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Introduction

Summary

Background. Lipid transfer proteins (LTP) are considered important plant-
Jfood allergens in the Mediterranean area, but little is known about LTP
allergy in pediatric age. Our aim was to characterize LTP allergy in children.
Methods. We reviewed the clinical data from all children evaluated in our
department with LTP allergy. From the 76 patients with LTP allergy, 26
children were included, 50% female, median age 10 years (1-17). Symptoms
included urticaria in 58% (n = 15), anaphylaxis in 46% (n = 12) and OAS
in 42% (n = 11). Results. Multiple reactions with different foods occurred
in 69%. Cofactors were reported in 27% (n = 7). All patients had positive
SPT to peach LTP extract and slgE Pru p 3. No association between the oc-
currence of severe reactions and slgE to Pru p 3 (p = 0.462), sIgE to Cor a 8
(p = 0.896), SPT to peach LTP extract (p = 0.846) or the number of positive
SPT to fruits/tree nuts (p = 0.972; p = 0.676) was found. Ninety-two per-
cent of the patients tolerated fruits from Rosacea family without peel. Twelve
percent reported reactions to new LTP containing foods during follow-up.
LTP allergy can occur since early childhood. Conclusions. Since anaphylaxis
is common and cofactors act as severity enbancers, it is fundamental to recog-
nize LTP allergy in children. Currently available diagnostic tests (SPT and
sIgE) cannot accurately predict food tolerance or anticipate reaction severity.

IMPACT STATEMENT

LTP allergy can occur since early childhood and be severe, with

Z food tolerance and severity of reactions being unpredictable Z
making the follow-up of these patients essential.

of an array of botanically unrelated foods, including fruits, tree
nuts, seeds, vegetables and cereals (1, 3-7).

Non-specific lipid transfer proteins (LTP) are panallergens pres-
ent in plant-foods, being the most relevant allergens of Rosacea
family fruits in the Mediterranean area (1, 2).

These ubiquitous proteins are highly conserved and widely dis-
tributed in the plant kingdom, sharing a moderate-to-high ho-
mologous molecular structure, which put the patients allergic
to LTP at risk of developing allergic reactions after the ingestion

Despite the fact that milk and egg proteins are the main causes
of food allergy in childhood, fruits and vegetables have been
recognized as emergent allergens in pediatrics (8).

Since LTP may cause severe systemic reactions, it is essential to
better understand this allergy in childhood.

Even though multiple studies on TP have been published in
the last years, so far, not much is known about LTP allergy in
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children, especially regarding daily practice, since only a few
case series focused on pediatric ages have been published (9-
13). A recent study has shown that fresh fruits are the 5" cause
of anaphylaxis in children, with tree nuts being the 2", both
potentially caused by LTP in this region (14).

Our aim was to characterize a series of children with allergy to
LTP, in order to better understand its characteristics.

Materials and methods

We performed a retrospective analysis of medical records from pa-
tients under 18 years-old with confirmed L'TP allergy (2013-2019).
Diagnosis was established based on a convincing history of im-
mediate allergic reactions to plant-foods (i.e., repeated symp-
toms to LTP containing foods on several occasions) supported
by positive skin prick tests (SPT) (defined as the mean diameter
of the wheal > 3 mm than negative control (15)) to LTP extract
(Roxall, Bilbao, Spain) and positive specific IgE (sIgE) to LTP
allergens (Pru p 3, Cor a 8 and/or Jug r 3) determined by Im-
munoCAP (ThermoFisher Scientific, Uppsala, Sweden; cut-off:
> 0.35 kUA/L) and/or ImmunoCAP™ ISAC microarray (Ther-
moFisher, Uppsala, Sweden; cut-off: = 0.3 ISAC Standardised
Unit, ISU, as per manufacturer’s recommendation). sIgE to
Pru p 3 were determined in all children. Since sIgE to Cor a 8
and Jug r 3 were not available in our center from the beginning
of the study, they were not determined in all. InmunoCAP™
ISAC microarray 112 (ThermoFisher, Uppsala, Sweden) was
performed in 9 children, providing information about the re-
ferred LTP allergens.

SPT with airborne allergens were performed in all patients. The
SPT was conducted using a standard allergen extract panel and
comprised histamine and saline respectively as positive and neg-
ative controls. For children under 6 years-old, the panel tested
included: Dermatophagoides pteronyssinus; Dermatophagoides fa-
rinae; Lepidoglyphus destructor; cat; dog; olive tree; grass pollen
mix; parietaria and Alternaria alternata. For children with > 6
years-old, the panel tested included: Dermatophagoides pteronys-
sinus; Dermatophagoides farinae; Lepidoglyphus destructor; Tyro-
phagus putrescentiae; cat; dog; birch; plane tree; olive tree; grass
pollen mix; Cynodon; mugwort; parietaria; plantago; ambrosia;
Cladosporium; Alternaria alternata; Aspergillus fumigatus.

