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Key Messages
e Prevalence of pollen food allergy syndrome (PFAS) varies by geographic location and is between 2% and 70% based on the study.

e Pollen food allergy syndrome can presents as a spectrum of symptoms ranging from isolated oropharyngeal symptoms to anaphylactic
shock.

o Treatment of PFAS needs to factor in risk of severe reaction, quality of life, cost, and patient preference.

e Risk assessment will be able to be more individualized as additional component testing becomes available.

ARTICLE INFO ABSTRACT

Objective: Pollen food allergy syndrome (PFAS) is a complex syndrome posing a diagnostic and therapeutic
challenge. Our objective was to summarize the available literature regarding its prevalence, pathogenesis,
diagnosis, and treatment.
Data Sources: A PubMed search was performed to include English language articles with the following
search terms: pollen food syndrome, pollen food allergy syndrome, PFAS, oral allergy syndrome, OAS, food
anaphylaxis, food components.
Study Selections: Human articles discussing PFAS.
Results: Varying reports have been made of the prevalence of PFAS, ranging from 4.7% to greater than 20% in
children and 13% to 58% in adults. Prevalence varies widely by geographic region. PFAS is typically the results
of class Il food allergens (e.g. sensitized to anaeroallergen, but reaction occurs due to cross reactivity from a
food allergen). Commonly these reactions are limited to the oropharynx due to the lability of the proteins
causing the reaction. As multiple families of proteins with varying stability cause PFAS, severe systemic
reactions are also possible, as anaphylactic shock has been documented in up to 1.7% of reactions.
Conclusion: Pollen food allergy syndrome therefore cannot be dismissed as a benign food allergy, but it
needs to be approached individually based on known risk factors.
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Introduction pathogenesis and avoid confusion as to possible symptoms.* It has
been used primarily as an overarching term for several described
entities such as birch-pollen, mugwort-celery-spice, and ragweed-
melon syndromes.

If we define food allergies per the 2010 US guidelines as “an
adverse health effect arising from a specific immune response that
occurs reproducibly on exposure to a given food,” then all these

reactions qualify as food allergies. Even so, clearly these reactions

Although first descriptions of this syndrome date back as far as
1942,' the term oral allergy syndrome (OAS), first proposed in 1987,
was used to describe the symptoms of allergies to various foods in
aeroallergen-allergic patients.>> In 1995, the term PFAS (pollen
food allergy syndrome) was used to better characterize the
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are different from what is commonly thought of as a “food allergy.”
One paradigm of approaching this is by using class I vs class Il food
allergens. Class I are food allergens in which the sensitization
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occurs through the gastrointestinal (GI) tract from a protein resis-
tant to digestion, and class II food allergens are caused by prior
sensitization to an aeroallergen and cross-reactivity.® By thinking of
PFAS as class Il food allergens and not as a syndrome described with
only oral and perioral symptoms, it is easier to conceptualize why
this disease presents the way it does.

Prevalence

A recent study by Gupta et al’ reports the prevalence of food
allergy to be 10.8% in a population-based survey of more than
40,000 US adults.” In some other studies, PFAS has been excluded
from calculating “food allergy” prevalence, as shown in the paper
by Kamdar et al,® because they have in their exclusion criteria “a
history consistent with oral allergy syndrome.”® Often the preva-
lence of PFAS is reported as the percentage of another disease, such
as “10% of children with allergic diseases develop OAS.” Other
examples include: 20% to 70% of persons with pollen allergy
experience pollen-related food allergy; approximately 20% of
patients who underwent skin prick testing experience PFAS; 45%
of patients with seasonal allergies reported PFAS; and 26% to 34% of
patients with eosinophilic esophagitis have PFAS.” ">

Studies that are trying to determine the prevalence of PFAS often
get their starting population from those with allergic rhinitis or
patients with known sensitivities to aeroallergens associated with
PFAS, leading to the potential of falsely elevated prevalence rates.
Rates between 4.7% and more than 20% have been reported in
children, and 13% to 53.8% in adults.'*~'® In a UK survey conducted
in 3590 subjects, an average prevalence of 2% was found, ranging
from 0.8% to 4.1%, depending on the area within the survey.' In a
smaller study of 173 subjects ages 18 to 24 from the general pop-
ulation of Armenia, the prevalence was found to be 13%.%°

The prevalence also is known to vary according to geographic
location, because of the aeroallergens in that location and their
likelihood to cause class II food allergy. In areas endemic with
birch, PFAS is estimated to affect 50% to 90% of birch-allergic
patients.”®~2! Another way of estimating the prevalence is to
determine the percentage of the population affected by the
disease that the subpopulation studied is taken from. In other
words, given that allergic rhinitis affects between 20% and 50% of
the population and 47% to 70% of patients with pollen allergy
experience PFAS,%? %4 the estimated prevalence would be calcu-
lated as being between 9.4% and 35%. Although the true preva-
lence will be difficult to determine given the wide geographic
variability, it does affect a significant portion of the population.
Appropriate recognition, diagnosis, and management is therefore
an essential skill for a practicing allergist.

