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Summary

Background: Lipid transfer proteins (LTP) are a frequent elicitor of anaphylaxis to
plant-derived food allergens in southern Europe.

Patients and methods: 15 German patients with LTP allergy were compared to 17
patients with birch-related food allergy (BRFA) using a detailed anamnesis, serology,
skin tests, and the FAQLQ-AF quality of life questionnaire.

Results: While patients with BRFA mainly reacted to tree nuts, and pome and stone
fruits, LTP allergic individuals reported vegetables, berry fruits, cereals, and seeds as
common additional elicitors. Anaphylaxis was associated with cofactors in 73 % of
LTP allergic patients compared to only 6 % in BRFA (P < 0.001). Symptoms occurred
delayed by more than one hour in 40 % and were triggered by raw and cooked food-
stuffs in 86 % of LTP allergic patients, compared to only 6 % and 41 % of BRFA patients,
respectively. A peach prick test was positive in all LTP allergic patients, but only in
15 % of BRFA patients (P < 0.001). Although patients with LTP allergy reported severe
anaphylaxis more frequently, quality of life did not differ between groups.
Conclusions: Anaphylaxis to plant-derived foodstuffs warrants assessment by IgE
detection to Pru p 3 and skin tests with peach extract, particularly if cofactors and
intolerance to heated foodstuffs are related.
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Introduction

With a prevalence of approximately 6 %, food allergy repre-
sents one of the most important immediate type allergies in
Europe with substantial variation in causative foods across
different European areas [1]. Non-specific lipid-transfer pro-
teins (nsLTPs) are ubiquitous proteins in plant-derived food-
stuffs and pollen [2]. LTP syndrome was first reported in Italy
and Spain, where the 9 kDa LTP of peach (prunus persica),
Pru p 3, was identified as marker allergen [3]. In southern
Europe LTP allergy is considered the most frequent primary
food allergy. Clinical manifestations range from mild contact
urticaria to potentially life-threatening anaphylactic reac-
tions [4]. Due to the widespread distribution of LTPs in fru-
its, vegetables, legumes, nuts, seeds, and cereals LTP allergic
individuals often suffer from allergic symptoms after ingesti-
on of various plant-derived foodstuffs [5, 6]. Therefore, he-
alth-related quality of life (HRQL) is expected to be reduced.

In central and northern Europe, birch-related food aller-
gy (BRFA) represents the most common form of food allergy

[7] confirmed by IgE detection to the major birch pollen
allergen Bet v 1. Patients are primarily sensitized to pollen
of birch (Betula verrucosa) manifesting as allergic rhinitis
or asthma. Sensitization to homologous PR10-proteins in
birch-related foodstuffs is associated with secondary food
allergy. Affected patients are burdened by contact urticaria
of the oropharyngeal sites (oral allergy syndrome) and, less
frequently, by systemic allergic reactions after consumption
of foodstuffs containing Bet v 1-homologs, for example pome
and stone fruits, hazelnut, soy, kiwifruit, or carrot.

Health-related quality of life as assessed by means of
the Food Allergy QoL Questionnaire — Adult Form (FA-
QLQ-AF) was shown to be impaired, particularly in women,
elderly individuals, and those with multiple relevant food al-
lergies [8].

While nearly 70 % of adults with peanut (Arachis hypo-
gaea) allergy in the Mediterranean area react to the LTP Ara
h 9, severe peanut allergy in Central Europe is mostly due
to sensitization to peanut storage proteins, such as Ara h 2.
In contrast, sensitization to the Bet v 1 homolog Ara h 8 is
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more common in central Europe, with predominantly mild
symptoms [9, 10].

In the last five years, increasing evidence for occurren-
ce of LTP allergy in Central Europe has been published,
although the LTP-sensitizing source remains elusive. Faber
et al. calculated a prevalence of 25 % in a group of Belgian
patients allergic to pollen and/or plant food [11]. However,
the majority of these patients showed clinically silent sensi-
tization to the LTPs from peach, apple, peanut, or hazelnut.
In contrast, severe food-induced anaphylaxis could be attri-
buted to Pru p 3 sensitization in 10/13 Austrian patients with
reactions to plant-derived food such as apricot, raspberry,
and peach [12]. Furthermore, cabbage, lettuce, and mustard
were additionally identified as LTP-containing foodstuffs in
native British patients with LTP allergy [13]. In Germany,
only casuistic evidence of LTP allergy has been reported to
date [14, 15].

