Allergol Immunopathol (Madr). 2025;53(4):157-168 elSSN:1578-1267, pISSN:0301-0546

Allergologia et
immunopathologia C’P

Sociedad Espafiola de Inmunologia Clinica, CODON
Alergologia y Asma Pediatrica PUBLICATIONS

SEICAP www.all-imm.com
REVIEW OPEN ACCESS |(<)@®0O)

IgE-mediated allergy to egg protein

Laura Valdesoiro-Navarrete®*, Monica Piquer Gibert®, Natalia Molini Menchon¢, Celia Pinto-
Fernandezd, Carlos Garcia-Magane, Angela Claver-Monzoén!, Felipe Thorndike-Piedras,
Cristina Blasco Valero", Sara Pereiro Fernandez!, Ana Prieto-del-Prado’, Gloria Ortega-
Bernal*, Antonio Martorell Aragonés'

aAlergia y Neumologia Pedidtrica, Parc Tauli Hospital Universitari, I3PT-CERCA. Sabadell, Barcelona, Spain

bServicio Alergologia e Inmunologia Clinica, Hospital Sant Joan de Déu, Barcelona, Spain, and Institut de Recerca Sant Joan de
Déu, Barcelona, Spain

‘Hospital General Universitario de Castellén, Castellon, Spain

dEquipo Alpedia Alergia Pedidtrica, Hospital Universitario Sanitas La Zarzuela, Madrid, Spain

eHospital Clinico Universitario de Santiago de Compostela, A Corufia, Spain

'Hospital Universitari Dexeus, GQS. UAB, Barcelona, Spain

sHospital Universitari MutuaTerrassa, Terrassa, Barcelona, Spain

hHospital Universitario Miguel Servet, Zaragoza, Spain

iHospital Alvaro Cunqueiro-EOXI, Vigo, Pontevedra, Spain

JHospital Regional Universitario de Mdlaga, Mdlaga, Spain

kSeccion Inmunologia Clinica y Alergia Pedidtrica, Servicio de Pediatria, Hospital Clinico Universitario Virgen de la Arrixaca,
El Palmar, Murcia, Spain

{Clinica Martorell, Valencia, Spain

Received 23 June 2025; Accepted 24 June 2025
Available online 1 July 2025

KEYWORDS Abstract
children; Egg allergy is one of the most common food allergies in the pediatric population. It signifi-
diagnosis; cantly impacts the quality of life of patients and their families. Egg allergy is an adverse
egg allergy; reaction mediated by an immune mechanism. There are different mechanisms involved. This
food allergy; review refers to immunoglobulin E (IgE)-mediated egg allergy. The prevalence of egg sen-
omalizumab; sitization and allergy is higher in children with cow’s milk allergy and in those with atopic
oral food challenge; dermatitis. The prognosis for egg allergy in young children is generally good, although in
oral food some cases it tends to persist at adult age. The main allergens in egg white are ovomucoid
immunotherapy; and ovalbumin. Diagnosis is based on the suggestive clinical history and the study of specific
primary prevention; positive egg allergy. Oral food challenge test is the gold standard test to confirm diagno-
secondary sis. Egg allergy, like other food allergies, is primarily managed with the avoidance diet and
prevention; symptomatic treatment in case of an allergic reaction. The current approach emphasizes

minimizing restrictive diets, if possible. Therefore, obtaining an accurate diagnosis through
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component-resolved diagnostics is essential, and whenever necessary, confirming tolerance
through oral challenge tests. Food immunotherapy can be potentially curative and can be
regarded as a therapeutic option for IgE-mediated egg allergy. It increases the amount of
food tolerated and reduces the risk of a life-threatening anaphylactic reaction. There are dif-
ferent approaches: orally, sublingually, subcutaneous, or via epicutaneous. Among these, oral
immunotherapy is the most extensively studied and widely used approach in clinical practice.

© 2025 Codon Publications. Published by Codon Publications.

Introduction

Egg allergy is one of the most common food allergies in the
pediatric population.' It significantly impacts the quality of
life of patients and their families because of the need to
adapt the diet and monitor the food ingested to avoid acci-
dental exposure.?

Eggs are among the most widely consumed foods glob-
ally." Hen eggs, commonly introduced in the first year of
child’s life, are affordable, rich in protein, and packed with
essential amino acids. These are consumed in different
ways, both cooked and raw, and are extensively used in
the food industry. As a result, exposure to egg proteins is
common and can sometimes occur unexpectedly.

Definition

According to the latest classification proposed by the
European Academy of Clinical Immunology (EAACI),* egg
allergy is an adverse reaction mediated by an immune
mechanism that occurs by the intake or any type of con-
tact with hen’s egg proteins. There are different mecha-
nisms involved.? This review refers only to immunoglobulin
E (IgE)-mediated egg allergy, which is the most frequent
and studied adverse reaction.

Epidemiology and Natural History

In Spain, hen’s egg is the leading cause of food allergy in
children aged <5 years.* In the Euro Prevall study,® the
adjusted mean incidence of egg allergy during the first
2 years of life was estimated at 1.25% (95% Cl: 0.57-2.36%),
and in the overall European cohort, it was 1.23% (95% Cl:
0.98-1.51%). In the US children cohort, the prevalence of
egg allergy was 1.3% in children aged <5 years.® Egg allergy
typically presents before the age of 2 years, coinciding
with the introduction of egg into the diet. In a Spanish
study (which included 355 children), 56.5% of the patients
had symptoms between 6 and 12 months of age and in 97%
of cases symptoms appeared in the first 2 years of age.”
The prevalence of egg sensitization and allergy is
higher in children with cow’s milk allergy and in those with
atopic dermatitis. In infants with cow’s milk allergy, sensi-
tization to eggs®’®is observed and up to 30-67% are sensi-
tized to hen’s egg before it is introduced in their diet, and
36% of them had a positive oral food challenge (OFC). In
infants with atopic dermatitis,'®'" sensitization to egg pro-
teins is observed in 61% before introducing it into the diet,

and allergy with a positive challenge test was observed in
27-67% of patients. Asthma is more prevalent in children
with egg allergy than in children with other food allergies.®

The prognosis for egg allergy in young children is gen-
erally good, although in some cases it tends to persist for
years. The development of tolerance to boiled eggs pre-
cedes that to raw eggs.®™ In three studies carried out in
Spain, 50% of the patients with egg allergy reached toler-
ance at 3-5 years of age, and 64-74% at 9 years of age.”*"

Factors of poor prognosis are the persistence of clin-
ical reactivity' at 9 years of age, high values of specific
IgE, especially ovomucoid (OVM), and previous severe reac-
tions. Specifically, white eggs IgE level of more than 18-24
kU/L is associated with maintained clinical reactivity,"” and
patients™ with specific serum IgE >50 kU/L were unable
to develop egg tolerance at 18 years of age. Nakamura’s
study found that children with FLG mutations (genetic vari-
ation in the filaggrin gene) had an approximately four-fold
increased the risk of suffering persistent egg sensitization
(P < 0.05).”

Pathogenic Mechanism: IgE-Mediated
Reactions

Egg allergens

Hen’s eggs contain more than 20 high biological value pro-
teins, but only few?®?" are usually involved in egg allergy
(Table 1).

Both egg white and yolk proteins can trigger allergies,?
but reactions are more often associated with egg white
proteins. Yolk allergies mainly affect adults and are uncom-
mon in children.

The main allergens in egg white are OVM and ovalbumin
(OVA). OVM is resistant to heat and enzymatic digestion.
Persistent sensitization and/or elevated levels of specific
IgE to OVM are markers of poor prognosis and lack of toler-
ance to cooked eggs. Patients only sensitized to OVA often
tolerate well-cooked eggs."”?!