Symptoms

Although commonly thought of as a low-risk disease, up to 3% of
patients with PFAS experience systemic symptoms without oral
symptoms, and 1.7% experience anaphylactic shock.”> The most
common symptom is oral-pharyngeal pruritus.’® Other symptoms
include tightness in the throat, difficulty swallowing, nausea,
dysphonia, nasal itching, and itching of the ear.?’~2° Often these
symptoms occur only when eating the raw food, and the patient
may tolerate cooked/processed foods. Other factors that affect
protein degradation may affect the occurrence or severity of a
reaction such as anti-acid medication, which may cause decreased
protein degradation and therefore increased reaction rate or
severity. Volume of food ingested and exercise affect both class I
food allergies and class 2 food allergies. During an acute episode of
PFAS, physical examination may reveal several features, such as
angioedema of the tongue, uvula, lips, face, and periorbital area, as
well as perioral urticarial eruptions.”® 3% The symptoms present
are typically localized to the area around the beginning of the GI

tract. Reports have been made of systemic or severe features, which
include urticaria, dyspnea, and even anaphylactic shock.>>3¢
Indeed, certain foods have been implicated for a higher risk of
anaphylaxis in class II food allergies. These foods include almonds,
apricots, cherries, celery, lentils, peaches, plums, and toma-
tos.>??35740 Several explanations exist that help to conceptualize
why certain foods may increase the risk of systemic reactions while
others do not. A look into the underlying pathogenesis can shed
light on the varying presentations observed.

Pathogenesis

When looking at PFAS, the primary concern is class II food
allergens. The food allergen itself is not typically the primary
sensitizer, as would be seen in class I food allergens. In general,
class I food allergens are heat and digestion stable. By remaining
stable, they are able to retain their immunoglobulin E (IgE)-binding
conformation, potentially leading to an increased ability to sensi-
tize and a higher incidence of severe systemic reactions.

Most (approximately 65%) plant food allergens (both class I and
class II) belong to 3 classes of protein superfamilies: the prolamin
superfamily; the cupin superfamily, and the pathogenesis-related
(PR) proteins family.*"*> Given the immense size of the prolamin
family, they have been broken up into 2S albumins and lipid
transfer proteins (LTP) for this review.

Lipid transfer proteins are pan-allergens found in many fruits
and vegetables that are resistant to both heat and digestion. A Mal
d 3 (apple) LTP maintains IgE reactivity despite thermal treatment
(90°C, 20 minutes).*> Severe LTP-induced reactions are seen in
individuals who do not have sensitization with the labile allergens
such as PR-10 (ie, co-sensitization with PR-10 proteins appear to be
a protective factor).** The reason for this is not known. In a study of
LTPs by Palacin et al,*® a microarray immunoassay was performed
that suggested that LTP from Pru p 3 (peach) acts as a primary
sensitizer and is the main gateway to polysensitization of LTPs.*
Another study by Schulten et al*® showed that Pru p 3 was the
cause of sensitization to Cor a 8 (hazelnut).*®

In a study of LTP allergy using a multiplex diagnostic array, most
patients that are LTP allergic recognize more than 6 LTPs, with Pru p
3 and Mal d 3 being the most common.?’ Other relevant examples
of LTPs include Ara h 9 (peanut), Gly m 1 (soybean), Jug r 3 (walnut),
and Tri a 14 (wheat). A comprehensive list of allergen LTPs is shown
in Table 1. The LTPs have significant binding to lipid molecules,
which may help protect them from degradation.“® Lipid binding is
common to both class I and class I allergens.*’

The 2S albumins are also members of the prolamin superfamily
and a have limited role in PFAS. No identified aeroallergen that is a
2S albumin has been found that could act as a primary sensitizer.
Thus, any identified 2S albumins (eg, Ara h 2 [peanut] and Ana o 3
[cashew]) suggest a class I allergen. Some overlap is seen with the
cupins in their function, because 2S albumins and 7S and 11S are all
considered storage proteins, as discussed further. A list of these
components is given in Table 2.

The cupin superfamily contains an extremely diverse group of
proteins. It includes multiple proteins of various functions as well
as seed storage proteins (7S and 11S), which are the most relevant
to allergy. The term cupin is derived from the Latin term cupa,
referring to the conserved barrel domain found in this group of
proteins. The most relevant proteins to our discussion in this family
include Ara h 1 and 3 (peanut), Jug r 2 (walnut), Ses i 3 (sesame
seed), Ber e 2 (brazil nut), and Cor a 9 (hazelnut).*® Patients are
often sensitized to these class I allergens, and similar to the other
storage protein 2S albumin, no identified 7S or 11S aeroallergens
would function as the primary sensitizer. Table 3 shows compo-
nents identified as cupins, suggesting that they would represent a
class I food allergy.



G. Carlson and C. Coop / Ann Allergy Asthma Immunol xxx (2019) 1-7 3

Table 1 Table 3
A compilation of LTP components for foods and aeroallergens A compilation of Cupin components for foods and aeroallergens
Prolamin (LTP) Cupins
Aeroallergen Foods Aeroallergen Foods
Indian hemp Cans 3 Almond Pru du 3 None Almond Pru du 6
London plane tree Plaa3 Apple Mald 3 Brazil nut Ber e 2
Mugwort Artv3 Apricot Pru ar 3 Hazelnut Cora9, 11
Oriental plane Pla or 3 Asparagus Aspao 1 Kiwi Actd 12
Para rubber tree (latex) Hev b 12 Banana Mus a 3 Peanut Arah1,3
Short ragweed Amb a 6 Cabbage Brao3 Pistachio Pisv 2,5
Celery Apig2,6 Pumpkin Cuc ma 4
Cherry Pru av 3 Sesame Sesi3, 6,7
Chestnut Cass8 Soybean Glym 5, 6
Grape Vitv 1 Walnut Jugr4
Green bean Phav3 Yellow mustard Sin a 2
Hazelnut Cora8
Kiwi Act ¢ 10, Actd 10
Lemon Gitl3 itization. The lability of th tei that they oft
o i sensitization. The lability of these proteins means that they often
Lettuce Lacs 1 become denatured with cooking, or processing of foods. Being abl‘e
Mulberry Mor n 3 to tolerate processed foods, but having symptoms to fresh foods, is
Olive Olee? highly suggestive of PFAS.
g;;‘“ge g:; Zg Profilins, another family of proteins, share some characteristics
Peach Prup 3 W_1th _the PR-10 proteins. _ They are easily degraded by gastric
Peanut Arah 9,16, 17 digestion, and thus there is a reduced chance of a reaction pro-
Plum Prud3 gressing beyond oral symptoms.”® Profilins share significant
gomigra“ate ;"E 531 homology amongst themselves. Because of this homology, between
aspber! ub 1 . . .
Str. a?Nb e?r'y Fraa3 20% and 30% of all patients with tree pollen allergy react to profilins,
Siniilowar Hel a 3 and sensitization with profilins is associated with multiple pollen-
Tangerine Citr3 associated food allergies.>”>®~>% Relevant profilins include Ana c 1
'\r/\f;“;‘am JSOla 133' 6.7 (pineapple), Api g 4 (celery), Ara h 5 (peanut), Dau c 4 (carrot), and
alnut ug r . . st 59
b — T Cor a 2 (hazelnut). Table 5 gives a more comprehensive list.
Yellow mustard Sin a 3