The aim of this study was to characterize all patients
with LTP allergy diagnosed in our department in the past five
years with regard to eliciting foodstuffs, clinical manifesta-
tions, the role of cofactors, and HRQL. To better understand
this burdensome condition in a German cohort, LTP allergic
patients were compared to patients with BRFA.

Patients and methods

Patients and data collection

This prospective monocentric study included 15 adult pati-
ents with LTP allergy, consecutively diagnosed at the Depart-
ment of Dermatology, Allergy and Dermatosurgery, Helios
University Hospital Wuppertal, Germany, between January
2016 and February 2021.

Diagnosis was confirmed by a history of previous ana-
phylactic reactions to plant foods and serological detection
of IgE antibodies to the peach LTP Pru p 3 (> 0,35 kU/I, Im-
munoCAP, Thermo Fisher Scientific, Freiburg) or to the whe-
at LTP Tria 14.

The control group consisted of 17 consecutive adult pa-
tients with BRFA seeking advice in our department between
April 2020 and March 2021. Birch-related food allergy was
diagnosed in patients with clinical symptoms of an imme-
diate-type allergy after ingestion of birch pollen-associated
foodstuffs with sensitization to birch. The latter was confir-
med by skin prick test for birch and/or specific IgE to Bet v 1
or its homologs. BRFA patients with IgE antibodies specific
to Pru p 3 were excluded from the control group.

All patients gave written informed consent to participa-
te in the study. Ethical approval was obtained by the Ethics
Committee of the University of Witten/Herdecke.

The following data was collected from all LTP allergic
and BRFA patients: each implicated food remembered by

the patient, severity and symptoms of clinical manifesta-
tions upon different occasions, presence of co-factors, delay
between food ingestion and start of clinical symptoms, and
whether raw foodstuffs only elicited symptoms.

Furthermore, the majority of patients completed the Ger-
man version of the FAQLQ-AF [8]. It consists of 29 questions
with answer possibilities corresponding to an ordinal scale
from 1 (no impairment) to 7 (maximum impairment due to
the food allergy). Each question relates to one of four subsca-
les (Allergen Avoidance and Dietary Restrictions [AADR],
Emotional Impact [EI], Risk of Accidental Exposure [RAE],
and Food Allergy Related Health [FAH]).

Allergological work-up

Serum analysis including determination of total IgE (kU/I),
IgE to Pru p 3 (kU/I), sx1 (kU/l), and fx5 (kU/l) was per-
formed. Specific IgE to implicated foodstuffs was assessed
by use of extracts or component-resolved diagnostics (for ex-
ample, IgE to apple LTP Mal d 3, walnut LTP Jug r 3, or IgE
to banana, grape, chickpea, sesame).

Skin prick-tests were performed with a selection of ae-
roallergens (birch, ash, grass, and mugwort) and with com-
mercial extracts for wheat flour, soy, peanut, hazelnut, wal-
nut, celery, and an LTP-enriched peach extract (ALK-Abello,
Hamburg, Germany). Tests were read after 20 minutes, and
a wheal diameter > 3 mm was considered positive. Additio-
nal prick to prick tests were performed with fresh foods to
confirm the sensitization to implicated foods, for example
different berries, tree nuts, legumes, vegetables, seeds, and
native flour of different grains. Prick tests were not evaluable
in all patients.

Statistical analysis

Data were processed using IBM SPSS Statistics 27 (SPSS,
Chicago, Illinois, USA) and visualized using Microsoft Excel
2016 for Windows. For descriptive analysis of continuous va-
riables, medians and interquartile range (IQR) are reported.
Differences between LTP allergic and BRFA patients were
assessed using the independent sample t-test and Pearson’s
Chi-Squared test. Results were considered statistically signi-
ficant at a P value < 0.05.

Results

Characteristics of patients with LTP allergy
and BRFA

The group of LTP allergic patients was younger (median
age 33 years, IQR 28-44) than the BRFA patients group
(55 years, IQR 36-68), while male:female ratio was nearly
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identical. Particularly in the LTP allergy group, a substantial
delay between first symptoms of food allergy and a precise
diagnosis was reported (median delay 5 years).

Ten out of fifteen LTP allergic patients (67 %) suffered
from associated rhinoconjunctivitis. Six of these patients
(40 %) presented elevated IgE to both LTP and PR10 pro-
teins, and a positive skin prick test to birch pollen extract.
The remaining 9 LTP sensitized patients (60 %) had no birch
pollen allergy. Four of these patients showed an isolated sen-
sitization to grass pollen and/or mugwort.

