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Fruit and vegetable allergens

The botanical term “vegetable” means either
all plant material or all the edible parts of
plants, compared to “fruit”, which denotes
the ripened ovaries of flowering plants and
surrounding tissues (1). True fruits, therefore,
are developed from the ovary in the base of
the flower and contain the seeds of the plant
(though cultivated forms may be seedless).
Thus, many botanical fruits are not edible
at all, and some are actually extremely
poisonous (2).

But in practice the definitions of the both
words are traditional rather than scientific,
and somewhat arbitrary and subjective, being
determined by local customs of food selection
and preparation. In general, vegetables have
traditionally been regarded are those plant
parts suitable for savoury or salted dishes,
rather than sweet dishes. However there are
many exceptions, such as the Pumpkin, which
is eaten in both savoury and sweetened dishes.
In contrast to this, some edible botanical
fruits, including the Tomato, the Eggplant,
the Bell pepper, and the Bean pod, are classed
as culinary “vegetables”. The term “fruit”
can refer to a part of a plant which is not
technically a fruit but which is used in sweet
cooking: Rhubarb, for example. Mushrooms
belong to the biological kingdom Fungi, not
the plant kingdom, and yet they are also
generally considered to be vegetables. Some
vegetables, such as Carrot, Celery, and Bell
pepper are eaten either raw or cooked, while
others, like the Potato, are eaten only when
cooked. Most fruits are eaten both raw and
cooked.

Fruits are a staple of the human diet
predating agriculture by millions of years,
if the evidence of primate diets is relevant.
Preference for fruit-like sweetness in food is
generally considered by anthropologists to
be programmed into homo sapiens through
natural selection and to serve as a signal that a
new food is edible and not harmful. The human
“sweet tooth” is probably heavily indebted to
the prominence of fruit in the environment and
nutrition of early hominids.

Fruit is experiencing a renewed importance
in the human diet, as an indirect result of this
very “sweet tooth”. With a very abundant
food supply and wide choice among foods
in the present-day developed world, the
preference for sweetness has run amok, one
result being widespread overindulgence in
candy, pastries and other processed sweet
foods. This has contributed to the obesity
epidemic and unprecedented rates of diabetes
and other obesity-related illnesses. But with
health awareness growing, there is, at least
in industrialised countries, a partial return
to human dietary roots, with more and more
“natural”, less-processed foods being eaten,
and this trend includes the replacement of
fattening sweets with non-fattening fruits.

Fruits and vegetables form a large part of
the average middle-class diet. Fixed numbers
of portions per day are recommended by
dieticians, and the recommendations are widely
heeded, especially by parents and schools. In
the modern era, fruits can be cheap, abundant
“convenience foods”. Apples, Oranges,
Bananas, Lemons and Limes have for most of
living memory been easy to transport and store
and so very readily accessible. Commercial
fruit juices, often available in single-portion
servings, have expanded in variety from
Apple and Orange juices and lemonade to
a bewildering array, including exotic mixes.
Some fruits such as Mangoes, which because
of their tropical or semi-tropical origins and
difficulty of transport and storage were seldom
if ever tasted in temperate zones by previous
generations, are now growing familiar because
of advanced storage and transport technology.
South African and Israeli fruits, for example,
are transported by plane to Europe within
a few hours, and boxed juices (many with
shelf-lives of from six months to a year) are a
growing industry in a number of tropical and
semi-tropical countries. Additionally, fruit is
often used as a flavourant or other additive
in processed foods. Finally, there is broader
fruit exposure through greatly increased travel
opportunities. The increasing availability of
vegetables is less dramatic but is still notable.
Some of the same factors in transport and
retail have been influential, and under
consumer pressure, prepared salads have
become common convenience foods.



Allergen exposure

It is not surprising that fruit and vegetable
allergy is increasing: two very clear causes
are the increasing availability of fruit and
vegetables in general and the movement of
some fruits and vegetables into regions where
they were almost never eaten before. This
movement complicates the increase in allergy,
however, as some methods of processing and
storage can activate or de-activate certain
fruit allergens. Heat-lability and heat-stability,
for instance, are important in fruit allergen
metamorphosis.

Fruit and vegetable allergy symptoms
span a wide range, from atopic dermatitis to
urticaria to oral allergy syndrome (itching lips,
tongue and throat, and sometimes swollen
lips, tongue, throat or palate) to anaphylaxis
(A claim put forth is that anaphylaxis-prone
allergy does not exist in conjunction with
oral allergy syndrome, but this is debatable).
Some authors have suggested that “pollen-
food syndrome” is a more apt description of
reactions involving cross-reactive pollen and
food allergens and encompassing symptoms
of oral allergy syndrome.

Considered in isolation, fruit and vegetable
allergy might seem to create relatively little
danger or trouble. Fruits and vegetables, when
compared to Peanut or fish, were initially not
known for commonly causing anaphylactic
reactions in very tiny amounts; and it was
relatively easy to avoid one or several fruits or
vegetables in a diet. However, severe reactions
have been recorded to both (3-4). It also must
be kept in mind that fruit and vegetables,
like Soya, Wheat, and Cow’s milk, may now
commonly be added to processed food, and
that, like these allergens, fruits and vegetables
are not always properly labelled. A fruit or
vegetable extract called a “flavourant”, for
example, can act as a hidden allergen (35).

