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Abstract

Background The vast majority of IgE-mediated food
allergies in adults are based on sensitization to pollen,
followed by reactions to structurally related, often un-
stable allergens, in particular in fruit (including edible
nuts), vegetables, and spices.

Materials and methods This article provides an up-to-
date overview of selected scientific works on pollen-
related food allergy and has been drawn-up on the
basis of PubMed research, the German Study on
Adult Health (Studie zur Gesundheit Erwachsener in
Deutschland, DEGS) conducted by the Robert Koch
Institute, as well as the national and international
guideline registries.

Results Birch pollen-related symptoms are gener-
ally the commonest form of pollen-related allergy
observed in Northern Europe. The types of fruit
that most frequently cause symptoms belong to the
Rosaceae (e.g., apple, cherry) and Fagales families
(hazelnut). Reactions to legumes (e.g., peanut, soy)
and vegetables, including celery, carrot, tomato, and
bell pepper, are also worthy of note. In addition to
oropharyngeal contact urticaria, the clinical symp-
toms of pollen-related food allergy can range from
the involvement of other organ systems to anaphy-
lactic shock. The main plant food allergens belong
to a handful of protein families: Bet v 1 homologs,
profilins, lipid transfer proteins, storage proteins, and
thaumatin-like proteins.

Conclusion The diagnosis of pollen-related food al-
lergy has seen significant advances in recent years in
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the wake of component-resolved/molecular allergol-
ogy, thereby, enabling reliable identification. Treat-
ment comprises dietary counseling and the prescrip-
tion of emergency medication. In addition, allergen-
specific immunotherapy for cross-reactive pollen al-
lergens appears to positively affect concomitant food
allergies in some patients.
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Abbreviations
ASIT  Allergen-specific immunotherapy

CCD  Cross-reactive carbohydrate determinants

DEGS Study on Adult Health in Germany Studie zur
Gesundheit Erwachsener in Deutschland

FAQL Food allergy quality of life (questionnaire)

SPT Skin prick test

IgE Immunoglobulin E

IgG Immunoglobulin G

CRD  Component-resolved diagnosis
KDa  Kilodalton

LTP Lipid transfer proteins

FA Food allergy

OAS Oropharyngeal contact urticaria (formerly
oral allergy syndrome)

PR Family of pathogenesis-related proteins

SIgE Specific immunoglobulin E

TLP Thaumatin-like proteins

Introduction

According to current data from the Study on Adult
Health in Germany (Studie zur Gesundheit Erwach-
senerin Deutschland, DEGS), almost 5% of adults have
a food allergy [1]. The majority of IgE-mediated food
allergies in adults are based on sensitization to aeroal-
lergens (in particular pollen), followed by reactions
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Table 1 Betv1-homologousfoodallergens(www.allergome.

Table 2 Cross-reactions described between aeroaller-
gens and plant foods (see also Table 1; [4, 45-48)])

de)[72]
Family Allergen Taxonomic name Source
Fagales Corai Corylus avellana Hazel(nut)
Cass 1 Castanea sativa Chestnut
Rosaceae Mal d 1 Malus domestica Apple
Pyrc1 Pyrus communis Pear
Prup 1 Prunus persica Peach
Pruav 1 Prunus avium Wild cherry
Pruar 1 Prunus armeniacae Apricot
Fraa1 Fragaria ananassa Strawberry
Legumes Arah8 Arachis hypogaea Peanut
Glym 4 Glycine maximus Soybean
Vigr1 Vigna radiata Mung bean
Apiaceae Apig 1 Apium graveolens Celery
Dauc 1 Daucus carota Carrot
Petc PR 10 Petroselinum crispum  Parsley
Foev 1 Fueniculum vulgare Fennel
Cors 1 Coriandrum sativum Coriander
Cumc 1 Cuminum cyminum Cumin
Pima 1 Pimpinella anisum Anise
Solal 41 Sg/anum lycoper- Tomato
sicum
Compositae Mat ¢ 17 kD Matricaria chamomilla  Chamomile
Taro18kD Taraxacum officinale  Dandelion
Liliaceae Aspa o PR Asparagus officinalis ~ Asparagus
protein
Solanaceae Capa17kd Capsicum annuum Bell pepper
Cap ch 17 kD Capsicum chinense Chili pepper
Ebenaceae Dio k 17 kD Diospyros kaki Persimmon
Anacardiaceae  Mani 14 kD Mangifera indica Mango
Papaveraceae  Pap s 17 kD Papaver somniferum  Opium poppy
Actinidiacecae  ~ Actd 8 Actinidia deliciosa Kiwi
Juglandaceae Jug a5 Juglans regia Walnut

