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Abstract

Food allergies are a global health issue with increasing prevalence. Allergic reac-

tions can range from mild local symptoms to severe anaphylactic reactions.

Significant progress has been made in diagnostic tools such as component-

resolved diagnostics and its impact on risk stratification as well as in therapeutic

approaches including biologicals. However, a cure for food allergy has not yet

been achieved and patients and their families are forced to alter eating habits and

social engagements, impacting their quality of life. New technologies and

improved in vitro and in vivo models will advance our knowledge of the patho-

genesis of food allergies and multicenter-multinational cohort studies will eluci-

date interactions between genetic background, lifestyle, and environmental

factors. This review focuses on new insights and developments in the field of food

allergy and summarizes recently published articles.

Food allergy is an adverse, reproducible immune-mediated

reaction to a given food. The most common allergens affect-

ing infants are milk and egg. Peanuts, tree nuts, seafood,

eggs, and milk commonly trigger allergic reactions in older

children. In adults, pollen allergy often leads to cross-reactive

food allergies. Allergic reactions can range from mild local

symptoms, for example, in oral allergy syndrome (OAS), to

severe life-threatening anaphylaxis. These reactions are

absent during avoidance of the specific trigger. The underly-

ing immune responses can be classified as IgE-mediated,

non-IgE-mediated, or a mixture of both (Fig. 1). However,

the pathogenesis of food allergy is still not completely under-

stood. Importantly, the prevalence of food allergies is rising

in both developed and developing countries, especially over

the last 10–15 years (1), which increases the personal as well

as global health burden. New diagnostic tools allow for bet-

ter risk stratification of allergic reactions, but therapeutic

options are still limited.

In this review, we will examine recent publications and

their impact on our knowledge of the epidemiology, patho-

genesis, diagnosis, and management of food allergy. The pri-

mary aim is to summarize novelties and put them into

perspective rather than providing a comprehensive review.

Epidemiology

The prevalence of food allergy is not well established; it

varies widely according to the methodology used to diag-

nose a food allergy. In a systematic review and meta-analy-

sis of European studies, the self-reported lifetime prevalence

of allergy to cow’s milk was 6.0% but only 0.6% for posi-

tive food challenge (2). The EuroPrevall project has set up

three complementary studies: a birth cohort study (3), a
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general population survey (4), and a cross-sectional study

in specialized allergy outpatient clinics (5) to better answer

arising epidemiological questions. Using the EuroPrevall

allergen library (6), the prevalence of IgE sensitization in

adults ranged from 6.6% in Iceland to 23.6% in Switzer-

land (7). Importantly, the relative prevalence of sensitiza-

tion against the different foods between each country was

well preserved suggesting a true difference between popula-

tions. In children from the EuroPrevall birth cohort, the

incidence of challenge-proven cow’s milk protein allergy

(CMPA) was 0.54%, with national incidences ranging from

<0.3% to 1% (8).

Allergens

Food allergens can be classified as plant food allergens with

pollen allergen cross-reactive responses, plant food allergens

without pollen allergen cross-reactivity, or animal-derived

food allergens.

Profilin, a pan-allergen found in high concentrations in

grass pollen and melon, is considered to be a minor respira-

tory allergen which causes only mild food allergies. However,

it has been shown that patients exposed to high levels of

grass pollen can have severe food reactions even to low doses

of profilin (9). Geographical differences in exposure to pollen

allergens thus may explain and influence the grades of reac-

tions to certain food allergens.

Nonspecific lipid-transfer proteins (nsLTP) are one of the

main causes of systemic allergic reactions, particularly in the

Mediterranean area. These nsLTP are found in higher plants,

such as fruits and nuts/peanuts, and are involved in plant

defenses against fungi and bacteria. Due to their compact

secondary structure, they exhibit extreme resistance to gas-

trointestinal proteolysis, pH changes, and thermal processing.

In a large Italian cohort, it has been shown that severe reac-

tions occur more often in patients with reactivity to multiple

(>5) nsLTP (10). Furthermore, the authors found that co-

sensitization to PR-10 and/or profilins was associated with

milder symptoms (10). Therefore, testing patients for sensiti-

zation profiles may enable risk stratification and prediction

of reaction patterns.