More importantly still, the role of fruits and
vegetables in cross-reactivity (see below) sets
them in the middle of some of the major dramas
of allergy. Fruit-fruit cross-reactivity in itself
creates the danger of incomplete diagnosis and
allergens unexpectedly encountered later on.
Also, hay fever is on the increase, giving great
importance to the role that fruits play in pollen-
fruit cross-reactivity. Latex-fruit syndrome

(or Latex-food syndrome) links fruit and
vegetables to one of the most vicious allergies,
which has, among other depredations, forced
some surgeons and dentists out of practice.
The Mango component in an allergy complex
may be trivial; but the Latex component could
be devastating.

Occupational fruit and/or vegetable
allergy are also important and increasing.
Those employed in fruit and vegetable
growing, handling and processing — not an
inconsiderable group of people — are at risk
from topical exposure to produce. Topical
allergy occurs, and non-allergy topical
reactions are factors as well, as fruits contain
a variety of volatile chemicals and other
substances that can be irritating to the skin.
Even mechanical irritation is a problem in
some fruit workers. Finally, sulphite as a
preservative of fruits and vegetables would
logically affect producers and handlers much
more than it affects consumers.

A thorough interview and specific testing
are necessary to determine the exact aetiology
of occupational reactions to fruit, as well as of
reactions to ingestion, in which such factors
as histamine and the toxicity of pits and seeds
may need to be taken into account.

Cross-reactivity

The analysis of cross-reactivity was initially
fruit to fruit and vegetable to vegetable. It
then moved from the botanical family level
to the level of panallergens, which allow
cross-reactivity among much more distantly
related entities. It was panallergens that
explained pollen-fruit cross-reactivity, pollen-
vegetable allergy, and fruit-vegetable allergy.
A greater number of culprit pollens can now
be recognised, and a substance as unexpected
as Natural rubber latex can be included in
allergy equations.

Therefore, though fruits remain central
to considerations of cross-reactivity, this
phenomenon appears increasingly complex.
To begin with, all fruits and vegetables contain
a number of allergens, some of which are
panallergens. It is possible simply to be allergic
to Apple, because of one or more unique Apple
allergens. It is more likely, however, that a
patient will have a cluster of allergies, and it is



conceivable, because of multiple panallergens,
to be vulnerable to overlapping patterns of
cross-reactivity. (What actually manifests itself
clinically depends, of course, not only on the
array of allergens but also on the particular
vulnerabilities and experiences of subjects.
A heat-labile allergen in Apple, for example,
would never affect someone who ate Apples
only in pies. A heat-stable allergen in Apple,
which occurs, would).

Certain genera such as Citrus (Grapefruit,
Lemon, Lime, Mandarin, Orange) display
cross-reactivity that is demonstrable at more
or less the expected degree, but other genera
simply do not show the expected cross-
reactivity. The Rosaceae fruits (Apple, Apricot,
Blackberry, Blueberry, Cherry, Peach, Pear,
Plum, Raspberry, Rose hip, Strawberry) show
cross-reactivity at a family level. These are the
most important botanical relationships as far
as demonstrated cross-reactivity is concerned,
but the necessarily very incomplete nature of
such an account should be kept in mind. The
large number of fruit species, and the exotic
history of many fruits, has meant that many
species have not yet been adequately examined
for their allergenic characteristics (6).

On the other hand, because of panallergens,
there are strong patterns of cross-reactivity
spanning distant, non-fruit relationships.
These can be summarised under the headings
of Latex-fruit cross-reactivity and pollen-fruit
cross-reactivity.

Regarding the former, approximately 30-
50% of individuals who are allergic to Natural
rubber latex (NRL) show an associated
hypersensitivity to some plant-derived foods,
especially fresh fruits (7-9). An increasing
number of plant sources, such as Avocado,
Banana, Chestnut, Kiwi, Tomato, Potato and
Bell pepper, have been associated with this
syndrome (10-13). Chitinase appears to be
the main panallergenic culprit in Latex-fruit
cross-reactivity, but other panallergens play
a role (8,14).

Regarding pollen-fruit syndrome, studies
have reported cross-reactivity between Birch
pollen and a number of foods, e.g., Apple,
Pear, Melon, Hazelnut, Peach, Cherry, Plum,
Celery, Carrot and Potato, with oral allergy
syndrome and allergic rhinitis being the pre-

dominant features, and profilin being the
panallergen most frequently implicated (15-
21). Subsequently, a number of allergens or
panallergens have been identified, and this has
shed light on causes and patterns. Profilin was
originally considered to be unquestionably
the most important factor, but LTP is now
receiving significant attention (22-23).

Cross-reactivity may occur between fruits
and pollens other than Birch. In a laboratory
study, cross-allergenicity between Apple
pulp and 5 pollen species, investigated by
RAST inhibition, demonstrated that Apple
pulp extract effectively inhibited RASTs to
all the pollens except one, Japanese Cedar
pollen (24). Similarly, a study reported on an
association between grass pollen allergy and
sensitisation to Tomato, Potato, Green pea,
Peanut, Watermelon, Melon, Apple, Orange
and Kiwi (25).

Pollen-fruit cross-reactivity is strongly
(though not exclusively) characterised by oral
allergy syndrome, which creates a fairly clear
diagnostic guide. The particular symptoms
of oral allergy syndrome (see above) should
suggest to the clinician that he consider the
involvement of a number of other fruits,
and the probability of a co-existing allergic
rhinitis to specific pollens. This is particularly
relevant in the Northern Hemisphere, with
its abundance of Birch, Mugwort and other
implicated pollens.