Allergens shown in bold can be determined using commercial assays

(cross reactions) to structurally related, often unsta-
ble allergens [2], especially in (plant) foods such as
fruit, vegetables, and spices. This type of food allergy
is referred to as a secondary food allergy, as distinct
from the primary form, which is presumed to involve
sensitization via the gastrointestinal tract [2-4]. The
types of fruit most commonly involved in pollen-re-
lated food allergy belong to the Rosaceae and Fagales
families; celery and carrot from the Apiaceae family in
terms of vegetables, as well as tomato and bell pepper,
are worthy of note ([5]; Table 1).

A number of typical associations have been de-
scribed, such as birch-fruit syndrome, celery-birch-
mugwort-spice syndrome, and mugwort-mustard
syndrome, among others (Table 2). The geographical
distribution of pollen and regional dietary habits af-
fect the incidence and development of various forms
of food allergy [4]. For example, hazelnut allergy
in Northern Europe is usually attributed to sensiti-
zation to the birch pollen-related allergen Cor a 1,

Allergen Food (allergens) (Presumed) pollen aller-
source gen
Common
Birch Apple, hazelnut, cherry, car- Betv 1
rot, celery, soybean, peanut,
and others
Less common
Mugwort Anise, coriander, garlic, Profilins?
cumin, leek, mango, sun-
flower seeds, bell pepper,
parsley, pepper, onion
Broccoli (Bra o 3) Artv 3 (LTP)
Fennel unknown
Chamomile Art v 1 (defensin)
Carrot (Dau c 4) Artv 4 (LTP)
Lychee (Lit c 4) Artv 4 (LTP)
Peach (Prup 3, Prup 4) Artv 3 (LTP), Artv 4
(profilin)
Celery Api g 4 (profilin) Art v 4, others
Api g 5 (60 kD)
Mustard (Sina 3 LTP, Sina4) Artv3 (LTP), Artv4
(profilin)
Rarer/under discussion
Alternaria Spinach unknown
Ragweed Melon-banana Am a6 (LTP), Amb a 8
(profilin)
Ficus ben- Kiwi, pineapple, papaya, fig unknown
Jjamini
Goosefoot Melon, banana, peach Profilins
Parietaria Pistachio, mango, cashew unknown
Wine pollen Grapes unknown
Cypress Peach (Pru p 3) unknown
LTP Lipid transfer protein

whereas sensitizations to the lipid transfer protein
(LTP) Cor a 8 are more common in the Mediterranean
region. The latter is likely a case of combined sensiti-
zation resulting from peach consumption (as a cross
reaction with Pru p 3) and pollen [6]. Due to the
multitude of possible pollen and food sensitizations
with, to an extent, unknown allergens [7-9], it is not
always possible to reliably distinguish a primary from
a secondary food allergy.

As a whole, molecular (component-resolved) al-
lergy diagnostics have contributed much to our un-
derstanding of pollen-related food allergy in recent
years [5, 10, 11].

This paper is intended to provide an overview of the
most important aspects of pollen-related food allergy;
having said that, it has been necessary to make a se-
lection due to the breadth of increases in our knowl-
edge.
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Fig. 1 Oropharyngeal contact urticaria involving small blisters
onthe oral mucosa (blistering) in a birch pollen-allergic patient
following consumption of a soy provocation meal

Clinical presentation of pollen-related food al-
lergy

The clinical reactions associated with secondary food
allergy (FA) can occur as early as upon first intake of
a food, since sensitization takes place via pollen aller-
gens as opposed to contact with the food. As such, pa-
tients are often caught completely unaware [2, 12, 13].
Symptoms typically manifest within a few minutes to
up to 2h following intake of the food. Reactions may
be seen in one or more target organs, including the
oral mucosa, skin, gastrointestinal tract, respiratory
tract, and cardiovascular system [2—4].