While most food-allergic reactions occur rapidly after

ingestion, allergy to red meat can present with severe reac-

tions several hours after intake. Interestingly, in meat allergy

the reactions are not only directed against proteins but also

against the carbohydrate galactose-a-1,3-galactose (a-Gal).

One potential hypothesis to explain this delay in symptom

onset is that digestion and metabolism of lipids delays the

appearance of the allergen a-Gal in the circulation (11). A

recent study also demonstrated that several a-Gal-containing

beef allergens are heat-stable, explaining the preservation of

meat allergenicity after heat treatment such as cooking (12).

Sensitization to food allergens can also occur via repeated

transdermal exposure. Data from a study performed in mice

suggest that transdermal administration of hydrolyzed wheat

protein (HWP) through skin patches results in production of

specific IgE (sIgE) and induction of a type 2 cytokine response

(13). Further evidence for transdermal sensitization has been

shown in a recent epidemiological study, where Japanese

women who used a facial soap containing HWP were more

likely to suffer from wheat protein allergy than women who

had never used this skin care product (14).

Adverse reactions to food

Immune-mediated

Food allergy

IgE-mediated
Urticaria, angioedema, rhinitis, 

bronchospasm, diarrhea, vomiting, 
anaphylaxis

non-IgE-mediated
Food protein-induced enterocolitis 

syndrome, food protein-induced 
proctocolitis, food protein-induced 

enteropathies

mixed IgE- and non-IgE-mediated
Cow's milk allergy, eosinophilic 

esophagitis, eosinophilic 
gastroenteritis

Non-immune-mediated

Food intolerance

Toxic

Figure 1 Classification of food allergy.
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Cross-reactivity and co-sensitization

The occurrence of cross-reactivity to different allergens in a

single patient is well known. One well-characterized mecha-

nism is IgE cross-reactivity to structurally similar epitopes,

known as OAS, which can occur in birch pollen-sensitized

patients, among others. Additionally, T-cell cross-reactivity

can occur independently of IgE cross-reactivity. Cross-reac-

tivity between Bet v 1 (birch) and the related food allergens

Mal d 1 (apple) and Api g 1 (celery) was demonstrated in a

T-cell-mediated reaction even when IgE reactivity was elimi-

nated by pepsin digestion of allergens (15). Furthermore,

mice who were sensitized to cashew allergen and then

exposed to a homologous walnut allergen developed an aller-

gic reaction to the latter, suggesting the activation of cashew-

specific type 2 T helper (Th2) cells by walnut which led to

walnut sIgE production (16). Additionally, in an oral chal-

lenge study, children diagnosed with tree nut allergy reacted

to peanuts and/or other tree nuts despite a negative skin

prick test, which detects IgE sensitizations, for the challenged

nut (17).

Combined sensitization to tree nuts and peanuts is very

common; however the underlying mechanisms are not well

understood. sIgE inhibition experiments demonstrated no

cross-reactivity between the major allergens for hazelnut (Cor

a 14) and peanut (Ara h 2), implying that primary sensitiza-

tion rather than cross-reactivity is the underlying cause of co-

sensitization (18). Alternatively, the Kiwi fruit allergens Act

d 12 and Act d 13 have been demonstrated to be highly

cross-reactive with homologous counterparts from peanut

and tree nuts (19).

