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Environmental Allergies and
Pollen Food Syndrome (PFS)

Susan Fox and Mary C. Tobin

Introduction

Pollen allergy has increased in the last 20 years
both in the United States and worldwide leading to
an associated rise in reports of pollen food syn-
drome (PFS) [1]. The initial descriptive term for
PFS was oral allergy syndrome (OAS) [2, 3]. The
term OAS is ambiguous because it has been used
indiscriminately in the literature without regard to
the antigens or mechanisms causing the oral symp-
toms. The diagnosis and treatment of PFS require
an understanding of the antigens implicated, path
of antigen sensitization, the associated plant foods
and the potential clinical syndromes involved.
Many authors are now advocating the use of the
term “pollen food syndrome” (PFS) or “pollen
food allergy syndrome” (PFAS) to describe specifi-
cally the cross-reactivity to shared cross-reactive
antibodies among the pollens, fresh fruits, raw veg-
etables, nuts, and spices. This is because the term
OAS is used to describe the oropharyngeal symp-
toms resulting from eating any food, not just plant
food [4-7]. PES is used precisely to mean class 2
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food allergy resulting from plant food allergens
cross-reacting with pollen allergens and causing
oral symptoms in pollen allergic patients [8, 9].

Definition

PFS is the most common food allergy in adoles-
cents and adults and the incidence is rising in
young children [6, 10]. PFS is an allergic reaction
to fresh fruits, raw vegetables, nuts, or spices
which can cause swelling and pruritus of the lips,
oral mucosa, tongue, and throat. The symptoms
occur within seconds to minutes as the food con-
tacts the oral mucosa. It is usually isolated to the
oral mucosa and infrequently associated with
systemic signs of anaphylaxis [6, 11].

Epidemiology of PFS

Tuft and Blumstein first described the phenomena
of OAS in 1942 [2]. They observed a reaction to
foods, particularly raw fruits and vegetables,
among their patients. Patients described localized
itching of the inner cheeks, roof of the mouth,
with itching often extending to the throat, plus
swelling of the lips with occasionally an urticarial
rash around the mouth. Patients noted, however,
that cooked or canned produce did not cause the
same reaction and their reactions were worse dur-
ing pollen season. The authors demonstrated that
the antigens causing the reaction could be detected
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by skin testing with the suspected fresh fruit. In
the 1940s, the idea of using fresh foods to skin test
was novel, but the description of the oral allergy
syndrome and its clinical significance were not
fully appreciated until the late 1980s.

Amlot used the term OAS in 1987 when eval-
uating 80 highly atopic patients who either had
atopic eczema or were skin test positive for food
allergy [3]. He used this term because patients
described the immediate onset of symptoms of
oral irritation and throat tightness upon the inges-
tion of their food allergen. It reflected a precise
time frame in the patient’s experience of food
allergies — the oral symptoms occurred first with
small amounts of food, with progression to a sys-
temic reaction with larger quantities of food. He
also noted that in a subgroup of patients, urti-
caria, asthma, or anaphylaxis developed follow-
ing the oral symptoms.

In 1988, Ortolani et al. studied 262 patients and
used the term OAS to apply specifically to subjects
with hay fever who developed oral allergy syndrome
after fruit and vegetable ingestion. The patients had
local reactions, and a few had systemic reactions
[11]. There was a close connection between age of
onset of hay fever and the occurrence of their oral
allergy symptoms. In addition, the authors described
an association between allergy to some pollens and
certain fruits. For example, apple, carrot, pear, and
cherry correlated with birch pollen allergy, and while
tomato, melon, and watermelon correlated with
grass pollen allergy. The presence of pollen and
plant cross-reacting antibodies had not been demon-
strated; therefore, the term OAS was connected with
the spectrum of reactions associated with food
allergy based on the presence of oral symptoms but
not the type or source of the antigen.

