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Summary
Background. Follow-up data about the onset of novel food allergies in patients allergic to 
lipid transfer protein (LTP) are missing. We investigated the occurrence of novel allergies over 
time in LTP hypersensitive patients. Methods. Sixty-seven LTP-allergic patients recommend-
ed to avoid foods responsible for systemic reactions and encouraged to eat other sensitizing 
foods avoiding the association with known co-factors, were re-evaluated after ≥ 1 year to assess 
the occurrence of allergy to novel foods. IgE to rPru p 3, rBet v 1, and r Phl p 12 were mea-
sured. Results. At baseline, the most frequent offending foods were Rosaceae / Prunoideae, tree 
nuts, and peanut. Most patients reacted to > 1 food, and 77% experienced systemic allergic 
reactions. Those monosensitized to LTP showed a higher prevalence of food-induced systemic 
reactions than patients co-sensitized to profilin and/or PR-10 (p < 0.01). Baseline Pru p 3 
IgE levels did not differ between patients with local symptoms or systemic symptoms. 1-16 
years after the baseline evaluation 18/67 (27%) patients had experienced new food allergies; 
8 and 10 reported local or systemic symptoms following the ingestion of previously tolerated 
foods. Again, most new allergies were caused by Rosaceae / Prunoideae, tree nuts, and peanut. 
The clinical evolution did not depend on baseline total IgE, co-sensitization to PR-10 and/or 
profilin, or Pru p 3 IgE levels. Conclusions. Rosaceae / Prunoideae, nuts and peanut are the 
most frequent cause of new food allergies in the long term. Their exclusion from patient’s diets 
at baseline should be considered on an individual basis. 
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Introduction

Nonspecific lipid transfer protein (LTP) is by far the main cause 
of primary food allergy in Italian adults (1) and generally in 
the Mediterranean European Countries, and is responsible for 
the largest number of food-induced anaphylactic reactions as 
well (2). Due to the widespread distribution of LTP in the plant 
kingdom, and to the cross-reacting nature of this protein, hy-
persensitive patients are potentially at risk of experiencing aller-
gic reactions following the ingestion of an array of botanically 
unrelated fruits and vegetables. However, the clinical expression 
of LTP hypersensitivity is extremely variable, with many pa-

tients that tolerate foods they are strongly sensitized to (3-5), 
others that react only in the presence of co-factors such as exer-
cise, NSAIDs, or alcoholic beverages, and subjects experiencing 
severe allergic reactions despite low specific IgE levels. This pos-
es serious ethical problems to doctors dealing with LTP-allergic 
patients. In fact, whether patients should be advised to avoid 
all foods to which they are sensitized albeit tolerant, or be rec-
ommended to pursue their ingestion, is still undefined. To the 
best of our knowledge, no follow-up data exist in LTP-allergic 
patients, in terms of frequency and clinical presentation of novel 
food allergies over time. The aim of the present study was to 
investigate in the long term the occurrence of novel plant food 
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The effects of such policy were assessed about every year during 
the follow-up visits, when patients were thoroughly interviewed 
about their compliance to the prescribed diet regimen and the 
occurrence of further, new allergic reactions (either local or sys-
temic) to foods that were tolerated before. Hypersensitivity to 
novel, clinically offending foods was assessed by SPT with com-
mercial extracts and/or fresh material as reported above, if not 
already detected at the baseline visit.

In vivo-tests

Along with SPT with the commercial peach extract, SPTs with 
a standard panel of commercial plant food extracts (ALK-Abellò 
1/20 w/v) including apple, peanut, wheat, soybean, walnut, 
hazelnut, tomato, carrot, celery, and almond were carried out. 
Hypersensitivity to reportedly offending foods other than those 
included in the commercial panel was confirmed by SPT using 
fresh material by the prick-prick technique.
SPTs were carried out on the volar side of the forearm with 
a sterile, 1 mm-tip lancet (ALK-Abellò) pricking through the 
drop of the extract. Readings were taken after 15 min, and re-
sults were assessed by established methods (8). A SPT with his-
tamine 10 mg/ml was carried out as positive control.

In vitro tests

Serum specific IgE levels to rPru p 3 (the peach LTP), rBet v 1 
(the major birch pollen allergen, representative of the cross-re-
active PR-10 allergen family), and r Phl p 12 (grass profilin, 
as a representative of all homologous allergens) were measured 
by ImmunoCAP (ThermoFisher Scientific), immediately after 
the baseline visit or during the follow-up visit when they be-
came commercially available. Values < 0.35 kU/l were consid-
ered negative. Total IgE were measured as well in 21 patients.