Pathogenesis and pathophysiology

IgE-mediated food allergy occurs when food allergen-specific

IgE antibodies are developed after an initial contact with an

allergen. Antigen-presenting cells phagocytose food proteins,

process them, and present them to T helper cells. These in

turn release pro-inflammatory cytokines (IL-5, IL-13 and IL-

14) in a predominantly Th2 response. This results in the acti-

vation of B cells, which produce sIgE. A second exposure to

the same allergen results in IgE binding and activation of

eosinophils, basophils, and mast cells, which release media-

tors such as histamine to cause typical symptoms, including

urticaria, rhinitis, angioedema, bronchospasm, laryngospasm,

or anaphylaxis (Fig. 2). Interestingly, a Th2 response in

Figure 2 Pathomechanism of IgE-mediated food allergy. (A) Sensiti-

zation to specific allergens in genetically predisposed individuals

occurs via microlesions in the gastrointestinal tract, the respiratory

tract, or the skin. Dendritic cells acquire allergens which have

crossed these barriers and present them to T helper cells which dif-

ferentiate into Th2 cells. The resulting release of inflammatory cytoki-

nes such as IL-4, IL-5, and IL-13 subsequently stimulates B cells to

produce sIgE. (B) A second contact with the same allergen leads to

sIgE binding and cross-linking with activation of mast cells, eosino-

phils, and basophils. Mediators such as histamine are released in

turn causing allergic reactions with symptoms including urticaria,

angioedema, rhinitis, diarrhea, vomiting, bronchospasm, laryn-

gospasm, or anaphylaxis. IL, interleukin; MHC, major histocompati-

bility complex; TCR, T-cell receptor; and Th2 cell, type 2 T helper cell.
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children at 3 years of age was demonstrated prior to the

detection of sIgE immunoglobulin (20). This indicates that

allergen-specific Th2 responses are primed in early life.

Metabolomic analysis revealed an increase in the alarmin

uric acid (UA) in sensitized mice and peanut-allergic children.

Depletion of UA led to a reduction in sIgE and protection

from anaphylaxis in sensitized mice (21). From this study, it

can be hypothesized that UA, which is released during local

tissue damage and can activate dendritic cells, is a critical

mediator in peanut allergy development (21).

While the pathogenesis of non-IgE-mediated food allergy

is significantly less well-described, a T cell-mediated process

is hypothesized. Children with non-IgE-mediated eosinophilic

gastrointestinal disorders such as food protein-induced ente-

rocolitis syndrome (FPIES), food protein-induced proctocoli-

tis (FPIP), and food protein-induced enteropathy showed a

Th2 cytokine profile of their in vitro-stimulated peripheral

blood mononuclear cells with increased levels of IL-3, IL-5,

and IL-13 (22). Eosinophils are recruited by these cytokines

which leads to an eosinophilic inflammation of the gastroin-

testinal tract.

Eosinophilic esophagitis (EoE) is a chronic Th2 type

inflammatory disease limited to the esophagus with complex

interactions between innate and adaptive immune cells

(Fig. 3) (23). Interplay between IgE- and non-IgE-mediated

allergic reactions is hypothesized as an underlying mechanism

in this chronic disease. Initial events involve a disrupted eso-

phageal epithelial barrier which may increase epithelial per-

meability to allergens. A reduction in the desmosomal

cadherin desmoglein-1 (DSG1), an intercellular adhesion

molecule, has been found in patients with active EoE (24).

This loss of DSG1 also induces the release of pro-inflamma-

tory mediators, increasing the inflammation in active EoE. A

recent study found that recruited eosinophils form eosinophil

extracellular traps and the production of antimicrobial pep-

tides is increased in active EoE (25). Despite the activation of

these antimicrobial reactions, the precise role of microbes in

the pathogenesis of EoE has yet to be elucidated. In one

study, 43% of patients with EoE had sIgE against Candida

albicans (26). However, all these patients were previously

treated with topical steroids, which predisposes them to

C. albicans infections (26). Studies examining the local micro-

biome of the esophagus in EoE may help clarify the influence

of microbes in the development of this inflammatory disease.

The first of such studies has already shown a significant

increase in Haemophilus species present in patients with

untreated EoE (27).

A positive family history is a strong risk factor for devel-

opment of food allergy suggesting a central role of genetic

factors in food allergy. Loss-of-function mutations of the

filaggrin gene are relatively common and associated with

ichthyosis vulgaris, atopic eczema, and dermatitis. Filaggrin

is a protein involved in the maintenance of an effective skin

barrier and the regulation of skin hydration (28). It has been

shown to regulate the permeability of the skin to diverse sub-

stances, including allergens (28). Importantly, filaggrin

appears to play a role in food allergy, as it was shown that

children with loss-of-function filaggrin genetic variants were

1.5 times more likely to react during food challenge to

at least one food as compared to carriers of the wild-type

alleles (29).

The use of several emerging research technologies, com-

bined with already-established techniques, will advance and

expand the study of food allergy. Immortalization of murine

bone marrow-derived immune cells, inducible single cell type

ablation in mouse models and humanized mice will help to

elucidate and to better understand the underlying pathophys-

iological mechanisms of allergic diseases (30). Ongoing

research using these techniques currently focuses on mast

cells, basophils, and regulatory B cells and their role in

promoting allergic reaction and alternatively inducing aller-

gen tolerance (31, 32).