In 1999, Kazemi-Shirazi et al. demonstrated
convincingly that as distinguished from OAS,
PES is the result of cross-reacting antibodies
between pollen and plant food [12]. Pre-incubation
of sera from patients with PFS in the presence of
natural pollen allergens led to an almost complete
inhibition of IgE binding to plant food allergens in
Western blots as well as in RAST inhibition
experiments. When incubating the patients’ serum

with the plant food, there was poor inhibition of
IgE binding. The key antigens were the pollen
antigens causing the reactions. Sensitization was
occurring through the respiratory tract because of
pollen antigens, which shared epitopes with plant-
based food. Patients were the bystanders in the
reactions and were responding to the plant food as
if they were eating the pollen directly due to the
cross-reactive antibodies.

Researchers proposed that food allergy reac-
tions could be classified according to the type of
antigen and the path to sensitization; and catego-
rized the food reactions into class 1 food allergy
or class 2 food allergy [9]. In class 1 food allergy,
IgE antibodies develop against food proteins,
which were “complete,” meaning not affected by
proteolytic digestion or affected by heat, and were
the result of direct sensitization occurring primar-
ily in the gut. Class 1 food allergies cause the
allergic reactions most common in early child-
hood to milk, egg, soy, fish, shellfish, peanut, and
tree nuts [9, 13]. Alternatively, class 2 food allergy
sensitization takes place through the respiratory
tract when pollen antigens share epitopes with
plant-based food. The allergens are often heat
labile and known as “incomplete allergens” [8].

Cross-Reactive Pan-Allergens

Pollen and food are not botanically related but do
contain homologous proteins [8]. The shared epi-
topes between the pollen and the plant food
involve both primary and tertiary structures [4,
8]. These shared proteins are highly conserved
across the plant kingdom and widely distributed
and are known as pan-allergens. Depending on
the pan-allergen inducing the reaction, symptoms
can range from PFS to anaphylaxis [6, 14].

Pathogenesis-Related Proteins (PRPs)
The most common pan-allergens are pathogenesis-

related proteins (PRPs), including lipid transfer
proteins (LTPS) and profilins. PR proteins are
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defense proteins that plants express to protect
themselves in response to fungi, bacterial or viral
infections, and injury or exposure to chemicals
which mimic both infections and stress [9]. PR
proteins were first discovered as proteins present
in tobacco plants infected with tobacco mosaic
virus [15]. They did not occur in non-infected
plants but were evident after viral infection. The
PRs are composed of 17 families with very simi-
lar biochemical functions and sequences [16].
The PR protein families constitute a repertoire
of protective responses for the plant kingdom. In
particular, the PR-10 protein family, represented
by the Bet v 1 homologous proteins, is linked to
an ancient primordial gene and is responsible
for the majority of cross-reacting epitopes caus-
ing PES [17]. The Bet v 1 antigen is the major
birch pollen allergen. The homologous proteins
in birch pollen-related fruits are apple (Mal d 1),
cherry (Pru av. 1), apricot (Pru ar 1), and pear
(Pyr ¢ 1). The vegetables that are cross-reactive
are carrot (Dau c 1), celery (Api g 1), parsley
(pcPR), and potato (pSTH). Hazelnut allergy is
related to another: Bet v 1 homolog and Cor a 1.
Other important PRs allergens include PR-2, 3,
4,5, and 14. The PR-2 family is known as B-1, 3
glucanases and can degrade fungal cell walls of
actively growing hyphae. Most are extracellular
but the basic glucanases are located intracellu-
larly in vacuoles. The most important is Hevea
brasiliensis (Hev b 2) from the latex of the tropi-
cal rubber tree and one the epitopes that causes
latex allergy. It provokes an antibody responsible
for the latex-fruit syndrome, causing hypersensi-
tivity to avocado, banana, chestnut, fig, and kiwi
[9, 18, 19].

The chitinases, PR-3, are found in seed-
producing plants and digest the chitin that is in
the skeleton of most insects and fungal cell walls.
The latex prohevein, Hevein (Hev b 6.02),
belongs to the chitin-binding proteins and also
contributes to the epitopes present in the fruit
associated with the latex-fruit syndrome [9, 19,
20] (Table 5.1).