Some panallergens, such as profilin, may
result mostly in mild symptoms. However,
others, and in particular lipid transfer
proteins, are heat-stable and may result in
severe reactions, including anaphylaxis; and
importantly, they may be more prevalent
in certain population groups than others
(26). For example, Peach allergy has two
different patterns: that of central Europe,
with oral allergy syndrome (OAS), related
to a primary sensitisation to Birch pollen
Bet v 1 and profilins; and that of southern
Europe, with mostly systemic symptoms,
in many cases due to sensitisation to lipid
transfer proteins (27-28).
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f244
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Apple (Malus x domestica)
Apricot (Prunus armeniaca)
Asparagus (Asparagus officinalis)

Aubergine, eggplant (Solanum
melongena)

Avocado (Persea americana)

Bamboo shoot (Phyllostachys
pubescens)

Banana (Musa spp.)

Beetroot (Beta vulgaris)
Blackberry (Rubus fruticosus)
Blueberry (Vaccinium myrtillis)

Broccoli (Brassica oleracea var.
italica)

Brussel sprouts (Brassica oleracea
var. gemmifera)

Cabbage (Brassica oleracea var.
capitata)

Carambola (Averrhoa carambola)
Carrot (Daucus carota)

Cauliflower (Brassica oleracea var.
botrytis)

Celery (Apium graveolens)
Cherry (Prunus avium)
Cranberry (Vaccinium oxycoccus)
Cucumber (Cucumis sativus)
Date (Phoenix dactylifera)
Fennel (Foeniculum vulgare)
Fig (Ficus carica)

Garlic (Allium sativum)
Grape (Vitis vinifera)
Grapefruit (Citrus paradisi)
Guava (Psidium guajava)

Jack fruit (Artocarpus
heterophyllus)

Jujube (Ziziphus jujuba)
Kiwi (Actinidia deliciosa)
Lemon (Citrus limon)
Lettuce (Lactuca sativa)
Lime (Citrus aurantifolia)

f348
f302
fal
f87
f342
f48
33
f293
f294
fa95
fo4
f301
f210
f255
f35
f225
343
f322
f330
f214
fa4
f54
f25

329

Mixes:

Litchi (Litchi chinensis)
Mandarin (Citrus reticulata)
Mango (Mangifera indica)
Melon (Cucumis melo spp.)
Olive (Olea europaea)

Onion (Allium cepa)

Orange (Citrus sinensis)
Papaya (Carica papaya)
Passion fruit (Passiflora edulis)
Peach (Prunus persica)

Pear (Pyrus communis)
Persimon (Diospyros kaki)
Pineapple (Ananas comosus)
Plum (Prunus domestica)
Potato (Solanum tuberosum)
Pumpkin (Cucurbita pepo)
Raspberry (Rubus idaeus)
Red currant (Ribes sylvestre)
Rose hip (Rosa spp.)
Spinach (Spinachia oleracea)
Strawberry (Fragaria vesca)
Sweet potato (/pomea batatas)

Tomato (Lycopersicon
lycopersicum)

Water melon (Citrullus lanatus)
fx7, x8, fx9, fx11, fx12, fx13, fx14
fx15, fx16, fx17, fx19, fx21, fx24,
fx25, fx28, x29, fx30, fx31, fx77

Allergen components — Recombinant/
purified native

f430
fa17
f419
f420
f421

rAct d 8 PR-10, Kiwi

rApi g 1.01 PR-10, Celery
rPru p 1 PR-10, Peach
rPru p 3 LTP, Peach

rPru p 4 Profilin, Peach

Information regarding available allergen
components can be found in “Allergy — Which
allergens?, Native & recombinant allergen
components”.



Allergen Exposure

Geographical distribution

Apples are among the most widely grown
fruits in the Western Hemisphere.

The Apple is the pomaceous fruit of the
Apple tree, species Malus domestica in the
Rosaceae (Rose) family. It is among the most
widely cultivated tree fruits. The tree is small
and deciduous, reaching 5 to 12 metres tall,
with a broad, often densely twiggy crown. The
leaves are alternately arranged simple ovals 5
to 12 cm long and 3 to 6 cm broad on a 2 to
5 cm petiole with an acute tip, serrated margin
and a slightly downy underside. Flowers are
produced in spring simultaneously with the
budding of the leaves. The flowers are white
with a pink tinge that gradually fades, 5-
petaled, and 2.5 to 3.5 cm in diameter. The
fruit matures in autumn and is typically 5 to 9
cm in diameter. The centre of the fruit contains
S carpels arranged in a 5-point star, each carpel
containing 1 to 3 seeds (1).

The tree originated from Central Asia,
where its wild ancestor is still found today.
Early cultivation probably predates written
history, and over 7,500 known cultivars
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Malus x domestica

Family: Rosaceae

Common

names: Apple, Cultivated apple,
Crabapple

Source

material: Peel from green Apple

Synonymes: M. domestica, M.

communis, M. pumila,
M. sylvestris
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exist. Different cultivars are available for
temperate and subtropical climates. Most
of these cultivars are bred for eating fresh
(dessert Apples), though some are cultivated
specifically for cooking (cooking Apples) or
producing cider. Cider Apples are typically too
tart and astringent to eat fresh, but they give
the beverage a rich flavour that dessert Apples
cannot. Old cultivars are often oddly shaped
and russeted, and have a variety of textures
and colours (1).

Apples can be classified into 4 main groups:
dessert, culinary, cider and ornamental.
Varieties are also often grouped into summer
and late-fall, according to the time of
maturity. Apples are grown in temperate zones
throughout the world. They are relatively
easy to transport and store, and so are readily
available throughout the year. Commercially,
Apples can be stored for some months in
controlled-atmosphere chambers to delay the
ethylene-induced onset of ripening. Ripening
begins when the fruit is removed.