Transcriptomic and proteomic methods can be used to

identify undescribed epitopes for further reactivity analysis.

These approaches enabled the identification of several new

Timothy grass antigens which are targeted by T cells and not

Figure 3 Pathomechanism of eosinophilic esophagitis (EoE). Eso-

phageal epithelial barrier function is disrupted in EoE allowing aller-

gen crossing of the epithelial barrier. Epithelial cells release

cytokines (TSLP, eotaxin) and thereby recruit and activate antigen-

presenting cells and other immune cells. The vicious cycle is

expanded by differentiation of T helper cells into Th2 cells and the

release of further cytokines (IL-4, IL-5, IL-9, and IL-13) amplifying

the inflammatory response. APC, antigen-presenting cell; IL, inter-

leukin; Th2 cell, type 2 T helper cell; TNFa, tumor necrosis factor a;

TSLP, thymic stromal lymphopoietin.
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by sIgE (33). They also permitted the evaluation of the T

cell-activating potential of these Timothy grass antigens (33).

These methodologies may facilitate the development of speci-

fic T cell-targeted immunotherapies in the future.

Additionally component-resolved diagnostics (CRD) which

use automated microarrays with highly pure, standardized

recombinant allergens will improve the characterization of

the type of allergic reaction by enabling the discernment

between multiple sensitizations and cross-reactivity (34).

Determination of the crystal structure of allergens and their

changes by mutations will further the understanding of con-

sequences of IgE recognition and cross-reactivity (35).

Diagnosis

The diagnosis of food allergy is based on clinical symptoms.

An in-depth clinical history is important to identify the trig-

gering food allergen (36), while a full dietary history is a pre-

requisite for further diagnostic tests (37). Based on this

specific IgE (sIgE) measurements and skin prick test (SPT)

may identify a sensitization to a specific allergen. However,

positive results in these assays do not necessarily predict the

existence of a clinically significant food allergy. It may be

tempting to use large test batteries, but these may lack speci-

ficity and return many false-positive results. Therefore, the

EAACI food allergy and anaphylaxis guidelines recommends

at present testing for specific food and aeroallergens related

to the clinical presentation, age, geographic location, and eth-

nic dietary habits of the patient (38). An emerging method to

improve and standardize immunoassays is the use of mono-

clonal allergen sIgE as controls, which can be produced by

hybridomas (39).

Importantly, a skin prick test should preferably utilize

fresh foods, especially fruits and vegetables, instead of a com-

mercial extracts. Production of these commercial extracts via

thermal processing may destroy heat-labile proteins which

contribute to the allergenicity of the foods, thereby producing

false-negative results (40).

While both SPT and sIgE are utilized in the diagnosis of

allergic sensitization, recent studies suggest that these two

assays are not interchangeable tests as they show only a

moderate agreement in young children. One study also sug-

gests SPT results are more closely related to clinical symp-

toms than sIgE in children under the age of 5 (41).

Furthermore in adult patients with birch pollen-associated

plant food allergy, also termed OAS, the level of IgE, IgG4,

or IgA specific to most Bet v 1-related allergens did not cor-

relate with clinical allergy (42). However, all peach- and soy-

allergic patients had a positive basophil activation test (BAT)

(42). The BAT can be considered as an ex vivo provocation

test, where basophils respond with degranulation to different

allergens (43). Thus, different allergy tests complement each

other and their results need to be analyzed conjunctively in

order to properly diagnose allergies and identify their con-

tributing allergens.

The prediction of the severity of an allergic reaction is of

utmost clinical importance after diagnosis of an allergy and

identification of the triggering allergen. A reliable marker to

predict the risk of anaphylaxis in children with hymenoptera

venom allergy is serum basal tryptase (sBT), a marker for

mast cell activity. Anaphylactic reaction in food allergy is

most often associated with tree nut/peanut allergy as com-

pared to allergies to other food types. Interestingly, children

with nut/peanut allergies had significantly higher sBT levels

than those with milk or egg allergies, suggesting that sBT

levels may be useful as a predictive marker of anaphylaxis in

children with food allergies (44).