Statistics

Proportions were compared by chi-square test with Yates’ cor-
rection. Specific IgE levels were compared by two-tailed Stu-
dent’s t-test. Probability values < 0.05 were considered statisti-
cally significant.

Ethics

Patients gave an informed consent to in vivo and in vitro in-
vestigations and to the use of their clinical data for research 
purposes in an anonymous form. In view of the purely obser-
vational nature of the study, along with the fact that all the 
interventions were part of routine clinical practice, a formal 
approval by the Ethical Committee was not needed and was 
not requested.

allergies in LTP-allergic patients, in response to the recommen-
dation to avoid only known offending foods and to continue to 
eat other plant foods irrespective of sensitization status.

Patients and methods

Patients

Sixty-seven subjects (m/f 31/36; mean age at the first visit 33.8 
years; range 6-56 years) were included in the present study. 
All presented spontaneously at one of the two participating 
allergy centers during the last 16 years due to probable food 
allergy, and were diagnosed as having LTP allergy based on 
clinical history and reactivity to SPT with a commercial peach 
extract (ALK-Abellò) containing 30 mcg/ml of Pru p 3. Pre-
vious studies showed that commercial peach extracts lack the 
labile allergens Pru p 1 (PR-10) and Pru p 4 (profilin) (6). We 
also had an in-house purified peach LTP extract prepared by 
our lab, to use when commercially LTP enriched peach extract 
or rPru p 3 and other rLTPs were not yet available in Immu-
noCAP (7).
At the baseline visit, patients underwent a thorough inter-
view to ascertain all food-induced adverse reactions occurred 
before. Reported symptoms were classified as local (contact 
urticaria [CU], or oral allergy syndrome [OAS]) or systemic 
(urticaria / angioedema or anaphylaxis). OAS was defined as 
the occurrence of oral itching, with or without angioedema of 
the lips and/or tongue, a few minutes after the ingestion of an 
offending food on at least 2 distinct occasions. Patients co-sen-
sitized to PR-10 proteins and/or profilin were also considered 
allergic to LTP when they had a history of systemic symptoms 
or, alternatively, of OAS following the ingestion of cooked or 
industrially processed foodstuff, as it is well known that in 
such foods labile proteins are no longer allergenic. Systemic 
reactions were considered as possibly food-induced if they oc-
curred within 2 h after the ingestion. Hospital and emergency 
department recordings were analyzed as well, when available. 
All patients with a history of systemic reaction had already 
spontaneously withdrawn the putative offending food from 
their diets at the time of the first visit, whereas those with a 
history of local reactions were still on a free diet in most cases. 
At the end of the baseline visit, patients were recommended to 
go on avoiding the food(s) responsible for systemic reactions, 
and were encouraged to continue eating all the other sensitiz-
ing foods, with the only caveat to avoid the association with 
known co-factors such as exercise, nonsteroidal anti-inflam-
matory drugs, and alcoholics. Further, patients were recom-
mended to peel the sensitizing fruits where possible. Patients 
were left free to stop eating foods causing local symptoms if 
they induced excessive discomfort.
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Results

