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Purpose of review

Traditionally pollen-food syndrome (PFS) is considered to be a mild cross-reacting food allergy affecting
only Northern Europe, with lipid transfer protein (LTP) allergy being more severe and mainly occurring in
Southern Europe. This review seeks to update the reader on both types of plant food allergy and to
determine whether the stereotypical presentations of these plant food allergies remain the same, with a

particular focus on reaction severity.

Recent findings

Recent findings suggest that both these types of plant food allergy occur in children and adults. Although it
is true that PFS allergy is more prevalent in Northern Europe and LTP allergy is more well known in
Southern Europe, these conditions are not hidebound by geography, and the increasing spread and
allergenicity of pollen due to global warming continues to change their presentation. Both conditions have
a spectrum of symptom severity, with PFS sometimes presenting with more severe symptoms, including
anaphylaxis and LTP allergy with milder reactions.

Summary

It is important to consider that in many parts of Europe, reactions to plant foods, especially fruits or
vegetables, could be mediated either by pollen cross-reactivity or primary sensitization to LTP allergens. All
those presenting with symptoms to plant foods will benefit from a detailed clinical history and appropriate
tests so that an accurate diagnosis can be made, and correct management implemented.
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Food allergy in Europe is widespread but the prev-
alence and foods involved vary. Plant food
pan allergens are highly relevant triggers in both
children and adults, although there are strong geo-
graphical differences likely due to primary sensitiza-
tion either to specific pollens (birch, grass, mugwort
or ragweed) or to nonspecific lipid transfer proteins
(LTPs) [1,2]. Reactions to multiple foods are com-
monly reported in those sensitized to LTP, often Pru
p 3 from peaches, due to cross-reactions with LTP in
often botanically unrelated fruits, vegetables,
legumes and nuts [3%4]. Pollen-food syndrome
(PFS) occurs when cross-reactivity occurs either
between the pathogenesis-related 10 (PR10) pro-
teins and the major birch allergen Bet v 1, or
between profilins in foods and those in tree, grass
or weed pollens [5]. Although often involving sim-
ilar foods, these common plant food allergies are
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considered to have different presenting features,
especially with regard to symptom severity, age of
onset and geographical location. This review high-
lights the key similarities and differences between
PES and LTP allergy, with regard to age, geography,
symptom severity, foods involved and cofactors.
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KEY POINTS

e PFS can manifest with severe or
anaphylactic symptoms.

e The spread and increasing levels of pollens influence
the prevalence of PFS and type of foods involved.

o LTP allergy is present in both Southern and Northern
Europe but it is still not clear what the role is of LTP
allergens in pollens, and whether they can be primary
sensitizing allergens.

e Some foods might still trigger PFS when cooked, and
LTP allergens from tomato, onion or garlic could be
present in composite foods such as pizza and ready-
meals.

e Cofactors are particularly relevant in LTP allergy, and
the suppression of gastric acid through the use of
proton pump inhibitors, or undertaking bariatric surgery
could lead to individuals with PFS experiencing more
severe reactions.

Although there have been several publications eval-
uating the prevalence of PFS and LTP allergy in
different age groups, other factors such as ethnicity,
sex and social determinants have been less well
studied.