The PR family plays a large role in PFAS. Perhaps the most
prominent of these is PR-10. One of the best studied of these pro-
teins is Bet v 1 (birch). The development of the PR proteins were a
protective mechanism against pathogenic invasion. These proteins
can be found among many plant species.”? The PR proteins are also
formed in response to various stresses, such as mechanical trauma,
drought, or flooding.’® Some of the relevant members of this family
include Mal d 1 (apple), Pru av 1 (cherry) Pru ar 1 (apricot), Pyr c 1
(pear), Api g 1 (celery), Dau c 1 (carrot), Gly m 4 (soybean), Cor a 1
(hazelnut), and Ara h 8 (peanut).”' A more comprehensive list of PR
proteins is given in Table 4. This group is thought to be primarily
class 1 food allergens.”>~>* Unlike LTPs, these Bet v 1 homologs are
more labile and thus are less likely to be able to cause primary

Table 2
A compilation of 2S albumins components for foods and aeroallergens

Prolamin (2S albumins)

Aeroallergen Foods

None Brazil nut Bere 1
Buckwheat Fage 2, Fagt2
Cashew Anao3
Castor bean Ricc1
Field mustard/turnip Brar 1
Hazelnut Cor a 14
Indian/oriental mustard Braj1
Kiwi Actd 13
Peanut Arah2,6,7
Pecan Caril
Pistachio Pisv 1
Pumpkin Cuc ma 5
Rapeseed Bran1
Sesame Sesil,2
Soybean Gly m 8
Stone pine (pine nut) Pinp 1
Walnut Jugnl,Jugrl
Yellow mustard Sina1l

Cross-reactivity

As mentioned previously, many syndromes under the PFAS
umbrella exist. These syndromes are typically named based on
describing what cross-reactivity is observed. Some of the most
clinically relevant of these are described here. Tables 1 through 5
provide a fairly comprehensive list of possible cross-reactivities.”® A
more clinically focused list adapted from Ramesh and Lieberman®’
is shown in Table 6. Sensitization to birch has been shown to be
cross-reactive to multiple fruits, vegetables, and nuts.>! Which
foods individuals react to depend on which component of birch
they are sensitized to. Bet v 1 has been associated with Mal d 1
(apple), and Pru p 4 (peach) has been associated with Bet v 2.

Art v 3 (mugwort) is an LTP that has been shown to cross-react
to Pru p 3 (peach) as well as Cas s 8 (chestnut).% Ragweed has been
associated with banana, melons, kiwi, and peaches.®” Grasses have

been associated with tomato, peach, and apple.?%6364

Table 4

A compilation of PR-10 components for foods and aeroallergens

PR-10

Aeroallergen Foods

Alder Alng1 Apple Mald 1

Beech Fags1 Apricot Pruar 1

Birch Betv 1 Carrot Dauc1

Hornbeam Carb1 Celery Apig1l

White Oak Queal Cherry Pruav 1
Chestnut Cass 1
Hazelnut Coral
Kiwi Actc 8, Actd 8, 11
Mungbean Vigr1
Peanut Arah 8
Pear Pyrc1
Raspberry Rubi 1
Soybean Gly m 4
Strawberry Fraal
Tomato Solal4
Walnut Jugr5
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Table 5
A compilation of profilin components for foods and aeroallergens

Profilin family

Aeroallergen Foods
Bermuda grass Cynd 12 Almond Pru du 4
Birch Bet v 2 Apple Mal d 4
Burning bush Koc s 2 Banana Mus a 1
Date palm Pho d 2 Barley Hor v 12
Lambsquarter Che a2 Carrot Dau c 4
Mesquite Proj2 Celery Apig4
Mugwort Artv 4 Cherry Pru av 4
Para rubber tree (latex) Hev b 8 Chili/bell pepper Capa2
Pellitory-of-the-wall Parj3 Hazelnut Cora?2
Needle brush Aca f2 Kiwi Actd 9
Pigweed Amar 2 Lupine Lupa5
Ragweed Amb a 8 Lychee Litc1
Russian thistle Sal k 4 Muskmelon Cucm 2
Storage mite Tyr p 36 Olive Olee2
Timothy grass Phl p 12 Orange Cits 2
Peach Prup 4
Peanut Arah 5
Pear Pyrc4
Pineapple Anac1
Rice Ory s 12
Soybean Gly m 3
Strawberry Fraa 4
Sunflower Hel a2
Tomato Solal1
Walnut Jugr?7
Watermelon Citr 12
Wheat Tria 12
Yellow mustard Sina 4
Treatment

With all of the various definitions of food allergy as well as
varying opinions of what constitutes PFAS, treatment for this con-
dition varies widely. A study of US allergists in 2003 by Ma et al*®
showed that patients with class 1 food allergy are frequently
diagnosed with PFAS.?®> This could lead to suboptimal care of
potentially life-threatening food allergies. However, that would
depend on how those allergists treat PFAS.

