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Key Messages

e Proper identification of phenotypes and endotypes of IgE-mediated food allergy may allow for more meaningful investigation of
underlying pathobiologic mechanisms that can ultimately improve our approach to treatment.

e Both phenotype and endotype are determined by genotype, inherited epigenetic factors and environmental factors.

e Proposed phenotypes and respective endotypes include: Classic (persistent, transient, food-dependent exercise-induced, NSAID-
dependent, alcohol-dependent), Intermittent and Cross-Reactive, Aerosol Sensitization (local reactions to aerosolized cross-
reactant antigens, systemic reactions to aerosolized forms of food-specific antigens), o-Gal syndrome and Sensitized Nonreactive.

e A formalized cluster analysis of patients with food allergy to refine phenotype and endotype identification remains an area of
opportunity in our field.
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Introduction

According to the 2010 Expert Panel of the National Institute of
Allergy and Infection Disease, food allergy is defined as “an adverse
heath effect arising from a specific immune response that occurs
reproducibly on exposure to a given food.”" This definition is broad,
and patients with diagnosed food allergy exhibit great diversity in
their clinical presentation, biomarker expression, natural history,
and potential to respond to novel therapies. This variation among
patients creates a challenge when educating patients about the
natural history of their condition and devising an appropriate man-
agement plan. To better refine our ability to evaluate patients and
treat them appropriately, it is imperative that we gain more insight
into specific pathophysiologic mechanisms. Proper identification of
phenotypes and endotypes of patients with food allergy is inte-
gral to the meaningful study and care of patients with food allergy,
with the goals of better elucidating pathophysiologic mechanisms
and devising appropriate therapeutic plans.

For this review, we use the following definitions. A phenotype
is any observable characteristic or trait of a disease, such as mor-
phology, development, biochemical, or physiologic properties or
behavior, without any implication for the responsible mechanism.
An endotype is a subtype of a phenotype and is defined by a distinct

functional or pathobiologic mechanism. It is envisaged that pa-
tients with a specific endotype present within phenotypic clusters
of disease. Phenotype and endotype are determined by genotype,
inherited epigenetic factors, and environmental factors.

We are proposing a system of food allergy phenotypes and
endotypes based on clinical and basic laboratory characteristics
(Table 1). The focus of this article is immunoglobulin E (IgE)-
mediated food allergy, although non-IgE-mediated food allergy is
discussed briefly. Of note, this classification is not based on a for-
malized cluster analysis, and such work represents a significant area
of opportunity in our field. The following phenotypes of IgE-
mediated food allergy are proposed: classic, intermittent and cross-
reactive allergy, aerosolized sensitization, galactose-o.-1,3-galactose
(alpha-gal) syndrome or mammalian meat allergy, and sensitized
nonreactive allergy (Fig 1).

Classic Phenotype

The classic phenotype of food allergy encompasses patients with
typical IgE-mediated food allergy. In these patients, oral ingestion
of food or contact on inflamed skin leads to a loss of or a failure to
develop tolerance, resulting in the typical signs and symptoms of
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Table 1
Phenotypes and Endotypes of Food Allergy

247

Phenotype Endotype Skin prick  SpecificIgE Symptoms
test result
Classic persistent ++to ++++ ++to++++  typical IgE-mediated symptoms
Classic transient +to +++ +to ++ typical IgE mediated symptoms
Classic food dependent + exercise induced +to ++ +to ++ typical IgE-mediated symptoms? after ingestion of an
allergen + exercise
Classic NSAID or aspirin dependent +to ++ +to ++ typical IgE-mediated symptoms? after ingestion of an
NSAID or aspirin + an allergen
Classic alcohol dependent +to ++ +to ++ typical IgE-mediated symptoms? after ingestion of
alcohol + an allergen
Intermittent and N/A +to +++ +to +++ typical IgE-mediated symptoms
cross-reactive allergy
Aerosol sensitization local reactions to aerosolized cross-reactant antigens + + limited oral and pharyngeal pruritus, mild edema of lips
(pollen-food allergy syndrome or oral allergy syndrome) and tongue
Aerosol sensitization systemic reactions to aerosolized forms of food specific typical IgE-mediated symptoms after ingestion after
antigens (psyllium) sensitization to aerosolized rather than ingested protein
o-Gal syndrome N/A +to +++ ++ to +++ classic IgE-mediated symptoms, delayed 3-6 h
Sensitized nonreactive  N/A +to ++ +to ++ sensitized but nonreactive

Abbreviations: a-Gal, galactose-o-1,3-galactose; IgE, immunoglobulin E; N/A, not applicable; NSAID, nonsteroidal anti-inflammatory drug.
aTypical IgE-mediated symptoms include urticaria, angioedema, rhinoconjunctivitis, bronchospasm, acute gastrointestinal spasm, hypotension, dizziness, uterine cramp-

ing, feeling of "pending doom," and anaphylactic shock.

an allergic reaction.?? In a state of tolerance, dendritic cells in the
gut and skin transport the antigen to regional lymph nodes, per-
mitting the induction of regulatory T cells.** In patients with food
allergy, induction of regulatory T cells is believed to be super-
seded by the development of antigen-specific T-helper type 2 (Tu2A)
cells that drive IgE class switching and T2 inflammatory mediators.®
Cross-linking of food-specific IgE on mast cells and basophils leads
to a release of inflammatory mediators, resulting in the systemic
manifestations of classic food allergy, including urticaria, angio-
edema, rhinoconjunctivitis, bronchospasm, acute gastrointestinal
(GI) spasm, hypotension, dizziness, uterine cramping, feeling of
“pending doom,” and, in the most severe cases, anaphylactic shock.”
Diagnosis is suggested in the setting of a reported reaction to
an ingested food and established based on positive serum IgE, skin
prick test (SPT), and, in some cases, oral food challenge (OFC) results.?
Currently, the cornerstone of management remains avoidance of re-
sponsible foods and any significant cross-reacting antigens.! For
patients with relatively low serum IgE and small wheals in reac-
tion to the SPT, an OFC can be performed to distinguish between
this classic phenotype and the sensitized nonreactive type.”= For
patients with evidence of persistent reactivity and a strong desire
for therapy, different potential treatments, including oral, sublin-
gual, and epicutaneous immunotherapy, can be considered.?
Within the classic phenotype, we recognize 5 endotypes: per-
sistent, transient, food-dependent exercise-induced allergy (FDEIA),
nonsteroidal anti-inflammatory drug (NSAID)- or aspirin-induced
allergy, and alcohol-dependent allergy. The persistent and tran-
sient endotypes distinguish patients with IgE-mediated food allergy
who differ in the expected natural history of their allergy (Fig 2).
The persistent phenotype refers to patients who do not “outgrow”
their food allergy over time. For example, it is estimated that more
than 80% of children with allergy to peanut, tree nuts, and seafood
will have persistent allergy throughout their lifetime.'°-'2 The study
of patients with peanut allergy has greatly shaped our understand-
ing about the natural history of food allergy. Mapping of epitopes
through microarray immunoassays has shown a series of sequen-
tial (linear) allergenic (IgE-binding) epitopes on major peanut
component proteins (Ara h 1, Ara h 2, and Ara h 3).* In a prospec-
tive study conducted by the Consortium for Food Allergy Research
(CoFAR), 125 infants considered at high risk for the development
of food allergy were enrolled for serial clinical and immunologic
evaluation.' In the first 12 months of life, some children exhib-
ited high specific IgE (sIgE) to peanut with reactivity primarily to
conformational epitopes but not sequential (linear) epitopes. It is
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Figure 1. Phenotypes and respective endotypes. o-Gal, galactose-a-1,3-galactose;
FDEIA, food-dependent exercise-induced allergy; NSAID, nonsteroidal anti-
inflammatory drug.
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Figure 2. Natural history of food allergy. In patients with transient food allergy, clin-
ical allergy is outgrown over time with resolution in most patients. For persistent
allergy, clinical reactivity lingers with resolution in a minority of patients.