PR-4 represents another family of chitinases
occurring in potatoes in response to trauma. The

PR-5 family constitutes thaumatin-like proteins
with diverse antifungal functions. The foods that
contain these proteins are cherry, apple (Mal d
2), paprika, and bell pepper (P23), and these
cross-react with the pollen of mountain cedar
(Juna 3) [9].

Lipid Transfer Proteins (nsLTP)

Another significant group is the non-specific
lipid transfer proteins (PR-14) that transfer phos-
pholipids from liposomes to mitochondria, which
are located in the outer cell layer of the plant and
form part of the plant defense system against fun-
gus and bacteria. They are highly resistant to heat
and changes in pH. They are the most important
allergens in the Rosaceae family, which contains
three significant subfamilies: Prunoideae (peach,
apricot, plum, almond cherry), the Pomoideae
subfamily (apple, pear); and the Rosoideae sub-
family (blackberry, strawberry) [21]. The oral
reactions that these proteins cause are different
from the other defense proteins because pollen
allergy is not a prerequisite. Sensitization can
occur via class 2 sensitization and is limited to
the oral mucosa; however, if sensitization occurs
via class 1 sensitization the reactions can be sys-
temic [22].

Profilins

Profilins are monomeric, actin-binding proteins
that regulate the actin filaments to form the cyto-
skeleton and are present in trees, grasses, and
weeds. It is estimated that 20% of pollen allergic
subjects are reactive to profilins which are shared
by a wide variety of inhalant and food allergens
[23]. Bet v 2, also another birch pollen allergen,
is an example of a profilin that will cause birch
pollen allergic patients to react to apple, celery,
carrot, and pear. It is a complete antigen and often
is not degraded by heating. It is associated with
anaphylaxis in the celery-mugwort syndrome.
(Table 5.1).
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Table 5.1 Food-pollen and latex-fruit syndromes

Syndrome Allergen Fruit Vegetable Spice Nut
Birch fruit [9, 22, 46]. Image from iStock.com/otme PR-10 Apple, Carrot, Chicory Almond,
apricot, celery, hazelnut,
cherry, kiwi, fennel, peanut,
peach, pear  parsley, walnut
potato

Ragweed-melon-banana [8]. Image from iStock.com/ Profilins/ Cantaloupe,
vvzann LTPs cucumber,
melon,
watermelon,
zucchini
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Table 5.1 (continued)

Syndrome
Celery-mugwort-spice [8]. Image from iStock.com/
jopelka

Mugwort-peach [8]

Mugwort-mustard [8]

Allergen Fruit
Profilins Mango

Profilins/ Peach
LTPs

Profilins/

LTPs

Vegetable Spice Nut
Celery, Aniseed,

carrot, caraway,

garlic, corian-

leek, der,

onion fennel,
paprika,
parsley

Broccoli,

cabbage,

cauli-

flower,

mustard

(continued)
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Table 5.1 (continued)

Syndrome
Grass [22, 47]. Image from iStock.com/bokasin

Latex-fruit [9]. Image from iStock.com/elenathewise

)

Pollen Food Syndrome Worldwide

The increase in PFS is related to multiple fac-
tors. Environmental changes worldwide and
the agricultural practices of developing more
resilient plants seem to have increased the
expression of homologous proteins possibly
leading to plant food becoming more aller-
genic [4]. Other factors include specific geog-
raphy, climate, local diet, and food preparation
[1,9, 24].

Allergen Fruit Vegetable Spice Nut
Profilins Kiwi, melon,
tomato,
watermelon
PR-2 Avocado,
(B-1-3 banana, fig,
gluca- kiwi
nases)
PR-3 Avocado, Chestnut
(chitin-  banana
ases)

Investigators in England, Italy, Australia, and
Mexico recently examined their pediatric patients
with allergic rhinitis for signs of PFS and found
some surprising results. Studies from these coun-
tries have demonstrated a PFS prevalence of
10-24%. The effects of predominant plant foods
varied among countries, possibly in relation to
geography, climate, local dietary habits, and pol-
len exposures [7, 22, 25, 26].