Environment

Readily edible varieties are all cultivated.
Apples are most valued as a fresh dessert
fruit, but also may be made into jams, jellies,
vinegars, fresh juice, a purée called applesauce,
a preserve called Apple butter, wines, ciders,
brandies and pastries. They may also be baked,
fried, stewed, dried, spiced, candied, or used
in mincemeat or chutney. The fruit is a source



of pectin. Pectin is a thickener in jams, etc.,
and a culture medium in laboratories. Apple
can also be dried, in which case it may contain
the preservative sulphur dioxide or another
preservative, sulphite, which also prevents
browning. An edible oil (that is also used for
illumination) can be obtained from the seed.

Apple is also regarded as bactericide,
astringent, carminative, cyanogenetic,
depurative, diuretic, emollient, hypnotic,
refrigerant, sedative, and tonic. Apple is used
as a folk remedy for a number of medical
conditions. The root and bark are considered
anthelmintic, hypnotic, and refrigerant. Apple
leaves contain an antibacterial substance called
phloretin, which is active in doses as low as
30 ppm.

Apple contains over 266 volatile
components that include alcohol, esters,
aldehydes, ketones, ethers, acids, bases,
acetals, and hydrocarbons (2).

Unexpected exposure

The hard wood is used for turnery, canes, tool
handles, pipes and fuel.

Allergens

Early studies reported the presence of a
number of allergenic proteins in Apple
extracts: they were of 18, 31, 50, 38, 16, 14,
and 13 kDa (3). An allergen of approximately
60 kDa, cross-reacting with the major
Mugwort pollen allergen Art v 1, along with
Birch pollen, Timothy grass pollen, Peanuts,
and Celery, has been isolated. The allergen
appeared to be distinct from Bet v 1 and
profilin and was thought to represent a novel
cross-reactive allergen involved in oral allergy
syndrome (4).

An allergen present in Apple was reported
as being similar in size to a 35 kDa protein
isolated from Birch pollen, a minor allergen
that 10 to 15% of Birch-pollen-allergic
individuals are sensitised to. Cross-reactivity
was demonstrated with proteins of comparable
size from Litchi, Mango, Banana, Orange,
Pear and Carrot. The 35 kDa protein was
immunologically independent of the major
Birch pollen allergen Bet v 1 (5).
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The following allergens have been
characterised:

Mal d 1, a 18 kDa heat-labile protein, a major
allergen, a Bet v 1 homologue (PR 10) protein
family member (6-30).

Mal d 2, a 31 kDa thaumatin-like protein
(6,15,18-19,22.25,31-34).

Mal d 3, a 9 kDa lipid transfer protein, a minor
allergen (6,15,19,22,24-25,35-50).

Mal d 4, a 14 kDa protein, a profilin and a
major allergen (6,15,19,22,24,33,51-54).

A Bet v 6-related food allergen, a PCBER
(Phenylcoumaran benzylic ether reductase)
(55-56).

An isoflavone reductase (IFR) allergen has
been described (57).

A novel putative allergen, a glyceraldehyde-
3-phosphate dehydrogenase, has been detected;
of 7 Apple-allergic patients, 71% reacted to
this protein (58).

Asin the case of other allergens, sensitisation
to Apple allergens follows a heterogenous
pattern: for example, in a study to determine
the pattern of recognition of individual
major and minor allergens among subjects
with a positive in vitro diagnosis for Apple
allergy, the following frequencies were found:
nMal d1 (87%), tMal d2 (57%), nMal d3
(31%), nMal d4 (29%) (59).

The peel of Apple and other Rosaceae fruits
has been reported to have a clinically relevant
higher allergenicity than the pulp (60). The 18
and 31 kDa allergens, which are heat-labile
and unstable in solution, experience almost
complete elimination of allergenic potency with
short heating (61). Mal d 1 and Mal d 2 are
distributed throughout the Apple pulp and
peel, while Mal d 3 is restricted to the peel.
Different Apple cultivars show markedly
different expression of major allergens (25).
Interestingly, Mal d 1 and Mal d 3 and their
homologues have been detected in Rosaceae
pollen. Although the pollen load of Rosaceae
is rather low as a rule, there is confirmed
evidence for temporary peaks, indicating that
allergen exposure for sensitised individuals is
likely (62).
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Anecdotal reports from Apple-allergic
patients hold that some Apple strains tend to
be highly allergenic (Granny Smith, Golden
delicious), whereas others (Jamba, Gloster,
Boskop) are tolerated without any symptoms
or with moderate symptoms (63). This may
be true: the level of allergenic protein varies
with the species of Apple and its ripeness;
the IgE-binding potency depends on the 18
kDa allergen (63). The Mal d 1 content of
Golden delicious apples was shown to rise
considerably during maturation and storage
(64). Golden delicious apples had the most
18 kDa allergen (compared with Macintosh,
Red delicious, and Granny Smith). The 18
kDa allergen was found at levels in this order:
Golden delicious > Boskoop > Jamba. This
would explain the different results of skin
prick test to allergens from different Apple
extracts (65). Mal d 1 content ranged from
0.84 to 33.2 pg/g fresh weight in 39 selected
cultivars (25). Other factors may influence
the protein content or allergenicity of Apple.
Apples in stores have been shown to have
higher levels of allergens than freshly picked
fruit. The amount of the 18 kDa allergen
(Mal d 1) increased significantly when Apples
were stored at 4 °C, but not under controlled
exposure to oxygen and carbon dioxide (3).

Whether Apple cultivars containing low
amounts of Mal d 1 are better tolerated
by Apple-allergic patients was assessed: 3
different Apple cultivars induced wheals of
similar size in most patients, but 2 cultivars
induced significantly more-severe symptoms in
2/7 cases each, suggesting that allergy to Mal
d 1 is characterised by significant inter-patient
variability as well as marked inter-Apple and
intra-Apple variability (20).