presumed that these patients react despite recognition of only con-
formational epitopes due to increased GI absorption and/or low IgG4
and IgA levels. As children with persistent food allergy mature, they
develop sIgE to sequential epitopes, leading to permanence of the
allergy over time. Recognition of sequential epitopes has been as-
sociated with greater basophil activation at lower antigen
concentrations and more severe clinical reactions.'>'® This is sub-
stantiated by unpublished data from the LEAP cohort. At enrollment,
the children were found to have little to no sIgE to peanut, and the
IgE antibody that was present was directed at conformational
epitopes. The children who ate peanut during the study period did
not develop IgE to sequential epitopes over time, whereas the chil-
dren who avoided peanut were more likely to develop IgE to
sequential epitopes. The 2 groups produced IgG4 antibodies to
peanut epitopes, although this antibody production took place later
in children avoiding peanut. Although persistent allergy to milk and
egg is less common, risk factors have been identified. Various stan-
dard laboratory procedures suggestive of persistent allergy include
SPT wheal reaction larger than 15 mm and)/or IgE level higher than
25 kU4/L for milk, egg, peanut, and tree nuts, Ara h 2 IgE level higher
than 5 kU,/L, and IgE level higher than 50 kU,/L for wheat. Clini-
cal factors associated with persistent allergy include a history of
severe atopic dermatitis (especially of early onset), multiple food
allergies, and a history of severe anaphylactic reactions.?

This is in contrast to the transient phenotype, in which most pa-
tients are expected to lose clinical reactivity over time. Examples
of this type of allergy include children with egg, soy, and wheat
allergy, of whom approximately 90% are expected to outgrow their
allergy, and those with milk allergy, of whom more than 80%
outgrow their allergy.'” Notably, most patients with milk and egg
allergies can tolerate these foods when extensively heated as in-
gredients in baked goods.'®'? It is believed that these patients tolerate
the foods because they develop IgE antibodies primarily to confor-
mational epitopes, which after exposure to high temperature (ie,
baking), undergo a change in their tertiary structure (Fig 3).20-2? It
also is believed that allergenic proteins might aggregate under these
conditions and therefore be less available to IgE antibodies on ef-
fector cells (mast cells, basophils, dendritic cells) when prepared
in a food matrix.?'?? In addition, it has been found that serving baked
milk and egg to tolerant children can accelerate the development
of tolerance to all forms of milk and egg.'®!° Although a meta-
analysis found that the data tend to be observational,?® a recent study
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Figure 3. Epitopes and conformational changes with heating. Epitopes can be se-
quential or conformational. When a protein is heated, it can undergo conformational
changes. This decreases the allergenicity of conformational epitopes but does not
affect reactivity with exposure to sequential epitopes.

by Nowak-Wegrzyn et al** showed that with regular incorpora-
tion of baked milk at home, half the children tolerant of baked milk
go on to develop tolerance to non-baked liquid milk within 36
months, with a median time to tolerance of 18 months. IgE testing
to casein (casein <4.95 kU,/L) and ovomucoid (ovomucoid
<4.40 kU,/L) aids in the identification of children likely to tolerate
baked milk and egg, respectively.!®2>26

Other endotypes within the classic phenotype are defined by aug-
mentation factors that elicit an allergic reaction when exposure
occurs in proximity to ingestion of a culprit food. These include
FDEIA, NSAID- or aspirin-induced, and alcohol-induced allergic re-
actions. In the FDEIA endotype, vigorous exercise within 2 to 4 hours
of ingestion of specific foods elicits urticaria or anaphylaxis.?’ Young
adults are most commonly affected, although FDEIA can occur at
any age. A female predominance has been observed.? The food most
frequently associated with this disorder is wheat, but cases also have
been reported with shellfish, milk, soy, celery, etc.>?%?° These re-
actions are mediated by preformed food-specific IgE antibodies, and
the reaction can be provoked if a large enough quantity of the food
is consumed or if other augmentation factors are present even in
the absence of exercise.*° It is believed that exercise provokes a re-
action by increasing GI absorption or lowering the activation
threshold of mast cells and/or basophils in sensitized individuals.?'-*?
Positive SPT and/or IgE antibody reactions are typically present to
the culprit food.?” The cornerstone of management is identifica-
tion of the culprit food and lifestyle modification to avoid exercise
and other augmentation factors in temporal proximity to possible
ingestion of a causative food. There are ongoing studies examining
the potential role of omalizumab and misoprostol as pharmaco-
therapies to prevent symptoms.

It has been established that other augmentation factors includ-
ing the use of NSAIDs (eg, ibuprofen, naproxen, celecoxib), aspirin,
and/or alcohol can increase the likelihood and severity of allergic
reactions before ingestion of a culprit food.** Intake of NSAIDs has
been hypothesized to increase absorption by altering intestinal per-
meability and to induce direct effects on mast cells and basophils
to amplify their activation.>*> Recent research by Pascal et al*® has
bolstered the latter hypothesis, demonstrating that NSAIDs act to
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activate basophils. Notably, this effect was observed with aspirin
but not with selective cyclooxygenase-2 inhibitors, suggesting that
the mechanism might require the inhibition of cyclooxygenase-1
to release leukotriene mediators resulting in the signs and symp-
toms of an allergic reaction.

Alcohol consumption also has been implicated in increasing the
severity of allergic reactions.>?*¢ It is believed that this is due to
alcohol’s effect in increasing the absorption of allergens and in-
creasing the amount of protein absorbed or the rapidity with which
it enters the circulation and activates immunologic pathways. In ad-
dition, alcohol’s effect to decrease one’s inhibitions places individuals
with food allergy at risk for inadvertent consumption of food al-
lergens. Other notable augmentation factors that merit mention
include infection, antacid use, and menstruation.

Intermittent and Cross-Reactive Allergy Phenotype

The intermittent and cross-reactive allergy phenotype is an in-
dependent entity with no clear endotypes. It has been observed that
among patients with food allergy, patients can exhibit evidence of
sensitization to other foods that share homologous proteins.?” An
example of this occurs among legumes and especially peanut, lupine,
and soy. Previous work has shown the presence of multiple ho-
mologous proteins in peanut and soy.*® In addition, it has been shown
that patients with peanut allergy will frequently demonstrate pos-
itive SPT and sIgE antibody reactions to soy.>**° A study by Bock and
Atkins®® of patients with peanut allergy undergoing OFCs to soy
showed a positive OFC reaction in just 1 of 32 patients, although
17 of these patients were found to have positive SPT reactions to
soy. It is currently estimated that approximately 5% of children with
peanut allergy will react to soy and other legumes.*”#! Personal ob-
servation suggests that in some cases, ingestion of large quantities
of concentrated soy can increase the likelihood of a reaction.