Serological allergy work-up revealed slightly higher to-
tal IgE values in the LTP allergy group, but there were no
statistically significant differences with regard to total IgE le-
vels, sx1 aeroallergy, and fx5 food allergy screening between
LTP and BRFA groups. The patient data are summarized in
Table 1.

Allergenic foods

The majority of LTP allergic patients reported clinical ma-
nifestations after ingestion of stone and pome fruits (12/15,
80 %) with peach (8/15, 53 %) and apple (7/15, 47 %) being
the most frequently reported single foodstuffs within this
group (Figure 1, Table 2). Second and third most frequently
implicated food groups were vegetables in 11/15 (73 %) LTP
allergic patients (with tomato being the most common aller-
genic food), and tree nuts in 9/15 (60 %). Furthermore, 8/15
(53 %) LTP sensitized patients reported allergic reactions to
berry fruits including strawberry, raspberry, and grapes, 5/15
(33 %) each to cereals and legumes, and 3/15 (20 %) to seeds.
9/15 (60 %) LTP allergic patients recalled allergic reactions
to other foods containing citrus fruits, exotic fruits (such as
bananas), and curry.

Table 1 Comparison between patients with LTP allergy and BRFA.

Parameter LTP allergic patients BRFA patients (n = 17) P value
(n=15)
Epidemiological data Sex 9 women, 6 men 10 women, 7 men N.d.
Age (years) 18—67 (median 33, IQR 25-73 (median 55, IQR N.d.
28-44) 36—68)
Latency between first symptoms 2—422 (median 59, IQR  0—363 (median 13, IQR N.d.
and diagnosis (months) 1-117) 0—143)
Most relevant Total IgE (kU/I) 222.0 (75.75—350.50) 101.85 (49.88—154) 0.18
serological findings sx1 (kU/I) 2.81(0.46—20.80) 14.1 (5.19—24.03) 0.37
fx5 (kU/I) 0.42 (0—0.94) 0.0 (0—0) 0.50
IgE Pru p 3 (> 0,35 kU/I) 2.21 (0.78—4.85) 14/15 o/17 (0 %) N.d.
(93 %)
Prick test results Positive for peach extract (ALK) 15/15 (100 %) 2/13 (15 %) < 0.001
Positive for birch pollen extract 6/13 (46 %) 13/13 (100 %) N.d.
Positive for any pollen allergen 10/13 (77 %) 13/13 (100 %) N.d.
Manifestations of im- Oral allergy syndrome 13/15 (87 %) 16/17 (94 %) N.d.
mediate type allergy  contact urticaria 6/15 (40 %) 4/17 (24 %)
Systemic symptoms 15/15 (100 %) 15/17 (88 %)
Maximum severity of Grade 1 4/15 (27 %) 9/17 (53 %)
anaphylactic reactions - 4e 5 3/15 (20 %) 6/17 (35 %) 0,023
Grade 3 8/15 (53 %) 2/17 (12 %)
Latency until start of <15 minutes 5/15 (33 %) 16/17 (94 %) < 0.001
first symptoms 15—60 minutes 10/15 (67 %) 1/17 (6 %) < 0.001
1-6 hours 6/15 (40 %) 1/17 (6 %) 0.019
Continued
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Table 1 Continued.
Parameter LTP allergic patients BRFA patients (n = 17) P value
(n=15)
Presence of cofactors At least one cofactor reported 11/15 (73 %) 1/17 (6 %) < 0.001
Food processing and Raw and cooked food eliciting 12/14 (86 %) 7/17 (41 %) 0.024
allergy induction symptoms
Quality of life as mea-  AADR 3.37 (2.75—5.11) 3.27 (2.27—4.91) 0.68
AW/ 937 QIR El 436 (3.68-5.47) 4.43 (3.1-5.6) 0.46
RAE 4.07 (3.29—6.07) 4.63 (3.5—5.25) 0.66
FAH 5.17 (4.25—5.67) 4.67 (3.67—5.67) 0.19
Total score 4.18 (3.63—5.12) 4.38 (2.66—5.28) 0.51

For continuous variables median and IQR are presented.

sx1 corresponds to a screening for sensitization to inhalant allergens and includes house dust mite, timothy, rye, birch, and
mugwort. fx5 is a screening for sensitization to food allergens including egg white, milk protein, cod, wheat flour, peanut,

and soy.

Abbr.: LTP, lipid transfer proteins; BRFA, birch-related food allergy; FAQLQ-AF, food allergy quality of life questionnaire —
adult form; El, emotional impact; RAE, risk of accidental exposure; FAH, food allergy related health.