Conalbumin (Gal d 3) and lysozyme (Gal d 4) are ther-
molabile; however, the consumption of raw egg white can
sometimes induce allergic reactions.?’ Sensitization to spe-
cific IgE for lysozyme or ovotransferrin, a protein found in
egg whites, may be responsible for allergic reactions to
medications or foods containing these proteins. Hen’s egg
proteins cross-react with eggs from other birds, so their
avoidance is recommended.

Egg yolk contains three distinct protein fractions,
among which alpha-livetin (Gal d 6) is considered the most
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Table 1

Egg protein composition. (Modified from EAACI Molecular Allergology User’s Guide 2.0.%)

Protein name MW Composition Protein family

(kDa) %

Resistance Clinical relevance
to heating
and chemical

denaturation

Biological function

Egg white proteins

OVM (Gal d 1) 28 11% Kazal-type serine
protease inhibitor

OVA 45 54% Serine proteasa

(Gal d 2) inhibitor

Ovotransferrin or 76-77 12% Transferrin

conalbumina

(Gal d 3)

Egg lysozyme (Gal 14.3 3.5% Glycoside hydrolase

d 4) family 22 (GH22)

Ovomucin 165 1.5% Contains trypsin

inhibitor-like (TIL)
domains
Egg yolk proteins

«-livetina 65-70 Serum albumin
(Gal d 5)
Galdé 35 Vitellogenin

with antimicrobial

Antibacterial activity Moderate

Serin proteasa High Heat-stable

inhibitor Risk for reaction to all

Antibacterial activity forms of egg

Storage protein Low Heat-labile
Risk for clinical reaction
to raw or slightly heated
egg

Iron-binding capacity Low Heat-labile.

Risk for clinical reaction
to raw or slightly heated
e€gg

Risk for clinical reaction
to raw or slightly heated

egg

activity

Heavilyglycosylated  N.A.
proteinwith potent
antiviral activities
Bind ions, fatty N.A.
acids, hormones

in physiological

conditions

Storage protein High

clinically significant allergen.???* It is known to be resistant
to heat and enzymatic digestion.???* Currently, there is no
standardized method available for its detection in clinical
practice.

Alpha-livetin (Gal d 6), which is also present in chicken
meat and feathers, is responsible for cross-reactivity
between avian and egg proteins, giving rise to bird-egg
syndrome. In this condition, patients exhibit clinical symp-
toms upon inhalation of feather particles or ingestion of
chicken meat or eggs.*? Sensitization may initially occur
via inhalation of avian proteins.

Clinical Manifestations

Clinical manifestations of egg allergy typically develop
within the first 2 years of life,* coinciding with the introduc-
tion of egg white in diet, and rarely occur beyond this age.

Allergic reactions to egg are most commonly IgE-
mediated,>"? although non-IgE-mediated reactions have
been reported as well. Up to 90% reactions involve the
skin,? followed by the gastrointestinal system (up to 60%)
and the respiratory system (up to 40%). Egg allergy is a
leading cause of severe anaphylaxis.3®3!

Non-IgE-mediated egg allergy®? is much less common
than IgE-mediated allergy. Also, egg may be implicated in
conditions such as eosinophilic esophagitis (EoE), gastroen-
terocolitis, and proctocolitis.

In some individuals, cofactors, such as fever, viral
infections, nonsteroidal anti-inflammatory drugs, physical
exercise, sleep deprivation, and alcohol consumption, can
lower the reaction threshold and trigger allergic symptoms
to egg.” These factors may unmask sensitization or con-
tribute to the loss of oral tolerance, even in previously
asymptomatic patients.

Diagnosis

The diagnosis of egg allergy,>*34 as with all food allergies,
is based on a suggestive clinical history, a positive allergy
test result, and, when appropriate, a controlled challenge
test, which is the gold standard for diagnosis of food allergy
(Figure 1). Half (50%) of children suspected of having egg
allergy at initial screening had a negative controlled chal-
lenge test.

Clinical History

Clinical diagnosis requires a detailed history (Table 2),
including information about the culprit food, manifes-
tations, and personal and familiar medical history and a
physical examination.

About the culprit food: There must be a causality
between the intake of food and allergic reaction. Symptoms
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Mild/moderate reaction ] —ﬁ Prick test or Specific IgE ‘ - ‘ Recent reaction (<6 month)
= No Yes
Clinical symptoms suggestive Challenge test R — Egg Allergy
of IgE-mediated egg allergy l + r'y
Egg Tolerant
Non Egg allergy diagnosis

Anaphylaxis ‘ —% Prick test or Specific IgE | ¥

Figure 1 Diagnosis algorithm of egg allergy.?*

Table 2 Clinical history items.?

Recommended egg allergy clinical history items

About the culprit food: egg

» The age at which whole egg, yolk, and egg white were introduced.

» The age at which the first reaction occurred, specifying whether it was the apparent first exposure.

« Tolerance or intolerance to whole egg, yolk, and egg white.

» Tolerance to different preparations (cooked, raw, omelette, semi-raw, flour-baked), along with the assessment of
subsequent tolerance following the clinical manifestations that prompted consultation.

» The quantity of food that triggered the reaction is indicative of the allergy’s severity.

About the Symptoms

A precise description of the symptoms is required.

» The time interval between food ingestion (or contact) and onset of symptoms.

» Treatment required and the time for the resolution of symptoms, which indirectly indicate the severity of the condition.
However, if symptoms persist for more than 12 h or worsen later, other conditions should be considered.

» The number and description of episodes. Multiple episodes related to egg consumption provide the strongest diagnostic
evidence.

» Time elapsed since the last symptoms. Recent symptoms suggest a current allergy. Revaluation is needed if symptoms
occurred long ago.

About the patient and familiar medical history

Data should be collected referring to the following:

» Family history of atopy.

» Another food allergy.

» Another atopic manifestation, such as asthma, wheezing, rhinoconjunctivitis, or atopic dermatitis, is frequently associated
with egg allergy.

are usually caused by oral ingestion or by the presence of » Absence of fever or other signs suggestive of an infection.
egg in other foods as a hidden allergen; however, it can e Resolution of clinical manifestations within a few hours,

also result from direct or indirect skin contact with egg or with or without treatment.

exposure to volatile particles of beaten egg. « If the triggering factor is allergenic, the patient remains
symptom-free unless there is repeated exposure to the
food.

Clinical differential diagnosis

Food allergy should be carefully distinguished from the  Evidence of IgE mechanism: Allergy test
manifestations of viral infections, which are quite common
during early childhood.2:3334 Skin tests/serum-specific IgE
The following factors strongly indicate an allergy:
Evidence of an IgE-mediated mechanism can be col-
« A brief latency period between egg consumption and the lected through in vivo (Prick test) and in vitro tests.?323
onset of symptoms. Regarding in vitro tests, we measure specific IgE for the



IgE-mediated egg allergy

161

whole egg and a component-resolved diagnosis must be
performed.

In many patients, egg has not been introduced in the
diet, and the positive test results only indicate sensitiza-
tion.® Assume sensitization allergy unless symptoms are
present.

The allergens to be tested” include whole egg, OVM
(OVM Gal d 1), OVA (OVA Gal d 2), egg white, and yolk.
Testing for other minor allergens, such as conalbumin and
lysozyme, can provide additional insights and may be par-
ticularly important in cases of discordance between the
whole egg test and component-based diagnosis.

Intraepidermal testing—prick test

The antigens used for skin tests could be commercial
extracts or fresh food.?>?2° Commercial allergenic extracts
of egg offer high diagnostic sensitivity. Glycerinated
extracts are used at a concentration of 10 mg/mL for egg
white and yolk, and 1 mg/mL for OVA and OVM. The test
is considered positive if a wheal measuring >3 mm (with
respect to the negative control) in size is produced, and
the positive and negative control are assessed as correct.

Skin tests performed using the prick technique have
high but variable sensitivity and lower specificity.?®3334 The
positive predictive value is low, while the negative pre-
dictive value is very high; as a result, a negative skin test
using an adequate extract practically rules out egg allergy.