A similar phenomenon has been observed in patients with cow’s
milk allergy. In 1 study, allergic reactions to beef were docu-
mented in up to 10% of patients with cow’s milk allergy.*’ Reactions
were more likely when the beef was rare or less well cooked, and
it has been shown that thorough cooking alters the allergenicity of
beef.** It is believed that patients with cow’s milk allergy who tol-
erate well-cooked but not rare beef can continue to consume well-
cooked beef without fear of developing an adverse reaction.

In addition to these classic examples, there are other common-
ly observed patterns of cross-reactivity. Many patients with allergy
to 1 tree nut show cross-reactivity to other tree nuts, especially in
the setting of birch sensitivity.>”#* This has been shown to occur at
higher frequency for cashew and pistachio and for walnut and
pecan.”>~*8 Patients with allergy to finned fish typically also dem-
onstrate significant cross-reactivity among species, often due to the
antigen parvalbumin.’’#° These patients merit careful evaluation
because they might tolerate some species despite evidence of allergy
to several others. In addition, high rates of cross-reactivity are ob-
served for patients with shellfish allergy, which includes crustaceans
and mollusks. Allergy to crustaceans is often due to invertebrate
tropomyosin, which is fairly homologous among crustaceans and
results in high rates of cross-sensitization and often cross-reactivity.
Some patients with allergy to crustaceans might tolerate mol-
lusks and vice versa.

Aerosol Sensitization

In contrast to the classic and intermittent and cross-reactive phe-
notypes in which sensitization to a food antigen occurs after
ingestion of a culprit food, it has been observed that patients can
become sensitized to foods through exposure to homologous air-
borne plant pollens or aerosolized food protein. In the aerosol
sensitization phenotype, airborne exposure to an antigen results in

sensitization to an antigen present in a food protein or a homolo-
gous antigen protein in a plant pollen that cross-reacts with food.
Two endotypes have been identified within this phenotype: local
reactions to aerosolized cross-reactant antigens and systemic re-
actions to aerosolized forms of food-specific antigens.

In pollen-food allergy syndrome, also known as oral allergy syn-
drome, patients report symptoms that are largely localized to the
oropharynx but rarely involve systemic symptoms after ingestion
of a specific fruit, vegetable, or tree nut.>® This is believed to be due
to IgE-mediated reactions after exposure to proteins that are ho-
mologous to or cross-react with pollen proteins to which they have
already been sensitized.”' Commonly reported culprit foods include
raw apple, almond, hazelnut, peanut, and other fruits in the Rosa-
ceae family in patients with birch allergy; melons, banana, and kiwi
in patients with ragweed allergy; and melon and tomato in pa-
tients with grass allery.”® Many other foods and associated
environmental allergens have been identified (Table 2).37°2-> Di-
agnosis is established based on clinical history of symptoms
provoked by ingestion of a fruit, vegetable, or tree nut and the finding
of positive SPT (prick and prick) reaction to the fresh food or pos-
itive allergy test reaction to a corresponding pollen.>> Note that
conformational epitopes in commercial extracts are easily degrad-
able and frequently do not yield credible results. An OFC might be
considered in ambiguous cases. Once diagnosed, it is generally rec-
ommended that patients avoid raw forms of the culprit food.>* Select
patients might avoid symptoms by peeling the fruit because ho-
mologous proteins appear to be concentrated below the skin,
whereas others can tolerate these foods only when microwaved
or thoroughly cooked.>®>7 It is believed that the loss of reactivity
is due to conformational changes with heating.”® Peanuts and tree
nuts are notable exceptions, because in many cases they have been
shown to be more allergenic when roasted.>® There has been great
interest in treating the pollen-food allergy syndrome with immu-
notherapy to pollens to prevent symptoms with ingestion of
associated foods, but the benefits have not been consistent.>>60-5

We also propose an endotype called systemic reactions to aero-
solized food-specific antigens. This has been best demonstrated with
reactions to psyllium. In the early 1990s, multiple cases of allergic
reactions including anaphylaxis were reported after ingestion of a
psyllium-based cereal. Interview of the affected individuals showed
that these reactions most commonly affected health care workers

Table 2
Oral Allergy Syndrome Pollens and Cross-reactant Foods

Pollens Family Cross-reactant foods
Birch Rosacea apple, peach, nectarine, plum, pear, cherry,
apricot, almond
Apiaceae carrot, celery, parsley, caraway, fennel, coriander,
aniseed
Fabaceae soybean, peanut
Betulaceae hazelnut
Juglandaceae walnut
Ragweed Cucurbitaceae cantaloupe, honeydew, watermelon, zucchini,
cucumber
Musaceae banana
Actinidiaceae Kiwi
Mugwort Apiaceae celery, carrot, parsley, caraway, fennel, coriander,
aniseed
Solanaceae bell pepper
Piperaceae black pepper
Brassicaceae mustard, cauliflower, cabbage, broccoli
Liliaceae garlic, onion
Rosaceae Peach
Orchard Cucurbitaceae cantaloupe, honeydew, watermelon
Fabaceae peanut
Solanaceae white potato, tomato
Timothy Amaranthaceae Swiss chard
Rutaceae orange
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who previously had occupational exposure to aerosolized psyl-
lium (eg, Metamucil; Procter & Gamble, Cincinnati, Ohio) when
caring for patients.®5 It is notable that at least 20% of these reac-
tions were severe and required epinephrine. Multiple studies of
patients with these reactions to psyllium have highlighted psyl-
lium hypersensitivity as an occupational risk with sensitization
occurring after inhalation.®®

Similarly, occupational exposure and sensitization to aerosol-
ized wheat has been widely reported among bakers, with baker’s
asthma being one of the most reported causes of occupational
asthma worldwide.®”” Examination of bakers with rhinitis and asthma
has shown that 60% to 70% of subjects have sIgE to wheat and/or
rye.®® The diagnosis is established based on work-related asthma
symptoms, the finding of sIgE or positive SPT reaction to a rele-
vant allergen, and, in some cases, bronchial challenge.®®’° Notably,
large case series have demonstrated that despite the presence of
sIgE to wheat components and provocation of symptoms with aero-
solized exposure, no symptoms have been reported with ingestion
of wheat products.®®’%’! Other reported but less common causes
of baker’s asthma include molds, yeast, egg, sesame, nuts, soy, insects,
and dust mites.5”72

Alpha-Gal Syndrome or Mammalian Meat Allergy

In 2004, there were multiple reports of cases of atypical, idio-
pathic urticaria, angioedema, or anaphylaxis in the southeastern
United States.”> When the same region was affected by a dispro-
portionate number of infusion reactions to the chemotherapeutic
agent cetuximab, intensive investigation led to the discovery that
the affected patients demonstrated sensitization to the alpha-gal
carbohydrate moiety present on the biologic and that this sensiti-
zation occurred before beginning their oncologic treatment.’* It
ultimately became clear that many cases of presumed “idiopathic
anaphylaxis” were almost always associated with a meal of beef,
pork, or lamb hours before the reaction, and it seemed likely that
these patients were reacting to the alpha-gal sugar present on these
mammalian meat products.”

