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Abstract
Purpose of Review To critically examine evidence suggesting that food allergy induced by lipid transfer proteins (LTPs) follows a
geographic pattern.
Recent Findings LTP syndrome remains most common in the Mediterranean basin, with a clear gradient seen in prevalence of
LTP sensitization between northern and southern Europe. We hypothesize that high levels of birch pollen seem to protect against
LTP allergy, as these higher levels correlate with a lower prevalence of LTP hypersensitivity. Nevertheless, LTP food allergy
cases still appear in areas having a high environmental level of birch pollen.
Summary Food allergy caused by LTP may be related to (1) primary sensitization to a food LTP allergen in the absence of
pollinosis, (2) primary sensitization to LTP from a pollen source, and (3) co-sensitization to LTP from pollen and food.
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Background

In 1992, a small 8–10-kDa protein was described as the main
peach allergen in Spain [1•]. This protein was characterized as
a lipid transfer protein (LTP), belonging to the superfamily of
prolamins and today is considered a relevant food allergen in
the Mediterranean area.

LTPs are antigens involved in allergic reactions of varying
severity to pollen, latex, and, of course, certain plant foods.
LTPs are stabilized by disulfide bonds, giving them a high
resistance to digestion, thereby allowing proteins to reach
the intestine, where they cause sensitization [2]. There are
two types of LTPs (1 and 2); of these, LTP1 is the most
well-known and the main allergen in fruits, and there are 42
such proteins described in the IUIS database [3]. The high
structural homology between LTP1s results in broad cross-

reactivity among these proteins. The 7-kDa lipid transfer pro-
teins, LTP2s, share some amino-acid sequence, similar folds,
and biological functions with the 9-kDa isoforms, LTP1, but
are not important as allergens. LTP syndrome is defined as
allergy to a minimum of two vegetable foods with no taxo-
nomic relationship between them, with sensitization to LTPs
as responsible for allergic reactions [4•].

LTP allergens from pollen also contribute significantly to
primary sensitization. The existence of areas where there are
pollens with high levels of LTP and food allergy suggests that
pollinosis could trigger sensitization too [4•]. Interestingly,
fruit LTPs from the plants of the rosaceae family were also
found in the pollen of these trees [5••].

Pru 3, the main peach allergen and a non-specific LTP, is
the most important allergen in Mediterranean area, where it is
often associated with severe, sometimes life-threatening reac-
tions, though in other cases oral allergy syndrome is the only
adverse result [6]. Although sensitization to LTP is infrequent
in central Europe and other regions, it does exist, despite a
highly different aerobiology and climatology between this re-
gion and the Mediterranean basin [7]. In central European
countries, diagnosing LTP allergy using plant extracts is diffi-
cult due to frequent co-sensitization with other allergens, es-
pecially birch Bet v 1 pollen and other panallergens such as
profilins. Therefore, the apparent geographical pattern in food
allergy due to LTPs merits further investigation.
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An Effect of Pollinosis on Geographical
Patterns of Allergy

In Europe, the pattern of allergy to plant foods shows a clear
distinction between central and northern Europe on the one
hand and the Mediterranean basin and southern Europe on the
other. Allergy to plant foods in central and northern Europe is
usually limited to oral allergy syndrome caused by sensitiza-
tion to Bet v 1 and homologs (PR-10), while systemic reac-
tions are much more frequent in southern and eastern Europe
due to sensitization to LTP, with peach as the main culprit food
[5••]; however, pediatric patients, from north and southern
Europe are often sensitized to storage proteins from tree nuts
[8]. In patients from northern and central Europe, primary
sensitization to Bet v 1 generally occurs through the respira-
tory tract. The symptoms that develop after the ingestion of
plant foods are usually mild, as the proteins responsible are
thermolabile. Nevertheless, systemic reactions have been de-
scribed by some PR-10 allergens such as Gly m 4 from soy [9]
or Api g 1 [10] from celeriac. In southern Europe, on the other
hand, allergic reactions to foods derived from plants are usu-
ally associated with systemic reactions due to a primary sen-
sitization to LTPs, though thaumatin-like proteins (TLPs)
have been also described as a cause of severe reaction to fruits
in Spain [11]. Of note, LTPs have also been implicated in local
reactions as OAS and even in asymptomatic sensitizations
[12]. Currently, the explanation for this geographical distribu-
tion is a topic of debate, given that in central and northern
Europe, plant foods that induce allergies also have high levels
of LTP, and it appears that dietary habits and the different
food-processing practices of the different regions alone do
not offer a convincing explanation for this pattern.