Oropharyngeal contact urticaria, also formerly re-
ferred to as oral allergy syndrome (OAS), describes
manifestations limited to the oral cavity and pharynx.
Typical subjective symptoms include oral paresthesia
or pruritus of the lips, tongue, gums, ears, and/or
larynx, a feeling of swelling and/or difficulties swal-
lowing. Objective symptoms may comprise swelling
of the lips or tongue, hoarseness, and/or laryngeal
edema. Some patients exhibit red patches or tran-
sient, small blisters on the oral mucosa (Fig. 1). Symp-
toms generally resolve within 10-30 min; however, pa-
tients can also go on to develop systemic reactions
[2-4, 13, 14].

Where this is the case, the skin is most frequently
affected [2-4], particularly in the form of acute gen-
eralized urticaria; angioedema and flushing are ob-
served more rarely. Respiratory symptoms (e. g., res-
piratory distress, drop in peak flow, asthma attacks)
can also be seen as a result of pollen-related food al-
lergy. Gastrointestinal and cardiovascular symptoms
are rarer and are generally not seen as sole manifes-
tations [2—4].

Why some patients develop systemic reactions in
addition to local symptoms has not been conclusively
explained. The bioavailability of the allergen, the pa-
tient’s degree of sensitization, as well as other possible
co- or augmentation factors all play a role here ([15,
16]; Table 3). Concomitant food allergies may be more

pronounced in pollen-allergic individuals during the
relevant pollen season [2-4].

In addition to immediate-type reactions, eosino-
philic esophagitis [17] has also been associated with
pollen-related food allergy, and a transient exacerba-
tion of eczema is sometimes seen in a subgroup of
atopic dermatitis patients in the context of pollen sen-
sitization following oral provocation with the cross re-
active food [2-4].

The diagnosis of a food allergy generally has a con-
siderable impact on patients: not only does it result
in restrictions in everyday life due to the necessary di-
etary measures, it is also associated in many instances
with living under the constant threat of a sudden al-
lergic reaction, including life-threatening anaphylaxis.
A study of patients with birch pollen-related food al-
lergy [18] showed a clear reduction in quality of life,
which was more pronounced in women than in men,
and which worsened with the number of foodstuffs
not tolerated, age, and the severity of previous symp-
toms. The main issues were associated with the pa-
tients’ general concern about their health and their
anxiety about experiencing a sudden and unexpected
allergic reaction [18].

Plant food allergens

The allergen content in plant foods can vary according
to growth and storage conditions. Moreover, varying
degrees of allergenicity, along with evidence of high-
and low-allergen types, could be shown for a num-
ber of apple cultivars (see also the section Therapeutic
consequences: dietary measures [19]). The main plant
food allergens belong to a handful of protein families,
the best known among these being Bet v 1 homologs
(Table 1), LTPs, storage proteins, and thaumatin-like
proteins (TLP) [2-5, 10, 11]. In addition, profilins and
cross-reactive carbohydrate determinants (CCD) play
a role as panallergens capable of yielding positive al-
lergy tests of generally dubious clinical relevance. Pol-
calcins (calcium-binding proteins) are found only in
pollen and therefore play no role in pollen-related
food allergy [2-5, 10, 11].

Using a group of children in Italy as an example, an
attempt was recently made based on molecular sen-
sitization patterns to the allergens Phl p 12 (profilin),
Betv 1, and Pru p 3 (LTP) to classify five different types
of pollen-related food allergy [20]. To what extent this
classification may be helpful in the areas of diagnosis
and treatment remains to be elucidated.