All BRFA patients reported allergic symptoms after inge-
stion of tree nuts, followed by stone and pome fruits (14/17,
82 %) and other foods (7/17, 41 %) including kiwi and citrus
fruits. Allergic reactions due to vegetables, berries, legumes,
seeds, and cereals occurred rather rarely in BRFA patients
(Figure 1, Table 2).

One LTP allergic patient reported symptoms solely after
wheat ingestion, while the remaining 14 LTP allergic patients
considered at least three of the aforementioned food groups
as elicitors of symptoms (average 4 different food groups). Si-
milarly, BRFA patients referred on average to three causative

Clinical manifestations

All 15 LTP allergic patients and 15/17 (88 %) BRFA pati-
ents had a history of systemic reactions after food ingestion
varying from grade 1 to 3 according to Ring and Messmer
(Figure 2). Two BRFA patients reported oral allergy syn-
drome only. Seventy-three percent of LTP allergic patients
(11/15) had previously sought medical assistance at least
once in contrast to 8/17 (47 %) BRFA patients. While 8/15
(53 %) LTP allergic patients had reported at least one gra-
de 3 anaphylactic reaction in the past, the highest grade of

food groups. anaphylaxis in the majority of BRFA patients was grade 1
100%
100
90
80% 82%
s 80 73%
= 0
2 60% 60%
g 60
B 53%
& 86
5 41%
o 40
-§ 30 29% = =
z 24%
20 18% 20%
10 6%
i =
2 Figure 1 Food groups eliciting aller-
Stoneand  Treenuts  Vegetables Berries Legumes Seeds Cereals Others . . . . . .
pome fruits gic manifestations in patients with

Eliciting food groups

ELTP mBRFA

lipid transfer protein (LTP) allergy and
birch-related food allergy (BRFA).
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Table 2 Comparison of most common eliciting foods bet-
ween LTP allergic and BRFA patients.

Food group Plant food  LTP allergic BRFA
patients patients
(n =15) (n=17)
Stone and Peach 8 5
pome fruits Apple 7 3
Plum 3 1
Cherry 6 7
Nectarine 2 1
Pear 3 o)
Apricot o 2
Tree nuts Hazelnut 5 15
Walnut 5 6
Cashew nut 1 1
Pistachio 2 o
Pecan o 1
Brazil nut o 1
Macadamia o 1
nut
Almond 2 3
Vegetables Paprika 3 o
Tomato 4 o
Celery 1 4
Fennel o 1
Zucchini 1 o
Lettuce 2 o
Arugula 1 o
Cucumber 2 o
Potato 3 2
Carrot 3 5
Cabbage 1 1
Beetroot 1 o
Radishes 1 o
Berries Strawberry 5 3
Blackberry 2 o
Blueberry 2 o
Raspberry 3 o
Grape 4 2
(Raisin)

Table 2 Continued.

Cranberry 1 o
Currant 1 o
Cereals Wheat 4 1
Spelt 1 o
Rye 1 o
Corn 2 o
Barley 1 o
Rice 1 o
Seeds Sesame 1 o
Mustard 1 o
Sunflower 1 o
seed
Legumes Chickpea 1 o
Lupine 1 o
Soy 1 2
Peanut 2 1
Others Pineapple 1 o
Banana 4 1
Kiwi 4 5
Passion fruit o 1
Coconut o 1
Orange 1 3
Tangerine 1 [
Curry 2 1

anaphylaxis in 9/17 (53 %) patients (P = 0.023) (Figure 2,
Table 1).

A vast majority of LTP allergic individuals (13/15, 87 %)
reported additional contact urticaria of the oropharynx af-
ter ingestion of plant derived foods. Furthermore, 6/15 LTP
syndrome patients (40 %) suffered from contact urticaria
when peeling potatoes or cucumber, touching strawberries,
or kneading a wheat-containing bread dough. Similarly, 4/17
BRFA patients (24 %) reported contact urticaria related to
potatoes and fruits, but not to cucumber.

Significant differences were identified with regard to
the delay between food ingestion and appearance of first
symptoms. While most BRFA patients (16/17, 94 %) de-
veloped clinical manifestations within 15 minutes after
food intake, a delay of 15-60 minutes or even 1-6 hours
was not uncommon in LTP allergic patients (P < 0.019)
(Figure 3, Table 1).
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Cofactors and relevance of food processing

While cofactors were relevant in eliciting allergic reactions
in 11/15 (73 %) LTP allergic patients, only 1/17 (6 %) BRFA
patients recalled associated cofactors (P < 0.001). The most
common cofactor in LTP allergy was physical activity in
47 %, followed by consumption of alcohol or non-steroidal
anti-inflammatory drugs (NSAIDs) in 27 %, respectively
(Figure 4).