The gold standard for food allergy diagnosis is an oral

food challenge (OFC) which provides direct proof of the clin-

ical relevance of an allergen. Importantly, risk stratification

for an anaphylactic reaction prior to performing an OFC is

advisable (45). The protective effect of a high total IgE level

in patients with hymenoptera venom allergy has been well

documented (46). Similarly, a low level of IgE leaves patients

prone to more severe reactions (46). Saturation of IgE recep-

tors by nonspecific IgE immunoglobulin impeding the bind-

ing of sIgE and secondary basophil degranulation is the

hypothesized mechanism for these effects. Recent studies sup-

port the use of IgE levels in predicting allergic reactivity, and

thus stratifying risk, as total IgE levels were also inversely

correlated with responsiveness in OFCs in patients with hen’s

egg and CMPA allergies (47). Another method to predict

reaction in OFC involves testing for single components using

CRD. For example, in hazelnut- and peanut-allergic patients

the component sIgE Cor a 14 and Ara h 2 discriminated bet-

ter between tolerant and allergic patients than hazelnut or

peanut sIgE (48). In children with CMPA who were egg-sen-

sitized but had never ingested egg, the probability of a posi-

tive OFC was determined to be 94% when the wheal size

was ≥ 8 mm in the egg white SPT and/or egg white sIgE was

≥ 8.36kU/l (49). Thus, in some patients OFC may be unnec-

essary or postponed depending on their IgE repertoire com-

posed of total IgE, sIgE, and component sIgE.

A recent study suggests quantification of casein-specific IL-

4- and IL-13-secreting Th2 cells in children with suspected

CMPA could provide diagnostic guidance for this food

allergy (50). This study found that the number of these

casein-specific Th2 cells in children with confirmed CMPA

was significantly higher compared with children without

CMPA (50). Furthermore, the number of casein-specific IL-

4- and IL-13-secreting Th2 cells was inversely correlated with

the cumulative dose of tolerated cow’s milk (50). Confirma-

tion of these findings in larger studies will provide further

evidence that this functional assay can help improve diagno-

sis, stratify risk, and potentially eliminate the need for OFCs

in certain CMPA cases.

Allergen-specific immunotherapy (AIT) targets CD4 + T

cells resulting in suppression of type 1 (Th1) and type 2 (Th2)

helper T cells and generation of regulatory T cells. As the

frequency of allergen-specific CD4 + T cells is low, a

promising tool to monitor allergen-specific CD4 + T cells

during AIT could be detection via MHC class II/peptide tet-

ramer complexes. Unfortunately, a recent study showed that

while specificity of this detection was very high, the sensitiv-

ity was quite low with only 12 of 27 allergen-specific T-cell

clones (44%) detected (51). Therefore, quantification and
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tracking of allergen-specific CD4+ T cells responses utilizing

currently available techniques must be interpreted with cau-

tion.

Symptoms

Oral allergy syndrome is a localized immediate IgE-mediated

food allergy to fruits and vegetables which occurs mainly in

patients with sensitization to the major birch pollen allergen

Bet v 1 due to cross-reactivity with plant food-derived aller-

gens (Mal d 1—apple, Pru av 1—cherry, Cor a 1—hazelnut,

Ara h 8—peanut). Oral allergy syndrome presents with itch-

ing and swelling of the lips, tongue, and pharynx. Digestion

by the gastrointestinal tract, heating, and processing reduces

the IgE-mediated allergenicity of these allergens; therefore

OAS reactions occur only after ingestion of raw food and

systemic reactions do not usually occur (40). Unfortunately,

successful AIT targeting birch pollen does not influence the

occurrence of OAS, possibly due to some unique structural

characteristics of Bet v 1 which are not present in PR-10-

related foods such as hazelnut or apple (52).

Anaphylaxis is a severe, life-threatening systemic hyper-

sensitivity reaction. Typical organ manifestations are listed

in Table 1. Epidemiological studies suggest that in up to

30% of cases cofactors such as physical exercise, alcohol

consumption, co-administration of nonsteroidal anti-inflam-

matory drugs, or concomitant infections trigger a severe

anaphylactic reaction (53). These cofactors, also known as

augmenting factors, may lower the threshold for a reaction,

increase the severity, or reverse a previously acquired clini-

cal tolerance (54). Advice for patients should therefore

always include possible risk factors and appropriate preven-

tive measures for an anaphylactic reaction. The sensitization

profile of children with food allergy should also be taken

into consideration when counseling. Children with history

of anaphylaxis were more likely to have high IgE to raw

peanut and multiple positivity to Ara h 1, Ara h 2, and

Ara h 3 (55).