The decision of performing SPT to other food extracts available
at our center (24 fruits, 8 tree nuts, peanut, soy and 4 seeds ex-
tracts) was made considering the child’s age and collaboration,
regardless of food tolerance.

The co-sensitization to other relevant proteins in fruit and tree
nuts allergy, namely profilins, PR-10 and storage proteins, was
evaluated, according to the severity of the reaction, the food trig-
ger and the laboratory availability. Co-sensitization to profilins
was evaluated in all patients, by SPT to profilin (n = 19) and/or
ImmunoCAP™ ISAC microarray 112 (n = 9). Among the PR-10

family, Bet v 1 was the protein tested in all patients, by Immuno-
CAP (n = 17) or ImmunoCAP™ ISAC microarray 112 (n = 9).
Storage proteins were tested in 14 patients, according to the sus-
pected food. In case of doubt (e.g., mixed unidentified tree nuts),
all the three families were tested (Ara h 1, Ara h 2 and Ara h 3).
Clinical manifestations were classified as local (oral allergy syn-
drome (OAS), contact urticaria) or systemic (urticaria, anaphy-
laxis). Severe reaction was defined as the occurrence of anaphy-
laxis. The presence of cofactors (exercise and NSAIDs) and food
tolerance were investigated. Food tolerance was defined as no
reactivity to food in patients’ usual diet.

Informed Consent and Ethics committee approval

This project was conducted with the approval of Ethics Com-
mittee of the Research in our center. Informed consent was ob-
tained from the legal responsible of each child.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
24 software (SPSS Inc, Chicago, Illinois). Descriptive statistics
was performed. Categorical variables are presented as frequen-
cies and percentages, and continuous variables as mean + stan-
dard deviation (SD) or median with minimum and maximum
values in brackets. Spearman’s correlation, t-student test and
Mann-Whitney tests were used. A 2-tailed P-value < 0.05 was
considered statistically significant.

Results

Twenty-six children were selected from a universe of 281 fol-
lowed in our Department for suspected food allergy; 50% were
female, median age of first symptoms 10 (1-17) years-old. Age
at first symptoms was 0 to 2 years-old (n = 3), 3 to 5 years-old (n
=5), 6 to 11 years-old (n = 6) and 12 to 17 years-old (n = 12).
The median time for diagnosis after the initial episode was of 4
(0-8) years. Sixty-one percent were atopic, 58% had pollen sen-
sitization, 54% rhinitis, 27% asthma, 19% atopic dermatitis, 1
patient had another food allergy (cow’s milk) and 1 patient had
eosinophilic esophagitis. The characteristics of the children in-
cluded are detailed in table I. Different food triggers were iden-
tified, with 69% of patients reporting reactions to more than
one food. Fruits were involved in 69% (n = 18), tree nuts in
50% (n = 13), peanut in 8% (n = 2) and sesame in 4% (n = 1).
Peach was the most frequent trigger (62%, n = 16). Symptoms
both with fruits and tree nuts occurred in 27% (n = 7).

Fifty eight percent (n = 15) had exclusively systemic symptoms,
15% (n = 4) exclusively local symptoms, and 27% (n = 7) had
both. Symptoms included urticaria in 58% (n = 15), anaphy-
laxis in 46% (n = 12) and OAS in 42% (n = 11) of the patients.
Demographic and clinical differences between patients report-
ing reactions exclusively to either fruits or tree nuts/peanut/seed
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were evaluated. Patients exclusively allergic to fruits were 70%
female, median age of first symptoms 4 (1-6) years and ana-
phylaxis occurred in 36%. Patients exclusively allergic to tree
nuts/peanut/seed were 60% male, median age of first symptoms
12 (2-17) years and anaphylaxis occurred in 53%. Differences
were also evaluated between patients allergic to either one food
or multiple foods. Patients allergic to only one food were 54%
male, median age of first symptoms 9 years (1-17) and anaphy-
laxis occurred in 39%. Patients allergic to multiple foods were
53% female, median age of first symptoms was 11 (1-17) years
and anaphylaxis occurred in 54%. There were no statistical dif-
ferences between the different groups.