Bet v 1 homologs

The main allergen component in birch pollen, Bet v 1,
belongs to the plant proteins in the pathogenesis-re-
lated protein family (PR-) 10. Bet v 1 homologs are
widespread in the plant world, as well as in fruit
and vegetables (Table 1). Hazelnut, apple, celery,
carrot, and cherry belong to the food allergens most
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Table 3 Riskfactorsforfoodallergy severity (modified from
[15])

Allergen Mode/route of use

Food administration/matrix

Specific factors/allergenicity (e. g., affected by storage)
Patient’s IgE level/IgE affinity

Cellular immunity

Patient behav-  Allergen contact

ior Availability of emergency medication/adrenaline autoin-
jector
Alcohol
Medication/drugs (e. g., NSAID, ACE inhibitors, 3-block-
ers)
Exertion

Immunological (e. g., blocking antibodies)
Endocrine (e. g., catecholamine release)
Vascular

Compensatory
mechanisms

Others Intercurrent infection

Asthma, bronchial hyperresponsiveness
Cardiovascular disease

Mastocytosis

Sex/age

Gastrointestinal absorption

NSAID Nonsteroidal anti-inflammatory drugs, ACE angiotensin converting
enzyme

commonly associated with birch pollen allergy [2—4].
Although symptoms are generally mild and take the
form of oropharyngeal contact urticaria, they can
extend to allergic shock, particularly in the case of in-
gestion of protein-rich soy products [12-14]. A Danish
study on a group of patients with Cor a 1 sensitization
(hazelnut) also revealed that 49% experienced ob-
jective symptoms [21]. Therefore, even in monosen-
sitization, the risk of anaphylaxis should always be
taken into consideration. Since heat typically destroys
the thermolabile PR-10 allergens, cooked, baked, or
heavily processed foods are usually well tolerated.
However, even roasted hazelnuts [22, 23] or cooked
celery [24] can cause symptoms in some strongly
sensitized patients.

Lipid transfer proteins

Sensitization to LTP is primarily seen in the Mediter-
ranean region and probably occurs largely via the gas-
trointestinal tract following the ingestion of peaches
[5]. The peach LTP, Pru p 3, exhibits structural sim-
ilarities to LTP in other fruit and vegetable cultivars.
Other clinically important LTP include: Cor a 8 (hazel-
nut), Ara h 9 (peanut), and Jug r 3 (walnut) [5]. An
association between sensitization to LTP in foods and
sensitization to inhalant allergens (LTP) in mugwort,
cypress, olive, and plane tree is discussed [25, 26]. LTP
are resistant to heat and digestion, and sensitization
to these proteins is associated with systemic and se-
vere reactions [5, 26].

Profilins

Due to their ubiquitous occurrence in pollen and
plant foods, profilins are considered to be panaller-

gens [27]. There is marked cross reactivity between
profilins from different sources (e.g., Bet v 2/birch,
Phl p 12/grass, Cor a 2/hazelnut, Pru p 4/peach,
Mal d 4/apple, Ara h 5/peanut), which can result in
nonspecific coreactions in specific immunoglobulin E
(sIgE) diagnostics [5, 10, 11]. Molecular allergy di-
agnostics with the determination of specific IgE to
Bet v 2 can be a helpful investigation method, partic-
ularly of polyvalent sensitizations in skin prick testing
[28-30]. Although profilins are rarely associated with
clinical symptoms, they can cause local and also
severe reactions in some patients [29, 30]. Clinical
relevance has been demonstrated for allergic reac-
tions to melon (Cuc m 2), watermelon, kiwi, tomato,
banana, pineapple, apricot, cucumber, and orange
[27, 30].

Cross-reactive carbohydrate determinants

Approximately 20% of patients with pollen allergy are
believed to have antibodies against proteins >30kDa,
whereby these are mostly carbohydrate determinants.
There is much discussion on the clinical relevance of
these CCD antibodies [5]. CCD have been identified
in birch, timothy, and ragweed pollen, as well as in
numerous foods such as celery (Api g 5), bell pepper,
pepper, and mango [31].