The determination of serum-specific IgE has the same
limitations as skin tests. A negative determination for OVA
and OVM has a high negative predictive value but does not
exclude clinical reactivity.

Basophil Activation Test (BAT)

The basophil activation test is a laboratory test used to
assess allergic reactions by measuring the activation of
basophils by flow cytometry.® BAT is useful in diagnosing
allergies, particularly in cases where skin prick tests or
specific IgE tests may be inconclusive. BAT is making tran-
sition to clinical practice and may not be widely available.
There is no evidence of its usefulness in egg allergy.

Other tests, while not yet supported by sufficient evi-
dence to be recommended for routine clinical practice,?
show promise and warrant further research as specific IgE

Table 3

testing for allergen peptides, epitope profiling, and the
Mast Cell Activation Test (MAT).

Oral food challenge test

The controlled challenge test is the gold standard for con-
firming or excluding a food allergy diagnosis.**3> We rec-
ommend adhering to the methods and conditions outlined
in the position statements of the European Academy of
Allergology and Clinical Immunology (EAACI).333537

Informed consent must be obtained and documented
in the patient’s medical history before the procedure.
Patients should be asymptomatic, and not on antihista-
mines for at least 7-10 days according to PRACTALL con-
sensus before testing.*® Patients must be in a comfortable
environment where trained personnel can monitor them
for early detection and management of any symptoms that
may arise.

Indications

The procedure is indicated in all patients with suspected
allergy to egg in whom diagnostic confirmation is necessary
(Table 3).

Contraindications

Severe anaphylaxis because of egg allergy is not an abso-
lute contraindication for testing. However, it requires a
more thorough review of the interval since the initial epi-
sode, and a rigorous assessment of skin tests, IgE level
variations, and other diagnostic methods.3*3

Oral Controlled Challenge Test Technique®

The choice between open, single-blind, or double-blind OFC
depends on the patient’s age and symptomatology. In the
pediatric population and patients presenting with objec-
tive clinical symptoms, open provocation testing may be
employed for practical considerations. Double-blind testing
is particularly crucial in a research context. The challenge
test should begin with the administration of cooked egg
whites; raw egg, white, or pasteurized egg white is tested

Indications of oral food challenge test for diagnosis of food allergy.33>

Indications of oral food challenge test

» Suspected egg allergy based on clinical history, positive skin tests, and positive IgE; diagnosed confirmation is essential to
prevent misdiagnosis of food allergy and avoid unnecessary elimination diet.

« IgE sensitization, but food never consumed or previously tolerated but avoided for a significant period.

» The test result is below the validated cut-off" point for that specific food. It is necessary to confirm or exclude the diagnosis.

» Patient’s clinical history does not align with the test result, despite it being above the validated cut-off point.

» Patient and/or parents exhibit significant anxiety and/or avoid multiple foods without a confirmed allergy diagnosis.

Note. *The mentioned IgE cut-offs can be used as an orientation but always considering that they are group-predictive, not
predictive of individual cases, and that other above-mentioned diagnostic tests must be used for confirmation purposes.
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only if the results are negative. Some patients exhibit tol-
erance to fully cooked eggs but may experience severe
reactions when exposed to raw eggs. The maximum initial
dose for provocation testing has been established as 100
mg; however, the starting dose should be tailored to the
individual patient’s clinical condition.

Treatment

Egg allergy, like other food allergies, is primarily managed
with an avoidance diet and symptomatic treatment in case
of an allergic reaction.?3* Over the past two decades, oral
tolerance induction, or oral immunotherapy (OIT), has
emerged as an effective clinical treatment for egg, milk,
and, more recently, peanut allergies.

A significant advancement is the recommendation to
avoid overly restrictive diets.3#33° These diets should be
as minimally restrictive as possible, aiming to improve the
patient’s quality of life (QoL). avoidence selective depends
on tolerance to different egg preparations. The aim is to
have a less restrictive diet as possible. The challenge test
is contraindicated if the reaction was severe and/or recent
and specific IgE levels or the skin prick test results are
clearly positive (Figure 2).

An additional therapeutic option involves monoclonal anti-
bodies.**° Recently, the use of omalizumab (OMZ) for the treat-
ment of food allergies has been approved in the United States.**

Avoidance diet

The current approach emphasizes minimizing restrictive
diets whenever possible.*® Therefore, obtaining an accu-
rate diagnosis through component-resolved diagnostics
is essential (Figure 2), and, when necessary, confirming
tolerance through oral provocation tests. Maternal egg

avoidance is not recommended because the probability of
IgE-mediated allergic reactions to food proteins in breast
feeding is low.*

If it is confirmed that the child tolerates cooked eggs,
then they may also safely consume foods containing
baked eggs. In this case, they would only need to avoid
raw eggs (e.g., ice cream, mayonnaise, and toppings) or
partially cooked eggs, such as undercooked omelets. We
recommend’+¥ testing tolerance to baked eggs in children
who do not recognize thermo-resistant proteins, such as
OVM (Gal d 1), or partially heat-resistant proteins, such as
conalbumin (Gal d 3) or ovotransferrin.

If children are sensitized to egg but it has already been
introduced in the diet and tolerated, it is important that
they continue eating it.“2** We must be careful because
after a period of exclusion, reintroduction may trigger
immediate allergic reactions because of loss of tolerance.

Strict avoidance of egg is difficult in normal daily life,
and in most cases an allergic reaction occurs at home or
at school.” The minimum dose of egg protein capable of
triggering an allergic reaction*® could be as low as 2 mcg
in approximately one in a million patients, and as low as
3.4 mg in about one in every 100 cases.¥

Eggs from other bird species should also be avoided
initially due to the high degree of protein cross-reactivity
with hen’s egg proteins.

In the pediatric population, clinical cross-reactivity
between egg and chicken meat—previously referred to as
bird-egg syndrome—is extremely rare;?> therefore, routine
avoidance of chicken meat is generally not necessary.

Therapeutic education is a cornerstone in the treat-
ment of egg allergy.’* Each patient must have a written
individualized action plan for treating an allergic reaction,
including anaphylaxis. The medication and action plan
should be available to the family, school, and after-school
activity centers. They must be trained to administer treat-
ment if needed.

r

Ovomucoid positive
+/- ovoalbumine

¥

Based on
clinical features, sIgE/Prick test

$

Egg baked/cooked challenge test

* Raw egg challenge test

+

Avoidance diet
Or

Egg allergy 1

Ovomucoid negative
Ovoalbumine positive

$

Egg baked/cooked challenge test

l I

Based on Avoidance egg diet
clinical features, Or
slgE/Prick test Oral immunotherapy

4

Raw egg challenge test
‘ +
— Avoidance of raw egg only
Or

Oral immunotherapy No hen’s egg allergy Oral immunotherapy

Figure 2 Selective avoidance depends on tolerance to different egg preparations. (Based on EAACI and SEICAP recommendations.)
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Oral tolerance induction or oral
immunotherapy with egg

Until two decades ago, the only treatment for food allergy
was the avoidance diet, treating adverse reactions when
they occurred, and waiting for spontaneous tolerance to be
achieved over time.

Food immunotherapy can be potentially curative.3 It
increases the amount of food tolerated and reduces the
risk of a life-threatening anaphylactic reaction. Treatment
consists on the administration of progressively increasing
doses of the food,* following a maintenance phase.>® There
are different approaches: orally, sublingually, subcutane-
ously, or fixed doses via epicutaneous. Among these, OIT
is the most extensively studied and widely used in clinical
practice.

It is important to distinguish between desensitization
and tolerance.® Desensitization>? refers to a temporary
and reversible reduction in clinical reactivity achieved
through regular intake of allergenic food. This state is usu-
ally dependent on continued exposure and may disappear
within days or weeks after discontinuing regular intake
of allergenic food.>**"% Tolerance is a permanent state in
which a person no longer experiences clinical reactivity to
the food, even after periods without exposure or regular
intake.