Both PFS and LTP allergy occur across a wide age
spectrum. PFS is rarely described in infancy
because its cause is related to pollen sensitization.
A review by Mastrorilli ef al. [6] found that the
prevalence of PFS in children ranged from S to
48%, and risk factors for PFS were female sex, older
age, parents affected by atopic diseases, being over-
weight and environmental tobacco smoke expo-
sure. Kim et al. [7] reported a high prevalence of
PES in children with atopic dermatitis and birch
sensitization, with high birch specific-IgE levels
linked to an increased likelihood of having PES.
The prevalence of PFS is higher in birch-endemic
areas in Northern Europe; only 3.3% of 672 pollen-
sensitized Spanish children had PFS-related symp-
toms [8]. LTP allergy, commonly described in
adults, is also an emerging allergen in the paedi-
atric population. Not much is yet known about
this type of allergy in children so it often remains
underdiagnosed [9]. In 82 children with allergic
rhinitis due to Parietaria pollen and sensitization
to Pru p 3, about one-quarter reported anaphylaxis
after eating LTP-containing foods, about half
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reported oral allergy symptoms (OAS) and one-
quarter were only sensitized to Pru p 3 but asymp-
tomatic [10]. In another study of 26 children with
positive skin prick test (SPT) to peach extract and
sIgE to Pru p 3, the symptoms described were
urticaria in 58%, anaphylaxis in 46% and OAS in
42%. There was no association between the inci-
dence of severe reactions and levels of sIgE to Pru p
3 or Cor a 8, or with SPT wheal size. Furthermore,
69% of patients had multiple reactions with more
than one food, and cofactors were reported in 27%
and associated with more severe reactions. In some
children, cofactors were essential for the occur-
rence of reactions and were associated with ana-
phylaxis, as in adults [11].

There are fewer data concerning other epidemio-
logical factors such as ethnicity, social determi-
nants and sex on either the prevalence or
severity of PFS or LTP allergy. One significant find-
ing from a large study of PES in seven Southern
European countries was that 7.8% of individuals
with PFS had a mother who also had PFS compared
with 1.9% of controls [12]. It is known that sex
differences may influence food allergy symptoms,
as well as immune reactivity, which vary during
menstrual cycle, pregnancy, hormone replacement
therapy and menopause possibly due to changes in
oestrogen and progesterone levels promoting a Th2
polarization [13]. A study of 6824 adults that PFS
significantly affected more than twice as many
women as men (13.1 vs. 5.7% of the whole cohort);
also men developed PFS earlier in life (teens to 30s),
whereas women were older when they developed
PES and continued to develop PES into their 60s
[14]. Another study of pollen-sensitized patients
with a mean age of 12 years, found that being
female was a potential risk factor for the develop-
ment of PFS [8]. There is less evidence for sex differ-
ences in LTP allergy, but In a large follow-up study,
during a period of 10 years, patients sensitized to
LTP experienced symptoms of allergy to previously
tolerated plant foods, with a higher prevalence of
female patients (60%) [15™"]. Another study found
that women were more likely to have cofactor-
dependent LTP allergy, possibly linked to menstru-
ation [16]. There is very little evidence to determine
whether social determinants or ethnicity are rele-
vant factors in the prevalence of PFS or LTP allergy.
A workgroup report from the American Academy of
Asthma, Allergy & Clinical Immunology concluded
those in minority ethnic groups, or who had low
incomes or lived in a rural area had increased food
allergic disease [17].
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The usual symptoms of PFS are rapid-onset mild
pruritis and angioedema affecting the oral cavity.
Other more troublesome symptoms can occur,
including paraesthesia of the lip or tongue, diffi-
culty swallowing, ear itching, rhino-conjunctivitis,
nausea and sometimes laryngeal tightness but more
severe or anaphylactic episodes are considered to
be rare [18]. Those diagnosed with LTP allergy can
present with an extremely wide and varied spectrum
of symptoms which include contact urticaria, oro-
pharyngeal symptoms, angioedema, respiratory
symptoms, gastrointestinal symptoms and anaphy-
laxis [197].

Reactions involving stable proteins such as LTP are
associated with a higher risk of severe reactions,
unlike the labile allergens involved in PFS. However,
recent studies suggest that as many as 10% of indi-
viduals with PFS may experience systemic or ana-
phylactic reactions [20,21]. A number of factors
could affect the symptom type and severity of both
PES and LTP allergy, including the number of sensi-
tizing allergens, the level of sensitization, cosensi-
tization, the number of food triggers reported,
presence of cofactors and stability of the allergenic
proteins — see Fig. 1. Thus, it is important to ensure
that all those with either PFS or LTP allergy are
individually assessed for the risk of an anaphylactic
reaction, and consequent need to carry epinephrine,
based on their clinical history. A review of
their sensitization to foods and aeroallergens can
also provide clues as to the likelihood of a severe
reactions.