Although these reactions are mediated by IgE, they merit dis-
tinction from the classic phenotype for a number of atypical features.
Foremost, it is notable that alpha-gal is a carbohydrate, unlike the
vast majority of clinically significant epitopes in food allergy, which
are glycoproteins.”® In addition, unlike in the classic phenotype in
which sensitization occurs after ingestion of an allergenic food, it
has been shown that sensitization occurs after tick bites, with the
Amblyomma americanum or Lone Star tick being the most signifi-
cant vector in the United States.”®

There are many unique features of the allergic reactions to alpha-
gal. As alluded to earlier, unlike classic IgE-mediated allergy in which
symptom onset typically occurs within minutes of ingestion, pa-
tients report symptoms 3 to 6 hours after the ingestion of a meat-
containing meal.”” Although many possible explanations for this have
been examined, it is believed that this is due to delayed entry into
the circulation after processing in the lymphatics, specifically the
thoracic duct.” As a consequence of this delay, the clinical mani-
festations of allergy can prove quite dramatic, often waking patients
in the middle of the night several hours after dinner. In addition,
it is important to note that the reactions are not always consistent
with meat ingestion and could appear idiosyncratic. Although
patients with classic IgE-mediated food allergy develop symp-
toms reliably after ingestion of a food allergen, patients often report
being able to tolerate some meat meals and developing severe symp-
toms with others. It is believed that the type of meat could contribute
to the likelihood, severity, and rapidity of a reaction. As described
earlier, an increased risk of a reaction has been noted with cofac-
tors such as alcohol, NSAIDs, and exercise.”’ Patients occasionally

demonstrate clinical reactivity to cow’s milk, although many more
patients exhibit evidence of sensitization than report reactions.”>’®

When the diagnosis of mammalian meat allergy is considered,
it is important to note the limited utility of commercial extracts to
the mammalian meats. Skin testing with fresh meat and intrader-
mal testing with meat extracts yield more accurate results. In
addition, patients will exhibit positive serum IgE to alpha-gal, beef,
pork, lamb, cow’s milk, cat, and dog.

Much remains to be learned about the natural history of pa-
tients with mammalian meat allergy. There is evidence that repeated
tick bites result in an increase in sIgE to alpha-gal.”® For patients
able to avoid tick bites, it has been shown that the sIgE to alpha-
gal decreases over time, and patients have gone on to reintroduce
mammalian meat into the diet without signs or symptoms of allergy.

Sensitized Nonreactive Phenotype

The final IgE-mediated food hypersensitivity phenotype that is
important to consider is the sensitized nonreactive type. These pa-
tients demonstrate a potential sign of food allergy based on at least
1 positive food-specific IgE test result. However, with a clinical history
of consumption without symptoms or the successful passage of an
OFC, it is clear that the food is tolerated and does not activate an
allergic response.

The mechanism by which some patients with sIgE antibodies to
a food can tolerate that food, whereas others cannot, remains un-
certain. These patients might have had clinically reactive food allergy
in the past but outgrew their allergy and demonstrate mild resid-
ual positive SPT and/or sIgE reactions after resolution of clinical
allergy. For some patients, there also could be a relation between
cross-reactive allergens. In these cases, the presence of allergy to
cross-reacting antigens results in positive sIgE test results but no
evidence of clinical reactivity. Moreover, the lack of absorption of
an antigen could play a role in the absence of allergic reactivity and
certain aspects of a patient’s digestion might affect that patient’s
likelihood of reacting. This remains an area of limited research, al-
though there are some mouse data to suggest that GI absorption
is key. For example, in many murine models of IgE sensitivity, feeding
the animal the food allergen often will fail to induce symptoms, but
if the food is injected intraperitoneally, bypassing the need for GI
absorption, the mouse will experience anaphylaxis.5°

Non-IgE-Mediated Food Allergy

Although the focus of this review is the classification of IgE-
mediated food allergy, allergic conditions related to food ingestion
but not mediated by IgE merit discussion. These include atopic der-
matitis, contact dermatitis, eosinophilic esophagitis (EoE) and
gastroenteritis, dietary protein-induced proctocolitis, food protein-
induced enterocolitis syndrome, celiac disease, and Heiner syndrome.

Atopic dermatitis typically presents in infancy and is often the
harbinger of future atopy.®' Although atopic dermatitis can have a
relapsing and remitting course without clear provocation, it has been
observed that patients with atopic dermatitis often have elevated
food-specific and total IgE, and it has been shown that children with
regular ingestion of foods to which they are allergic have basophil
release of histamine and symptom flares.®? A targeted elimination
diet can lead to clearing of active eczema. Because of concern about
excessive dietary restriction, it has been suggested that possible food
allergens be eliminated for 2 to 3 weeks with a daily symptom
diary.®! If a compelling correlation is detected, the food should be
eliminated with subsequent allergy testing, including OFC under
physician supervision, before reintroduction.

Various other cutaneous manifestations of non-IgE-mediated
food allergy have been reported. These include irritant contact der-
matitis, allergic contact dermatitis, and phototoxic contact
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dermatitis.®®> Reactions are most common in persons who fre-
quently handle food including bakers, chefs, butchers, fisherman,
farmers, etc. Irritant contact dermatitis is most common. This occurs
most often with regular exposure in patients with frequent hand-
washing, and the incidence is increased in patients with atopic
dermatitis.®*#> It is believed that defects in skin barrier function in-
crease one’s predisposition. The hands and face are most affected,
and implicated foods include garlic, onion, citrus fruits, potato, pine-
apple, carrot, corn, and spices.%¢

Although rare, foods have been identified as a cause of allergic
contact dermatitis. These are cell-mediated type IV hypersensitiv-
ity reactions, and antigens tend to be low-molecular-weight
molecules requiring haptenization.®” “Mango dermatitis” is the best-
known example, and symptoms are elicited by exposure to the skin,
leaves, or stem but not the juice. It is believed that patients are sen-
sitized during exposure to other plants in the Anacardiaceae family,
such as poison ivy, because all contain urushiol. Other foods re-
ported to cause allergic contact dermatitis include garlic, onion, citrus
fruits, asparagus, broccoli, cauliflower, artichoke, endive, lettuce, and
spices.8486

Phototoxic dermatitis occurs in areas of skin that have been
exposed to food and UVA rays. The reaction presents as streaks of
erythema, vesicles, and bullae and can leave residual pigmenta-
tion changes.?*#* Reported culprit foods include citrus fruits, celery,
parsnip, parsley, and fig. All these foods contain bergamot or
5-methoxypsoralen.

Numerous GI manifestations of non-IgE-mediated food allergy
have been identified. According to consensus guidelines, EoE is
a “chronic, immune/antigen-mediated disease characterized
clinically by symptoms related to esophageal dysfunction and his-
tologically by eosinophil-predominant inflammation.”® Presentation
is highly variable with age, but infants frequently demonstrate poor
feeding, children experience vomiting and abdominal pain, and
adults report dysphagia, food impaction, and abdominal pain. Pa-
tients often have a history of atopy, autoimmune disease, or
connective tissue disease.**-*? Although much remains to be learned
about the pathogenesis of EoE, it is believed to be a Ty2-mediated
disorder with impaired epithelial barrier function.?%-°> The rela-
tion between EoE and trigger foods is well established, and an
elimination diet is one of the cornerstones of management. Al-
though 6- or 8-food elimination diets have been the standard of care,
recent data have suggested that a 4-food elimination diet with avoid-
ance of cow’s milk, wheat, egg, and soy leads to symptomatic
improvement and histologic remission in most patients.* A limited
number of patients eventually tolerate foods previously associ-
ated with active EoE.%’

Dietary protein-induced proctocolitis is a condition of infancy
in which children are noted to have streaks or specks of blood mixed
with mucus in their stool.® They are otherwise healthy with no ap-
parent symptoms and normal growth and development. Most
affected infants are breastfed. Avoidance of cow’s milk usually results
in symptom resolution, although soy and egg have been reported
as culprit foods as well. In fewer than 10% of cases, an elemental
formula might be required.”® There has not been an association with
elevated food-specific or total IgE. The avoided food can generally
be reintroduced at home after 1 year of age.