The Cochrane meta-analysis,>* published in 2014 and
the one carried out later by the European Academy of
Allergy and Clinical Immunology [EAACI]® show the effi-
cacy of ITO in achieving desensitization in most patients,
although its efficacy in achieving long-term tolerance is
still unknown.

A randomized multicenter trial by SEICAP (Sociedad
Espanola de Inmunologia Clinica, Alergologia y Asma
Pediatrica) showed that 82% of children receiving OIT to
egg achieved full desensitization, versus only 16% in the
control group after 1 year on an elimination diet.5?%

The immunological mechanisms involved in OIT are
not fully understood, although a reduction in the activa-
tion and release of mast cell and basophil mediators, an
increase in specific 1gG4 levels, a decrease in specific IgE
levels, and the activation of specific regulatory T cells have
been observed, inhibiting the T helper 2 (Th2) immune
response.>6

The factors influencing permanent tolerance acquisi-
tion remain unclear.®’ Egg OIT promotes desensitization,
but its long-term safety and efficacy are uncertain.®

The precise time to achieve tolerance to food or why
some people do not acquire it is unknown. Factors such
as sensitization level, dosage, duration, and adherence
to treatment would be implicated.” Most treatment

Table 4

failures occur during the maintenance phase because of
discontinuation.#33

Allergic reactions are common during OIT, particu-
larly in the escalation phase, although they may also occur
during maintenance. Most are mild to moderate but 3.5-5%
may require epinephrine.’>%¢2 In the SEICAP study, 75% of
patients experienced reactions during induction but 4.97%
due to the administered doses, mostly mild and linked to
increase in dose and cofactors.52%

Cofactors that lower the reaction threshold must be
considered during the OIT.

Eosinophilic esophagitis is reportedly associated to food
OIT,® although causality remains unclear. In many cases,
EoE was not excluded before therapy. A recent review
reported a 2.7% prevalence of EoE after OIT for milk, pea-
nut, or wheat.

The EAACI OIT guidelines recommend this therapeu-
tic option in children,?%* aged 4-5 years, with persistent
egg allergy, with an evidence level | and recommendation
grade B.” The ITEMS (Identifying, Treating, Educating, and
Managing reaction) Guidelines*>® recommend OIT as an
alternative to the elimination diet (Table 4). The current
trend is to initiate OIT as early as possible.*

The treatment should be accepted by the patient and
their family after providing thorough information about its
risks, benefits, and the importance of continuing mainte-
nance therapy.

There are specific contraindications to initiating the
treatment (Table 5). Coexistence of uncontrolled asthma is
an absolute contraindication,**° as it significantly increases
the risk of anaphylaxis.

OIT with omalizumab (anti-IgE) as an adjuvant

Desensitization is achieved in most patients, but about
20% fail because of allergic reactions.*** OMZ is a human-
ized anti-IgE monoclonal antibody that binds to free IgE,
reducing the expression of high-affinity IgE receptors on
mast cells, basophils, and antigen-presenting cells. When
combined with OIT, OMZ increases the tolerance threshold,
particularly in patients with anaphylaxis or those not pro-
gressing with OIT alone. Studies have demonstrated that
OMZ improves the safety of OIT, reducing adverse reac-
tions and their severity, especially in patients with high IgE
levels. A recent placebo-controlled study confirmed that
combining OIT with OMZ reduces adverse effects and facil-
itates successful treatment completion in previously non-
responsive patients.®

The combination of OMZ and OIT* significantly
increases the tolerated dose of various foods and enhanced

Indications for initiation of oral immunotherapy to egg. (According to the recommendations of the ITEMS Guide.*#)

Indications for initiation of oral immunotherapy to egg (food)

1. People with IgE-mediated egg allergy who maintain clinical reactivity to cooked eggs at 5 years of age.

2. They tolerate cooked eggs, but have symptoms with small amounts of raw or undercooked eggs.

3. Any patient, regardless of age, with poor prognostic factors to achieve spontaneous tolerance and/or risk of serious
reactions could be a candidate to initiate OIT without age limit.
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Table 5 Contraindications to starting oral immunotherapy with food. (Modified from ITEMS Guide recommendations.)

. Non-IgE-mediated egg allergy.

NouUuhAWN-=

staff, and the family environment.

Uncontrolled asthma. It must be controlled before starting OIT.

. Severe atopic dermatitis. It must be controlled before starting OIT.

. Uncontrolled eosinophilic esophagitis. It must be controlled before starting OIT.
. Diseases or treatments that contraindicate the use of adrenaline.

. Family or social situation that may affect compliance with the treatment.
Lack of human and material resources or training to safely address this treatment. It applies to the health center and

8. Inability of guardians to follow rules, identify reactions, and administer treatments (adrenaline).

9. Treatment with immunosuppressants.
10. Inflammatory bowel disease.
11. Mastocytosis. Assess benefit/risk in selected patients

12. Inflammatory bowel disease. Assess benefit/risk in selected patients

desensitization, with improvements in both quality of life
and IgG4 levels (all P < 0.01). However, some patients
relapse when discontinuing OMZ, likely due to the factors
such as symptom severity, sensitization, treatment dura-
tion, and adherence to daily food administration.“¢¢¢” Non-
adherence is a common cause of failure in OIT, accounting
for up to 50% of reactions.”> OMZ is approved in Spain for
allergic asthma, nasal polyposis, and chronic urticaria, and
in the United States for food allergies from 1 year of age,
unlike other indications that start at 6 years of age.*

Prevention of primary and secondary egg allergy

Traditional guidelines advised delaying egg introduction
and avoiding it during breastfeeding. Since the publication
of the Learning Early About Peanut Allergy (LEAP)® and
Enquiring About Tolerance (EAT),% numerous studies have
supported the benefits of early introduction of potentially
allergenic foods—such as egg—into infant’s diet.

Avoiding potentially allergenic foods—such as eggs or
peanuts—during pregnancy, breastfeeding, and early child-
hood may promote the development of food allergies,
rather than prevent them. There is no evidence to prevent
food allergy with avoidance during pregnancy, lactation, or
the first year of life.

The most recent clinical guidelines recommend intro-
ducing hen’s egg between 4 and 6 months of age, depend-
ing on the infant’s developmental readiness. Routine
screening with skin prick tests or specific IgE measurement
is not required prior to introduction.’"3242% Although egg
sensitization is more prevalent in children with atopic der-
matitis and cow’s milk allergy, studies show that up to 69%
of these children exhibit sensitization to eggs even before
their first dietary exposure, with confirmed egg allergy in
approximately 71% of those sensitized. If sensitization is
known, then introduction of egg must be through an OFC
conducted in hospital settings.*

We recommend introducing well-cooked egg white
(e.g., hard-boiled egg) 2- 3 times a week, along with other
fully cooked egg-containing foods.* Once tolerance to
hard-boiled egg is established, progressively less cooked
forms—such as omelets, scrambled eggs, or poached eggs—
could be gradually incorporated into the regular diet.

A key element is maintaining regular and sustained con-
sumption over time, as this supports the development of
long-term tolerance.

Drugs and vaccines containing egg proteins

Preventive vaccines in children with egg allergy
proteins

Severe and anaphylaxis reactions to vaccines are rare but
can occur, regardless of allergy history. All vaccines should
be administered in the settings equipped to manage acute
hypersensitivity reactions.

Viral vaccines produced using chicken embryo cultures
may contain trace amounts of egg proteins. This applies
to vaccines, such as the measles, mumps, and rubella
(MMR), influenza, yellow fever, rabies, certain formu-
lations of hepatitis A, and a few others that are rarely
administered.

MMR (triple viral vaccine)

This vaccine is a live attenuated virus vaccine, cultured
in fibroblasts derived from chicken embryos. The recom-
mendation is that children with egg allergy, even with
prior anaphylaxis, can safely receive the MMR vaccine at
standard centers.” If anaphylaxis followed a previous MMR
dose, future doses should be administered under the super-
vision of a pediatric allergist. Reactions are usually due to
components such as gelatin or neomycin.