Further, different Mal d 1 isoforms can
be present within a single cultivar (6). The
divergent allergenicity of Apple strains appears
to depend on different expression levels of the
major allergen. The introduction of a proline
residue in position 111 of Mal d 1 and in
position 112 of Bet v 1 of Birch tree pollen
resulted in a drastic reduction of allergenicity
of both the pollen and the food allergen,
obviously having removed the cross-reactive
epitope (6). Also, it was demonstrated that,
although Mal d 1 did not induce basophil
activation after gastrointestinal digestion,

digested Mal d 1 (and Hazelnut Cor a 1.04) still
activated Bet v 1-specific T cells, suggesting
that gastrointestinal degradation of Bet v 1-
related food allergens destroys their histamine-
releasing, but not T cell-activating, property.
This data emphasises that Birch pollen-related
foods are relevant activators of pollen-specific
T cells (66).

On the basis of band intensity in SDS-PAGE
studies, the mean amount of Mal d 1 present
in mature Golden delicious apples has been
estimated to be 1 to 5 mg per 100 g fresh
weight. A bite of Apple of approximately 10 g,
which is able to elicit symptoms in Apple-
allergic patients, represents 0.1-0.5 mg of the
ingested major allergen (63).

Mal d 2, a thaumatin-like protein, shows
high stability to proteolysis and heat treatment
and remains intact after 2 hours each of gastric
and subsequent duodenal digestion, retaining
its full IgE-binding capacity. Mal d 2, although
detected by an anti-TLP antibody in cloudy
Apple juice, did not bind IgE of a serum pool
of Apple-allergic patients. These findings
suggest that Mal d 2 maintains its structure
in the gastrointestinal tract, a feature essential
for sensitising the mucosal immune system and
provoking allergic reactions (32).

Mal d 3, a lipid transfer protein, was
assessed in 53 Apple cultivars grown in Italy
and 35 grown in The Netherlands, in order to
determine whether levels of LTP varied among
cultivars. Differences of around 100-fold
in LTP levels existed between certain Apple
cultivars. The authors suggested that whether
the lowest observed levels of LTP warrant
designation as hypo-allergenic required more
extensive confirmation by oral challenges
(44,67). Furthermore, LTP levels are greatly
dependent on the position of the fruit growing
on the tree, maturity, storage conditions, and
cultivar. The highest LTP levels are found
in mature, freshly picked fruits, whereas
LTP levels decrease during storage (with the
greatest decrease happening under controlled
atmosphere conditions) (46,67). Most LTP
concentrates in the pericarp (skin) of the fruit,
whereas the pulp contains lower amounts of
the allergen (45).



Potential cross-reactivity

An extensive cross-reactivity among the
different individual species of the Rosaceae
family could be expected and in fact does
occur frequently (68). For example, in a
DBPCEC study, reactions to Peach occurred
in 22 patients, to Apple in 6 and to Apricot in
5. The authors conclude that a positive skin
prick test and IgE antibody test should not
be taken as the only guide for multi-species
dietary restrictions but that, nevertheless, the
potential for clinical allergy to other Rosaceae
should not be neglected (69).

Early studies reported cross-reactivity
between Birch pollen and a number of foods,
e.g., Apple, Pear, Celery, Carrot and Potato
(70). Subsequently, a number of allergens or
panallergens have been identified, and this has
shed light on the causes and patterns (71).

Birch pollen is a significant cause of allergy
in temperate climates, affecting 5-54% of the
population in Western Europe. Patients allergic
to Birch pollen are more often allergic to fresh
fruits and vegetables than are patients allergic
to other pollens (72). About 40-70% of Birch
pollen-allergic patients show allergic symptoms
after ingesting or handling raw fruits, especially
Apple, due to cross-reactivity between an
allergen present in the food and Bet v 1, the
major Birch pollen allergen (73-79).

Type I allergic symptoms in the
oropharyngeal mucosa, upon contact with
plant-derived food in patients with pollen
allergies, have been termed oral allergy
syndrome (OAS). IgE cross-reactivity between
pollen, in particular Birch pollen, and food
allergens is the molecular basis for this
phenomenon. No single allergen in a single
source can of course be responsible, but rather
one or a number of cross-reacting allergens
in multiple sources. For example, in a study
of patients with a history of oral allergy
syndrome after eating Apple, 16/28 (57%)
reacted to Bet v 1; among 20 polysensitised
subjects presenting oral allergy syndrome
after consumption of Apple, 4 reacted to
Bet v 2 (20%). Among patients with IgE
against both recombinant allergens, 6 (35%)
presented symptoms of allergy after eating
Apples (80).
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In a Japanese study of oral allergy syndrome
and pollen allergy, in 101 patients the most
common allergen was Birch tree pollen. In
61% of Birch-allergic patients, a concomitant
allergy to fruit or vegetable was reported.
Apple was the most prevalent allergen (97 %),
followed by Peach (67%), Cherry (58%), Pear
(40%), Plum (40%) and Melon (33%) (81).
Similar results were reported from a study
in Hokkaido. In patients with Birch pollen
allergy, the higher the serum IgE antibody
level to Birch pollen were, the higher was the
incidence of hypersensitivity to Apple pulp
(82).

Laboratory evidence has demonstrated that
the major cause of cross-reactivity between
Birch pollen and Apple is biochemical and
immunological similarity between the major
allergens, Bet v 1 and Mal d 1, as shown
by serological and cellular immunoassays
(6,11,83-84). Mal d 1, the major Apple
allergen, has been shown through sequence
comparison to Bet v 1, the major Birch pollen
allergen, to have a 64.5% identity on the
amino acid level and a 55.6% identity on the
nucleic acid level (12).