Food protein-induced enterocolitis syndrome is recognized as a
non-IgE-mediated form of food allergy in which ingestion of a food
results in repetitive vomiting 1 to 4 hours after feeding, sometimes
severe enough to result in significant dehydration and even shock.'®
The age at onset depends on exposure to the antigen, although it is
often in the first year of life.”® The most common triggers are cow’s
milk and soy, but rice, oat, egg, and other foods have been re-
ported. Although the acute manifestations are often dramatic,
symptoms can be persistent if the culprit food is not recognized and
eliminated. In these cases, children can have episodes of emesis,

bloody diarrhea, lethargy, dehydration, and failure to thrive.!°! Lab-
oratory results have shown anemia, hypoalbuminemia, and a
leukocytosis with a left shift and eosinophilia, and methemoglo-
binemia in more severe cases.'®” Although the pathogenesis remains
uncertain, it is postulated that food protein-induced enterocolitis
syndrome is cell-mediated with a role of intestinal permeability.
Some patients have comorbid IgE-mediated food allergy.'®
Celiac disease is a non-IgE-mediated food allergy in which in-
gestion of gluten elicits symptoms.'® A predisposition has been
observed among patients with the HLA-DQ2 and HLA-DQS8
haplotypes.'®* Symptoms include abdominal pain, diarrhea, and bloat-
ing from enteropathy; dermatitis herpetiformis; failure to thrive;
nutritional deficiencies and their sequelae; and neuropsychiatric con-
cerns. The disease is believed to be mediated by the response of
the innate and adaptive immune systems to undigested gliadin pro-
duced during the breakdown of gluten.'®> Complete dietary
elimination of wheat, rye, and barley generally alleviates symptoms.'®
In 1960, Heiner and Sears!°® observed that ingestion of milk ap-
peared to contribute to chronic pulmonary disease in some patients.
We now recognize Heiner syndrome as a rare condition, typically
caused by ingestion of milk, that results in pulmonary infiltrates;
upper respiratory symptoms including cough, wheezing, hemop-
tysis and dyspnea; GI symptoms including vomiting, diarrhea or
colic; failure to thrive; and iron-deficiency anemia.'®” Although
much remains to be learned about the pathogenesis, it is charac-
terized by precipitating antibodies to milk protein, and it is believed
to be due to alveolar vasculitis mediated by cellular mechanisms
and immune complexes. Although the diagnosis can be suggested
based on clinical features, it is established based on the finding of
serum milk precipitins and iron-laden macrophages on
bronchoalveolar lavage, lung biopsy, and/or gastric aspirate.' Pa-
tients show improvement with a milk elimination diet, and they
are likely to eventually tolerate milk after a period of avoidance.

Conclusion

Given the diversity of allergic reactions to food, the proper iden-
tification of relevant phenotypes and endotypes is essential to further
our understanding of underlying pathophysiologic mechanisms,
which is necessary for the proper diagnosis and management of pa-
tients with food allergy. The classification scheme proposed in this
article is intended to stimulate conversation and provide a poten-
tial framework to approach this topic. Future research should lead
to further refinement and modifications of this scheme. Specifi-
cally, it should be emphasized that this classification is based on
clinical characteristics and known immunologic mechanisms. There
are a number of studies of patients with asthma and other non-
communicable diseases that have identified endotypes of disease
based on formalized cluster analyses, which also can be applied to
food allergy.

References

[1] NIAID-Sponsored Expert Panel, Boyce JA, Assa’ad 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(suppl):S1-
S58.

[2] Jones SM, Burks AW. Food allergy. N Engl ] Med. 2017;377:1168-1176.

[3] Sicherer SH, Sampson HA. Food allergy: a review and update on epidemiol-
ogy, pathogenesis, diagnosis, prevention and management. J Allergy Clin
Immunol. 2018;141:41-58.

[4] Berin MC, Shreffler WG. Mechanisms underlying induction of tolerance to foods.
Immunol Allergy Clin North Am. 2016;36:87-102.

[5] Tordesillas L, Berin MC, Sampson HA. Immunology of food allergy. Immuni-
ty. 2017;47:32-50.

[6] Wambre E, Bajzik V, DeLong JH, et al. A phenotypically and functionally dis-
tinct human TH2 cell subpopulation is associated with allergic disorders. Sci
Transl Med. 2017;9.


http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0010
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0010
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0010
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0010
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0015
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0020
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0020
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0020
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0025
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0025
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0030
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0030
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0035
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0035
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0035

252

171

[8

(9]
[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]

M.G. Baker and H.A. Sampson / Ann Allergy Asthma Immunol 120 (2018) 245-253

Sampson HA, Albergo R. Comparison of results of skin tests, RAST, and double-
blind, placebo-controlled food challenges in children with atopic dermatitis.
J Allergy Clin Immunol. 1984;74:26-33.

Sampson HA, Ho DG. Relationship between food-specific IgE concentrations
and the risk of positive food challenges in children and adolescents. ] Allergy
Clin Immunol. 1997;100:444-451.

Nowak-Wegrzyn A, Assa’ad AH, Bahna SL, et al. Work group report: oral food
challenge testing. J Allergy Clin Immunol. 2009;123(suppl):S365-S383.
Skolnick HS, Conover-Walker MK, Koerner CB, et al. The natural history of
peanut allergy. J Allergy Clin Immunol. 2001;107:367-374.

Fleischer DM, Conover-Walker MK, Matsui EC, et al. The natural history of tree
nut allergy. J Allergy Clin Immunol. 2005;116:1087-1093.

Savage ], Sicherer S, Wood R. The natural history of food allergy. J Allergy Clin
Immunol Pract. 2016;4:196-203.

Shreffler WG, Beyer K, Chu TH, et al. Microarray immunoassay: association
of clinical history, in vitro IgE function, and heterogeneity of allergenic peanut
epitopes. ] Allergy Clin Immunol. 2004;113:776-782.

Suarez-Farinas M, Gimenez G, Grishina G, et al. Peanut epitope-specific IgE
binding in the first 2 years of life can predict clinical peanut allergy. Pre-
sented at: European Academy of Allergy and Clinical Immunology; June 20,
2017; Helsinki, Finland.

Shreffler WG, Lencer DA, Bardina L, et al. IgE and IgG4 epitope mapping by
microarray immunoassay reveals the diversity of immune response to the
peanut allergen, Ara h 2. J Allergy Clin Immunol. 2005;116:893-899.
Flinterman AE, Knol EF, Lencer DA, et al. Peanut epitopes for IgE and 1gG4 in
peanut-sensitized children in relation to severity of peanut allergy. J Allergy
Clin Immunol. 2008;121:737-743, e710.