Management

The two main components of the management of food

allergy are avoidance of the triggering food and preparation

for accidental exposure. The extent of responsibility assigned

to the general public via introduction of public health poli-

cies is a highly debated subject in the field of food allergy

(56). One important step is correct labeling of food ingredi-

ents and appropriate training of staff in the food industry.

Mislabeling is a particular concern as it is still common,

especially in non-pre-packaged food with voluntary allergen

labeling, such as bakery products (57).

Despite increased awareness, annual incidence rates of

accidental exposure to peanut remains stable around 12–14%
in peanut-allergic children over the last 10 years (58, 59).

First-line emergency medication in anaphylaxis consists of

intramuscular adrenaline delivery via an auto-injector; anti-

histamines and corticosteroids are not recommended as

front-line treatment (60). Despite these indications, adrena-

line auto-injectors (AAI) remain underused. Therefore, it is

essential to educate patients, their caregivers, and doctors on

proper assessment of the risks of accidental allergic reactions

and management of emergency situations (56).

New promising therapies for IgE-mediated food allergy are

currently being evaluated. Allergen-specific immunotherapy,

including both sublingual and oral (OIT) administration, is

deployed to induce tolerance to specific allergens. However,

not all studies examining AIT have shown a benefit and the

risk of adverse reactions such as anaphylaxis requires consid-

eration (61, 62). Furthermore, tolerance may be only tran-

sient as after discontinuation of a maintenance dose of the

allergen some patients lose their tolerance (63). This clinical

observation of tolerance loss occurred in concordance with

an observed lack of immunologic change in skin prick tests

as well as in vitro assays. In children with CMPA, determina-

tion of component sIgE prior to OIT was shown to be a use-

ful predictor for OIT success (64). In this study, high levels

of a-lactalbumin, b-lactoglobulin, and casein sIgE were asso-

ciated with tolerance of a lower dose of cow’s milk, while a

larger increase in IgG4 concentration was associated with bet-

ter tolerance.

Biological agents, also termed biologicals, are relatively

newer therapeutics that are synthesized by living organisms.

These molecules target specific mediators of an allergic reac-

tion such as cytokines, antibodies, or receptors (65). One

such biological is omalizumab, a monoclonal anti-IgE anti-

body, which is already approved for asthma therapy. When

omalizumab is administered parallel to OIT, the efficacy of

OIT can be improved and a reduction in systemic reactions

can occur (66). Therefore, in highly reactive patients, bio-

logicals may become an important adjuvant therapeutic

tool. However, in a prospective study in EoE patients, oma-

lizumab failed to improve symptoms or reduce the eosino-

philic count in esophageal tissue (67). Further targets

including IL-5 and IL-9 are already under investigation

(65), and increased understanding of the pathogenesis of the

different food allergy subtypes will result in the emergence

of new targets.

Different preventative measures aimed at food allergies

are highly debated. For example, studies show that in

infants at high risk for developing an allergic disease the use

of extensively or partially hydrolyzed formula and avoidance

of standard cow’s milk-based formula for the first 4 months

is beneficial if breastfeeding is not possible (68, 69). How-

ever, many of these studies which examine preventative

measures lack well-defined outcome parameters and are

underpowered (70).

Table 1 Organ manifestations of anaphylactic reactions

Ear, nose, throat Swelling of lips/tongue, itching of lips/tongue,

rhinorrhea, nasal obstruction

Skin Urticaria, flush, rash, angioedema,

exacerbation of eczema

Gastrointestinal Nausea, vomiting, diarrhea, abdominal pain

Respiratory Cough, dyspnoea, wheeze

Systemic Hypotension, shock
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Quality of life

Constant vigilance in the avoidance of specific foods to pre-

vent an allergic reaction as well as the management of an

acute reaction (including application of adrenaline) often

exerts immense pressure on patients and their caregivers. Val-

idated health-related quality of life (HRQL) instruments are

available for children, adolescents, and adults with food aller-

gies and for their parents or caregivers (71). Interestingly,

one study on HRQL showed that experience of anaphylaxis

had limited impact on HRQL; it also found that allergies to

fish and milk in adults and peanuts and soy in children

caused greater HRQL impairment as compared to other

foods (72). A prospective cohort study examining food

allergy-associated quality of life found that performing a

food challenge improved the quality of life irrespective of the

outcome of the challenge (73). This improvement was sus-

tained for tolerant patients, whereas it waned after 6 months

in allergic patients. The utilization of HRQL instruments

may allow physicians to derive unexpected insights into fac-

tors impairing the health-related quality of life in patients.