In a study in the United Kingdom, 18% of allergists had never
recommended an epinephrine auto injector (EAI) for treatment of
PFAS, compared with 70% of allergists in the United States who

Table 6
Common clinically relevant PFAS allergens

Relevant PFAS allergens

Primary sensitization Cross-reactive allergens

Profilin examples: Kiwi (Act d 9)
Birch Pineapple (Ana c 1)
Mugwort Celery (Api g 4)
Ragweed Peanut (Ara h 5)

Carrot (Dau c 4)
Soy (Gly m 3)
Apple (Mal d 4)
Banana (Mus a 1)
Peach (Pru p 4)

PR-10 proteins examples Peach (Prup 1)

Birch (Bet v 1) Apple (Mal d 1)

Oak (Quea 1) Peanut (Ara h 8)
Hazelnut (Cor a 1)
Soy (Gly m 4)
Celery (Apig 1)

LTP examples Kiwi (Act d 10)

Ragweed (Amb a 6)
Mugwort (Art v 3)

Peanut (Ara h 9)
Hazelnut (Cor a 8)
Latex (Hev b 12)
Walnut (Jug r 3)
Apple (Mal d 3)
Wheat (Tri a 14)
Peach (Pru p 3)

claimed they would consider an EAI for PFAS.>>%° In this study, the
reasons cited by US allergists for needing an EAI were a reaction
that involved lower airway symptoms (89%), current diagnosis of
asthma (39%), pharyngeal symptoms (58%), facial angioedema
(31%), and generalized urticaria (19%).

The 2014 update to the food allergy practice parameters states,
“Patients with a history of laryngeal swelling or respiratory
compromise should avoid raw foods strictly and be prescribed an
epinephrine auto injector.”®® Although this does not encompass all
of the reasons cited by the physicians for prescribing an EIA, it does
show that in the event of a history of severe reaction, prescription
of an EAI is reasonable.

Depending on the food components patients are sensitized to,
risk varies for the component to remain stable through digestion.
Because of this stability, the allergen’s antigenic properties have the
potential to be maintained. As mentioned previously, LTPs have
been shown to be highly cross-reactive, suggesting a potential
benefit to avoidance of additional foods.”” Two methods for
obtaining components are ImmunoCAP ISAC and AllergyExplorer
(ALEX). These test numerous allergens, with amounts of 112 com-
ponents and 125 components, respectively. Panels of components
have been used in the past to help diagnose PFAS.®” The utility of
getting testing performed on proteins to which the patient has not
been experiencing clinical symptoms has been questioned. In
practicality, however, individually ordering components for all of
the allergens the provider may be concerned about may not be
feasible, and a larger panel may help streamline the process.
Ordering single IgE tests can be expensive, and to be cost effective
ISAC would have to replace at least 13 single IgE tests.%® By using
these principles and knowledge of the pathogenesis of food aller-
gens, one can have an individualized discussion with patients to
ensure that they have their symptoms appropriately managed. One
algorithm representing this discussion is shown in Figure 1.

One survey by Ma et al*®> showed that 30% of providers never
prescribed EIA for PFAS, and 20% of providers diagnosed a systemic
reaction to peach as OAS.?> Although avoidance measures of class I
allergens are commonly recommended, food avoidance does not
seem to have any lasting treatment benefit in class II allergens.
Perhaps this phenomenon is attributable to continued exposure to
the original sensitizing agent.®*~”! In fact, reports have been made
of patients developing tolerance to foods such as carrots and apples,
thought to be continued exposure with oral immunotherapy.’>”>

Apart from avoidance, education, or EAI, given that the primary
sensitizer in class II allergens is typically a pollen, both subcu-
taneous immunotherapy (SCIT) and sublingual immunotherapy
(SLIT) have been studied to see whether tolerance to provocative
foods can be increased. One study enrolled 74 birch-allergic
patients in a double blinded placebo-controlled trial in a compar-
ison between SLIT and SCIT.”* In that study, no significant difference
was noted between SLIT, SCIT, or placebo when comparing pre-
treatment oral food challenges (OFC) with post-treatment OFCs.
Another study by Asero’” looked prospectively at 49 birch-sensitive
patients with positive PFAS to apple, who had received SCIT for 1 to
3 years.”” In that study, 80% of patients reported subjective
improvement in their symptoms to apples; of those, 54% showed
complete resolution of their symptoms. Immunotherapy, however,
is not without its risks, as SLIT improved apple allergy in 1 of 11
patients but induced apple allergy in 3 of 11 patients in the study by
Hansen et al.”