Sampson HA. Food allergy. Part 1: immunopathogenesis and clinical disor-
ders. J Allergy Clin Immunol. 1999;103:717-728.

Kim JS, Nowak-Wegrzyn A, Sicherer SH, et al. Dietary baked milk acceler-
ates the resolution of cow’s milk allergy in children. J Allergy Clin Immunol.
2011;128:125-131.

Leonard SA, Caubet JC, Kim JS, et al. Baked milk- and egg-containing diet in
the management of milk and egg allergy. J Allergy Clin Immunol Pract. 2015;
3:13-23.

Cooke SK, Sampson HA. Allergenic properties of ovomucoid in man. J Immunol.
1997;159:2026-2032.

Thomas K, Herouet-Guicheney C, Ladics G, et al. Evaluating the effect of food
processing on the potential human allergenicity of novel proteins: interna-
tional workshop report. Food Chem Toxicol. 2007;45:1116-1122.
Nowak-Wegrzyn A, Fiocchi A. Rare, medium, or well done? The effect of heating
and food matrix on food protein allergenicity. Curr Opin Allergy Clin Immunol.
2009;9:234-237.

Lambert R, Grimshaw KEC, Ellis B, et al. Evidence that eating baked egg or
milk influences egg or milk allergy resolution: a systematic review. Clin Exp
Allergy. 2017;47:829-837.

Nowak-Wegrzyn A, Lawson K, Masilamani M, et al. Increased tolerance to less
extensively heat-denatured (baked) milk products in milk-allergic children.
J Allergy Clin Immunol Pract. 2017;d0i:10.1016/j.jaip.2017.10.021. [published
online ahead of print December 6, 2017].

Caubet JC, Nowak-Wegrzyn A, Moshier E, et al. Utility of casein-specific IgE
levels in predicting reactivity to baked milk. J Allergy Clin Immunol. 2013;
131:222-224.

Ando H, Movérare R, Kondo Y, et al. Utility of ovomucoid-specific IgE con-
centrations in predicting symptomatic egg allergy. J Allergy Clin Immunol. 2008;
122:583-588.

Feldweg AM. Food-dependent, exercise-induced anaphylaxis: diagnosis and
management in the outpatient setting. J Allergy Clin Immunol Pract. 2017;5:
283-288.

Shadick NA, Liang MH, Partridge AJ, et al. The natural history of exercise-
induced anaphylaxis: survey results from a 10-year follow-up study. J Allergy
Clin Immunol. 1999;104:123-127.

Silverstein SR, Frommer DA, Dobozin B, et al. Celery-dependent exercise-
induced anaphylaxis. ] Emerg Med. 1986;4:195-199.

Christensen MJ, Eller E, Mortz CG, et al. Wheat-dependent, exercise-induced
anaphylaxis can be elicited without exercise (and with other co-factors). J
Allergy Clin Immunol. 2016;137(suppl):AB49.

Matsuo H, Morimoto K, Akaki T, et al. Exercise and aspirin increase levels of
circulating gliadin peptides in patients with wheat-dependent exercise-
induced anaphylaxis. Clin Exp Allergy. 2005;35:461-466.

Yano H, Kato Y, Matsuda T. Acute exercise induces gastrointestinal leakage
of allergen in lysozyme-sensitized mice. Eur | Appl Physiol. 2002;87:358-
364.

Kivity S, Sneh E, Greif ], et al. The effect of food and exercise on the skin re-
sponse to compound 48/80 in patients with food-associated exercise-
induced urticaria-angioedema. J Allergy Clin Immunol. 1988;81:1155-1158.
Munoz-Cano R, Pascal M, Bartra J, et al. Distinct transcriptome profiles dif-
ferentiate nonsteroidal anti-inflammatory drug-dependent from nonsteroidal
anti-inflammatory drug-independent food-induced anaphylaxis. J Allergy Clin
Immunol. 2016;137:137-146.

Pascal M, Munoz-Cano R, Mila ], et al. Nonsteroidal anti-inflammatory drugs
enhance IgE-mediated activation of human basophils in patients with food
anaphylaxis dependent on and independent of nonsteroidal anti-inflammatory
drugs. Clin Exp Allergy. 2016;46:1111-1119.

Niggemann B, Beyer K. Factors augmenting allergic reactions. Allergy. 2014;
69:1582-1587.

[37]

[38]

[39]
[40]

[41]

[42]
[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]
[64]
[65]
[66]

[67]
[68]

[69]
[70]

[71]

Sicherer SH. Clinical implications of cross-reactive food allergens. ] Allergy Clin
Immunol. 2001;108:881-890.

Pons L, Ponnappan U, Hall RA, et al. Soy immunotherapy for peanut-allergic
mice: modulation of the peanut-allergic response. J Allergy Clin Immunol. 2004;
114:915-921.

Bock SA, Atkins FM. The natural history of peanut allergy. J Allergy Clin Immunol.
1989;83:900-904.

Barnett D, Bonham B, Howden ME. Allergenic cross-reactions among legume
foods—an in vitro study. J Allergy Clin Immunol. 1987;79:433-438.
Bernhisel-Broadbent J, Sampson HA. Cross-allergenicity in the legume bo-
tanical family in children with food hypersensitivity. J Allergy Clin Immunol.
1989;83:435-440.

Werfel SJ, Cooke SK, Sampson HA. Clinical reactivity to beef in children al-
lergic to cow’s milk. J Allergy Clin Immunol. 1997;99:293-300.

Fiocchi A, Restani P, Riva E, et al. Heat treatment modifies the allergenicity
of beef and bovine serum albumin. Allergy. 1998;53:798-802.

Uotila R, Kukkonen AK, Pelkonen AS, Makela MJ. Cross-sensitization profiles
of edible nuts in a birch-endemic area. Allergy. 2016;71:514-521.

Elizur A, Appel MY, Nachshon L, et al. NUT co reactivity-ACquiring knowl-
edge for elimination recommendations (NUT CRACKER) study. Allergy. 2017;
doi:10.1111/all.13353. [published online ahead of print November 11,
2017].

Goetz DW, Whisman BA, Goetz AD. Cross-reactivity among edible nuts: double
immunodiffusion, crossed immunoelectrophoresis, and human specific IgE
serologic surveys. Ann Allergy Asthma Immunol. 2005;95:45-52.

Willison LN, Tawde P, Robotham JM, et al. Pistachio vicilin, Pis v 3, is immu-
noglobulin E-reactive and cross-reacts with the homologous cashew allergen,
Ana o 1. Clin Exp Allergy. 2008;38:1229-1238.

Sharma GM, Irsigler A, Dhanarajan P, et al. Cloning and characterization of
an 11S legumin, Car I 4, a major allergen in pecan. J Agric Food Chem. 2011;
59:9542-9552.

Kazatsky AM, Wood RA. Classification of food allergens and cross-reactivity.
Curr Allergy Asthma Rep. 2016;16:22.

Ma S, Sicherer SH, Nowak-Wegrzyn A. A survey on the management of pollen-
food allergy syndrome in allergy practices. J Allergy Clin Immunol. 2003;112:
784-788.

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;97:893-895.

