with presence of several
concomitant allergies.

The Rosaceae fruit allergy patterns in Italy is a special
case, as both the Mediterranean and the Northern and Central
European allergy patterns can be found in this country. In
accordance with this, it has been demonstrated in one Italian
study that the frequency of LTP sensitization was higher in
the Southern parts of the country, where pollen-associated
fruit allergy was almost absent. Conversely, pollen-

Ca No.b Selection criteriac Method Significant associations between
pollen and fruit allergies and
different fruit allergies

Ref.

ES 61 PF and PO SPT For profilin-sensitized patients:
melon, watermelon and banana

[92]

ES 35 PF and PO SPT Apple, pear and plum [17]

ES 95 PO SPT Peach and apple; Peach and pear;
Peach and plum

[17]

ES 22 RF (confirmed by DBPCFC),
PO (59%)

DBPCFC Peach, plum, apple and apricot [93]

IT 262 PF SPT Apple, pear, and cherry were
associated with birch

[94]

Melon, watermelon, and orange
were associated with grass

Apple, watermelon, and melon
were associated with mugwort

Melon and cherry were associated
with parietaria

Peach, plum, cherry, and apricot

Apple and cherry; Apple and pear;
Melon and watermelon

IT 71 PF SPT For profilin-sensitized patients:
melon, watermelon, banana,
citrus fruits

[95]

For PR-10 sensitized patients:
apple, cherry, Rosaceae fruits

CH 111 PF (Apple, melon, peach, carrot,
potato and/or celery) and PO
(Birch, ragweed and/or grass)

CAP Two patterns of reactivity in
patients:

[96]

(1) Birch and apple

(2) Allergy to all included plant
foods and pollens

NL 43 FR (confirmed by RAST) and birch RAST Apple, peach, pear and cherry [97]

SE 293 PF and birch SPT Apple, Peach, pear, plum, cherry
and apricot were associated with
birch

[98]

SE 467 F SPT Apple, pear, Kiwi and stone fruits
were associated with birch

[13]

SE, DK,
EE,
LT,
RU

685 F SPT Apple, peach, pear, plum, apricot
and kiwi were associated with
birch

[14]

Table 5 Results from cross-
sectional studies investigating
associations between allergies to
fruits and pollens

aC country: CH Switzerland,
DK Denmark, EE Estonia, ES
Spain, IT Italy, LT Lithuania, NL
The Netherlands, PT Portugal,
RU Russia, SE Sweden
bN number of subjects
c Abbreviations used for patient
histories of allergy: PO (pollen
allergy), F (food allergy), FR
(fruit allergy)

DBPCFC double-blind placebo-
controlled food challenge. PF
(plant food allergy), RF Rosa-
ceae fruits
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associated fruit allergies dominated in the Northern parts of
the country [70].

In Fig. 3, the major Rosaceae fruit allergy patterns in
Europe are summarized. The cause for the geographic
differences in fruit allergies is unknown, but a likely
explanation is differences in pollen exposures. Furthermore,
genetic as well as cultural differences, such as eating habits,
possibly have an impact [13, 71, 72].

Limitations in findings

The studies reviewed in Tables 4 and 5 are limited to
relatively few countries, which implies a risk for biased
findings. The allergy pattern for the Western Mediterranean
area and Northern- and Central Europe may therefore be
altered, if future studies in neighboring countries, reveal
alternative allergy patterns. A limited number of patients
are included in the majority of studies and generally, the
subjects are selected based on predefined criteria. The
results from some studies might therefore be emphasized
too much in the interpretation of allergy patterns. In
continuation of this, the relative importance of the allergy
patterns depicted in Fig. 3 is impossible to confirm at this
time. Furthermore, peach allergy and apple allergy are by
far the best studied, and it cannot be left out that allergy
patterns might deviate slightly if more studies were carried
out for other Rosaceae fruits such as strawberry. Although
PR-10, profilin, and LTP allergen families are the most
important cross-reacting allergens, some Rosaceae fruits
contain other allergens (Table 1) and as these have not been
taken into account in this review additional allergy patterns
of Rosaceae fruits can probably be found.

The studies carried out investigating fruit allergies
generally do not report the full clinical patient histories of
pollen and fruit allergies and as these are closely linked to
allergen sensitization patterns this is an important short-
coming. Furthermore, sensitizations to all three major

allergen families have not been determined in all studies
and co-sensitizations to more allergens might therefore be
more widespread than the results from Table 4 suggests.
Finally, many studies only report data at the group level
which limits the possibilities to identify associations
between allergen sensitization patterns and specific allergies
to fruits and pollens.