Thaumatin-like proteins

Thaumatin-like proteins (TLP) are found in plane
pollen, as well as in cypress (Cup s 3), birch, mug-
wort, and olive pollen. They have been identified, for
instance, as important allergens in peach allergy. At
a molecular weight of between 20 and 30kDa, TLP
have an extremely (heat) stable, three-dimensional
structure and are also referred to as PR-5 allergens
[5]. Their role in pollen-related food allergy has re-
cently been demonstrated, whereby observations are
currently restricted to Spanish regions [32]. Examples
of TLP in foods include Act d 2 (kiwi), Mal d 2 (ap-
ple), Mus a 4 (banana), Pru p 2 (peach), and Pru av 2
(cherry); they have also been identified in cabbage,
lettuce, and chestnuts [5].

Storage proteins

The term “storage proteins” encompasses a large
number of structurally related, mostly stable, and
thus often clinically relevant food allergens. In all
likelihood, sensitization takes place largely via the
gastrointestinal tract and not via inhalant allergens.
Sensitization to storage proteins is associated with
a high risk for systemic symptoms. The allergens
are found in many plant allergen sources, e.g., nuts,
seeds, legumes, including peanut, soy, lupines, and
cereal. Numerous cross reactions are known [5, 10,
11].
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Specific aspects of selected plant food allergens
Fruit

In the DEGS study, IgE sensitizations were most com-
monly seen to peach (Pru p 1/Bet v 1 homolog:
12.4%), cherry (10.1%), apple (9.2%), kiwi (7.5%), and
strawberry (5.5%) [1]. Sensitizations to the Bet v 1
homologs Pru p 1 (peach) and Mal d 1 (apple) are
detected particularly frequently in birch pollen-aller-
gic individuals in Northern Europe, whereas Pru p 3
and Mal d 3 sensitizations (LTP) are more common
in Southern Europe. Other apple allergens include
Mal d 2 (TLP) and Mal d 4 (profilin) [5]. Secondary
pollen-related food allergy to kiwi is seen in birch (al-
lergens Act d 8/Bet v 1 homolog or Act d 9/profilin),
grass (Act d 9), and latex sensitization [5].

Tree nuts and legumes

In the DEGS study, 15.7% of adults were sensitized
to hazelnut, 4.0% to almond (edible nuts), 8.0% to
peanut, 10.3% to Gly m 4 (soy), 3.9% to lupines, and
3.7% to soybeans (legumes) [1]. Important food al-
lergens for hazelnut include the following: Cor a 1
(Bet v 1 homolog), Cor a 8 (LTP), Cor a9, and Cor a 14
(storage proteins); for peanut, Arah 1, Arah 2, Arah 3
(storage proteins), Ara h 5 (profilin), Ara h 8 (Bet v 1
homolog), and Ara h 9 (LTP); and for soy, Gly m 3 (pro-
filin), Gly m 4 (Bet v 1 homolog), Gly m 5, and Gly m 5
(storage proteins) [5].

Vegetables

The DEGS study measured IgE sensitization rates of
8.7% to carrot, 8.6% to celery, and 6.1% to tomato
[1]. Celery and carrot belong to the Apiaceae fam-
ily. Celery allergens worthy of note include Api g 1
(Bet v 1 homolog), Api g 2 (LTP), Api g 4 (profilin), and
Api g 6 (LTP). It was also recently reported that 42%
of celery-allergic individuals are believed to be sen-
sitized to the high-molecular-weight allergen Api g 5
[33]. Homologies to high-molecular-weight allergens
from grass and fennel are believed to exist [34]. Aller-
gens from carrot include Dau c 1 (Bet v 1 homolog),
Dau c 4 (profilin), and Dau c 3 (LTP). Patients with
mugwort pollen allergy can develop a cross-allergy to
celery and carrot through allergens as yet unidenti-
fied [5]. Important allergens in tomato include Sola
1 1 (profilin), Sola 1 3 (LTP), and Sola 1 4 (Bet v 1 ho-
molog), and in bell pepper, Cap a 1 (TLP) and Cap a 2
(profilin) [5, 35, 36].

Specific aspects of relevant pollen allergens

Birch family (Betulacea)

The Betulacea family, which includes hazel and alder
trees alongside birch, belongs to the order Fagales.