Cofactors were involved in 27% (n = 7) of the patients: exercise in
all and NSAID:s in 1 patient. In 2 patients cofactors were essential
to the occurrence of reactions (anaphylaxis); in 5 patients the cofac-
tors elicited more severe reactions (anaphylaxis in patients with ur-
ticaria and/or OAS (n = 1), urticaria in patients with OAS (n = 4)).
Regarding SPT, patients had a mean wheal of 7.1 mm (SD
3.81) to peach LT, with a different spectrum of positivity to
fruits and tree nuts, as detailed in table IL. Thirty-eight percent
(n = 10) tolerated fruits/tree nuts for which SPT were positive.
Results were concordant for both sIgE determination methods
(ImmunoCAP™ and ImmunoCAP™ ISAC microarray 112).
sIgE to Pru p 3 was positive in all patients (26/26), sIgE to Cor
a8in 35% (8/23) and sIgE to Jug r 3 in 73% (8/11), regardless
of the trigger (fruits/tree nuts) (table III).

Since sIgE to Cor a 8 and sIgE to Jug r 3 are proteins from tree
nuts sources (hazelnut and walnut, respectively), the presence of
sIgE to these allergens were evaluated in children with tree nuts
as food triggers: sIgE to Cor a 8 was positive in 38% (5/13) and
sIgE to Jug r 3 in 67% (4/6).

Co-sensitization to other panallergens was documented in 15%
(n = 4): 2 patients to profilins (positive profilin in SPT) and 2
to PR-10 (Bet v 1). A broad spectrum of clinical manifestations
occurred in these patients, ranging from OAS to anaphylaxis.
Sensitization to storage proteins was not found.

A broad spectrum of fruit tolerance was found, with 92% of
the patients showing tolerance to at least one fruit from Rosacea
family without peel. Apple tolerance (a staple food in Portu-
guese diet) was present in 50%, unknown in 27% and absent in
23%. SPT to apple were positive in 4 (21%) patients (none of
them tolerated the apple).

During follow-up, 12% (n = 3) patients reported reactions to
new LTP containing foods, with different timings since the oc-
currence of the first reaction (< 1 year, 2 years, 8 years).

There was no association between the occurrence of severe reac-
tions and pollen sensitization, comorbidities (rhinitis, asthma,
atopic dermatitis), type of trigger (fruits/tree nuts), number of
food triggers, mean wheal of SPT to peach LTP, the number of
positive SPT to fruits or tree nuts or ImmunoCAP™ determi-
nation of sIgE to Pru p 3 or sIgE to Cor a 8 (tables IV and V).

Discussion

We present a pediatric series with documented LTP allergy, fo-
cusing on it in clinical practice. Considering all children referred
to our department with suspected food allergy, 9% of them were
diagnosed with LTP allergy, a low but not irrelevant percentage.
In our study, LTP allergy seems to be similar in terms of frequency
between females and males, with more than a half reporting the first
reaction before age 12. Twelve percent had their first reaction before
age 3, which reinforces the importance of considering this diagnosis
in infants and toddlers, as suggested by other authors (16).

Since LTP are widespread in the plant kingdom, it is not sur-
prising that most children had more than one food trigger. Food
triggers in LTP allergy are ubiquitous but probably less con-
sidered by the general population, since they are not “classical”
allergens in children. This underestimation can make their rec-
ognition harder when reactions occur, explaining the delay in
diagnosis verified in our study.

Clinical manifestations and severity of LTP hypersensitivity varied
in our children, as described for adults (1-4, 9, 17). It is import-
ant to highlight that, although urticaria was the most frequent
symptom, severe reactions were also common, with anaphylaxis
occurring in almost half of the patients. Cofactors were present in
more than one quarter of the children and the majority had more
severe reactions in their presence; in some children, cofactors were
essential for reactions to occur and were associated with anaphy-
laxis. This evidence supports the importance of cofactors as severe
reaction inductors in LTP allergic children, as in adults (18-20).
The presence of risk factors for severe reactions was investigated.
No associations were found with pollen sensitization, comorbid-
ities, types/number of food triggers and co-sensitization, mean
wheal of SPT to LTP extract, level of ImmunoCAP™ sIgE either
to Pru p 3 or Cor a 8, the latest in agreement to November ez al.
(9). Other authors reported different results in adults, establishing
an association between higher levels of IgE to Pru p 3 and system-
ic reactions with fruits from Rosacea family (21).
Co-sensitization to profilins and PR-10 was found in a low num-
ber of patients, with a diverse spectrum of clinical presentations,
raising doubts about their clinical relevance. On the other hand,
co-sensitization to storage proteins was not found, despite the fact
that tree nuts were involved as exclusive triggers in one third of
the patients, supporting the clinical relevance of TP sensitization.
No association was found between tolerance to fruits from Ro-
sacea family, mean wheal SPT with peach LTP extract, number
of positive SPT to fruits and level of sIgE to Pru p 3. It is im-
portant to highlight that SPT to food extracts were not reliable
methods to confirm clinical reactivity, since 38% of children
had positive SPT to foods subsequently tolerated.