Clinical and laboratory evidence is
supported by research demonstrating that
patients who are Birch pollen- and Apple-
allergic improve if desensitised to Birch pollen
(85); and by research showing a marked
reduction or a total disappearance of Apple-
induced oral allergy syndrome after injection
immunotherapy with Birch pollen extracts
(86). These recent studies contradict an earlier
study that reported a poorer response (835).

Allergy to Apple is commonly associated
with Birch pollinosis because the 2 share
homologous allergens. However, some
patients have Apple allergy but no allergy to
Birch pollen, suggesting that there are allergens
in Apple that do not cross-react with Birch
(39). Serum IgE antibodies to Apple allergens
were detected in 90% of patients with clinical
Apple allergy, with similar allergens being
demonstrated in 44 % of patients with clinical
Birch pollen allergy and in 5-10% of patients
with other atopic allergies. RAST inhibition
studies confirmed that Apple and Birch pollen
allergens cross-react (87). In other words,
Bet v 1 has all the allergenic epitopes of
Mal d 1, but Mal d 1 is only a weak inhibitor
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of IgE reactivity with the major Birch pollen
allergen, probably due to the absence of some
Bet v 1 epitopes on the fruit allergen. Other
reasons for the latter observation have been
proposed: there may be a lower association
constant of Bet v 1-specific IgE to Mal d 1
epitopes; or Mal d 1 may represent most of the
allergenicity of Apple fruit; or the high lability
of allergens during extraction or processing
of Apple is probably not due to destruction
of discontinuous epitopes, but to interactions
with compounds from the fruit tissue, and
most of these reactions are catalysed by
enzymes (9). Cross-inhibition assays have also
demonstrated the existence of common B-cell
epitopes present on Dau ¢ 1 in Carrot and
Api g 1 in Celery, as well as on Bet v 1 (88).

In Mediterranean areas, oral allergy
syndrome occurs without Birch pollen allergy,
and on occasion may present with no other
associated pollen allergy. In a study to assess
the possible association of OAS with London
plane tree (Platanus acerifolia) pollen allergy,
720 patients were selected on the basis of
seasonal or perennial rhinitis, or asthma, or
both; 61 (8.48%) were found to be sensitised
to P. acerifolia pollen, and a food allergy was
observed in 32 (52.45%). Food allergens
most frequently implicated included Hazelnut,
Peach, and Apple (89).

Allergy to Rosaceae fruits in patients
without a related pollen allergy has been
reported to result in a severe clinical entity; it
was also reported that profilin- and Bet v 1-
related structures are not involved in Rosaceae
fruit allergy without pollinosis (90).

Other allergens or panallergens may also
contribute to cross-reactivity between Birch
pollen and Apple allergy.

A minor allergen present in Birch pollen
and a similar protein present in Timothy
pollen were shown to have common epitopes
with antigens in Apple, Carrot and Celery
tuber (91). This may have been the minor
Birch pollen allergen Bet v 6 (phenylcoumaran
benzylic ether reductase [PCBER]), which
occurs in many foods, including Apple, Peach,
Orange, Litchi, Strawberry, Persimmon,
Zucchini, and Carrot (57,76). This allergen
may also have been the 35 kDa protein
isolated from Birch pollen, a minor allergen

immunologically independent of the major
Birch pollen allergen Bet v 1, to which 10
-15% of Birch pollen-allergic individuals are
sensitised, and for which cross-reactivity was
demonstrated with proteins of comparable size
from Apple, Litchi, Mango, Banana, Orange,
Pear and Carrot (5).

Lipid transfer proteins (LTPs) have been
reported to be important, clinically relevant
panallergens. One has been characterised
in Apple and named Mal d 3. LTP from
Artemisia pollen and Chestnut has been
demonstrated to cross-react with allergens of
Rosaceae fruits, but significant differences in
specific IgE binding capacities were observed
among members of the plant LTP family (36,
38,41). Similarly, the LTP present in Peach and
beer may cross-react with LTP from several
other plant-derived foods (36,92).

Although cross-reactivity has been clearly
established between Apple and Birch tree
pollen, cross-reactivity may occur between
Apple and other pollens as well. In a study of
cross-allergenicity between Apple pulp and 5
pollen species (Birch, Japanese cedar, Orchard
grass, Mugwort and Ragweed), investigated
by RAST inhibition, it was demonstrated
that Apple pulp extract effectively inhibited
RASTs to all the pollens except Japanese
Cedar pollen (93). Similarly, a study reported
an association between grass pollen allergy
and sensitisation to Tomato, Potato, Green
pea, Peanut, Watermelon, Melon, Apple,
Orange and Kiwi (94). This may be a result
of a Group 4 grass pollen allergen, a 60 kDa
glycoprotein, which is recognised by 70% of
patients sensitive to these pollens and is found
in Timothy grass, Mugwort and Birch pollen,
and in Peanut, Apple, Celery root, and Carrot.
Group 4-related allergens thus occur in pollens
of unrelated plants and plant foods and may
therefore contribute to cross-reactivity in
patients allergic to various pollens and plant

food (95).

Some patients with grass allergy show
polysensitisation against other pollens and
plant-derived foods. In these patients, oral
allergic syndrome (OAS) is frequently found.
This is a result of cross-reactive Bet v 1- and
Bet v 2-like allergens. The most common
foods implicated are Hazelnut, Peanut, Kiwi,
Apple and Walnut. IgE antibodies for Bet v 1 is



associated more with nuts and legumes, while
Bet v 2 is more often related to fresh fruit and
vegetables (96).