Baseline data

The baseline clinical features of the study population, along 
with the offending foods and the clinical characteristics of aller-
gic reactions, are summarized in table I. Specific IgE to rPru p 3 
were measured in 65/67 patients, and confirmed LTP sensitiza-
tion in all cases. rPru p 3 IgE levels ranged from 0.39 kU/L to > 
100 kU/L (mean 13.02 kU/L). Nineteen patients were co-sen-
sitized to PR-10, as shown by rBet v 1 IgE levels ranging from 
0.65 to > 100 kU/L, and 5 patients were co-sensitized to profilin 
(IgE to rPhl p 12 ranging from 0.37 to > 100 kU/L). Thirteen 
further patients were co-sensitized to both PR-10 and profilin. 
Total IgE were measured in 21 patients and ranged between 30 
and 5000 kU/L.
At the baseline visit, the most frequently reported offending 
foods belonged to the Rosaceae / Prunoideae family (peach, 
apricot, plum, cherry, apple, pear, loquat, almond) and caused 
clinical symptoms in a total of 48 (71%) patients, specifically 
oral allergy syndrome in 34 subjects, urticaria in 12, contact 
urticaria in 8, gastrointestinal symptoms in 2, anaphylaxis in 
7 cases, and FDEIA in 3. Tree nuts (n = 34 [51%]) and pea-
nut (n = 13 [19%]) were also a frequent cause of food-induced 
symptoms, whereas other fruits and vegetables such as tomato, 
onion, citrus fruits, legumes, pesto sauce, beer, grapes, Brazil 
nut, lettuce, broccoli, and others were less frequently involved 
(table I). Most patients experienced allergic reactions following 
the ingestion of more than one LTP-containing plant-derived 
food on different occasions. The peach was by far the most fre-
quent cause of contact urticaria (n = 7), the other two cases 
being associated with apple and rice, respectively.
Fifty-two (77%) patients experienced systemic symptoms (ur-
ticaria / angioedema, anaphylaxis, or FDEIA) following the in-
gestion of offending foods. Again, Rosaceae / Prunoideae, tree 
nuts and peanut were by far the most frequent offenders. Other 
foods inducing systemic reactions in > 2 patients included to-
mato, lettuce, beer, onion, and grapes. Tree nuts (n = 9) and 
peanut (n = 8) were the foods most frequently causing anaphy-
lactic reactions while, surprisingly enough, tomato was the food 
most frequently involved in FDEIA (n = 4). The LTP reactivity 
to tomato was confirmed by the prick-prick technique, using 
a commercially available triple concentrate tomato paste or by 
skin prick test with an in house tomato extract, obtained from 
triple concentrate commercially available tomatoes (9). 
In view of the high prevalence of co-sensitization to PR-10 and/
or profilin, the 30 patients monosensitized to LTP were ana-
lyzed separately, and grouped on the basis of the clinical symp-
toms and not of the various foods they were allergic to, as these 
could induce clinically different symptoms. In this subset, 5 

Table I - Main baseline features of 67 patients allergic to LTP.

age (mean and range) 33.8 (6-56) yrs

gender m/f 31/36

Sensitization status

monosensitized to LTP 30

co-sensitized to PR-10 only 19

co-sensitized to profilin only 5

co-sensitized to both PR-10 and profilin 13

Clinical food allergy

local symptoms only 15

local + systemic symptoms 35

systemic symptoms only 17

Offending foods
Rosaceae / Prunoideae 48

tree nuts 34

peanut 13

other legumes (pea, beans, lupine, soybean) 6

tomato 13

lettuce, chicory, rucola, etc. 8

fennel 6

kiwi 5

melon, watermelon 4

zucchini 1

rice 3

maize 1

wheat, barley 3

beer 3

onion 4

citrus fruits 3

spinach 3

sesame seed, poppy seed, sunflower seed 4

parsley 1

carrot 3

broccoli 1

banana 1

commercial pesto sauce 2

eggplant 2

grapes, wine 3

cashew 1

pineapple 1

bell pepper 1

fig 1

saffron 1
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Baseline total IgE levels did not influence the prevalence of 
systemic or local food-induced symptoms. No correlation was 
found between total IgE and specific IgE levels for raw foods or 
specific recombinant molecules.

Follow-up data

The follow-up visits were performed every 12-18 months after 
the baseline evaluation. At that time point 47/67 (70%) patients 
were unchanged (i.e., did not experience any allergic reaction to 
foods they were sensitized to but tolerated when the baseline 
visit was performed). Two other patients experienced urticaria 
and urticaria + shortness of breath, respectively, following the 
inadvertent ingestion (in one case associated with exercise) of 
cookies containing tree nuts, but these foods had already been 
involved in systemic reactions before. 
In total, 18/67 (27%) patients reported new food allergies (ta-
ble II). Of these, 9 (47%) were monosensitized to LTP and 9 
co-sensitized to PR-10 and/or profilin. Eight patients reported 
local symptoms only (OAS in 7 cases, gastrointestinal in 1 case) 
following the ingestion of rice (3 cases), strawberry, walnut, 
kiwi, maize, zucchini, raw fennel, chestnut, lettuce, and string 