In a cohort of 13 Austrian patients with a history of ana-
phylaxis after ingestion of plant foods, sensitization to LTP
(Pru p 3) was demonstrated in ten of 13 patients, nine to Bet v
1, and two to profilin. This result showed that LTP sensitiza-
tion may represent a risk factor for severe allergic symptoms
in Central Europe [7]. Similar results were found by Azofra
et al. in northern Spain [13], studying 72 patients with an
unequivocal history of allergy to fruits, 96% had specific
IgE to Pru p 3 and negative specific IgE for profilin and PR-
10. Nevertheless, many patients included in the study were
sensitized to mugwort and plane pollen, though in this geo-
graphic area, there is no environmental pollen from these
trees. Inhibition studies showed that specific IgEs against
mugwort and plane tree pollen were strongly inhibited by
Pru p 3, whereas Pru p 3 was less inhibited by pollen extracts,
which seems to point to peach Prup3 as the primary sensitizer.
The clinical characteristics were quite similar to patients re-
ported in the south of Spain (6), with a higher incidence of
kiwi allergy (26%) and a lower importance of cofactors (21%)
in the development of allergy. In these two studies [6, 13], it
seems that food allergy is independent of the levels of

environmental pollens. However, studies of allergy to plant
foods caused by LTP and its association with pollinosis indi-
cate that most patients (> 75%)with allergy to peach LTP have
a pollen sensitization and that most develop pollinosis [14].
The clinical relevance of sensitization to LTP of the artemisia
pollen (Art v 3) was studied by Pastorello et al. [15], who used
a selection of patients with allergy to Pru p 3. They analyzed
the rate of sensitization to Art v 3 and its clinical conse-
quences, concluding that sensitization to Art v 3 is an epiphe-
nomenon due to cross-reactivity but without clinical relevance
in symptoms induced by pollen. In contrast to this, studies
carried out with artemisia [16] and plane tree [17] have found
that Art v 3 and Pla a 3, both proteins of the LTP family, are
responsible for primary sensitization to LTP. Palacín et al.
studied patients with food allergy caused by LTP sensitization
in Spain [18], observing that individuals from the northeastern
part of peninsular Spain and the Canary Islands recognized a
greater number of LTPs included in the 14-protein panel used
(pollens: Art v 3, Ole e 7, rPar j 1; foods: Bra o 3, Cas s 8, Cit r
3, Jug r 3, Lac s 1, Lyc e 3, rMal d 3, Pha v 3, rPru p 3, rSin a 3,
and rTri a 14) with respect to other areas such as Madrid,
Málaga, Bilbao, Orense, or Alicante). The most strongly as-
sociated pollens were plane tree and artemisia. This is note-
worthy given that Barcelona and the Canary Islands both have
a comparatively high concentration of plane tree and artemisia
pollen, respectively, which may modulate food allergy caused
by LTP. The mugwort-peach syndrome found in southern
Europe can explain food allergy in other continents, as in the
case of China, where patients developed peach allergy by
primary respiratory sensitization to mugwort Art v 3 [19].
Food allergy caused by LTP was also found in an Australian
patient in whom sensitization to LTP was responsible for food
allergy to apple seed and grape (Mal d 3 and Vit v 1, respec-
tively) [26, 44]. Cross-reactivity of cupresaceas pollen with
Pru p 3 has also been described in Spain, but its clinical sig-
nificance is not well known [45]. In Table 1 is described dif-
ferent LTPs from food and its geographical distribution.

The pattern of allergy to a given food varies by area. The
study by Hansen et al. [29], which describes the sensitization
profile in hazelnut-allergic patients from Spain, Switzerland,
and Denmark demonstrated that IgE to the lipid transfer protein
rCor a 8 was clearly more prevalent in Spain (Spain, 71%;
Switzerland, 15%; Denmark, 5%), whereas sensitization to
rCor a 1 was more common in Denmark and Switzerland
(Switzerland/Denmark, 100%; Spain, 18%). The same phenom-
enon occurs with peanut sensitization. When comparing the pro-
file of sensitization between Spain, the USA, and Sweden,
Spanish peanut-allergic patients had greater sensitization to
LTP rAra h 9, while Swedes and Americans were found to be
more commonly sensitized to rAra h 1, 2, and 3 than their
Spanish counterparts [8••]. Other example of geographical vari-
ation in sensitization pattern is the case of kiwi allergy. Patients
from Iceland were mainly sensitized to Act d 1; those from
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western/central and eastern Europeweremainly sensitized toAct
d 8 (pathogenesis-related class 10 protein), and those from south-
ern Europe were mainly sensitized to Act d 9 (profilin) andAct d
10 (nonspecific lipid transfer protein) [30].

Geographically, specific sensitization to LTP by inhalation
has also been confirmed in cases of occupational asthma, as in
sensitization to the LTP Tria 14 in baker’s asthma, a sensiti-
zation was found to be more common in workers from Spain
than from Germany [43, 46]. Other studies involving patients
with occupational asthma who were sensitized to the LTPs
described in Spain include asparagus collectors (Aspa o 1),
peach harvesters (Pru p 3, contained in peach leaves), and
maize-LTP sensitization causing rhinoconjunctivitis in an em-
ployee working in a snack-processing facility [22, 34, 47].