Food avoidance is the mainstay of treatment for LT allergy and
should be guided by clinical reactivity and not sensitization. As
proposed by Asero ez al. (3), all children were prompted to main-
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Tolerance to frui Cofactors
from Rosacea family

Tolerance to

Food triggers

Type of reaction

Comorbidities

Pollen
sensitization

Sex

Age

apple
Unknown

Yes

(exercise)

Yes

Walnut

Anaphylaxis

No

15 Male

19

Yes

Yes
(exercise)

Unknown

Sesame seeds

Anaphylaxis

No

15 Male

20

Yes No

Yes

Peach

Urticaria,

Yes (grass pollen, Rhinitis

16 Male

21

anaphylaxis

mugwort)

Yes
(exercise)

Yes

Unknown

Peach, apricot

Urticaria

No

16 Male

22

Yes

(exercise,
NSAIDs)

Yes

Yes

DPeach, apricot, plum,

OAS, urticaria,

Rhinitis

Yes (plane tree)

16 Female

23

pomegranate

anaphylaxis

Yes No

Mixed unidentified tree nuts Unknown

Asthma, rhinitis, OAS

Yes (grass pollen,

16  Female

24

eosinophylic
esophagitis

plane tree,
mugwort, birch)

Yes
(exercise)

Yes

Yes

Peach, kiwi, cherry

OAS, urticaria

Asthma, rhinitis

Yes (grass pollen,

17 Male

25

plane tree,

mugwort)

No

Only peeled

Mixed unidentified tree nuts Yes

Anaphylaxis

Rhinitis

Yes (mugwort)

Female

17

26

tain the ingestion of tolerated foods without peel and minding
the presence of cofactors. The purpose of this approach was the
maintenance of a natural tolerance and the ingestion of import-
ant nutritious foods, as fruit and vegetables. In our sample, most
children tolerated fruits from Rosacea family without peel, as
expected since LTP are present mainly in the fruit peel (22, 23).
Awareness of possible accidental-allergic reactions and the abil-
ity to correctly identify and adequately treat them is of extreme
importance in these patients; children and their caregivers
should be exhaustively educated about potential elicitors, timely
reaction recognition, adequate treatment, and the role of cofac-
tors in LTP allergy. Adrenaline auto-injectors were prescribed
in all children with systemic reactions to LTP containing foods
with or without cofactors and postponed in those who had only
local reactions.

Twelve percent of children reported reactions to new LTP con-
taining foods, with different timing considering the occurrence
of first reaction. This should alert clinicians that LTP allergy
may progress in number of eliciting foods.

We would like to highlight some aspects considered in our work
that may not be consensual. We established LTP allergy diagno-
sis based on a convincing clinical history of immediate allergic
reactions to plant-foods, defined as repeated symptoms to LTP
containing foods on several occasions, supported by positive
SPT to peach LTP extract and positive sIgE to LTP allergens
(Pru p 3, Cor a 8 and/or Jug r 3).

We acknowledge that, based on the current evidence, doubts
exist about the role of component resolved diagnosis when it
comes to distinguish allergy from sensitization and possible
food tolerances (16). However, we considered that the presence
of a convincing clinical history, with reproducible reaction not
or poorly explained by other plant food allergens, were the key
in distinguishing sensitization from allergy.

Based on these considerations, we assumed that the combina-
tion of clinical history, results from in vivo and in vitro tests,
in the absence of other plant food-allergens that could explain
clinical manifestations, were enough to establish the diagnosis
of LTP allergy and food challenges were protracted.
Nevertheless, as mentioned before, in a low number of patients,
co-sensitization to profilins and PR-10 was found, raising
doubts about the role of each allergen and their clinical rele-
vance. We decided to assume a diagnosis of LT allergy also in
these patients, since all of them had systemic reactions, more
usually associated in our country to LTP. However, we recognize
that these interpretations can be a limitation in our study.

The retrospective nature of our study and limited number of
patients are also limitations, reinforcing the importance of more
studies in this area.

In conclusion, allergy to LTP can occur since childhood,
even before school-age. Clinical manifestations of LTP aller-
gy may vary, but the occurrence of anaphylaxis is common,
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Table II - Determination and characterization of all SPT performed.