Webber CM, England RW. Oral allergy syndrome: a clinical, diagnostic, and
therapeutic challenge. Ann Allergy Asthma Immunol. 2010;104:101-108.
Nowak-Wegrzyn A. Clinical manifestations and diagnosis of oral allergy syn-
drome (pollen-food allergy syndrome). In: Sicherer S, Feldweg AM, eds.
UpToDate. Waltham, MA: UpToDate, Inc; 2017.

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

Anhoej C, Backer V, Nolte H. Diagnostic evaluation of grass- and birch-
allergic patients with oral allergy syndrome. Allergy. 2001;56:548-552.
Boyano-Martinez T, Pedrosa M, Belver T, et al. Peach allergy in Spanish children:
tolerance to the pulp and molecular sensitization profile. Pediatr Allergy
Immunol. 2013;24:168-172.

Bohle B, Zwolfer B, Heratizadeh A, et al. Cooking birch pollen-related food:
divergent consequences for IgE- and T cell-mediated reactivity in vitro and
in vivo. J Allergy Clin Immunol. 2006;118:242-249.

Bohle B. The impact of pollen-related food allergens on pollen allergy. Allergy.
2007;62:3-10.

Hansen KS, Ballmer-Weber BK, Luttkopf D, et al. Roasted hazelnuts—allergenic
activity evaluated by double-blind, placebo-controlled food challenge. Allergy.
2003;58:132-138.

Asero R. Effects of birch pollen-specific immunotherapy on apple allergy in
birch pollen-hypersensitive patients. Clin Exp Allergy. 1998;28:1368-1373.
Bolhaar ST, Tiemessen MM, Zuidmeer L, et al. Efficacy of birch-pollen immu-
notherapy on cross-reactive food allergy confirmed by skin tests and double-
blind food challenges. Clin Exp Allergy. 2004;34:761-769.

Bucher X, Pichler W], Dahinden CA, et al. Effect of tree pollen specific, sub-
cutaneous immunotherapy on the oral allergy syndrome to apple and hazelnut.
Allergy. 2004;59:1272-1276.

Hansen KS, Khinchi MS, Skov PS, et al. Food allergy to apple and specific im-
munotherapy with birch pollen. Mol Nutr Food Res. 2004;48:441-448.
James JM, Cooke SK, Barnett A, Sampson HA. Anaphylactic reactions to a
psyllium-containing cereal. J Allergy Clin Immunol. 1991;88:402-408.
Lantner RR, Espiritu BR, Zumerchik P, et al. Anaphylaxis following ingestion
of a psyllium-containing cereal. JAMA. 1990;264:2534-2536.

Khalili B, Bardana EJ Jr, Yunginger JW. Psyllium-associated anaphylaxis and
death: a case report and review of the literature. Ann Allergy Asthma Immunol.
2003;91:579-584.

Brisman J. Baker’s asthma. Occup Environ Med. 2002;59:498-502.

Bittner C, Grassau B, Frenzel K, et al. Identification of wheat gliadins as an
allergen family related to baker’s asthma. J Allergy Clin Immunol. 2008;121:
744-749.

Brant A. Baker’s asthma. Curr Opin Allergy Clin Immunol. 2007;7:152-155.
Bittner C, Peters U, Frenzel K, et al. New wheat allergens related to baker’s
asthma. J Allergy Clin Immunol. 2015;136:1416-1418, e1412.

Armentia A, Diaz-Perales A, Castrodeza |, et al. Why can patients with baker’s
asthma tolerate wheat flour ingestion? Is wheat pollen allergy relevant? Allergol
Immunopathol (Madr). 2009;37:203-204.


http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0040
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0040
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0040
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0045
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0045
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0045
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0050
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0050
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0055
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0055
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0060
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0060
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0065
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0065
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0070
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0070
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0070
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0075
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0075
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0075
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0075
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0080
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0080
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0080
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0085
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0085
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0085
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0090
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0090
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0095
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0095
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0095
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0100
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0100
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0100
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0105
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0105
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0110
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0110
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0110
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0115
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0115
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0115
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0120
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0120
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0120
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0125
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0125
http://dx.doi.org/10.1016/j.jaip.2017.10.021
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0130
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0130
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0130
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0135
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0135
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0135
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0140
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0140
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0140
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0145
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0145
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0145
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0150
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0150
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0155
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0155
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0155
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0160
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0160
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0160
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0165
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0165
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0165
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0170
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0170
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0170
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0175
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0175
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0175
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0175
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0180
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0180
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0180
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0180
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0185
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0185
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0190
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0190
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0195
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0195
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0195
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0200
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0200
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0205
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0205
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0210
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0210
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0210
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0215
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0215
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0220
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0220
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0225
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0225
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0230
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0230
http://dx.doi.org/10.1111/all.13353
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0235
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0235
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0235
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0240
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0240
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0240
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0245
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0245
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0245
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0250
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0250
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0255
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0255
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0255
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0260
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0260
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0260
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0265
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0265
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0270
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0270
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0270
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0275
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0275
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0280
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0280
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0285
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0285
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0285
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0290
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0290
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0290
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0295
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0295
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0300
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0300
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0300
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0305
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0305
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0310
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0310
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0310
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0315
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0315
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0315
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0320
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0320
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0325
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0325
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0330
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0330
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0335
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0335
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0335
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0340
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0345
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0345
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0345
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0350
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0355
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0355
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0360
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0360
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0360

[72]
[73]

[74]

[75]

[76]

[77]

[78]
[79]

[80]

[81]

[82]

[83]
[84]
[85]
[86]
[87]

[88]

[89]

[90]

M.G. Baker and H.A. Sampson / Ann Allergy Asthma Immunol 120 (2018) 245-253

Baur X, Posch A. Characterized allergens causing bakers’ asthma. Allergy. 1998;
53:562-566.

Steinke JW, Platts-Mills TA, Commins SP. The alpha-gal story: lessons learned
from connecting the dots. J Allergy Clin Immunol. 2015;135:589-596.
Chung CH, Mirakhur B, Chan E, et al. Cetuximab-induced anaphylaxis and IgE
specific for galactose-alpha-1,3-galactose. N Engl ] Med. 2008;358:1109-
1117.

Commins SP, Satinover SM, Hosen ], et al. Delayed anaphylaxis, angio-
edema, or urticaria after consumption of red meat in patients with IgE
antibodies specific for galactose-alpha-1,3-galactose. J Allergy Clin Immunol.
2009;123:426-433.

Commins SP, James HR, Kelly LA, et al. The relevance of tick bites to the pro-
duction of IgE antibodies to the mammalian oligosaccharide galactose-alpha-
1,3-galactose. J Allergy Clin Immunol. 2011;127:1286-1293.

Fischer ], Hebsaker ], Caponetto P, et al. Galactose-alpha-1,3-galactose sen-
sitization is a prerequisite for pork-kidney allergy and cofactor-related
mammalian meat anaphylaxis. J Allergy Clin Immunol. 2014;134:755-759.
Commins SP. Invited commentary: alpha-gal allergy: tip of the iceberg to a
pivotal immune response. Curr Allergy Asthma Rep. 2016;16:61.

Platts-Mills TA, Schuyler AJ, Hoyt AE, et al. Delayed anaphylaxis involving IgE
to galactose-alpha-1,3-galactose. Curr Allergy Asthma Rep. 2015;15:12.
Leonard SA, Martos G, Wang W, et al. Oral immunotherapy induces local pro-
tective mechanisms in the gastrointestinal mucosa. J Allergy Clin Immunol. 2012;
129:1579-1587.