Eighty-six percent of the patients with LTP allergy
(12/14) reported clinical symptoms after ingestion of raw and
cooked plant foods, while one patient was unsure about this
question. In contrast, only 7/17 (41 %) BRFA patients repor-
ted allergic reactions after eating cooked food (P = 0.024). In
the majority of BRFA patients heating of the foods led to a
better tolerance (Figure 5, Table 1). The processed foods that
elicited allergic reactions in LTP patients were most com-
monly cherry and black currant jam or cake with walnut,
hazelnut, apple, or raisins.

Diagnostic features

All but one LTP allergic patient demonstrated elevated spe-
cific IgE antibodies to the peach LTP Pru p 3 (93 %, median
2.21 kU/1, IQR 0.78-4.85). One patient showed an isolated
sensitization to wheat LTP Tri a 14 in accordance with the
clinical history.

By skin prick test using peach extract, all LTP allergic
patients showed a positive reaction corresponding to a sen-
sitivity of 100 % although only 8/15 (53 %) patients repor-
ted clinical symptoms after ingestion of peach. Interestingly,
even the patient with isolated IgE to the wheat LTP reacted
to the peach prick test. In the BRFA group, only 2/13 patients
(15 %) had a positive skin prick test to peach extract.

Quality of life

Most patients had self-completed the FAQLQ-AF ques-
tionnaire and quality of life was clearly impaired in both
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groups. The median overall FAQLQ-AF score was slightly
higher in BRFA patients while the median value for Food
Allergy Related Health (FAH) was higher in LTP allergic pa-
tients. There were no statistically significant differences bet-
ween BRFA and LTP allergic patients (Table 1).

Discussion

In our department, 15 patients with LTP allergy were diag-
nosed in the past five years corresponding to 1.5 % of all out-
patients in the allergy clinic. Therefore, this condition may be
more important in Germany than previously reported.
Diagnosis of LTP allergy may be impeded by the fact
that cofactors such as physical exercise, intake of NSAIDs,
or acute infections are often required for elicitation of aller-
gic symptoms after ingestion of plant-derived food allergens.
This may explain the longer delay between food intake and
onset of symptoms as demonstrated by 40 % of our LTP all-
ergic patients, who reported a delay by more than one hour,

allergy induction.

significantly longer than in BRFA. Only 6 % BRFA patients
reported cofactors in contrast to 73 % LTP allergic patients
in line with previously published studies indicating that co-
factors are associated with LTP allergy in a majority of pati-
ents [13, 16].

Wheat-dependentexercise-induced anaphylaxis (WDEIA)
in central and northern Europe represents to date the most
common variant of food-dependent exercise-induced ana-
phylaxis (FDEIA) [17]. It is usually triggered by sensitizati-
on to omega-5-gliadin (Tri a 19), but some patients react to
other wheat allergens, for example y-gliadin [18]. The wheat
LTP, Tri a 14, however, is a major allergen in baker’s asthma
and has only rarely been identified as causative allergen of
WDEIA [16, 19, 20]. Our LTP patients group included one pa-
tient with isolated sensitization to Tri a 14, but not to Pru p 3,
manifesting in repetitive urticaria and angioedema occurring
several hours after wheat ingestion in relation to cofactors. In
line with this finding, it has been shown that Tri a 14 is only
rarely subject to co-sensitization with other LTPs [21].

© 2022 The Authors. Journal der Deutschen Dermatologischen Gesellschaft published by John Wiley & Sons Ltd on behalf of Deutsche Dermatologische Gesellschaft. | JDDG | 1610-0379/2022/00