The major allergens in Betulacea pollen include
molecules in the PR-10 group, the most important
being Aln g 1 from alder, Bet v 1 from birch, and
Cor a 1 from hazelnut [5]. Birch pollen-related food
allergy is of major relevance in Northern and Central
Europe [2, 3]. Approximately 17% of adults in Ger-
many are sensitized to birch pollen [1], whereby 95%
of those affected are believed to have IgE antibodies
to the major allergen Bet v 1 [4]. Bet v 1 exhibits
cross-reactivity with a number of Bet v 1-homologous
allergens in foods (Table 1). The minor allergens from
the molecule groups of profilins (e.g., Bet v 2) and
TLPs can also be responsible for cross reactions with
foods [5, 27].

Mugwort (Artemisia vulgaris)

Mugwort belongs to the daisy family (Asteracea). Im-
portant allergens include Art v 1 (defensin), Art v 3
(LTP), Art v 4 (profilin), Art v 5 (polcalcin), and Art v 6
(Amb a 1 homolog). More than 95% of mugwort-sen-
sitized patients are believed to have antibodies to the
major allergen, Art v 1 [31]. Although cross-reactive
food allergies appear to be less common than in tree
pollen-allergic individuals, a number of clinical cross-
reactions have been described (Table 2). A link be-
tween inhalant sensitization to the LTP Art v 3 and
LTP-related food allergy has already been suspected
on more than one occasion. For example, Art v 3 was
described as a sensitizing allergen in peach-allergic
individuals [37] and associated with immediate-type
reactions to broccoli as a possible cross-reaction with
the LTP Bra o 3 [38, 39].

Grasses

One can assume extensive cross-reactivity between re-
lated grasses. It is well known that the profilin Phlp 12
(timothy grass allergen/Phleum pratense) can cause
cross-reactivity with food allergens. Likewise, CCD
from grass pollen can produce positive test results [5].
It is questionable whether grass pollen-related food
sensitization is of any clinical relevance [4].

Ragweed

Typically indigenous to North America, ragweed is in-
creasingly found in Europe [40]. Amb a 1 is considered
the major allergen for inhalation symptoms; other al-
lergens worthy of note include Amb a 4 (defensin),
Amb a 6 (LTP), and Amb a 8 (profilin). Although
a number of foods have been linked to ragweed sen-
sitization, it remains unclear whether and which rag-
weed allergen could be responsible here. The aller-
gens Amb a 6 and Amb a 8 are suspected in ragweed-
melon-banana syndrome [5]. Since polysensitization
is common in ragweed-allergic individuals [41], one
can also assume that an associated food allergy in rag-
weed-allergic individuals is more likely attributable in
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Table 4 Diagnostic work-
up and recommended ap-
proachinpollen-related food
allergy (modified from [4])

Previous history

Convincing history of an inhalation allergy with local

Convincing history of an inhalation allergy with local
reactions following intake of a cross-reactive food

Diagnostic work-up
Investigate

Recommended approach
Cooked or processed foods are often

sensitization to pollen  tolerated
and food using skin Stop immediately upon symptom onset
prick test and/or slgE Avoid intake

reactions following intake of a cross-reacting food

Inconclusive patient history of an inhalation allergy

Additional OPT Avoid intake in the case of positive OPT?

with systemic reaction to a possibly cross-reacting

food
OPT Oral provocation testing

many cases to a concomitant sensitization to another
pollen allergen.

Plane tree

Sensitization to plane pollen occurs primarily in
Southern Europe. The major allergens Pla a 1 and
Pla a 2 are believed to be responsible for allergic
airway diseases in spring. Of a group of 61 plane-
sensitized patients, more than 50% reported a food
allergy (in most cases to peach), and of these, a third
experienced systemic symptoms. Cross-reactivity
with a TLP or LTP (Pla a 3) was deemed responsible
for these plane-related food allergies [42, 43].

Olive

Olive pollens play a role as inhalation allergens in
Southern Europe. They are only rarely linked with
an associated sensitization to food allergens, in which
case they can likely be attributed to profilin sensitiza-
tion [44].

Table 2 lists other food allergens described in asso-
ciation with plant pollen sensitization [45-48].

Diagnostic work-up

The diagnostic work-up for pollen-related food allergy
should be tailored according to the clinical reactions
described in the patient history (Table 4).