Overall, the literature regarding the benefits of SLIT/SCIT to PFAS
conflicts with some studies showing potential benefits, whereas
others show none. Most of the research available are patients with
apple allergy being treated with birch pollen.”” 8! Newer biologics
are now available that have been shown to help in many atopic
conditions. One that has been looked at for PFAS is omalizumab. An
observational study of 46 patients on omalizumab or SCIT showed
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Figure 1. Algorithm for the approach to PFAS.

no statistical difference in symptoms in patients among those
receiving omalizumab alone, omalizumab with SCIT, or SCIT
alone.®? Some concern has been raised about the potential aller-
genicity of genetically modified (GM) foods. A systematic review by
Dunn et al®? in 2017 concluded that “GM products do not appear to
be more allergenic than their conventional counterpart as deter-
mined by IgE binding studies.” They went on to say that no data
exist showing consumption of GM proteins causing allergy to
develop in individuals who are not allergic at baseline.®* The
contrary may be true in that GM foods could have culprit proteins
silenced, reducing their allergenicity, as reported by Dubois et al.®*

Conclusion

Pollen food allergy syndrome is caused primarily by class II
allergens. This syndrome often results in several food allergies
because of the homology between the plant proteins. The true
prevalence of PFAS has yet to be defined, because it appears to be
extremely variable based on geographical distribution. It has been
shown, however, that it is a fairly prevalent condition, especially in
the subset of atopic individuals. Because atopic individuals are the
largest group of individuals evaluated by allergists, it behooves us
to recognize the common presentations of early GI tract symptoms
as well as the less common but more serious presentation of

systemic reactions and even anaphylactic shock. By early recogni-
tion and understanding of pathogenesis of PFAS, the provider can
have a tailored discussion with the patient, which can include risks
of reaction, severity of reaction, and potentially cross-reactive
foods. Although an EAI is appropriate in high-risk reactions, it
may not be suitable for all situations. Multiple factors affect this
decision, to include difficulty in following strict diet restriction,
quality of life, cost of EAI, and acceptable risk level to the patient
and provider. As additional component testing becomes commer-
cially available, knowledge of this subject will help ensure optimal
medical management.

References

1. Tuft L, Blumstein G. Studies in food allergy: II. Sensitization to fresh fruits:
clinical and experimental observations. J Allergy. 1942;13(6):574—582.

2. Amlot P, Kemeny D, Zachary C, Parkes P, Lessof MH. Oral allergy syndrome
(OAS): symptoms of IgE-mediated hypersensitivity to foods. Clin Allergy. 1987;
17(1):33—42.

3. Ortolani C, Ispano M, Pastorello E, Bigi A, Ansaloni R. The oral allergy syn-
drome. Ann Allergy. 1988;61(6):47—52.

4, Valenta R, Kraft D. Type 1 allergic reactions to plant derived food: a conse-

quence of primary sensitization to pollen allergens. J Allergy Clin Immunol.

1996;97(4):893—895.

Boyce ], Assa’ad A, Burks A, et al. Guidelines for the diagnosis and management

of food allergy in the United States: report of the NIAID-sponsored expert

panel. J Allergy Clin Immunol. 2010;126(6):S1—S58.

I


http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref1
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref2
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref3
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref4
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref5
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

G. Carlson and C. Coop / Ann Allergy Asthma Immunol xxx (2019) 1-7

. Webber C, England R. Oral allergy syndrome: a clinical, diagnostic, and ther-

apeutic challenge. Ann Allergy Asthma Immunol. 2010;104(2):101—-108.

. Gupta R, Warren C, Smith B. Prevalence and severity of food allergies among

US adults. JAMA Netw Open. 2019;2(2):e185630.

. Kamdar T, Peterson S, Lau C, Saltoun C, Gupta R, Bryce P. Prevalence and

characteristics of adult-onset food allergy. J Allergy Clin Immunol Pract. 2015;
3(1):114-115.

. Bedolla-Barajas M, Kestler-Gramago A, Alcala-Padilla G, Morales-Romero ]J.

Prevalence of oral allergy syndrome in children with atopic diseases. Allergol
Immunopathol (Madr). 2017;45(2):127—133.

Chang Y, Kim J, Song W, et al. Oral allergy syndrome in birch pollen sensitized
patients in Korea: results of a retrospectice chart review. J Allergy Clin Immunol.
2018;141(2):AB63.

Cascone N, Shankar T, Petrov A, Fajt M. Seasonal allergies, how they relate to
oral allergy syndrome (OAS). J Allergy Clin Immunol. 2016;137(2):AB83.
Letner D, Farris A, Khalili H, Garber J. Pollen-food allergy syndrome is a com-
mon allergic comorbidity in adults with eosinophilic esophagitis. Dis Esoph-
agus. 2018;31(2):dox122.

Leigh L, Spergel . An in-depth characterization of a large cohort of adult patients
with eosinophilic esophagitis. Ann Allergy Asthma Immunol. 2019;122(1):65—72.
Azamar-Jacome A, Borjas-Aguilar K, Mendoza-Hernandez D. P281 Pollen-food
syndrome in a pediatric population attending an allergy clinic in Mexico City.
Ann Allergy Asthma Immunol. 2016;117(5):5S105.

Dondi A, Tripodi S, Panetta V, et al. Pollen-induced allergic rhinitis in 1360
Italian children: comorbidities and determinants of severity. Pediatr Allergy
Immunol. 2013;24(8):742—751.

Ivkovi¢-Jurekovi¢ 1. Oral allergy syndrome in children. Int Dent J. 2015;65:
164—-168.

Bedolla-Barajas M, Morales-Romero ], Ortiz-Miramontes L, Jauregui-Franco R.
Frequency and clinical features of the oral allergy syndrome in Mexican adults
with nasal pollinosis. Rev Alerg Mex. 2013;60(1):17—25.

Morfin-Maciel B, Flores I, Rosas-Alvarado A, Bautista M, Lopez-Lépez ]. Sensi-
tization to pollens of the Oleaceae family in a group of patients in Mexico City.
Rev Alerg Mex. 2009;56(6):198—203.

Skypala I, Bull S, Deegan K, et al. The prevalence of PFS and prevalence and
characteristics of reported food allergy: a survey of UK adults aged 18-75
incorporating a validated PFS diagnostic questionnaire. Clin Exp Allergy. 2013;
43(8):928—-940.