(17%) experienced contact urticaria, 15 (50%) oral allergy syn-
drome, 3 (10%) gastrointestinal symptoms, 12 (40%) urticaria 
/ angioedema, 13 (43%) anaphylaxis, and 7 (23%) FDEIA fol-
lowing the ingestion of one or more plant foods. Also among 
LTP mono-reactors, the members of the Rosaceae / Prunoideae 
family caused the majority of adverse reactions: contact urticaria 
in 4/5 patients, OAS in 13/15, urticaria in 6/12, anaphylaxis in 
5/13, and FDEIA in 2/7. Again, tree nuts were the second most 
relevant cause of anaphylaxis (n = 4) and FDEIA (n = 2). 
Comparing mono-sensitized with co-sensitized patients, no 
difference in mean age and gender was observed; the former 
showed a slightly higher prevalence of food-induced system-
ic reactions (i.e., urticaria / angioedema, anaphylaxis, and/or 
FDEIA): 24/30 (80%) vs 22/37 (59%), respectively (p = NS). 
Interestingly, the higher prevalence of systemic reactions in the 
former subgroup occurred despite significantly lower mean lev-
els of IgE to rPru p 3: 7.06 ± SD 7.04 kU/L vs 17.11 ± 20.8 
kU/L, respectively (p < 0.01). Offending foods did not differ 
significantly between the two subgroups. 
Both median and mean rPru p 3 IgE levels did not differ be-
tween patients with local symptoms only (14.4 kU/L) and pa-
tients reporting systemic symptoms (12.3 kU/L). 

Table II - Allergic reactions and offending foods in 18 patients experiencing allergies to new foods during the follow-up period.

Phl p 12 Bet v 1 Follow-up (yrs) Local Systemic

2.06 neg 3 strawberry

3.39 6.75 6 peeled peach

8.54 4.67 3 saffron

neg neg 4 tomato, fennel, apple onions, pistachio

neg neg 2 walnut, kiwi

neg neg 5 apple juice

18.6 23.1 8 rice

neg neg 7 popcorn almond milk, rice + saffron

neg neg 12 lettuce, walnut, pineapple, rice plum, cherry

neg neg 2 rice, maize

neg 2.70 3 rice, zucchini

neg 12.10 8 fennel

neg 21.70 7 lentil pistachio 

neg neg 1 walnut

neg 64.30 10 chestnut

neg neg 7 kiwi

0.50 7.41 8 broccoli, mandarin

neg neg 10 lettuce, string beans
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state of oral tolerance to specific foods by preventing a gradual 
decrease of the provocation threshold dose without the risks as-
sociated with an oral / sublingual immunotherapy with Pru p 3, 
the LTP that causes clinical allergy in virtually all patients. Of 
course, for safety reasons, patients were also recommended to 
avoid well known co-factors, particularly exercise (15), follow-
ing the ingestion of all foods they were sensitized to. 
At the follow-up visit, more than one fourth of the study pop-
ulation reported allergic reactions induced by foods that were 
previously tolerated, and in more than one half of such cases 
reactions were systemic and associated with an array of botan-
ically unrelated foods. Notably, most new reactions were asso-
ciated with Rosaceae / Prunoideae (peeled peach, apple juice, 
plum, cherry, and almond milk) and with tree nuts (walnut and 
2 cases from pistachio nut, the latter inducing the only two ana-
phylactic reactions recorded, one of whom was eventually found 
to have become positive to storage protein as well). Regarding 
symptoms associated with peeled peach, we miss the informa-
tion about how it was peeled; in fact, the use of a very sharp 
knife makes the association with Pru p 7 (the peach peama-
clein) sensitization more likely, whereas a less accurate peeling 
could be in effect associated with Pru p 3 exposure. Similarly, 
regarding almond milk, we could hypothesize a contamination 
by almond peel, otherwise seed storage proteins become a more 
likely candidate as the cause of adverse reactions. 
Interestingly, saffron appeared as an emergent cause of allergic 
reactions in LTP-hypersensitive subjects, possibly because in the 
Italian cuisine it is eaten in most cases in conjunction with rice, 
another potentially offending food for LTP sensitized patients 
(16,17), thus resulting in an additive provocation. In fact, these 
patients were able to tolerate the rice if it was eaten alone or with 
foods other than saffron (e.g., mushrooms). 
Based on the findings of the present study it might seem reason-
able to recommend LTP reactors to avoid strictly all members of 
the Rosaceae / Prunoideae family (with the possible exception of 
the pear as previous, unpublished studies from our group show 
that this fruit contains very small amounts of the protein), if 
the baseline in-vivo tests with fresh material suggest sensitization. 
Similarly, it might be the case to recommend the avoidance of 
tree nuts of different sorts, as well as peanuts, when the patient 
shows cross-sensitization, as these fruits are associated with par-
ticularly severe reactions. On the other hand, it has to be con-
sidered that only a minority of our patients developed new food 
allergies during the follow-up period, and that in the majority of 
cases these were represented by local reactions. Since we were not 
able to detect any predictive factor (neither specific IgE-level, nor 
monosensitivity or co-sensitization) it is likely that the decisions 
regarding the exclusion of certain foods have to be taken on an 
individual basis, taking into account the quality of life of the 
patient as well as the severity of prior reactions with other foods.