Influenza vaccine

Egg allergy does not indicate additional safety measures
for flu vaccination beyond those recommended for a recip-
ient of any vaccine,”"”? regardless of the severity of pre-
vious reaction to egg. The incidence of allergic reactions
following influenza vaccination in egg-allergic individuals
is exceedingly low, as evidenced by the data support-
ing the safety of both inactivated and live attenuated
formulations.
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Current inactivated influenza vaccines produced using egg-
based manufacturing processes contain only trace amounts of
egg protein (less than 1 mcg of OVA per dose; Table 6).”

Yellow fever vaccine

This vaccine contains live attenuated virus, without ther-
mal processing. Yellow fever viruses are cultured in chicken
embryos and can contain significant amounts of egg pro-
teins. It is contraindicated in patients allergic to eggs.""707
If its administration is required, children should undergo
an allergological study and assess its administration in a
hospital center.”0"!

Anti-Rabies vaccine

In some countries, the only commercially available rabies
vaccine is Rabipur, which is cultured in chicken embryo
fibroblasts. This vaccine is contraindicated for individuals
with severe egg allergy. However, given the high lethality
of the disease, there is no absolute contraindication.”®”!
Merieux rabies vaccine does not contain egg in its composi-
tion, but its availability is limited.

Another vaccine containing egg

Hepatitis A vaccine, Epaxal® contains OVA. It is contrain-
dicated in patients having a previous anaphylactic allergic
reaction to eggs or vaccine doses. In such cases, it is rec-
ommended to use vaccines that do not contain eggs, such
as Havrix® or Vaqta®.

Tick-borne Central European encephalitis vaccine

FSME-IMMUN® and Encepur® de GSK: These contain viruses
cultured in chicken embryo fibroblasts. They are of little
use in Spain, and if necessary, the risk-benefit ratio should
be weighed.”®"

Drugs containing egg proteins
Some medications may contain egg-derived proteins in

their composition and should therefore be avoided in chil-
dren with egg allergy.

Table 6
Spain.

Influenza vaccines that are currently available in

Influenza vaccines and their corresponding egg protein
concentrations

Fluarix Tetra: <0.05 mcg/dose
Influvac Tetra: <0.1 mcg/dose
Vaxigrip Tetra: <0.05 mcg/dose
Fluenz Tetra: <0.024 mcg/dose

Lysozyme is an enzyme with bactericidal activity
against anaerobic bacteria, and is obtained from egg
whites, although it can also be produced by biofermen-
tation. Some medications, vitamin preparations, or nasal
drops to relieve congestion contain lysozyme.”> These
lysozyme-containing medicines should be avoided in egg
allergies, especially those applied to mucous membranes
because of their rapid absorption.

Some medications, such as Ferroprotina®, Kilor®,
Syron®, and Profer®, contain OVA, but no allergic reactions
are reported.”

Lecithin is obtained from eggs or soybeans. It is pres-
ent in propofol and lipid emulsions for parenteral nutrition.
Based on the published data, there is no contraindica-
tion for propofol in patients with non-anaphylactic egg
allergy.”#7¢ Patients with a history of anaphylaxis because
of egg might start with a small trial dose of propofol. The
full anesthetic dose can be reached gradually if this is well
tolerated.”™””

Future Perspective

The food allergy approach has changed in last two decades.
There are ongoing studies on food allergy, specifically egg
allergy, new protein components and their relevance, and
new treatments.

Conclusion

Egg allergy is one of the most frequent causes of food
allergy in Spain and globally. It affects the quality of life of
allergic people and their families. New advances in preven-
tion, less restrictive diets, and therapeutic options, such
as the OIT, have opened new perspectives. Therefore, we

must do more research to achieve no-allergy status among
children.

Author Contributions

All authors contributed equally to this manuscript.

Conflict of Interest

The authors had no conflict of interest to declare about
this manuscript.

Funding

None.

References

1. Sicherer SH, Wood RA, Vickery BP, Jones SM, Liu AH,
Fleischer DM, et al. The natural history of egg allergy
in an observational cohort. J Allergy Clin Immunol.
2014;133(2):492-9. https://doi.org/10.1016/j.jaci.2013.12.1041