The Australian investigators studied atopic
children in southwest Sydney to assess the
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occurrence of PFS in that pediatric population.
They considered OAS to include PFS, food
allergy, and latex-fruit syndrome. They found
that the prevalence of PFS alone in patients with
allergic rhinitis and pollen sensitization was
12.1%. The fruits causing PFS symptoms were
all tropical fruits, and watermelon was the most
common. In the broader definition of OAS, where
reactions begin with oral symptoms but progress
to systemic symptoms, OAS was compatible
with typical reactions characteristic of food
allergy, class 1, most frequently caused by peanut
(13.6%) [26].

In Mexico, researchers evaluated children
6-14 years seen for the first time in their allergy
clinic. They were given questionnaires to assess
for PFS and skin testing for pollens and foods. In
267 patients PFS occurred in 10-12% of patients
with allergic rhinitis to pollen. Pineapple was the
most common food cited, related to the pollen of
the Quercus species [25].

In TItaly, Mastororilli et al. tested for pan-
allergens to estimate the prevalence of PFS and
then to identify endotypes of PES in children with
seasonal allergic rhinoconjunctivitis (SAR). They
examined 1271 children from 4-18 years of age.
They skin tested with both commercial pollen
extracts and the pan-allergens. Foods eliciting
symptoms were determined by questionnaire. The
pan-allergens Phl p 12 (profilin), Bet v 1(PR-10),
and Pru p 3 (nsLTP) were tested by immunoCAP
FEIA. They found PFS in 24% of patients. They
identified five PFS endotypes associated with
pan-allergen IgE sensitization. There was a multi-
pan-allergen group (sensitization equal to two or
more pan-allergens) who had more severe allergic
disease comorbidities and multiple foods causing
symptoms; mono pan-allergen group (only react-
ing to one of the three pan-allergens tested) or no
pan-allergen sensitization. The sensitization pat-
terns were informative. The group who were sen-
sitized to two or more pan-allergens (PR-10,
profilin, nsLTP) lived in Northern Italy (84%).
This region has a continental climate with more
birch and alder pollen than in Southern Italy. They
had more asthma, atopic dermatitis, urticaria, and
anaphylaxis, as well as higher total IgE levels and
more foods that triggered symptoms. The mono-

sensitized patients who were reactive to profilin
were more frequently from Central Italy, had a
high IgE level and a defined group of foods that
caused symptoms from the Cucurbitaceae family
(watermelon, melon, and cucumber) as well as
peach, banana, and kiwifruit. This pattern is char-
acteristic of sensitization to grass, plantain, plane,
and olive trees seen in Central Italy. The LTP
endotype was more common in Southern Italy
where birch is rare but Rosaceae fruits (apple,
peach, and pear), bananas, and nuts cause symp-
toms. Both class 1 and class 2 food allergy sensi-
tizations can be present in this LTP endotype and
if the sensitization is via class 1 “complete anti-
gens” the reactions are more likely to be systemic.
PR-10 endotype was more common in Central
Italy. Interestingly, it was not related to the birch
pollen but to other Fagales (Quercus spp.) or
beech tree pollen. The related plant foods which
caused symptoms were apple, peach, and kiwi-
fruit. Finally, children with no pan-allergen sensi-
tivity detected usually had mild allergic disease
and comorbidities. Forty percent of these children
reacted to kiwifruit. Further prospective studies
are needed to assess the value of the endotype
classification and how it might provide strategies
for prevention and therapy [22].

In London, Ludman et al. set out to discern the
patterns of PES and their relationship to three age
groups: 0-5, 6-10, and 11-15 years of age.
Overall, PFS was present in 48% of all the chil-
dren recruited from their specialty allergy clinic.
Starting from youngest to the oldest group the
occurrence was 17%, 50%, and 78% of PES,
respectively. From microarray data, pan-allergen
sensitization was demonstrated at 2.8 years of
age and symptoms started at 4.5 years much ear-
lier than expected [7].