Polysensitization may affect symptom type and
severity in individuals with PFS; Hogerle et al. [22]
reported that in a cohort of 1119 patients, those
with PFS who were sensitized to both Bet v 1 and a
profilin were more likely to report oral itching,
swelling and gastrointestinal discomfort, experience
more severe rhinitis and a higher tendency to
develop asthma than those sensitized to Bet v 1
alone. The number of PFS food triggers may also
be linked to symptom severity; Kim et al. [20]
reported that individuals with PFS who experienced
reported anaphylaxis had a significantly higher
number of causative food triggers and had a greater
strength of sensitization to trees, timothy grass and
ragweed. The same phenomenon can occur with
LTP allergy. Individuals who are sensitized and
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reactive to LTP in multiple foods are considered to
have LTP syndrome, and reactions to five or more
triggers are associated with increased symptom
severity [197]. This finding has been confirmed by
Ruano-Zaragoza et al. in a study of over 400 indi-
viduals with LTP allergy, 37% of whom had experi-
enced anaphylaxis, which was especially prevalent
in those sensitized to five or more LTPs. However,
symptom severity varied with urticaria and oral
allergy syndrome being common, suggesting that
sensitization to LTP allergens does not always cor-
respond to severe reactions [16].

[t is possible that there is an association between
the level of sensitization and systemic or severe
reactions; a review of LTP allergy by Asero et al.
[23], highlighted evidence that those experiencing
systemic reactions to foods were more likely to have
a higher level of specific IgE to LTP. Scheurer et al.
[24™] reported that mono-sensitization to LTP aller-
gens was much more frequent in the Mediterranean
basin and is associated with more severe reactions
compared with individuals from Central and North-
ern Europe who are often cosensitized to birch and
other pollens. A recent study from Bogas et al. [25]
found concomitant sensitization to LTP and profi-
lins appeared to be protective against severe reac-
tions, and could be a useful biomarker of severity
rather than the number of LTP sensitizations. There
is not currently much evidence on the severity of
LTP allergy in Northern Europe, but Decuyper et al.
[26] recently compared LTP-sensitized individuals
from Spain and Belgium and found that sympto-
matic patients from Spain were more sensitive to
lower allergen concentrations compared with those
from Belgium.

Cofactor presence is also generally associated with
increased reaction severity. The best characterized
cofactors include exercise, NSAIDs and alcohol,
though numerous others have been proposed (e.g.
sleep deprivation and concurrent viral infection).
The hypothesized mechanisms of action were
recently reviewed by Mufioz-Cano et al. [27] and
include an increase in gut permeability, changes in
plasma osmolarity, blood flow redistribution, baso-
phil and mast cell activity, diamine oxidase inhib-
ition and metabolism of eicosanoids and adenosine.
Cofactor involvement in LTP allergy has been
described in numerous studies to date. A recent
prospective multicentre study showed that of 52
patients with food-dependent NSAID-induced
hypersensitivity, 44 (85%) were due to LTP, 75%
of which were sensitized to three or more LTP foods
[28]. LTP accounted for 85% of anaphylaxis cases.
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FIGURE 1. Factors affecting reaction severity in pollenfood syndrome and lipid transfer protein allergy: host, environment and

allergen-related factors.

Furthermore, most patients tolerated the culprit
foods in the absence of NSAIDs and the rest expe-
rienced mild symptoms only. There is little data
with regards to alcohol, though a recent retrospec-
tive study of 157 LTP allergic patients reported
alcohol as the cofactor in 10% of cases, following
exercise (32%) and NSAIDs (16%). It is also impor-
tant not to overlook alcohol as the source of LTP
(e.g. cereal grains in beer) in addition to its cofactor
effect [29]. Although PEFS is generally not cofactor
dependent, case reports of systemic reactions to PR-
10 proteins in the context of cofactors are emerging
[21,30].