Movsisyan M, Hakobyan A, Gambarov S. Pollen food allergy syndrome (PFAS)
among young Armenian adults. J Allergy Clin Immunol. 2019;143(2):AB433.
Mogensen ], Wimmer R, Larsen ], Spangfort M, Otzen S. The major birch
allergen, Bet v 1, shows affinity for a broad spectrum of physiological ligands.
J Biol Chem. 2002;277(26):23684—23692.

Hoffmann-Sommergruber K, O'Riordain G, Ahorn H, et al. Molecular charac-
terization of Dau c 1, the Bet v 1 homologous protein from carrot and its cross-
reactivity with Bet v 1 and Api g 1. Clin Exp Allergy. 1999;29(6):840—847.
Katelaris C. Food allergy and oral allergy or pollen-food syndrome. Curr Opin
Allergy Clin Immunol. 2010;10(3):246—251.

Bousquet ], Hejjaoui A, Becker W, et al. Clinical and immunologic reactivity of
patients allergic to grass pollens and to multiple pollen species. I. Clinical and
immunological characteristics. J Allergy Clin Immunol. 1991;87(3):737—746.
Ma S, Sicherer S, Nowak-Wegrzyn A. A survey on the management of pollen-
food allergy syndrome in allergy practices. J Allergy Clin Immunol. 2003;112(4):
784—788.

Purohit-Sheth T, Carr W. Oral allergy syndrome (pollen-food allergy syn-
drome). Allergy Asthma Proc. 2005;26(3):229—-230.

Sussman G, Sussman A, Sussman D. Oral allergy syndrome. CMAJ. 2010;
182(11):1210—1211.

Mari A, Ballmer-Weber B, Vieths S. The oral allergy syndrome: improved
diagnostic and treatment methods. Curr Opin Allergy Clin Immunol. 2005;5(3):
267-273.

Sloane D, Sheffer A. Oral allergy syndrome. Allergy Asthma Proc. 2001;22(5):
321-325.

Chang Y, George S, Hsu S. Oral allergy syndrome and contact urticaria to ap-
ples. ] Am Acad Dermatol. 2005;53(4):736—737.

Ausucua M, Dublin I, Echebarria M, Aguirre J. Oral allergy syndrome (OAS):
general and stomatological aspects. Med Oral Patol Oral Cir Bucal. 2009;14(11):
e568—e572.

Mancuso G, Berdondini R. Oral allergy syndrome from kiwi fruit after a lover’s
kiss. Contact Dermatitis. 2001;45(1):41.

Konstantinou G, Grattan C. Food contact hypersensitivity syndrome: the
mucosal contact urticaria paradigm. Clin Exp Dermatol. 2008;33(4):383—389.
Sanchez I, Rodriguez F, Garcia-Abujeta ], Fernandez L, Quifiones D, Martin-
Gil D. Oral allergy syndrome induced by spinach. Allergy. 1997;52(12):
1245—1246.

Kleine-Tebbe ], Vogel L, Crowell D, Haustein U, Vieths S. Severe oral al-
lergy syndrome and anaphylactic reactions caused by a Bet v 1-related
PR-10 protein in soybean, SAM22. J Allergy Clin Immunol. 2002;110(5):
797—-804.

Egger M, Mutschlechner S, Wopfner N, Gadermaier G, Briza P, Ferreira F.
Pollen-food syndromes associated with weed pollinosis: an update from the
molecular point of view. Allergy. 2006;61(4):461—476.

Luttkopf D, Ballmer-Weber B, Wiithrich B, Vieths S. Celery allergens in patients
with positive double blind placebo-controlled food challenge. J Allergy Clin
Immunol. 2000;106(2):390—399.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Pastorello E, Ortolani C, Farioli L, et al. Allergenic cross-reactivity among peach,
apricot, plum, and cherry in patients with oral allergy syndrome: an in vivo
and in vitro study. J Allergy Clin Immunol. 1994;94(4):699—707.

Asakura K, Tamamoto T, Shirasaki H, et al. Evaluation of relationships between
foods and pollen antigens in peach oral allergy patients-serous specific IgE
levels of peach recombinant Antigen [in Japanese]. Arerugi. 2009;58(2):
133-139.

Rohrer C, Pichler W, Helbling A. Anaphylaxis: clinical aspects, etiology and
course in 118 patients. Schweiz Med Wochenschr. 1998;128(3):53—63.

Mills E, Madsen C, Shewry P, Wichers H. Food allergens of plant origin: their
molecular and evolutionary relationships. Trends in Food Science and Technol-
ogy. 2003;14(4):145—-156.

Jenkins J, Breiteneder H, Mills E. Evolutionary distance from human homologs
reflects allergenicity of animal food proteins. J Allergy Clin Immunol. 2007,
120(6):1399—1405.

Sancho A, Rigby N, Zuidmeer L, et al. The effect of thermal processing on the
IgE reactivity of the non-specific lipid transfer protein from apple, Mal d 3.
Allergy. 2005;60(10):1262—1268.

. Asero R, Antonicelli L, Arena A, et al. Causes of food-induced anaphylaxis in

Italian adults: a multi-centre study. Int Arch Allergy Immunol. 2009;150(3):
271-2717.

Palacin A, Gomez-Casado C, Rivas LA, et al. Graph based study of allergen cross-
reactivity of plant lipid transfer proteins (LTPs) using a microarray in a
multicenter study. PLoS One. 2012;7(12):e50799.

Schulten V, Nagl B, Scala E, et al. Pru p 3, the non-specific lipid transfer protein
from peach, dominates the immune response to its homolog in hazelnut. Al-
lergy. 2011;66(8):1005—1013.

Garcia-Moral A, Soto-Retes L, Rubiales V, Moga E. Molecular IgE reactivity
pattern in lipid transfer protein (LTP) allergy using a new multiplex array.
J Allergy Clin Immunol. 2019;143(2):AB278.