https://doi.org/10.1016/j.jaci.2013.12.1041�

166 Valdesoiro-Navarrete L et al.
2.  Warren CM, Jiang J, Gupta RS. Epidemiology and burden of 17. NIAID-Sponsored Expert Panel, Boyce JA, Assa’ad A,
food allergy. Curr Allergy Asthma Rep. 2020 Feb 14;20(2):6. Burks AW, Jones SM, Sampson HA, et al. Guidelines for the
https://doi.org/10.1007/511882-020-0898-7 diagnosis and management of food allergy in the United
3. Jutel M, Agache |, Zemelka-Wiacek M, Akdis M, Chivato T, States: Report of the NIAID-sponsored expert panel. J
del Giacco S, et al. Nomenclature of allergic diseases and Allergy Clin Immunol. 2010;126(6 Suppl):51-58. https://doi.
hypersensitivity reactions: Adapted to modern needs: An org/10.1016/j.jaci.2010.10.007
EAACI position paper. Allergy Eur J Allergy Clin Immunol. 18. Savage J, Sicherer S, Wood R. The natural history of food
2023;78(11):2851-74. allergy. J Allergy Clin Immunol Pract. 2016;4:196-203.
4. Ojeda P, lbanez MD, Olaguibel JM, Sastre J, Chivato T, https://doi.org/10.1016/j.jaip.2015.11.024
Investigators Participating in the National Survey of the 19. Nakamura T, Nakano T, Simpson A, Kono M, Curtin JA,
Spanish Society of Allergology and Clinical Immunology Kobayashi T, et al. Trajectories of egg sensitization in
Alergologica 2015. Alergologica 2015: A national survey childhood: Two birth cohorts in Asia and Europe. Allergy.
on allergic diseases in the Spanish pediatric population. J 2025;80(1):193-204. https://doi.org/10.1111/all.16264
Investig Allergol Clin Immunol. 2018 Oct;28(5):321-9. https:// 20. Dramburg S, Hilger C, Santos AF, de Las Vecillas L,
doi.org/10.18176/jiaci.0308 Aalberse RC, Acevedo N. EAACI Molecular Allergology
5. Xepapadaki P, Fiocchi A, Grabenhenrich L, Roberts G, User’s Guide 2.0. Pediatr Allergy Immunol. 2023;34(Suppl
Grimshaw KEC, Fiandor A, et al. Incidence and natural his- 28):e13854.
tory of hen’s egg allergy in the first 2 years of life—The Euro 21. Kovacs-Nolan J, Phillips M, Mine Y. Advances in the value
Prevall birth cohort study. Allergy. 2016;71:350-7. https:// of eggs and egg components for human health [Internet].
doi.org/10.1111/all.12801 J Agric Food Chem. 2005;53(22):8421-31. https://doi.
6. SamadyW, Warren C, Wang J, Das R, GuptaRS. Egg allergy in US org/10.1021/jf05096 4f
children. J Allergy Clin Immunol Pract. 2020;8(9):3066-73.e6. 22. Caubet JC, Kondo Y, Urisu A, Nowak-Wegrzyn A.
https://doi.org/10.1016/j.jaip.2020.04.058 Molecular diagnosis of egg allergy. Curr Opin Allergy
7. Crespo JF, Pascual C, Burks AW, Helm RM, Esteban MM. Clin  Immunol. 2011;11(3):210-5. https://doi.org/10.1097/
Frequency of foodallergy in a pediatric population from ACI.0b013e3283464d1b
Spain. Pediatr Allergy Immunol. 1995;6(1):39-43. https://doi. 23. Lunhuia H, Yanhongb S, Shaoshenc L, Huijingd B, Yundeb L,
org/10.1111/.1399-3038.1995.tb00256.x Huigiangb L. Component resolved diagnosis of eggyolk is an
8. Alvaro M, Garcia-Paba MB, Giner MT, Piquer M, Dominguez O, indispensable part of egg allergy. Allergol Immunopathol.
Lozano J, et al. Tolerance to egg proteins in egg- 2021;49:6-14. https://doi.org/10.15586/aei.v49i2.31
sensitized infants without previous consumption. Allergy. 24. Amo A, Rodriguez-Pérez R, Blanco J, Villota J, Juste S,
2014;69(10):1350-6. https://doi.org/10.1111/all.12483 Moneo |, et al. Gal d 6 is the second allergen characterized
9. Martorell A, Plaza AM, Boné J, Nevot S, Garcia Ara MC, from egg yolk. Agric Food Chem. 2010;58:7453-7. https://doi.
Echeverria L, et al. Cow’s milk protein allergy. A org/10.1021/jf101403h
multi-centre study: Clinical and epidemiological aspects. 25. Szépfalusi Z, Ebner C, Pandjaitan R, Orlicek F, Scheiner O,
Allergol  Immunopathol.  2006;34(2):46-53.  https://doi. Boltz-Nitulescu G, et al. Egg yolk alpha-livetin (chicken serum
org/10.1157/13086746 albumin) is a cross-reactive allergen in the bird-egg syn-
10. Garcia C, El-Qutob D, Martorell A, Febrer I, Rodriguez M, drome [Internet]. J Allergy Clin Immunol. 1994;93(5):932-42.
Cerda JC, et al. Sensitization in early age to food allergens https://doi.org/10.1016/0091-6749(94)90388-3
in children with atopic dermatitis. Allergol Immunopathol 26. de Blay F, Hoyet C, Candolfi E, Thierry R, Pauli G.
(Madr). 2007;35(1):15-20. https://doi.org/10.1157/13099090 Identification of alpha-livetin as a cross reacting allergen in
11.  Monti G, Muratore MC, Peltran A, Bonfante G, Silvestro L, a bird-egg syndrome. Allergy Proc. 1994;15(2):77-8. https://
Oggero R, et al. High incidence of adverse reactions to egg doi.org/10.2500/108854194778703017
challenge on first known exposure in young atopic dermatitis 27. Quirce S, Maranon F, Umpiérrez A, de las Heras M, Fernandez-
children: Predictive value of skin prick test and radioallergosor- Caldas E, Sastre J. Chicken serum albumin (Gal d 5°) is a par-
bent test to egg proteins. Clin Exp Allergy. 2002;32(10):1515- tially heat-labile inhalant and food allergen implicated in the
9. https://doi.org/10.1046/j.1365-2745.2002.01454.x bird-egg syndrome [Internet]. Allergy. 2001;56(8):754-62.
12. Clark A, Islam S, King Y, Deighton J, Szun S, Anagnostou K, https://doi.org/10.1034/j.1398-9995.2001.056008754.x
et al. A longitudinal study of resolution of allergy to well- 28. Boyano-Martinez T, Garcia-Ara C, Diaz-Pena JM, Martin-
cooked and uncooked egg. Clin Exp Allergy. 2011;41(5):706- Esteban M. Prediction of tolerance on the basis of quantifica-
12. https://doi.org/10.1111/j.1365-2222.2011.03697.x tion of egg white-specific IgE antibodies in children with egg
13. Montesinos E, Martorell A, Félix R, Cerda JC. Egg white allergy. J Allergy Clin Immunol. 2002;110:304-9. https://doi.
specific IgE levels in serum as clinical reactivity pre- org/10.1067/mai.2002.126081
dictors in the course of egg allergy follow-up. Pediatr 29. Martorell A, Alonso E, Boné J, Echeverria L, Lopez MC,
Allergy Immunol. 2010 Jun;21(4 Pt 1):634-9. https://doi. Martin F, et al. Position document: IgE-mediated allergy
org/10.1111/j.1399-3038.2009.00940.x to egg protein. Allergol Immunopathol. 2013;41(5):320-36.
14. Alonso Lebrero E, Fernandez Moya L, SomozaAlvarez ML. https://doi.org/10.1016/j.aller.2013.03.005
Alergia a leche y huevo en children. Alergol Inmunol Clin. 30. Muraro A, Halken S, Arshad SH, Beyer K, Dubois AE, Du Toit G,
2001;16:96-115. et al. EAACI Food Allergy and Anaphylaxis Guidelines Group.
15. Boyano-Martinez T, Garcia-Ara C, Diaz-Pena JM, Martin- EAACI food allergy and anaphylaxis guidelines. Primary pre-
Esteban M. Prediction of tolerance on the basis of quantifica- vention of food allergy. Allergy. 2014;69(5):590-601. https://
tion of egg white-specific IgE antibodies in children with egg doi.org/10.1111/all.12398
allergy. J Allergy Clin Immunol. 2002;110(2):304-9. https:// 31. Halken S, Muraro A, de Silva D, Khaleva E, Angier E, Arasi S,
doi.org/10.1067/mai.2002.126081 et al. European Academy of Allergy and Clinical Immunology
16. Garcia Ara MC, Boyano Martinez T, Martin Estaban M, Food Allergy and Anaphylaxis Guidelines Group. EAACI guide-

Martin Mufoz E, Diaz Pena JM, Ojeda Casas JA. Therapeutic
approach to and prognosis of food allergy. Allergol
Immunopathol. 1996;24(Suppl 1):31-5.

line: Preventing the development of food allergy in infants
and young children (2020 update). Pediatr Allergy Immunol.
2021;32(5):843-58. https://doi.org/10.1111/pai.13496


https://doi.org/10.1016/j.jaci.2010.10.007�
https://doi.org/10.1016/j.jaci.2010.10.007�
https://doi.org/10.1016/j.jaip.2015.11.024�
https://doi.org/10.1111/all.16264�
https://doi.org/10.1021/jf050964f�
https://doi.org/10.1021/jf050964f�
https://doi.org/10.1097/ACI.0b013e3283464d1b�
https://doi.org/10.1097/ACI.0b013e3283464d1b�
https://doi.org/10.15586/aei.v49i2.31�
https://doi.org/10.1021/jf101403h�
https://doi.org/10.1021/jf101403h�
https://doi.org/10.1016/0091-6749(94)90388-3�
https://doi.org/10.2500/108854194778703017�
https://doi.org/10.2500/108854194778703017�
https://doi.org/10.1034/j.1398-9995.2001.056008754.x�
https://doi.org/10.1067/mai.2002.126081�
https://doi.org/10.1067/mai.2002.126081�
https://doi.org/10.1016/j.aller.2013.03.005�
https://doi.org/10.1111/all.12398�
https://doi.org/10.1111/all.12398�
https://doi.org/10.1111/pai.13496�
https://doi.org/10.1007/s11882-020-0898-7�
https://doi.org/10.18176/jiaci.0308�
https://doi.org/10.18176/jiaci.0308�
https://doi.org/10.1111/all.12801�
https://doi.org/10.1111/all.12801�
https://doi.org/10.1016/j.jaip.2020.04.058�
https://doi.org/10.1111/j.1399-3038.1995.tb00256.x�
https://doi.org/10.1111/j.1399-3038.1995.tb00256.x�
https://doi.org/10.1111/all.12483�
https://doi.org/10.1157/13086746�
https://doi.org/10.1157/13086746�
https://doi.org/10.1157/13099090�
https://doi.org/10.1046/j.1365-2745.2002.01454.x�
https://doi.org/10.1111/j.1365-2222.2011.03697.x�
https://doi.org/10.1111/j.1399-3038.2009.00940.x�
https://doi.org/10.1111/j.1399-3038.2009.00940.x�
https://doi.org/10.1067/mai.2002.126081�
https://doi.org/10.1067/mai.2002.126081�

IgE-mediated egg allergy

167

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

44,

45.