PFS and Associated Atopic
Conditions

Atopic Dermatitis

The study of birch pollen allergy (Bet v1) and its
cross-reactive allergens in plant food has pro-
vided insights into the immunologic connections
between pollen sensitization via upper respira-
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tory allergy and other atopic manifestations.
Reekers et al. demonstrated that birch pollen-
related foods trigger atopic dermatitis in a sub-
group of patients that were highly allergic to
birch pollen. They evaluated 37 patients without
immediate reactions to birch pollen-related food.
After an elimination diet avoiding the cross-
reactive foods for 4 weeks, the patients under-
went an oral challenge of carrots, celery,
hazelnuts, and apple mashed together and masked
with carob and an orange flavor. Seventeen out of
37 patients responded with worsening of their
eczema within 48 hours. The blood lymphocytes
of the food responsive patients with atopic der-
matitis expressed CLA+, a homing antigen that
facilitated the appearance of these lymphocytes
in patients’ lesional skin from the punch biopsies
when these patients were exposed to the birch
pollen. None of them realized that they were sen-
sitive to birch pollen-related foods and were
unaware of its relationship to worsening of their
eczema [27].

Bohle et al. extended the observations of
Reekers in another study looking at patients with
birch pollen allergy and eczema. Allergists usually
counsel their patients to cook the foods cross-
reacting with birch pollen because heat will dena-
ture the tertiary structure. In many cases, this
allows the patient to consume the food without any
oral allergy symptoms. The authors, however,
demonstrated that heating does not destroy the
expression of birch pollen (Bet v 1) T cell epitopes
and can cause an increase in the patient’s eczema.
Eating birch pollen-related foods supports the pol-
len-specific Ty? inflammation and ongoing synthe-
sis of IL-4. The continuing stimulation, even with
small concentrations of Ig E binding allergens,
through mucosal surfaces might foster perennial
IgE synthesis in B cells [28].

Eosinophilic Esophagitis

The insight that aeroallergens could contribute to
eosinophilic esophagitis (EoE) was articulated
first by Mishra et al. [29]. In their mouse model,
after respiratory exposure to Aspergillus fumiga-
tus they noted esophageal eosinophilia. To
explain this finding they postulated that aeroal-
lergens could be topically spread to the esopha-

geal mucosa and contribute to ongoing
inflammation in EoE. This theory was supported
by Fogg et al. who reported a case study involv-
ing a 21-year-old woman who recounted worse
symptoms, proven by esophageal biopsy of her
EoE in pollen season with no change in diet or
medication [30]. In another study in children
with EoE, Ram et al. demonstrated that seasonal
allergic rhinitis is associated with seasonal flares
of esophageal eosinophilia. This was seen in 14%
of patients with EoE; 84% were male and all had
allergic rhinitis. They hypothesize that the aller-
gic rhinitis may contribute to exacerbations of
EoE in pollen season and by intensifying anti-
inflammatory therapy during pollen season, the
disease could be better controlled [31]. The
impact of pollen allergy was also seen in another
study by van Rhijn, whose patients with eosino-
philic esophagitis (EoE) had a higher prevalence
of sensitization to pan-allergens including profil-
ins and PR-10. Thirty-nine percent of their
patients with EoE were sensitized to birch pollen
(rBet v 1) and corresponding food allergen com-
ponents supporting a link with PFS [32].
Mahdavinia et al. surveyed a group of adults with
EoE and found that greater than 50% of patients
with EoE had PFS with pollen sensitization. They
postulated that uncontrolled nasal inflammation
due to pollen exposure along with the ingestion
of pan-allergens in fruits and vegetables, prior to
denaturation by stomach enzymes, could contrib-
ute to esophageal eosinophilia and subsequently
the esophageal inflammation [33].