Allergy to Apple has been associated with
Kiwi-allergic individuals (97). Individuals with
allergy to Grape or related products are often
co-sensitised to Apple (98-99).

Sensitisation to profilin and/or bromelain-
type cross-reacting carbohydrate determinants
(CCD), caused by pollen (Timothy grass,
Mugwort) or Hymenoptera venom allergens,
can elicit positive IgE antibody tests against
Natural rubber latex and Apple (100). These
antibodies are most often of less clinical
relevance.

Minor allergenic determinants cross-
reactive with Apple and Birch pollen epitopes
have also been isolated in the pollen of the
Apple tree (101). Apple seed allergens have
been reported to cross-react with Birch pollen
allergen(s) (102).

Clinical Experience

IgE-mediated reactions

Allergy to Apple has been documented for
over 3 decades, and may frequently induce
symptoms of food allergy in sensitised
individuals, in particular oral allergy syndrome
(51,87,103-111). Itching, tingling and other
mild reactions on the oropharyngeal mucosa
are the most common complaints after eating
raw Apples, and angioedema, urticaria and
shock are less common. Other symptoms may
include rhinoconjunctivitis, asthma, laryngeal
oedema, abdominal effects, pruritis and hand
dermatitis (112). Individuals may be highly
allergic to Apple, with symptoms being elicited
even from kissing, resulting in local or regional,
mild, moderate or severe symptoms, including
angioedema, bronchospasm, acute respiratory
distress and anaphylaxis (113-114).

In a Japanese study of sera of 4,797,158
patients collected in laboratories during 1994-
1998, evaluation of IgE antibody values of
greater than 0.70 kU,/l showed that among
food allergens, Apple had the highest response
(115). Similarly, in a food hypersensitivity
study of Finnish university students, among
172 subjects, Apple was a frequent (29.1%)
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cause of symptoms (116). Approximately
2% of the Northern and Central European
population is allergic to Apple (117). A study
was conducted at 17 clinics in 15 European cities
to describe the differences among some Northern
countries regarding what foods, according to the
patients, elicit hypersensitivity symptoms, and it
was found that Apple was responsible in 45%
of 1139 participants (111).

However, symptoms of Apple allergy may
show a geographically skewed distribution.
In Northern and Central Europe, where
Birch trees predominate, symptoms tend to
be mild, whereas in Southern Europe and the
Mediterranean, symptoms are more likely to be
severe. This is illustrated by a study that sought
to investigate the primary sensitisers in Apple
allergy across Europe, the individual allergens
involved, and whether these differences
determine the clinical presentation. Results
from 389 patients with Apple allergy (case
histories and positive skin prick test) showed
that in the Netherlands, Austria, and Italy,
Apple allergy was mild (>90% isolated
oral symptoms) and related to Birch pollen
allergy and sensitisation to Bet v 1 and its
Apple homologue, Mal d 1. In Spain, Apple
allergy was severe (>35% systemic reactions)
and related to Peach allergy and sensitisation
to Mal d 3 (lipid transfer protein) (22).
A study of an unselected Danish population
of children and adults reported that 17% of
pollen-sensitised adults were allergic to Apple
(118). In an Indian study of 24 children aged 3
to 15 years with documented deterioration in
control of their perennial asthma, the presence
of IgE antibodies to Apple was found in 21
(88%) (119).

“Apple contact urticaria syndrome” and
rhinitis are relevant phenomena. However,
itching and tingling and other mild reactions
on the oropharyngeal mucosa were reported in
early studies to be the most common complaints
after eating raw Apple (120). These became
known as oral allergy syndrome, and Apple is
the most frequently reported offending food
in Birch pollen-sensitive patients with OAS
(65,82,121-130). Up to 70% of patients with
Birch pollen allergy exhibit this syndrome. The
most frequent and therefore best characterised
pollen-fruit syndrome combines Apple allergy
and tree pollen-induced allergy. Some studies
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have reported an extremely close association:
for example, in 196 Birch pollen-hypersensitive
patients with oral allergy syndrome caused by
various vegetable foods, 195 patients had
Apple and/or Hazelnut allergy (131).

Oral allergy syndrome may occur following
low-dose exposure to Apple, as demonstrated
in a report of a 24-year-old-woman who
experienced acute oedema of the lips with
itching in the mouth after a kiss from her
boyfriend who had just eaten a green Apple
(132). Because of symptoms of oral allergy
syndrome, many individuals avoid eating
fresh Apples. A study demonstrated that the
allergens responsible vary between cultivars:
out of 15 Apple-allergic individuals who
underwent an open oral challenge with 3
different Apple cultivars — Santana, Golden
Delicious, and Topaz — during the Birch
pollen season, 8 of the participants (53%)
developed no symptoms following challenge
with Santana apple, than after challenge
with the Topaz apple (1 participant) and
Golden Delicious apple (1 participant) (117).
Apple allergy confined to the gingival tissues
was reported in a 48-year-old woman. Skin
reactivity and IgE antibodies detection with
commercial extract of Apple were negative,
whereas the oral challenge test resulted in
blister and ulcer formation (133).

Among 1,129 adult patients with bronchial
asthma and/or allergic rhinitis responding to a
questionnaire regarding food sensitivity, 276
(24%) reported allergic symptoms on eating
or handling various foods, of which Hazel
nut, Apple and shellfish were the most often
named (134).

The prevalence of atopy caused by Apple,
Peach, and Hazelnut in patients with tree
pollen allergy was evaluated. Skin prick tests
for Apple, Peach, and Hazelnut were positive
in 51 (64.6%), 61 (77.2%), and 71 (89.9%)
patients, respectively. Granny Smith showed
more positive skin reactions and a better
agreement with clinical history than did
Golden delicious. RAST for Apple, Peach,
and Hazelnut was positive in 53 (68.8%),
13 (16.9%), and 31 (40.3%) patients,
respectively (65).