FOOD TRIGGERS, DIGESTION AND
SYMPTOM SEVERITY

Foods triggering symptoms in individuals with
either PFS or LTP allergy are often very similar,
but the point of difference between these two plant
food allergies is that PR10 and profilin allergens are
heat labile and easily degraded by gastric acid, so
processed or cooked versions of foods are usually
tolerated [5]. However, LTPs are present in both raw,
cooked and processed foods, as they are highly
resistant to degradation by heat and digestion
[3"]. Processed foods such as pizza have been
reported to trigger reactions in individuals sensi-
tized to LTP, and a recent case report demonstrated
that LTP allergens in tomato were one of the causes
of significant reactions to pizza [31]. The wide dis-
tribution of LTP allergens in so many plant foods
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might be another reason why individuals with LTP
allergy react to composite foods. Onions and garlic,
present in many ready-prepared and restaurant
meals, have recently been demonstrated to be the
cause of food allergic reactions in 27 of 924 patients,
and likely caused by LTP allergens [327].

Gastric acid promotes the conversion of inactive
pepsinogen to active pepsin, but acid suppression
with protein pump inhibitors (PPIs), antacids and
H2 receptor antagonists reduces pepsin levels and
thus affect the digestion of PR-10 and profilin aller-
gens. Pepsin’s protective effect was demonstrated by
a recent retrospective multicentre study by Asero
et al. [23] which showed a significantly higher prev-
alence of PPI use among PFS patients with a history
of systemic reactions compared with controls
matched for age, sex and sensitization profile who
experienced local symptoms only. Liquid foods
transiently increase gastric pH and pass through
the stomach more rapidly than solid foods and
plant food drinks such as smoothies, milkshakes
also have higher concentrations of PR-10 and pro-
filin proteins. These factors contribute to the ability
to evade pepsin’s protection. Asero et al. [23] also
demonstrated that soya milk has a significantly
higher propensity to provoke systemic rather than
local reactions in Gly m 4 allergic patients.

Similarly, bariatric surgery such as Roux-en-Y
gastric bypass and sleeve gastrectomy reduce num-
bers of pepsin-secreting Chief cells and result in
significant reduction in pepsinogen levels [33]. Case
reports have described worsening of PES reaction

Volume 22 o Number 5 o October 2022

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.



severity post bariatric surgery [34]. Given the correct
circumstances, labile plant proteins can therefore
cause systemic reactions akin to nsLTP allergy. Fur-
ther similarities to nsLTP arise when considering the
stability of certain PR-10 proteins to heat and acid-
ity. Arecent study by Fuhrer et al. [35] examined four
isoforms of Hazelnut’s PR-10 protein Cor a 1 and
found that despite their highly similar sequences
and three-dimensional structures, the isoforms
exhibit significant differences in structural flexibil-
ity, heat resistance and specific IgE binding. A sim-
ilar observation was reported for the PR-10 protein
of carrot, Dau c 1, most of the isoforms of which can
refold at physiological pH and so it remains aller-
genic despite cooking [36].

Those with PFS are more likely to react, or have more
severe reactions, during the pollen season. Gabrielli
et al. [37] recruited and reviewed 250 patients with
fruit-induced anaphylaxis, and reported that severe
reactions to fruit were more likely to occur in spring,
proposing pollen cross-reactivity as the cause. In
Northern Europe PFS is highly prevalent and prin-
cipally mediated by Bet v 1, the major pollen aller-
gen in Betula verrucose (Silver birch), although
individuals sensitized and allergic to oak pollen
can also be symptomatic on exposure to birch pollen
and thus may also experience PES [5,38]. The birch
profilin Bet v 2 can also mediate PFS reactions in up
to 20% of Northern European populations, but is a
more common sensitizing allergen in Central and
Southern Europe [5]. A recent study by Lipp et al.
[12] demonstrated that 20% of patients with sea-
sonal allergic rhinitis from Southern FEuropean
countries had PFS, kiwi, peach and melon most
likely to elicit reactions. Profilins from grass (Phleum
pratense) Phl p 12, mugwort (Artemisia vulgaris) Art v
4, or ragweed (Ambrosia artemisiifolia) Amb a 8, are
also important mediators of PFS in these popula-
tions and their abundance in plants means reactions
are often triggered by multiple foods [39]. Several
studies have demonstrated an increase in sensitiza-
tion to birch tree pollen, but other pollens are also
becoming more widespread and increasingly more
allergenic. The spread of ragweed is increasing in
Northern and Eastern European countries, probably
due to climate change [40]. Sensitization rates to
ragweed increased in Germany by nearly 70% over 2
decades, alongside continuing high levels of cosen-
sitization to birch and grass pollen [41]. In Basel,
Switzerland, temperature increases over the last
50 years have correlated with an earlier start date
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and increased intensity of the tree pollen season
[42]. A study using time-series regression models
reported that an increase in the peak concentrations
of tree and weed pollens between 2002 and 2019 was
significantly associated with temperature and pre-
cipitation [43]. Such changes may also increase the
incidence and severity of PFS. In a study of two
random cohorts 20 years apart, Loraud et al. reported
a highly significant increase in sensitization to trees,
allergic rhinitis and PFS in children aged 7-15 years
who were under the asthma team [44"].