Taking all these findings into account, Zuidmeer and van
Ree [48•] have established three mechanisms by which pa-
tients develop food allergy caused by LTP: (1) primary sensi-
tization to a LTP of food without pollinosis, (2) primary sen-
sitization to LTP from pollen, and (3) co-sensitization to LTP
from pollen and food sources.

For reasons yet to be explained, the prevalence of LTP syn-
drome is mostly focused in the Mediterranean basin and
Mediterranean countries, primarily in Spain and Italy, and a
clear gradient is seen in the prevalence of LTP sensitization
between northern and southern regions [21, 49–51]. We hy-
pothesize that the presence of high levels of birch pollen pro-
tects against LTP allergy, as higher levels of birch pollen are
correlated with a lower prevalence of LTP hypersensitivity in-
dependently of the area; however, cases of LTP food allergy still
appear in areas with high environmental levels of birch [21].

Conclusions

Currently, three main challenges remain in LTP allergy re-
search. First, information on whether the geographic distribu-
tion of this type of allergy may be related to how sensitization
occurs is lacking. Second, we do not know why some sensi-
tized subjects only react to the culprit food in the presence of
cofactors, while others develop reactions independently of

Table 1 LTPs from different food, their geographic distribution and the bibliographic reference

Food LTP allergen
(UIIS)

Geographical areas Reference for first description

Apple Mal d 3 Predominantly in southern Europe, also described in northern
Europe and Australia

Pastorello, JACI 1999 [20]
Gülsen A [21]

Asparagus Aspa o 1 Predominantly in southern Europe Tabar AI. Clin Exp Allergy. 2004 [22]

Cabbage Bra o 3 Predominantly in southern Europe Palacín, JACI 2006 [23]

Chestnut Cas s 8 Predominantly in southern Europe, also described in USA Sánchez-Monge, JACI 2006 [24]

Grape Vit v 1 Predominantly in southern Europe, also described in Australia
and Germany

Pastorello, JACI 2003 [25]
Schäd IAAI [26]

Green bean Pha v 3 Predominantly in southern Europe Zoccatelli, Mol Immunol 2010 [27]

Hazelnut Cor a 8 Predominantly in southern Europe, also described in Switzerland
and Denmark

Pastorello, JACI 2002 [28]
Hansen, JACI 2009 [29]

Kiwi Act d10 Predominantly in southern Europe Lee et al. JACI 2013 [30]

Lentil Len c 3 Predominantly in southern Europe Akkerdaas et al. IAAI 2012 [31]

Lettuce Lac s 1 Predominantly in southern Europe San Miguel-Moncín, Allergy 2003 [32]

Linseed Predominantly in southern Europe Antolin et al. JIACI 2016 [33]

Maize Southern Europe Guillen, Clin Exp Allergy. 2004 [34]

Mandarin Cit r 3 Predominantly in southern Europe Ebo, Int Arch Allergy Immunol 2007 [35]

Mustard Sin a 3 Predominantly in southern Europe Sirvent, Clin Exp Allergy 2009 [36]

Mustard Sin a 3 Predominantly in southern Europe Vereda et al. JACI 2011 [37]

Orange Cit s 3 Predominantly in southern Europe Ahrazem O, Int Arch Allergy Immunol. 2005 [38]

Peach Pru p 3 Predominantly in southern Europe, but also described in China,
the Netherlands, the USA, and Australia

Lleonart R. Ann Allergy 1992 [1•]

Peanut Ara h 9 Predominantly in southern Europe, also described in the USA Krause, JACI 2009 [39]
Vereda A, JACI 2009 [8]

Pomegranate Pun g 1 Predominantly in southern Europe Enrique et al. AAAI 2006 [40]

Tomato Lyc e 3 Predominantly in southern Europe Le LQ. Plant Biotechnol J.
2006 [41]

Walnut Jug r 3 Predominantly in southern Europe, but also described in the USA. Pastorello, JACI 2004 [42]

Wheat Tri a 14 Predominantly in southern Europe Palacin, JACI 2007 [43]
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these factors. Lastly, our ability to offer reliable recommenda-
tions on avoidance diets is limited by the partial predictability
of cross-reactivity. Most patients will only have cross-
reactivity with members of the prunoideae or rosaceae fami-
lies; however, as can be seen in the most insightful studies on
tolerance to plant food, this is not always the case [4••, 13, 51],
even in some patients citrus allergymay be included in this list
of allergens causing cross-reactivity, among others [38].
Knowledge of allergy to LTP is growing, which will undoubt-
edly help answer these and other questions while increasing
the rate with which this type of allergy is diagnosed outside
the Mediterranean basin. Simultaneously, new strategies are
being developed to approach this problem, such as oral im-
munotherapy with purified Pru p 3 [52]; available in some
countries such as Spain, these initiatives look to increase the
threshold of tolerance in individuals with severe systemic re-
actions, potentially enabling patients from any part of the
world who are allergic to LTP to reach full tolerance.
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