Although not as common as allergy to
Apple associated with pollen allergy, allergy

to Rosaceae fruits in patients without a related
pollen allergy is reported to be a severe clinical
entity. Profilin- and Bet v 1-related structures
are not involved (51,135).

Anaphylaxis to Apple has been reported,
including that of a 23-year-old woman
and a 14-year-old girl with 3-year and 7-
year histories, respectively, of anaphylactic
reactions to Apple pulp. In the first patient,
eating raw Apples immediately elicited itching
and tingling of the lips and mouth with severe
oedema of the lips and tongue, irritation of the
throat and slight colic in the upper abdomen.
In the second, nausea and vomiting occurred
after ingestion of Apples (93). Anaphylaxis
may occur in association with other allergic
manifestations such as contact urticaria
(136). Anaphylaxis may be precipitated by
Apple in association with exercise: this is
food-dependant exercise-induced anaphylaxis
(FDEIA) (137-143). Food-dependent exercise-
induced anaphylaxis as a result of Apple has
been described in a 14-year-old Japanese
male who experienced repeated episodes
of generalised urticaria and dyspnoea after
ingesting Apple followed by exercise (143).

In a study of 99 children with atopic
dermatitis, Hen’s egg was the most common
food allergen in children under 1 year of
age. After that age, Apple, Carrot, Pea, and
Soybean elicited positive reactions as often as
Hen’s egg (144).

Contact urticaria, although uncommon, can
occur following contact with Apple (145).

Apple may present as a “hidden allergen”
(146).

The authors of one study reported that oral
challenge tests indicated an increase in clinical
reactivity to Apples during the Birch pollen
season in Birch-pollen allergic individuals
(147).

Other reactions

All members of this genus contain the toxin
hydrogen cyanide in their seeds and possibly
also in their leaves, but almost never in their
fruits. Hydrogen cyanide is the substance
that gives Almonds their characteristic
taste, but it should be consumed only in
very small quantities. Apple seeds do not



normally contain very high quantities of
hydrogen cyanide, but even so they should
not be consumed in large quantities. In small
quantities, hydrogen cyanide has been shown
to stimulate respiration and improve digestion;
it is also claimed (probably not accurately)
to be of benefit in the treatment of cancer.
In excess, however, it can cause respiratory
failure and even death.

An anaphylactic reaction has been recorded
to Apple juice containing acerola, the allergy
reaction being to the acerola (148).

The acidity of Apple juice may result in
bronchoconstriction in some individuals

(149).

Auriculotemporal syndrome (Frey’s
syndrome, gustatory flushing) has occurred
within minutes of eating Apple (150).

References

1. Wikipedia contributors, "Apple,” Wikipedia,
The Free Encyclopedia, http://en.wikipedia.org/
w/index.php?title=Apple&oldid=248497890
(accessed October 30, 2008)

2. Dimick PS, Hoskin JC. Review of apple flavor--
state of the art.
Crit Rev Food Sci Nutr 1983;18(4):387-409

3. Hsieh LS, Moos M Jr, Lin Y. Characterization
of apple 18 and 31 kd allergens by
microsequencing and evaluation of their
content during storage and ripening. J Allergy
Clin Immunol 1995;96(6 Pt 1): 960-70

4. Heiss S, Fischer S, Muller WD, Weber B,
Hirschwehr R, Spitzauer S, Kraft D, Valenta R.
Identification of a 60 kd cross-reactive allergen
in pollen and plant-derived food. J Allergy Clin
Immunol 1996;98(5 Pt 1):938-47

5. Wellhausen A, Schoning B, Petersen A,
Vieths S. IgE binding to a new cross-reactive
structure:a 35 kDa protein in birch pollen,
exotic fruit and other plant foods.

Z Ernahrungswiss 1996;35(4):348-55

6. International Union of Immunological Societies
Allergen Nomenclature: 1UIS official list http://
www.allergen.org/List.htm 2008

7. Son DY, Scheurer S, Hoffmann A, Haustein D,
Vieths S. Pollen-related food allergy: cloning
and immunological analysis of isoforms and
mutants of Mal d 1, the major apple allergen,
and Bet v 1, the major birch pollen allergen.
Eur J Nutr 1999;38(4):201-15

8. Hoffmann-Sommergruber K, Vanek-Krebitz M,
Ferris R, O’Riordain G, Susani M,
Hirschwehr R, Ebner C, Ahorn H, Kraft D,
Scheiner O, Breiteneder H. Isolation and
cloning of Bet v 1-homologous food allergens
from celeriac (Api g1) and apple (Mal d1).
Adv Exp Med Biol 1996;409:219-24

10.

11.

12.

13.

14.

15.

16.

17.

18.

f49 Apple

. Vieths S, Schoning B. Characterization of

Mal d 1, the 18-kD major apple allergen, at the
molecular level.
Monogr Allergy 1996;32:63-72

Puehringer HM, Zinoecker |, Marzban G,
Katinger H, Laimer M. MdAP, a novel protein in
apple, is associated with the major allergen
Mal d 1. Gene 2003;321:173-83

Holm J, Baerentzen G, Gajhede M, Ipsen H,
Larsen JN, Lowenstein H, Wissenbach M,
Spangfort MD. Molecular basis of allergic cross-
reactivity between group 1 major allergens from
birch and apple. J Chromatogr B Biomed Sci
Appl. 2001;756(1-2):30