Skin testing

Sensitization to pollen allergens is classically investi-
gated using the skin prick test (SPT). When diagnosing
concomitant food allergy, the prick-to-prick test with
fresh material is generally more sensitive for some
foods compared with SPT with commercially avail-
able food extracts. These are not biologically stan-
dardized, have low sensitivity, and often yield false
negative findings. The reasons for this include low oc-
currence and/or the poor stability of many allergens
compared with endogenous, enzymatic processes in
plant food extracts [4]. Moreover, ever fewer allergen
extracts are commercially available and, when they
are, they tend to be extremely cost-intensive. On the
down side, any evaluation should take into account
the lack of standardization in terms of allergen con-

tent, which can vary according to growing conditions,
maturity, and storage, and a possible irritant aspect
associated with some fresh foods [2, 3, 49]. There-
fore, the possibility of false-positive results in prick-
to-prick testing with native foods should be taken into
consideration in the evaluation. Cross-reactivity to
panallergens, such as profilins and polcalcins (the lat-
ter found only in pollen), can also cause false-posi-
tive skin prick tests [5]. Studies have used palm al-
lergen extracts to investigate nonspecific cross-reac-
tions in sensitizations to these panallergens in SPT.
These extracts are not yet commercially available in
Germany (50, 51]. The use of molecular extracts in
component-resolved diagnostics on the skin has hith-
erto only been possible in studies [51, 52].

In vitro tests

The possibilities offered by in vitro IgE diagnostics,
including component-resolved diagnosis (CRD), have
broadened significantly in recent years [7, 8]. Untar-
geted screening (including serological tests), e.g., of
numerous fruit and vegetable types or the available
single allergens in birch pollen-associated cross-sen-
sitization is not recommended [4, 5]. In vitro testing
is indicated in suspected food allergy in the case of
the following:

e Unclear patient history

e Negative skin tests

e Foods that are not suited to skin testing

e Severe anaphylactic reactions (here prior to skin
testing)

e Impracticality of skin testing (e. g., due to active dis-
ease in the test area, use medication/antihistamines
that may affect results)

e Very young children [4].

The interpretation of results requires knowledge of
the most relevant triggering allergen families in plant
foods (see above). Since PR-10 proteins are underrep-
resented in many food extracts in commercially avail-
able assays, the determination of antibodies to the
major birch allergen Bet v 1 is generally indicated for
the diagnosis of a birch pollen-related food allergy.
A further determination of recombinant PR-10 pro-
teins is not additionally required in most cases. By
“spiking” extracts with recombinant allergens (as al-
ready performed, for instance, with Cor a 1 in hazel-
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nut), it is possible to increase the sensitivity of com-
mercial test systems [5, 10, 11].

The determination of other marker allergens for
plant allergens can reveal the extent of possible cross-
reactivity and, to a certain degree, predict the sever-
ity of clinical symptoms [10, 11]. For example, in the
case of proven IgE sensitization to peanut, sIgE an-
tibodies to the Bet v 1 homolog Ara h 8 (PR-10 pro-
tein) may suggest a probably mild, localized reaction
in the future, whereas a systemic reaction is far more
likely in the case of sensitization to the storage pro-
teins Ara h 1, 2, and 3 [53, 54].

Tolkki et al. [55] were able to show that CRD using
single (ImmunoCAP) or multiplex (ImmunoCAP ISAC)
assays were unable to increase diagnostic accuracy in
patients with grass and birch pollen-related food al-
lergy. This confirmed earlier investigations that had
found no benefit conferred by multiplex diagnosis in
birch pollen-related apple allergy [56].

If in vitro allergy tests find extremely broad IgE sen-
sitizations to food, this may be based on a reaction to
panallergens such as profilins — as in skin testing —
or CCD. The combination in particular of positive in
vitro IgE detection and a negative SPT can point to
an in vitro reaction to nonhistamine-releasing CCD in
the SPT [5]. In the case of severe anaphylactic reac-
tions, the possible presence of mastocytosis should be
investigated by measuring serum tryptase. The mea-
surement of food-specific IgG or I1gG4 levels is con-
sidered diagnostically unhelpful and, as such, should
not be performed [57].