46.

Zhang S, Sicherer S, Berin MC, Agyemang A. Pathophysiology
of non-IgE-mediated food allergy. Immunotargets Ther.
2021;10:431-46. https://doi.org/10.2147/1TT.5284821

Santos AF, Riggioni C, Agache |, Akdis CA, Akdis M, Alvarez-
Perea A, et al. EAACI guidelines on the diagnosis of IgE-
mediated food allergy. Allergy. 2023;78(12):3057-76. https://
doi.org/10.1111/all.15906

Echeverria Zudaire L, Garcia Magan C, del Rio Camacho G.
Alergia a huevo de gallina. Protocdiagn ter pediatr.
2019;2:217-35.

Sampson HA, Arasi S, Bahnson HT, Ballmer-Weber B,
Beyer K, Bindslev-Jensen C, et al. AAAAI-EAACI PRACTALL:
Standardizing oral food challenges-2024 Update. Pediatr
Allergy Immunol. 2024;35(11):e14276. https://doi.org/10.1111/
pai.14276

Bird JA, Leonard S, Groetch M, Assa’ad A, Cianferoni A,
Clark A, et al. Conducting an oral food challenge: An
update to the 2009 Adverse Reactions to Foods Committee
Work Group Report. J Allergy Clin Immunol Pract. 2020 Jan
1;8(1):75-90.e17. https://doi.org/10.1016/j.jaip.2019.09.029
Bindslev-Jensen C, Ballmer-Weber BK, Bengtsson U, Blanco C,
Ebner C, Hourihane J, et al. Standardization of food chal-
lenges in patients with immediate reactions to foods—
Position paper from the European Academy of Allergology
and Clinical Immunology. Allergy. 2004;59(7):690-7. https://
doi.org/10.1111/.1398-9995.2004.00466.x

Anagnostou A, Lieberman J, Greenhawt M, Mack DP,
Santos AF, Venter C, et al. The future of food allergy:
Challenging existing paradigms of clinical practice. Allergy.
2023;78(7):1847-65. https://doi.org/10.1111/all.15757
Zuberbier T, Wood RA, Bindslev-Jensen C, et al. Omalizumab
in IgE-mediated food allergy: A systematic review and
meta-analysis. J Allergy Clin Immunol Pract. 2023;11(4):
1134-46. https://doi.org/10.1016/j.jaip.2022.11.036
Ayats-Vidal R, Riera-Rubi6 S, Valdesoiro-Navarrete L, Garcia-
Gonzalez M, Larramona-Carrera, et al. Long-term outcome
of omalizumab-assisted desensitisation to cow’s milk and
eggs in patients refractory to conventional oral immunother-
apy: Real-life study. Allergol Immunopathol. 2022;50(3):1-7.
https://doi.org/10.15586/aei.v50i3.537

Gamirova A, Berbenyuk A, Levina D, Peshko D, Simpson MR,
et al. Food proteins in human breast milk and probabil-
ity of IgE-mediated allergic reaction in children during
breast feeding: A systematic review. J Allergy Clin Immunol
Pract. 2022;10(5):1312-24.e8. https://doi.org/10.1016/j.jaip.
2022.01.028

lerodiakonou D, Garcia-Larsen V, Logan A, Groome A,
Cunha S, Chivinge J, et al. Timing of allergenic food intro-
duction to the infant diet and risk of allergic or autoim-
mune disease: A systematic review and meta-analysis. JAMA
2016;316:1181-92. https://doi.org/10.1001/jama.2016.12623
Natsume O, Kabashima S, Nakazato J, Yamamoto-Hanada K,
Narita M, Kondo M, et al. Two-step egg introduction for
prevention of egg allergy in high-risk infants with eczema
(PETIT): A randomised, double-blind, placebo-controlled
trial. Lancet. 2017;389:276-86. https://doi.org/10.1016/
S0140-6736(16)31418-0

Palmer DJ, Sullivan TR, Gold MS, Prescott SL, Makrides M.
Randomized controlled trial of early regular egg intake to
prevent egg allergy. J Allergy Clin Immunol. 2017;139:1600-
07.e2. https://doi.org/10.1016/j.jaci.2016.06.052

Boyano T, Garcia-Ara C, Larco J, Cuevas T, Diaz-Pena J,
Quirce S. Accidental allergic reactions (AAR) in children with
egg allergy (EA) [Internet]. J Allergy Clin Immunol. 121:5243-3.
https://doi.org/10.1016/j.jaci.2007.12.963

Morisset M, Moneret-Vautrin DA, Kanny G, Guénard L,
Beaudouin E, Flabbée J, et al. Thresholds of

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

clinical reactivity to milk, egg, peanut and sesame in
immunoglobulin E-dependent allergies: Evaluation by dou-
ble-blind or single-blind placebo-controlled oral chal-
lenges. Clin Exp Allergy. 2003;33(8):1046-51. https://doi.
org/10.1046/j.1365-2222.2003.01734.x

Bindslev-Jensen C, Briggs D, Osterballe M. Can we determine
a threshold level for allergenic foods by statistical analysis
of published data in the literature? Allergy. 2002;57(8):741-6.
https://doi.org/10.1034/.1398-9995.2002.23797.x
Martorell-Calatayud C, Michavila-Gomez A, Martorell-
Aragonés A, et al. Anti-IgE-assisted desensitization to egg
and cow’s milk in patients refractory to conventional oral
immunotherapy. Pediatr Allergy Immunol. 2016;27(5):544-6.
https://doi.org/10.1111/pai.12567

Martorell A, Alonso E, Echeverria L, et al. Expert panel
selected from members of the Spanish Societies of Pediatric
Allergology, Asthma and Clinical Immunology (SEICAP) and
Allergology and Clinical Immunology (SEAIC). Oral immuno-
therapy for food allergy: A Spanish guideline. Immunotherapy
egg and milk Spanish guide (items guide). Part I: Cow milk
and egg oral immunotherapy: Introduction, methodology,
rationale, current state, indications contraindications, and
oral immunotherapy build-up phase. Allergol Immunopathol
(Madr). 2017;45(4):393-404. https://doi.org/10.1016/j.aller.
2017.05.001

Martorell A, Alonso E, Echeverria L, Escudero C, Garcia-
Rodriguez R, Expert Panel Selected from Members of the
Spanish Societies of Pediatric Allergology, Asthma and
Clinical Immunology (SEICAP) and Allergology and Clinical
Immunology (SEAIC). Oral immunotherapy for food allergy:
A Spanish guideline. Egg and milk immunotherapy Spanish
guide (ITEMS GUIDE). Part 2: Maintenance phase of cowmilk
(CM) and egg oral immunotherapy (OIT), special treatment
dosing schedules. Models of dosing schedules of OIT with
CM and EGG. Allergol Immunopathol. 2017;45(5):508-518.
https://doi.org/10.18176/jiaci.0178

Peters RL, Dang TD, Allen KJ. Specific oral toleranceinduc-
tion in childhood. Pediatr Allergy Immunol. 2016; 27:784-94.
https://doi.org/10.1111/pai.12620

Martin-Muiioz MF, Belver MT, Alonso Lebrero E, Zapatero
Remon L, Fuentes, Aparicio V, Piquer Gibert M, et al. Egg oral
immunotherapy in children (SEICAP |): Daily or weekly desen-
sitization pattern. Pediatr Allergy Immunol. 2019;30:81-92.
https://doi.org/10.1111/pai.12974

Keet CA, Seopaul S, Knorr S, NarisetyS,Skripak J, Wood RA.
Long-term follow-up of oral immunotherapy for cow’s milk
allergy. J Allergy Clin Immunol. 2013:132:737-9. https://doi.
org/10.1016/j.jaci.2013.05.006

Romantsik O, Bruschettini M, Tosca MA, Zappettini S,
Della Casa Alberighi O et al. Oral and sublingual immuno-
therapy for egg allergy. Cochrane Database Syst Rev. 2014
Nov  18;11:CD010638.  https://doi.org/10.1002/14651858.
CD010638.pub2