beans. Four patients reported OAS from more than 1 previous-
ly tolerated food. Ten patients experienced systemic symptoms 
following the ingestion of previously tolerated foods including 
peeled peach, saffron (2 cases), onion, pistachio (2 cases), apple 
juice, almond milk, rice, plum, cherry, walnut, kiwi, brocco-
li, and mandarin. These 10 patients reported also novel local 
symptoms following the ingestion of tomato, fennel, popcorn, 
lettuce, walnut, pineapple, rice, and lentil. Anaphylactic reac-
tions to new foods occurred only in 2 cases, and in both of them 
were induced by pistachio nut, but, notably, one patient turned 
out to be co-sensitized to seed storage proteins.
The clinical evolution did not depend on the baseline total IgE 
level, and the presence / absence of co-sensitization to PR-10 
and/or profilin did not influence the probability of allergic reac-
tions to new foods, nor the severity of such reactions. Baseline 
rPru p 3 IgE levels, as well as IgE to rBet 1 or rPhl p 12, did 
not differ statistically between patients developing or not de-
veloping new food allergies (data not shown). Further, the two 
populations did not differ in terms of age and gender.

Discussion

In recent years, many studies of specific oral tolerance induc-
tion / oral immunotherapy (SOTI/OIT) have been carried out, 
mainly in patients with severe allergy to milk, egg, or peanut. 
Despite the substantial risk of adverse events, the results of these 
procedures suggest that the introduction of gradually increas-
ing amounts of the relevant foods followed by their ongoing 
ingestion is able to push up significantly and steadily patients’ 
tolerance threshold (at least until the food is eaten on a regular 
basis), thus reducing the risk associated with the inadvertent in-
gestion of limited amounts of the allergen protein(s) (10). In 
the case of allergy to lipid transfer protein, Spanish and Portu-
guese researchers have attempted to desensitize allergic patients 
by the administration of repeated, known amounts of Pru p 
3 through sublingual route, apparently with good results (11-
13). Both oral and sublingual immunotherapy have still to be 
considered experimental treatment strategies to reduce the food 
allergic status, and cannot be practiced on a routine basis in the 
clinic. However, based on all these observations and in view of 
the widespread diffusion of lipid transfer protein in the plant 
kingdom, and of the high degree of cross-reactivity within this 
protein family, we hypothesized that encouraging LTP allergic 
patients to go on eating all foods containing LTP they were sen-
sitized to, and that had been tolerated until the first visit, might 
be a safer and more feasible policy than the strict avoidance of 
such foods, a policy that in some cases would have meant to 
exclude virtually all plant-derived foods from the diet with the 
possible exception of carrot and a few other items (14). In other 
words, we thought that this approach could work as a sort of 
“natural, attenuated oral immunotherapy” able to maintain a 
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the most difficult type of food allergy, in terms of preventive 
strategies. The widespread diffusion of the protein, along with 
its variable degree of cross-reactivity from one patient to an-
other, make it virtually impossible to predict which foods the 
patients will react to, and which will be the clinical expression 
of such adverse events, with the exception of the peach, that 
is the primary sensitizer to LTP and represents the food most 
frequently responsible for allergic reactions (1,20).
In conclusion, this study shows that Rosaceae / Prunoideae (with 
the possible exception of pear and peeled apple), tree nuts and 
peanuts, are the most frequent cause of new allergic reactions 
in the long term in LTP-allergic patients that are sensitized but 
clinically tolerant to these foods. In view of the limited preva-
lence of new allergic reactions, and of the fact that these are fre-
quently local, the decision regarding their preventive avoidance 
have to be taken on an individual basis until larger prospective 
studies are carried out. Regarding the other foods that induced 
adverse reactions, these events occurred in a minority of sen-
sitized subjects, and such a low prevalence does not seem to 
justify their exclusion from patients’ diets. 
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