Oral provocation testing

The detection of sensitization in skin testing or in vitro
should not be equated with clinical relevance. There-
fore, in the case of an unclear patient history, oral
provocation is the only option to confirm a food al-
lergy and may be highly beneficial prior to prescribing
an elimination diet (Table 3; [2-4]). Disadvantages in-
clude the time requirements, the costs, and the com-
plexity of producing exposure meals using native ma-
terial [2-4, 58]. There are no commercially available
provocation meals as yet. Attention should be paid
here to fluctuating allergen contents depending on
where the plants come from and on their growing
and storage conditions [59]. Possible allergen inter-
action with blinding materials should also be borne
in mind. In addition, the shelf-life of provocation
meals in terms of stability and microbiological aspects
needs to be considered [60]. Altogether, it has been
difficult up to now to compare test results from differ-
ent time points and different hospitals; this is due to
insufficient standardization in the organizational per-
formance and evaluation of tests [2-4, 58]. The pos-
sibility of component-resolved oral provocation using
recombinant Mal d 1 was recently investigated for the
first time [61].

Measuring quality of life

The possible effects of a pollen-related food allergy
on health-related quality of life can be measured us-
ing the Food Allergy Quality of Life Questionnaire
(FAQLQ) [18, 62].

Therapeutic consequences

Dietary measures

An elimination diet should only be implemented if
sensitization has been shown to be of clear clinical
relevance. Particularly in the case of atopic individ-
uals, it is important to ensure that no strict diets
are adhered to purely on the basis of positive allergy
tests [2-4]. Moreover, an elimination diet should only
cover the clinically relevant food allergens and not be
based solely on a list of known and possibly cross-
reactive foods [4]. Individual dietary counseling is
required to this end [2-4, 12]. The following food
allergens capable of causing pollen-related symptoms
are declarable in Europe: peanut, soybeans, edible
nuts (almond, pistachio, Brazil/macadamia nuts, and
hazelnuts), celery, and mustard [2-4].

In addition to complete avoidance, some patients
may be able to consume products low in allergens
where appropriate. Studies have shown for apple that
the cultivars Elise and Santana cause clinical oropha-
ryngeal symptoms more rarely compared with other
apple cultivars, whereas Renate and Cortland do so
more frequently [19, 63]. Storage period and condi-
tions also affect Mal d 1 content [59]. Using genetic
engineering techniques, it was possible to reduce the
Mal d 1 content in — and thereby the allergenicity of
— apples [64], as well as lower the Lyc c 1 content
in tomatoes [65]. However, these foods are not com-
mercially available as yet. It is possible, by means of
heating or processing, to reduce the allergenicity of
Bet v 1 homologs and profilins [2-5].

Emergency medication

The treatment of affected individuals with emergency
medication, including an adrenaline autoinjector,
needs to be weighed up taking into consideration the
expected clinical reaction (local or systemic), the risk
of exposure, as well as other possible comorbidities
and cofactors [66]. In the case of only mild oropha-
ryngeal symptoms upon consumption of foods that
are otherwise generally easy to avoid, the recommen-
dation to use oral antihistamines as required appears
adequate for accidental exposure [2-4].

Allergen-specific immmunotherapy

Allergen-specific immunotherapy (ASIT) against
cross-reactive pollen allergens appears to confer
a benefit in terms of concomitant food allergy in some
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patients [67-70]. As yet, however, study data have
not been sufficiently unequivocal to justify deeming
food allergy alone as an indication to initiate ASIT.
Therefore, in accordance with the guidelines, pollen
ASIT should only be performed if the indication is
made on the basis of concomitant respiratory symp-
toms [2]. A recent study showed, both in vitro and
in a mouse model, that vaccination with a hybrid
molecule directed against the three relevant T-cell
epitopes (Bet v 1 as well as cross-reactive apple and
hazelnut epitopes) is capable of inducing protective
antibodies in pollen-related food allergy [71]. Po-
tential clinical application in humans remains to be
seen.
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