Ultimately, this information will help to improve the man-

agement of food-allergic patients.

Cow’s milk protein allergy and peanut allergy

Both CMPA and peanut allergy (PA) are relatively common

allergies with some specific clinical features and new findings.

A recent study demonstrated that two-thirds of children with

CMPA will outgrow their allergy within the first year of life

(8). However, children with specific IgEs at initial diagnosis

are less likely to tolerate cow’s milk during rechallenge at

1 year of age than children with non-IgE associated CMPA

(8). In contrast to CMPA, in which the majority of patients

outgrow their allergy, only 22% of children who were diag-

nosed with PA at 1 year of age developed tolerance at

4 years of age (74).

Interestingly, a microarray analysis demonstrated that mul-

tiple allergens can be detected in human breast milk, includ-

ing cow’s milk allergens (75). This may help explain why

CMPA can develop in breastfed children in the absence of

cow’s milk ingestion. Similar to cow’s milk protein allergens,

peanut allergens such as Ara h 2 and Ara h 6 are transferred

in human breast milk and are immunologically active (76).

However, administration of human breast milk containing

peanut allergens appeared to invoke tolerance in mice sub-

jected to an oral peanut sensitization procedure (76). A

recent intervention study in infants at high risk for atopic

disease has shown that early introduction of peanut into the

diet in comparison with avoidance of peanut resulted in a

dramatic reduction in PA frequency at 60 months of age

(77). These findings will invoke questions addressing optimal

timing and appropriate protective measures for the introduc-

tion of different allergens into the diet of infants.

Peanut allergy has a prevalence of approximately 1–2% in

children in the Western Hemisphere, whereas in Asian coun-

tries it is very rare. Interestingly, Australian infants with

Asian-born parents are over-represented among children with

PA in Australia. It is hypothesized that genetic-environmen-

tal interactions may explain these findings, including differ-

ences in climate, microbial exposures, and dietary habits (78).

Specific IgE to either Ara h 2 or Ara h 6 can be used to con-

firm PA in children and adults with high specificity (79).

However, a relatively low sensitivity of 70% in adults means

that a negative test result does not necessarily exclude PA. In

a study examining age-dependent IgE recognition patterns

in PA, Ara h 1, Ara h 2, and Ara h 3 were only positive in

patients who experienced allergy onset in childhood prior to

the age of 14 (80). Patients with late-onset PA were mainly

sensitized to peanut components that were cross-reactive to

pollen (Ara h 8) or plant-derived food (Ara h 9). The exact

mechanism underlying these different recognition patterns is

not currently known. It is speculated that the observed

impaired intestinal barrier in children with a genetic predis-

position for allergic diseases leads to an increased intestinal

permeability and allows sensitization to storage proteins.

Geographical differences in sensitizations patterns have

also been demonstrated for PA. In the Mediterranean popu-

lation, the prevalence of sensitization to Ara h 2 is lower and

to Ara h 9 higher as compared with northern European

countries. Interestingly, in a Spanish study, the BAT to Ara

h 2 showed a high sensitivity for PA, but the correlation with

sIgE for Ara h 2 was poor (81). These results indicate that

different tests require evaluation in different populations.

Another clinically relevant finding using component sIgE is

the high predictive value of Ara h 2 for systemic reactions to

peanut including anaphylaxis. In two different cohorts

including children and adults the level of sIgE to Ara h 2

highly correlated with the probability for a systemic reaction

(48, 80).

Conclusion

In conclusion, food allergy is an evolving field with many

questions that remain to be answered. Cohort studies such as

EuroPrevall will enable the standardization of diagnostic and

therapeutic approaches as well as the collection of data and

biological material for translational and clinical research.

Future basic and clinical studies are needed to further eluci-

date the pathomechanism of food allergy and to improve pre-

ventive strategies, diagnostic tools, and therapeutic options.
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