Mills E, Jenkins J, Alcocer M, Shewry P. Structural, biological, and evolutionary
relationships of plant food allergens sensitizing via the gastrointestinal tract.
Crit Rev Food Sci Nutr. 2004;44(5):379—407.

Wilson [, Zenely R, Kolarich D, et al. Analysis of Asn-linked glycans from
vegetable foodstuffs: widespread occurrence of Lewis a, core alpha 1,3-linked
fucose and xylose substitutions. Glycobiology. 2001;11(4):261-274.
Midoro-Horiuti T, Brooks E, Goldblum R. Pathogenesis-related proteins of
plants as allergens. Ann Allergy Asthma Immunol. 2001;87(4):261—-271.
Mothes N, Horak F, Valenta R. Transition from a botanical to a molecular
classification in tree pollen allergy: implications for diagnosis and therapy. Int
Arch Allergy Immunol. 2004;135(4):357—373.

Vieths S, Scheurer S, Ballmer-Weber B. Current understanding of cross-
reactivity of food allergens and pollen. Ann N Y Acad Sci. 2002;964:47—68.
Kazemi-Shirazi L, Pauli G, Purohit A, et al. Quantitative IgE inhibition experi-
ments with purified recombinant allergens indicate pollen-derived allergens
as the sensitizing agents responsible for many forms of plant food allergy.
J Allergy Clin Immunol. 2000;105(1 Pt 1):116—125.

Wensing M, Akkerdaas ], van Leeuwen W, et al. IgE to Bet v 1 and profilin:
cross-reactivity patterns and clinical relevance. J Allergy Clin Immunol. 2002;
110(3):435—442.

Lucas ], Cochrane S, Warner ], Hourihane J. The effect of digestion and pH on
the allergenicity of kiwifruit proteins. Pediatr Allergy Immunol. 2008;19(5):
392-398.

Ballmer-Weber B, Wangorsch A, Bohle B, et al. Component-resolved in vitro
diagnosis in carrot allergy: does the use of recombinant carrot allergens
improve the reliability of the diagnostic procedure? Clin Exp Allergy. 2005;
35(7):970—978.

Hoffmann-Sommergruber K, Mills E. Food allergen protein families and
their structural characteristics and application in component-resolved
diagnosis: new data from EuroPrevall project. Anal Bioanal Chem. 2009;
395(1):25-35.

Witke W. The role of profilin complexes in cell motility and other cellular
processes. Trends Cell Biol. 2004;14(8):461—469.

Allergen nomenclature WHO/IUIS Allergen Nomenclature Sub-Committee.
http://allergen.org/search.php?allergenname=&allergensource=&TaxSource=
&TaxOrder=&foodallerg=all&bioname=. Accessed April 6, 2019.

Ramesh M, Lieberman ]. Adult-onset food allergies. Ann Allergy Asthma
Immunol. 2017;119(2):111-119.

Flores E, Cervera L, Sanz M, Diaz-Perales A, Fernandez ]. Plant food allergy in
patients with pollinosis from the Mediterranean area. Int Arch Allergy Immunol.
2012;159(4):346—354.

Price A, Ramachandran S, Smith G, Stevenson M, Pomeranz M, Cohen D. Oral
allergy syndrome (pollen-fool allergy syndrome). Dermatitis. 2015;26(2):
78-88.

Asero R, Pravettoni V. Anaphylaxis to plant-foods and pollen allergens in pa-
tients with lipid transfer protein syndrome. Curr Opin Allergy Clin Immunol.
2013;13(4):379—-385.

Van Ree R, Fernandez-Rivas M, Cuevas M, van Wijngaarden M, Aalberse R.
Pollen-related allergy to peach and apple: an important role for profilin.
J Allergy Clin Immunol. 1995;95(3):726—734.

Turner P, Dawson T, Skypala I, Fox A. Management of pollen food and oral
allergy syndrome by health care professionals in the United Kingdom. Ann
Allergy Asthma Immunol. 2015;114(5):427—428.

Sampson H, Aceves S, Bock S, et al. Food allergy: a practice parameter update-
2014. J Allergy Clin Immunol. 2014;134(5):1016—1025.


http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref6
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref7
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref8
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref9
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref10
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref11
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref12
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref13
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref14
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref15
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref16
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref17
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref18
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref19
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref20
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref21
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref22
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref23
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref24
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref25
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref26
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref27
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref28
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref29
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref30
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref30
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref30
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref31
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref31
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref31
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref31
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref32
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref32
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref33
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref33
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref33
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref34
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref34
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref34
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref34
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref35
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref35
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref35
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref35
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref35
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref36
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref36
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref36
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref36
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref37
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref37
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref37
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref37
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref38
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref38
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref38
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref38
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref39
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref39
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref39
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref39
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref39
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref40
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref40
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref40
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref41
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref41
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref41
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref41
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref42
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref42
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref42
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref42
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref43
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref43
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref43
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref43
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref44
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref44
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref44
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref44
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref45
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref45
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref45
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref46
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref46
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref46
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref46
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref47
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref47
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref47
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref48
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref48
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref48
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref48
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref49
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref49
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref49
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref49
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref50
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref50
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref50
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref51
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref51
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref51
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref51
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref52
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref52
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref52
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref53
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref53
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref53
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref53
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref53
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref54
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref54
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref54
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref54
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref55
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref55
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref55
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref55
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref56
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref56
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref56
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref56
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref56
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref57
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref57
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref57
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref57
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref57
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref58
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref58
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref58
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://allergen.org/search.php?allergenname=&amp;allergensource=&amp;TaxSource=&amp;TaxOrder=&amp;foodallerg=all&amp;bioname=
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref60
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref60
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref60
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref61
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref61
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref61
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref61
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref62
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref62
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref62
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref62
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref63
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref63
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref63
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref63
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref64
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref64
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref64
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref64
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref65
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref65
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref65
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref65
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref66
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref66
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref66

67.