Applicability of allergy patterns in the diagnosis of fruit
allergy and prescription of avoidance diets

Fruit allergy diagnosis is often established based on patient
history of adverse reactions to fruit combined with a
positive SPT and in vitro IgE test to fresh or commercial
fruit extracts [22]. However, due to the various sensitization
patterns across Europe, knowledge about the fruits involved
is not optimal in order to prescribe the safest and most
restricted avoidance diets, at this time. For example, heat-
treated fruits will be tolerable for PR-10 and profilin fruit
allergy sufferers as regards IgE-mediated reactions but not
for LTP fruit allergy sufferers. On the contrary, peeled fruits
will only be an alternative for some groups of LTP
sensitized patients. In a study by Asero et al. [73], it was
demonstrated that banana and melon were safe fruits to
consume for patients monosensitized to LTP based on open
food challenges and SPT tests with 49 patients. These
examples illustrate that availability of fruits for fruit allergy
sufferers could be increased in a safer way by applying
purified or recombinant allergens for testing rather than fruit
extracts. In addition, new hypoallergenic fruits could be
developed that are suitable for patients with specific allergy
patterns. Knowledge about the widespread allergy patterns in
Europe, as illustrated in Fig. 3 will make it easier to assess
which allergens are most relevant to test for a given patient
history of Rosaceae fruit allergy. Furthermore, the results in
Table 4 suggest that the allergen source used for testing is
of minor importance to establish whether a patient is

Fig. 3 Illustration of the most
widespread Rosaceae fruit
allergy patterns in Europe. Ovals
in dark gray represent sources of
primary sensitization, light gray
represent cross-reactions. Arrows
indicate co-sensitization. Entities
with numbers 1 (LTP), 2
(profilin) and 3 (co-sensitization
to LTP and profilin) are charac-
teristic for Western Mediterra-
nean areas. Entities with numbers
4 (PR-10) and 5 (co-sensitization
to PR-10 and profilin) are
characteristic for Central- and
Northern Europe
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sensitized to a specific allergen family and therefore the
number of test materials could likely be reduced consider-
ably by using purified or recombinant allergens.

Although knowledge about involved allergens could
probably improve the safety of prescribed diets, there are
still several important issues to clarify. One of the major
limitations in the studies included in this review is the
cross-sectional design which implies that knowledge about
disease development of fruit allergies over time is lacking
[21]. Determinants for development of allergies to more
fruits are therefore unknown. Furthermore, the tolerable
amounts of allergens might change over time depending on
allergen exposure. It has been demonstrated in challenge
tests that the amount of fruit tolerated before symptom
development varies highly among fruit allergy sufferers
[74–76] and therefore some fruit allergy sufferers might be
able to eat fruits in small portions without developing
symptoms. However, this is not advisable if tolerance levels
to allergens thereby decreases.

Conclusion

Sensitization patterns to the major allergen families, PR-10,
LTP, and profilin, in Rosaceae fruit allergenicity seem to
vary characteristically across Europe, with considerable
differences between the Western Mediterranean areas and
Central and Northern Europe. If the knowledge about
disease patterns is combined with patient disease history,
procedures for fruit allergy testing can likely be optimized
by the use of purified or recombinant allergens. Further-
more, such testing can be beneficial for fruit allergy
sufferers as knowledge about involved allergens may
contribute to increased and safer fruit availability.

Perspectives

The results from the review have been used to draft a web
site for fruit allergy sufferers, where they can identify their
type of fruit allergy and find information about fruit
products they can tolerate. In addition, the latest research
on hypoallergenic fruits, such as naturally low-allergenic
and genetically modified cultivars, will be presented.
Besides dissemination of knowledge to increase fruit
availability among fruit allergy sufferers, the web site could
contribute to the identification of how fruit allergy sufferers
perceive their fruit allergy in relation to fruit consumption.
This information portal will be drafted as a part of the
ISAFRUIT project (www.isafruit.org), an EU FP6 integrat-
ed project aimed to remove barriers to fruit consumption.
Future work in the area of fruit allergy could aim to identify
associations between numbers and types of the fruits,

pollens, and allergens involved, in order to investigate
whether the fruit allergy patterns outlined in this paper can
be further verified and specified. Additionally, it would be
interesting to carry out systematic studies that covered
wider parts of Europe and longitudinal studies to investi-
gate development of fruit allergies over time.
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