Sensitization and symptoms provoked by LTP aller-
gens have traditionally occurred mainly in Southern
Europe, but individuals in Northern European coun-
tries, including Belgium, Austria, United Kingdom
and more recently Poland, are also sensitized and
symptomatic to LTP [3%,45]. Could this increase be
linked to pollens and could pollen LTPs act as the
primary sensitizer in individuals who also react to
LTP in foods? An excellent review by Scheurer et al.
[24*] found that there was conflicting evidence
from Southern Europe as to whether sensitization
to pollen LTP such as from plane tree (Pla a 3) and
Mugwort (Art v 3) could be linked to sensitization to
food. Although previous studies have suggested pri-
mary sensitizaiton to Art v 1 was linked with symp-
toms to peach, in some populations, sensitization to
the mugwort pollen LTP Art v 3 seems to indicate
season-specific pollen-related food allergy rather
than LTP allergy [46]. Asero et al. [47] reported that
although sensitization to Art v 3 and Pla a 3 was
common in their Pru p 3-sensitized population, Pru
p 3 IgE reactivity was not inhibited by mugwort or
plane tree pollen extracts so evidence for them being
primary LTP sensitizers is lacking. There is less evi-
dence for the role of the Plane tree LTP Pla a 3 being a
primary sensitizing allergen, even in areas such as
Madrid, which has high levels of LTP allergy and the
highest concentration of plane tree pollen in Spain,
but sensitization is usually to Pla a 2, rather than Pla
a 3 [48]. However, a recent review described how
plane trees produce large amounts of pollen during
the springtime which could contain much higher
levels of the allergens Plaa 1 and Pla a 3 in areas with
high levels of pollutant gases and vehicle exhaust
particles [49]. So, could pollution and city planning
be the reason for the development of LTP allergy in
Northern Europe? A recent review of current con-
troversies of LTP allergy suggested that primary
sensitization could be to peach, to pollen (Pla a 3,
Art v 3) or even to the cannabis LTP Can s 3 [50].
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The diagnosis and management of PFS and LTP
allergy needs careful consideration and long-term
follow-up. An excellent review of allergy to foods
from the Rosaceae family by Costa and Mafra high-
lighted the major differences between diverse plant
food allergies, and emphasized the importance of
individualized advice and risk stratification [51""].
There are still questions over the avoidance of high
risk foods, especially as it has been demonstrated
that almost one third of individuals with plant food
allergy, and sensitized to LTP, experienced reactions
to previously tolerated fruits and nuts 10 years after
diagnosis [15%%]. It is currently unknown whether
those with PFS will inevitably react to more foods
over time, and if so whether this is due to changes in
their pollen sensitization profile. Plant food allergy
is changing. Reactions to individual plant food sug-
gest a primary allergy to a seed storage protein.
When multiple plant foods trigger symptoms,
including nuts, fruits and vegetables, then a diag-
nosis of PES or LTP allergy should be considered,
whatever the status of the patient is with regards to
their age, geographical location, symptom severity
or pollen sensitization.
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