68.

69.

70.

71.

72.

73.

74.

75.

G. Carlson and C. Coop / Ann Allergy Asthma Immunol xxx (2019) 1-7 7

Hunter H, Wong T, Winstanley A, Till S. Eosinophilic esophagitis linked to
pollen food syndrome. J Allergy Clin Immunol Pract. 2018;6(2):667—668.
Westwood M, Ramaekers B, Lang S, et al. ImmunoCAP® ISAC and Microtest for
multiplex allergen testing in people with difficult to manage allergic disease: a
systematic review and cost analysis. Southampton (UK): NIHR Journals Library;
2016; Chapter 4.

Barbi E, Berti I, Longo G. Food allergy: from the loss of tolerance induced by
exclusion diets to specific oral tolerance induction. Recent Pat Inflamm Allergy
Drug Discov. 2008;2(3):212—-214.

Clark A, Skypala I, Leech S, Ewan P, Dugué P, Brathwaite N. British Society for
Allergy and Clinical Immunology guidelines for the management of egg al-
lergy. Clin Exp Allergy. 2010;40(8):1116—1129.

Pastorello E, Stocchi L, Praventtoni V, et al. Role of elimination diet in adults
with food allergy. J Allergy Clin Immunol. 1989;84(4 Pt 1):475—483.

Ramesh M. Carrot Immunotherapy for Pollen Food Syndrome. Ann Allergy
Asthma Immunol. 2016;117:5105.

Kopac P, Rudin M, Gentinetta T, et al. Continuous apple consumption induces
oral tolerance in birch-pollen-associated apple allergy. Allergy. 2012;67:
280—285.

Hansen K, Khinchi M, Skov P, Blindslev-Jensen C, Poulsen L, Malling H. Food
allergy to apple and specific immunotherapy with birch pollen. Mol Nutr Food
Res. 2004;48(6):441—-448.

Asero R. How long does the effect of birch pollen injection SIT on apple allergy
last? Allergy. 2003;58:435—438.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Asero R. Effects of birch pollen SIT on apple allergy; a matter of dosage? Allergy.
2004;59:1269—-1271.

Mauro M, Russello M, Incorvaia C, et al. Birch-apple syndrome treated with
birch pollen immunotherapy. Int Arch Allergy Immunol. 2011;156:416—422.
Moller C. Effect of pollen immunotherapy on food hypersensitivity in children
with birch pollinosis. Ann Allergy. 1989;62:343—455.

Kinaciyan T, Jahn-Schmid B, Radakovics A, et al. Successful sublingual immu-
notherapy with birch pollen has little effects on concomitant food allergy to
apple and the immune response to the Bet v 1 homolog Mal d 1. J Allergy Clin
Immunol. 2007;119(4):937—943.

Bolhaar S, Tiemessen M, Zuidmeer L, et al. Efficacy of birch-pollen immuno-
therapy on cross-reactive food allergy confirmed by skin tests and double-
blind food challenges. Clin Exp Allergy. 2004;34(5):761—-769.

Asero R. Effects of birch pollen-specific immunotherapy on apple allergy in
birch pollen hypersensitive patients. Clin Exp Allergy. 1998;28(11):1368—1373.
Akenroye A, Wong A, Ramesh M. Does omalizumab help improve symptoms in
patients with pollen food syndrome? ] Allergy Clin Immunol. 2017;139(2):
AB136.

Dunn A, Vicini J, Glenn K, Fleischer D, Greenhawt M. The allergenicity of
genetically modified foods from genetically engineered crops. Ann Allergy
Asthma Immunol. 2017;119(3):214—222.

Dubois A, Pagliarani G, Brouwer R, Kollen B. First successful reduction of
clinical allergenicity of food by genetic modification: Mal d 1-silenced apples
cause fewer allergy symptoms then wild type cultivars. Allergy. 2015;70(11):
1406—1412.


http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref67
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref67
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref67
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref68
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref68
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref68
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref68
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref68
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref69
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref69
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref69
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref69
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref70
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref70
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref70
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref70
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref71
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref71
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref71
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref72
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref72
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref73
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref73
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref73
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref73
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref74
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref74
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref74
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref74
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref75
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref75
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref75
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref76
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref76
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref76
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref77
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref77
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref77
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref78
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref78
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref78
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref79
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref79
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref79
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref79
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref79
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref80
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref80
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref80
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref80
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref81
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref81
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref81
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref82
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref82
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref82
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref83
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref83
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref83
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref83
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref84
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref84
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref84
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref84
http://refhub.elsevier.com/S1081-1206(19)<?thyc=10?>30540-X<?thyc?>/sref84

	Review Article: Pollen food allergy syndrome (PFAS): A review of current available literature
	Introduction
	Prevalence
	Symptoms
	Pathogenesis
	Cross-reactivity
	Treatment
	Conclusion
	References