Seasonal Intestinal Inflammation

and Irritable Bowel Syndrome

Seasonal intestinal inflammation also correlates
with aeroallergen sensitization in patients.
Magnusson et al. evaluated nine patients with
documented birch pollen allergy and PFS [34].
The patients had two duodenal biopsies: one at
the end of birch pollen season and one 6 months
later (out of season). They found during birch
pollen season there was an increase in activated
eosinophils (MBP+) and IgE+ mast cells present
in the mucosa, villi, and basal lamina propria
compared with off-season biopsies. They noted
that five of nine patients satisfied the criteria for
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irritable bowel syndrome (IBS) during the pollen
season. Another study of patients with irritable
bowel syndrome (IBS) by Tobin et al. found that
in patients identified with diarrhea-predominant
IBS, 80% had seasonal allergic rhinitis (SAR)
and 51% reported atopic eczema (AE). The
patients were specifically asked about symptoms
of itching or swelling of the mouth, tongue, and
throat, and fruits were cited most often as the
cause [35]. It is thought provoking that respira-
tory sensitization to pollen allergens might be
related and contributes to seasonal immunologic
inflammatory changes in the small intestine as
well as in the esophagus and skin.

Pollen Food Syndromes (Table 5.1)

Birch fruit syndrome is the most common of all
the pollen food syndromes. It is rarely associated
with anaphylaxis. There is a risk of reaction to at
least one food of 55% [1].

Ragweed-melon-banana syndrome in North
America is related to weed pollen and usually
associated with at least one other food approxi-
mately 90% of the time, i.e., avocado, banana,
kiwi, and peach [1]. In Spain, melon allergy is
associated with several pollens, especially grass.
In Australia, watermelon is seen in patients report-
ing grass, tree, and weed pollen allergies [26].

Celery-mugwort-spice syndrome is seen with
severe reactions especially in patients who are
allergic to both the birch and mugwort pollen [8].
Spice allergy is usually related to shared epitopes
of profilins and Bet v 1.

Mugwort-peach syndrome is related to sensi-
tization to extensive cross-reactivity toward the
LTPs, Bet v1, and profilins. In Spain, the allergen
is the LTP, Pru p 3, the cause of the peach allergy
[36]. If there is no pollen sensitization, systemic
reactions are more common. Cross-reactivity
with the Rosaceae fruits is 55% [1].

Mugwort-mustard syndrome in patients with
mustard allergy 97% were sensitized to mugwort.
Ten percent reported anaphylaxis and 40%
reported reactions to cauliflower, cabbage, and
broccoli [37].

Grass pollen syndrome is associated with
reactions to kiwi, melon, tomato, and water-
melon [38].

Latex-fruit syndrome can cause patients to
experience reactions to plant foods. Almost
50% of patients allergic to natural rubber latex
(NRL) will respond to avocado, banana, kiwi,
chestnut, peach, tomato, white potato, and bell
pepper [1, 20].

Quality of Life

In the study of children in the United Kingdom, a
quality of life questionnaire was administered to
families with children having PFS. The questions
encompassed family and social activities, such as
school and camp, social activities involving food,
vacation, restaurant meals, leaving children in the
care of others, and children being near others who
are eating. The questionnaire discussed the time
needed for meal preparation and diet precautions
observed when leaving the home. Parents’ con-
cerns about nutrition and feeling empowered to
manage a reaction were addressed. In addition, the
questionnaire assessed emotional issues including
anxiety about reactions, frustration in dealing with
others, and worries about the lack of a “normal
childhood” [39]. All of the parameters measured
showed moderate disruption with the most notable
being the caregiver’s anxiety regarding the need to
read labels and spend extra time to preparing foods
[7]. Ludman’s results were in line with a similar
caregiver survey by Springston et al. [40].