Sampson HA. The evaluation and management of food allergy in atopic der-
matitis. Clin Dermatol. 2003;21:183-192.

Sampson HA, Broadbent KR, Bernhisel-Broadbent J. Spontaneous release of
histamine from basophils and histamine-releasing factor in patients with atopic
dermatitis and food hypersensitivity. N Engl ] Med. 1989;321:228-232.
Chan EF, Mowad C. Contact dermatitis to foods and spices. Am J Contact Dermat.
1998;9:71-79.

Bahna SL. Adverse food reactions by skin contact. Allergy. 2004;59(suppl 78):
66-70.

Tam JS. Cutaneous manifestation of food allergy. Immunol Allergy Clin North
Am. 2017;37:217-231.

Amado A, Jacob SE. [Contact dermatitis caused by foods]. Actas Dermosifiliogr.
2007;98:452-458, [in Spanish].

Killig C, Werfel T. Contact reactions to food. Curr Allergy Asthma Rep. 2008;
8:209-214.

Liacouras CA, Furuta GT, Hirano I, et al. Eosinophilic esophagitis: updated con-
sensus recommendations for children and adults. J Allergy Clin Immunol. 2011;
128:3-20.

Wilson JM, McGowan EC. Diagnosis and management of eosinophilic esopha-
gitis. Immunol Allergy Clin North Am. 2018;38:125-139.

Gonzalez-Cervera J, Arias A, Redondo-Gonzilez O, et al. Association between
atopic manifestations and eosinophilic esophagitis: a systematic review and
meta-analysis. Ann Allergy Asthma Immunol. 2017;118:582-590.

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]
[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]
[107]

[108]

253

Peterson K, Firszt R, Fang J, et al. Risk of autoimmunity in EoE and families:
a population-based cohort study. Am J Gastroenterol. 2016;111:926-932.
Abonia JP, Wen T, Stucke EM, et al. High prevalence of eosinophilic esopha-
gitis in patients with inherited connective tissue disorders. J Allergy Clin
Immunol. 2013;132:378-386.

Mikhail I, Sampson H. Eosinophilic gastrointestinal diseases. J Allergy Clin
Immunol Pract. 2016;4:369-370.

Davis BP, Stucke EM, Khorki ME, et al. Eosinophilic esophagitis-linked calpain
14 is an IL-13-induced protease that mediates esophageal epithelial barrier
impairment. JCI Insight. 2016;1:e86355.

Simon D, Radonjic-Hosli S, Straumann A, et al. Active eosinophilic esopha-
gitis is characterized by epithelial barrier defects and eosinophil extracellular
trap formation. Allergy. 2015;70:443-452.

Kagalwalla AF, Wechsler JB, Amsden K, et al. Efficacy of a 4-food elimination
diet for children with eosinophilic esophagitis. Clin Gastroenterol Hepatol. 2017;
15:1698-1707.

Ruffner MA, Brown-Whitehorn TF, Verma R, et al. Clinical tolerance in eo-
sinophilic esophagitis. | Allergy Clin Immunol Pract. 2017;d0i:10.1016/
j-jaip.2017.06.035. [published online ahead of print August 12, 2017].
Sicherer SH. Clinical aspects of gastrointestinal food allergy in childhood. Pe-
diatrics. 2003;111:1609-1616.

Nowak-Wegrzyn A, Katz Y, Mehr SS, et al. Non-IgE-mediated gastrointesti-
nal food allergy. J Allergy Clin Immunol. 2015;135:1114-1124.
Nowak-Wegrzyn A, Chehade M, Groetch ME, et al. International consensus
guidelines for the diagnosis and management of food protein-induced en-
terocolitis syndrome: executive summary—workgroup report of the Adverse
Reactions to Foods Committee, American Academy of Allergy, Asthma & Im-
munology. | Allergy Clin Immunol. 2017;139:1111-1126.

Jarvinen KM, Nowak-Wegrzyn A. Food protein-induced enterocolitis syn-
drome (FPIES): current management strategies and review of the literature.
J Allergy Clin Immunol Pract. 2013;1:317-322.

Murray KF, Christie DL. Dietary protein intolerance in infants with transient
methemoglobinemia and diarrhea. J Pediatr. 1993;122:90-92.

Caubet JC, Szajewska H, Shamir R, Nowak-Wegrzyn A. Non-IgE-mediated gas-
trointestinal food allergies in children. Pediatr Allergy Immunol. 2017;28:6-
17.

Cui C, Basen T, Philipp AT, et al. Celiac disease and nonceliac gluten sensi-
tivity. Ann Allergy Asthma Immunol. 2017;118:389-393.

Frossi B, Tripodo C, Guarnotta C, et al. Mast cells are associated with the onset
and progression of celiac disease. J Allergy Clin Immunol. 2017;139:1266-
1274.

Heiner DC, Sears JW. Chronic respiratory disease associated with multiple cir-
culating precipitins to cow’s milk. Am J Dis Child. 1960;100:500-502.
Moissidis I, Chaidaroon D, Vichyanond P, et al. Milk-induced pulmonary disease
in infants (Heiner syndrome). Pediatr Allergy Immunol. 2005;16:545-552.
Sabra A, Bellanti JA, Rais JM, et al. IgE and non-IgE food allergy. Ann Allergy
Asthma Immunol. 2003;90(suppl):71-76.


http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0365
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0365
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0370
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0370
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0375
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0375
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0375
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0380
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0380
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0380
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0380
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0385
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0385
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0385
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0390
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0390
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0390
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0395
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0395
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0400
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0400
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0405
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0405
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0405
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0410
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0410
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0415
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0415
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0415
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0420
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0420
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0425
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0425
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0430
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0430
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0435
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0435
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0440
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0440
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0445
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0445
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0445
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0450
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0450
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0455
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0455
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0455
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0460
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0460
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0465
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0465
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0465
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0470
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0470
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0475
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0475
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0475
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0480
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0480
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0480
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0485
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0485
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0485
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0490
http://dx.doi.org/10.1016/j.jaip.2017.06.035
http://dx.doi.org/10.1016/j.jaip.2017.06.035
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0495
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0495
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0500
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0500
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0505
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0505
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0505
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0505
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0505
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0510
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0510
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0510
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0515
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0515
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0520
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0520
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0520
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0525
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0525
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0530
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0530
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0530
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0535
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0535
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0540
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0540
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0545
http://refhub.elsevier.com/S1081-1206(18)30034-6/sr0545

	 Phenotypes and endotypes of food allergy: A path to better understanding the pathogenesis and prognosis of food allergy
	 Overall Purpose
	 Learning Objectives
	 Target Audience
	 Accreditation
	 Designation
	 Disclosure Policy
	 Disclosure of Relevant Financial Relationships
	 Planning Committee
	 Author

	 Introduction
	 Classic Phenotype

	 Intermittent and Cross-Reactive Allergy Phenotype
	 Aerosol Sensitization
	 Alpha-Gal Syndrome or Mammalian Meat Allergy
	 Sensitized Nonreactive Phenotype
	 Non–IgE-Mediated Food Allergy
	 Conclusion
	 References