Original Article LTP allergy

In the Mediterranean area, LTP syndrome was found to
be the most common elicitor of FDEIA [16, 22] with peach
and apple being the most important eliciting foodstuffs [35,
23]. In our study, only 8/15 patients reported peach as elici-
ting food, indicating that other, LTP containing food sources
are likely to be relevant as causative allergens. According to
our LTP allergic patients’ medical history, vegetables (inclu-
ding tomatoes, cucumber and lettuce), all types of red berries
and grapes, legumes (for example, peanut, lupine, chickpea),
seeds (for example, sesame, mustard, sunflower seeds), and
cereals (for example, wheat, maize, rice) were elicitors of
food allergy. In contrast, tree nuts (for example, hazelnut,
walnut), and pome and stone fruits (for example, peach, ap-
ple, cherry) were mentioned as frequent causes of clinical
manifestations in patients with both BRFA and LTP allergy.
These findings confirm the published knowledge about rele-
vant LTP allergens in other countries and demonstrate once
more that LTP syndrome patients often react to a multitude
of different plant-derived foodstuffs [12, 13, 24-26]. Howe-
ver, it is conceivable that the broad spectrum of foods leading
to symptoms in our LTP allergic patients may be influenced
by the co-sensitivity to birch or other pollen in part of the
studied group.

Since component-resolved diagnostics is to date only
commercially available for peach LTP Pru p 3, peanut Ara
h 9, hazelnut Cor a 8, walnut Jug r 3, and wheat Tri a 14,
extension of the panel of LTPs for molecular allergy diagno-
stics is desirable [6]. Fortunately, our data show that the dia-
gnostic utility of skin prick tests with Pru p 3 enriched peach
extract is excellent, reaching high specificity and a sensitivity
of 100 %. Similarly, Skypala et al. reported positive peach
prick tests in 91 % of their LTP allergic patients [13], and
Asero et al. demonstrated a diagnostic accuracy of even 98 %
[27]. Therefore, routine skin prick tests with peach extract
in patients with suspected food allergy may enable an early
diagnosis of this burdensome condition.

Lipid transfer proteins are heat resistant allergens as re-
flected by the finding that 86 % of our LTP allergic pati-
ents reacted to raw and cooked foodstuffs in contrast to only
41 % BRFA patients. Similar observations have been pub-
lished for British and Austrian patients [12, 13]. Although
53 % of our LTP allergic patients had reported at least one
grade 3 anaphylactic reaction in the past compared to only
12 % BRFA patients, the range of clinical manifestations was
broad in both groups. Several patients reported both mild
oral symptoms or contact urticaria when peeling potatoes or
cucumber, and on other occasions anaphylactic reactions to
LTPs.

We also assessed the impairment of HRQL of LTP al-
lergic patients in comparison to patients with BRFA, for
two reasons: First, BRFA represents the most common form
of food allergy in Europe. Second, the FAQLQ-AF was

previously used to assess HRQL in German-speaking adults
with BRFA [8] and it has proven to be a suitable instrument.
Beyer et al. calculated a mean overall FAQLQ-AF score of
3.7 (= 1.6) corresponding to a mild to moderate impairment
of HRQL in BRFA patients. Our analysis revealed similar
values without a significant difference between LTP aller-
gic and BRFA patients. In contrast, a statistically significant
decrease in HRQL compared to BRFA patients was reported
in British patients with LTP syndrome [13]. This is likely due
to the fact that all patients in this British cohort had a his-
tory of severe reactions. However, this does not necessarily
represent the usual spectrum of mild to severe allergic mani-
festations occurring in LTP allergy [4]. Taken together, LTP
allergy clearly affects HRQL because of the high number of
potential food triggers and the relevance of cofactors. The
latter renders prediction of allergic reactions to foodstuffs
difficult [28, 29].

Limitations of this study are that the diagnosis of food
allergy was based on patients’ personal accounts, on skin and
serological tests, but not on oral food provocation. It is con-
ceivable that eliciting foodstuffs were affected by recall bias,
since culprit foods may vary and cofactors may hamper iden-
tification of causative foods. Moreover, given its monocentric
design larger studies with age- and sex-matched controls are
recommended.

The increasing geographical spread of LTP sensitization
highlights the growing impact of LTP allergy and a need for
prevention and therapy. The latter is currently mainly based
on avoidance of causative foods and use of rescue medication
in case of accidental exposure. The difficulty in predicting
which foodstuffs may provoke reactions, however, render
avoidance difficult. Therefore, patients may benefit from sub-
lingual immunotherapy with Pru p 3 [30, 31].

In conclusion, this systematic analysis demonstrates the
importance of prick tests with peach extract and IgE detec-
tion to Pru p 3 for diagnosis of LTP allergy in German pati-
ents. In addition to tree nuts, and pome and stone fruits as in
BRFA, various vegetables, berry fruits, cereals, legumes, and
seeds are frequent causes of LTP related food allergy. Delayed
clinical reactions, presence of cofactors, and reactions to raw
and cooked plant derived foodstuffs are indicative of LTP
allergy.
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