Clinical History

In atopic patients, seasonal allergic rhinitis
develops first and then PFS. The more symptom-
atic the patient is with itchy eyes and nose as
well as rhinorrhea the more likely they are to
develop PFS, which can occur in the first 5 years
of life [7]. Documenting the months when the
patient has allergic rhinitis symptoms will help
to isolate potential foods if unrecognized by the
patient. Fresh fruits, nuts, and raw vegetables are
most frequently implicated. Inquiring whether
cooked food causes symptoms is important. It is
essential to inquire about the associated symp-
toms that the food causes. The questions should
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focus on the presence of mucosal itching, tin-
gling, burning, or swelling of the checks, tongue,
lip swelling, change in voice or problems swal-
lowing, gastrointestinal symptoms, urticarial
lesions or anaphylaxis. The time course is infor-
mative because symptoms are apparent almost as
soon as or within minutes of the food being in
the mouth. It is usually relieved by swallowing
or drinking water. Occasionally antihistamines
are needed. Some patients will complain of gas-
trointestinal symptoms. Less than 8% suffer
from systemic symptoms such as urticaria,
angioedema, profuse diarrhea, coughing, wheez-
ing, and hypotension [6].

Certain foods like those in the Rosaceae fam-
ily can cause anaphylaxis without pollen allergy.
They are considered class 1 food allergy and not
PFS. Peach is the most common of these fruits to
cause systemic symptoms due to LTP. There is a
higher rate of clinical cross-reactivity in this fam-
ily of foods and so questioning regarding reac-
tions to related foods is important (Table 5.1).
Also any history of allergic reactions to peanut or
tree nut allergy should be treated as a class 1
allergy. Both peanut and hazelnut can cause PFS
but it is difficult to distinguish at times from class
1 food allergy. If anaphylaxis is a concern, an epi-
nephrine auto injector should be prescribed. If
other than mild symptoms are present, an allergy
consultation should be obtained.

Testing

An allergist will do testing for inhalants and sus-
pected foods for children with allergic rhinitis
and/or asthma. The season when the symptoms
occur, the plant food involved and the history of
the reaction will usually suggest an accurate
diagnosis. Skin testing with inhalant allergens
will confirm sensitization to pollen. For foods,
skin testing using fresh or frozen fruit and raw
vegetables usually gives better results via the
prick method than skin testing with commercial
extracts [26]. The commercial extracts contain
more stable allergens and may not contain suffi-
cient cross-reacting antigens to elicit a positive
skin test [41, 42]. If the patient had anaphylaxis,

dermographism, severe dermatitis, or cannot stop
antihistamines, the initial step is to draw blood
for specific IgE immunoassays. They can be
informative especially if the cross-reactive anti-
body is heat stable. If there are questions regard-
ing safe ingestion of a particular plant food and
the testing is equivocal or negative then an oral
food challenge should be done with the appropri-
ate part of the fruit, peel, and or pulp. This is
especially true if the patient had a systemic reac-
tion to peach because there is a high clinical
cross-reactivity with other food in the Rosaceae
family, and the patient may want to include it in
their diet. Many believe that future testing will
involve utilizing component-resolved diagnostics
(CRD) with a microarray of specific antigens,
like the recombinant PRs, LTPs, and profilins,
which will greatly enhance our diagnostic abili-
ties. Using CRD that are available for peanut or
hazelnut is helpful. In testing for peanut, the Ara
h 2 is elevated in patients with more severe reac-
tions. Not all the molecular components, like Bet
v 1, PR-10, or Bet v 2, are routinely available but
hopefully will provide a better picture of the nat-
ural history and severity of the PFS.

Therapy

There is no cure for food allergy, class 1 or class
2. Avoidance is currently advised for manage-
ment of these food allergies. As noted, earlier
allergists have advised patients to cook the cross-
reacting foods to destroy the tertiary structure
and render the food safe for consumption. In the
presence of associated atopic conditions, when
the T cell epitopes are conserved even when the
food is cooked, ingesting the food might promote
ongoing inflammation as seen in AD and perhaps
EoE or even IBS. In the last 20 years, investiga-
tors have suggested that pollen immunotherapy
could modify the symptoms of PFS. The success
rate of remission with subcutaneous immuno-
therapy with birch pollen has reportedly ranged
from 84% success to concerns that birch
immunotherapy might have triggered the onset of
PES [43, 44]. There has been no success with
sublingual therapy with birch pollen with regard



5 Environmental Allergies and Pollen Food Syndrome (PFS) 73

to tolerance for apple [45]. The studies cited are
not robust. The hope of future immunotherapy
lies in the ability to define and administer immu-
notherapy with the significant clinical epitopes.
Molecularly directed immunotherapy will lead to
significant reduction in the oral symptoms
induced and is a potential cure for both pollen
and related plant food allergy.