SPT n performed n positive Mean wheal of positive SPT (mm)

Fresh fruit 389 89 -
LTP peach 26 26 (100%) 7.1 (SD 3.81)
Peach 21 17 (81%) 4.8 (SD 1.73)
Cherry 18 9 (50%) 4.2 (SD 1.92)
Apricot 17 8 (47%) 42 (SD 1.92)
Plum 17 7 (41%) 4.2 (SD 1.18)
Pomegranate 17 6 (35%) 4.2 (SD 0.93)
Grape 17 6 (35%) 4.0 (SD 0.74)
Kiwi 19 6 (32%) 3.4 (SD 0.66)
Fig 17 4 (24%) 4.0 (SD 1.68)
Apple 19 4 (21%) 4.5 (SD 0.71)
Strawberry 17 3 (18%) 3.5 (SD 0.87)
Loquat 17 3 (18%) 6.2 (SD 5.05)
Melon 19 3 (16%) 3,8 (SD 0.76)
Pineapple 17 2 (12%) 4.7 (SD 1.68)
Papaya 17 2 (12%) 4.0 (SD 0.71)
Pear 19 2 (11%) 4.0 (SD 1.41)
Mango 17 1 (6%) -
Passion fruit 17 1 (6%) -
Orange 17 1 (6%) -
Watermelon 17 1 (6%) -
Persimmon 17 1 (6%) -
Avocado 17 1 (6%) -
Banana 19 1 (5%) -

Tree nuts/Legumes 153 56
Hazelnut 20 12 (60%) 5.5 (SD 2.24)
Walnut 20 12 (60%) 5.1 (SD 2.66)
Almond 20 8 (40%) 3.6 (SD 0.82)
Peanut 20 7 (35%) 4.5 (SD 2.18)
Soy 19 6 (32%) 4.3 (SD 1.97)
Pine nut 18 5 (28%) 5.6 (SD 2.7)
Pistachio 18 3 (17%) 5.2 (§D 0.76)
Cashew 18 3 (17%) 3.5 (SD 0.5)

forcing it to be recognized as a potentially severe allergy in
pediatrics. Cofactors may be essential to reaction occurrence
and relate to more severe occurrences. No other risk factors
to severe reactions were documented in our study. SPT to
food extracts were not a reliable method to confirm clinical

reactivity. Food avoidance is the mainstay of treatment how-
ever the ingestion of tolerated foods without peel should be
maintained. More than 10% of the patients had subsequent
reactions with new LTP-containing foods, reinforcing that
follow-up is essential.
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Table III - Determination and characterization of slgE to LTP determined both by ImmunoCAP™ and ImmunoCAP™ ISAC microarray.

sIgE n tested n positive per patient and method Median (KUa/L; ISU)
Pru p 3 (peach) 26 26

ImmunoCAP™ 19 19 2.7 (0.5-38.7)

ImmunoCAP™ ISAC microarray 9 9 1.6 (1.0-19.0)
Cor a 8 (hazelnut) 23 8

ImmunoCAP™ 14 6 0.1 (0.0-8.3)

ImmunoCAP™ ISAC microarray 9 5 0.7 (0.0-4.0)
Jug r 3 (nut) 11 8

ImmunoCAP™ 2 1 0.2 (0.0-0.4)

ImmunoCAP™ ISAC microarray 9 8 1.0 (0.0-10.0)
Ara h 9 (peanut) 6

ImmunoCAP™ ISAC microarray 9 6 0.9 (0.0-8.0)
Tri a 14 (wheat) 1

ImmunoCAP™ ISAC microarray 9 1 0.0 (0.0-1.0)

Table 1V - Statistical analysis evaluating a possible role of some continuous variables with severe reactions.

Variables Severe reactions U P-value
(Mean Rank)
Yes No
SPT with peach LTP extract 7.29 7.00 - 0.846
Number of positive SPT with fruits 4.75 4.82 - 0.972
Number of positive SPT with tree nuts 2.29 2.70 - 0.676
sIgE to Prup 3 9.10 11.00 36 0.462
sIgE to Cora 8 7.33 7.63 23 0.896

Units: sIgE (KUa/L); SPT (mm).

Table V - Statistic analyses evaluating a possible role of some categorical variables with severe reactions.

Variables Severe reactions (N) P-value
Yes No
Pollen sensitization 7 8 1.000
Comorbidities
Rhinitis 7 7 0.713
Asthma 1 6 0.081
Atopic dermatitis 0 4 0.100
Type of trigger
Fruits 4 7 0.453
Tree nuts 3 5 0.683
Number of triggers (1 vs several) 5 8 0.695
Co-sensitization to profilins 2 0 0.203
Co-sensitization to PR-10 2 0 0.203
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