Summary

Pollen food syndrome is increasing in the pediat-
ric population. Studies from abroad suggest that
it may occur in as high as 24% of the pediatric
population and that it will increase in late child-
hood and adolescence depending on the severity
and number of pollen allergens causing the rhi-
nitis [10]. The foods most frequently identified
as allergens are related to birch pollen and most
often do not involve systemic reactions but only
local reactions of the oral mucosa. A good clinical
history will elicit the extent of the symptoms and
whether further allergy consultation and testing
is necessary. If there is any question of a systemic
reaction, an epinephrine auto injector should
be provided and allergy consultation should be
obtained. Depending on associated atopic dis-
eases, cooking the fruits and vegetables may be
an acceptable alternative to allow the food to
be ingested. Current research with recombinant
allergens is hoped to bring about more accurate
diagnosis and potential immunotherapy.

Case Studies
Case Study 5.1

A 5-year-old boy comes to the allergy clinic with
itchy eyes, runny nose, and sneezing which
started during the spring. He has had atopic
eczema since he was 6 months old. His eczema is
also worse. His mom notes complaints that his
favorite fruit, apples, make his mouth and throat
feel funny. It starts as soon as the apple is in his
mouth and goes away quickly. His skin test shows
a significant reaction to birch pollen, grass, and

ragweed. The skin test with commercial apple
extract is negative. A skin-prick test with the
apple, touching the applicator through the peel,
and applying pulp to the patient’s forearm is
positive.

Case 5.1 illustrates a typical birch pollen-
related reaction to apple. The reaction is usually
worse in the pollen season and may be amelio-
rated with cooking of the fruit. What is interest-
ing is the cooking of the fruit denatures the
tertiary structure so the mediator release from
mast cells is inhibited but does not alter the pri-
mary structure which has cross-reacting T cell
epitopes that can cause worsening of eczema
within 24 hours of ingestion. A small percentage,
less than 8%, of patients with throat symptoms
may progress to a systemic reaction. A prescrip-
tion for an epinephrine auto injector would be
indicated if this is a concern as well as an allergy
consultation. In addition, the child is allergic to
three pollens which is a risk factor of PFS. As he
gets older, he might experience PFS with an
increasing number of foods related to each of the
pollens.

Case Study 5.2

A 12-year-old girl has a history of seasonal aller-
gic rhinitis, atopic eczema, and moderate persis-
tent asthma. She noted that after she ate peanut,
her throat felt like it was closing after just a few
bites and she developed urticaria. She has a simi-
lar reaction with cantaloupe and tomato.

Case 5.2 illustrates pan-allergen sensitiza-
tion which is seen in older children with more
allergic comorbidities. She may have reactions to
Bet v 1, PR-14, and profilin. Her eczema might
worsen within 24 hours of ingestion due to the T
cell epitopes for birch pollen. Due to her symp-
toms and severity of atopic comorbidities, strict
avoidance of the foods is advised and a prescrip-
tion for an epinephrine auto injector is indicated.
Consultation with an allergist is advised. If her
asthma was stable she could be skin tested for the
inhalants to confirm pollen sensitivity. Because of
her reaction to the foods, specific IgE immunoas-
say to each food would be ordered. If the results
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were negative or very low titer, then skin test-
ing would be done. In addition, CRD for peanut
would be helpful. A high titer against Ara h 2 is
consistent with more serious reactions, whereas
Ara h 8 is related to the birch pollen allergens and
not likely to be proceed to anaphylaxis.
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