Pajno GB, Fernandez-Rivas M, Arasi S, Roberts G, Akdis CA,
Alvaro-Lozano M, et al. EAACI Guidelines on allergen immuno-
therapy: IgE-mediated food allergy. Allergy. 2018;73:799-815.
https://doi.org/10.1111/all.13319

Martin-Muiioz MF, Alonso Lebrero E, Zapatero L, Fuentes
Aparicio V, Piquer Gibert M, Plaza Martin AM, et al. Egg
OIT in clinical practice (SEICAP Il): Maintenance patterns
and desensitization state after normalizing the diet. Pediatr
Allergy Immunol. 2019;30:214-24. https://doi.org/10.1111/
pai.13002

Akdis M, Akdis CA. Mechanisms of allergen-specific immuno-
therapy: Multiple suppressor factors at work in immune tol-
erance to allergens. J Allergy Clin Immunol. 2014;133:621-31.
https://doi.org/10.1016/j.jaci.2013.12.1088


https://doi.org/10.1046/j.1365-2222.2003.01734.x�
https://doi.org/10.1046/j.1365-2222.2003.01734.x�
https://doi.org/10.1034/j.1398-9995.2002.23797.x�
https://doi.org/10.1111/pai.12567�
https://doi.org/10.1016/j.aller.2017.05.001�
https://doi.org/10.1016/j.aller.2017.05.001�
https://doi.org/10.18176/jiaci.0178�
https://doi.org/10.1111/pai.12620�
https://doi.org/10.1111/pai.12974�
https://doi.org/10.1016/j.jaci.2013.05.006�
https://doi.org/10.1016/j.jaci.2013.05.006�
https://doi.org/10.1002/14651858.CD010638.pub2�
https://doi.org/10.1002/14651858.CD010638.pub2�
https://doi.org/10.1111/all.13319�
https://doi.org/10.1111/pai.13002�
https://doi.org/10.1111/pai.13002�
https://doi.org/10.1016/j.jaci.2013.12.1088�
https://doi.org/10.2147/ITT.S284821�
https://doi.org/10.1111/all.15906
https://doi.org/10.1111/all.15906
https://doi.org/10.1111/pai.14276�
https://doi.org/10.1111/pai.14276�
https://doi.org/10.1016/j.jaip.2019.09.029�
https://doi.org/10.1111/j.1398-9995.2004.00466.x�
https://doi.org/10.1111/j.1398-9995.2004.00466.x�
https://doi.org/10.1111/all.15757�
https://doi.org/10.1016/j.jaip.2022.11.036�
https://doi.org/10.15586/aei.v50i3.537�
https://doi.org/10.1016/j.jaip.2022.01.028�
https://doi.org/10.1016/j.jaip.2022.01.028�
https://doi.org/10.1001/jama.2016.12623�
https://doi.org/10.1016/S0140-6736(16)31418-0�
https://doi.org/10.1016/S0140-6736(16)31418-0�
https://doi.org/10.1016/j.jaci.2016.06.052�
https://doi.org/10.1016/j.jaci.2007.12.963�

168

Valdesoiro-Navarrete L et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Berin MC, Sicherer S. Food allergy: Mechanisms and thera-
peutics. Curr Opin Immunol. 2011;23:794-800. https://doi.
org/10.1016/j.c0i.2011.08.010

Berin MC. Future therapies for IgE-mediated food allergy.
Curr Pediatr Rep. 2014;2:119-26. https://doi.org/10.1007/
s40124-014-0041-0

Keet CA, Wood RA. Emerging therapies for food allergy. J
Clin Invest. 2014;124:1880. https://doi.org/10.1172/JCI72061
Vazquez-Ortiz M, Turner PJ. Improving the safety of oral
immunotherapy for food allergy. Pediatr Allergy Immunol.
2016;27:117-25. https://doi.org/10.1111/pai.12510

Dello lacono |, Tripodi S, Calvani M, Panetta V, Verga MC,
Miceli Sopo S. Specific oral tolerance induction with raw
hen’s egg in children with very severe egg allergy: A random-
ized controlled trial. Pediatr Allergy Immunol. 2013;24:66-74.
https://doi.org/10.1111/j.1399-3038.2012.01349.x

Lucendo AJ, Arias A, Tenias JM. Relation between eosino-
philic esophagitis and oral immunotherapy for food allergy:
a systematic review with meta-analysis. Ann Allergy
Asthma Immunol. 2014;113:624-9. https://doi.org/10.1016/].
anai.2014.08.004

Soller L, Chan ES, Cameron SB, Abrams EM, Kapur S, Carr SN,
et al. Oral immunotherapy should play a key role in preschool
food allergy management. Clin Exp Allergy. 2025;55(4):294-
306. https://doi.org/10.1111/cea.70013

Wood RA, Kim JS, Lindblad R, Nadeau K, Henning AK,
Dawson P, et al. A randomized, double-blind, placebo-
controlled study of omalizumab combined with oral immu-
notherapy for the treatment of cow’s milk allergy. J Allergy
Clin  Immunol. 2016;137:1103-10. https://doi.org/10.1016/j.
jaci.2015.10.005

Martorell-Calatayud C, Michavila-Gémez A, Martorell-
Aragonés A, Molini-Menchon N, Cerda-Mir JC, Félix-Toledo R,
et al. Anti-IgE-assisted desensitization to egg and CM in
patients refractory to conventional oral immunother-
apy. Pediatr Allergy Immunol. 2016;27:544-6. https://doi.
org/10.1111/pai.12567

Zuberbier T, Muraro A, Nurmatov U, Arasi S, Stevanovic K,
Anagnostou A, et al. GA2LEN ANACARE consensus statement:
Potential of omalizumab in food allergy management. Clin
Transl Allergy. 2024;14(11):e70002. https://doi.org/10.1002/
clt2.70002

Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S,
Santos AF, et al. Randomized trial of peanut consumption in

69.

70.

71.

72.

73.

74.

75.

76.

77.

infantsat risk for peanut allergy. NEngl JMed. 2015;372:803-13.
https://doi.org/10.1056/NEJMoa1414850

Perkin MR, Logan K, Marrs T, Radulovic S, Craven J, Flohr C,
et al. Enquiring about tolerance (EAT) study: Feasibility of
an early allergenic food introduction regimen. J Allergy Clin
Immunol. 2016;137(5):1477-86.e8. https://doi.org/10.1016/j.
jaci.2015.12.1322

Echeverria-Zudaire LA, Ortigosa-del Castillo L, Alonso-
Lebrero E, Alvarez-Garcia FJ, Cortés-Alvarez N, Garcia-
Sanchez N, et al. Consensus document on the approach to
children with allergic reactions after vaccination or allergy to
vaccine components. Allergol Immunopathol. 2015;43(3):304-
25. https://doi.org/10.1016/j.aller.2015.01.004

Comité Asesor de Vacunas (CAV-AEP). Manual de
Inmunizaciones en linea de la AEP [Internet]. Madrid: AEP;
2025. [consultado el 10 May 2025]. Disponible en: http://
vacunasaep.org/documentos/manual/manual-de-vacunas
Turner PJ, Southern J, Andrews NJ, Miller E, Erlewyn-
Lajeunesse M; SNIFFLE Study Investigators. Safety of live
attenuated influenza vaccine in atopic children with egg
allergy. J Allergy Clin Immunol. 2015;136(2):376-81. https://
doi.org/10.1016/j.jaci.2014.12.1925

Venturini Diaz M, Vidal Oribe |, D’Elia Torrence D,
Hernandez Alfonso P, Alarcon Gallardo E. New challenges
in drug allergy: The resurgence of excipients. Curr Treat
Options Allergy. 2022;9(3):273-91. https://doi.org/10.1007/
s40521-022-00313-6

Martinez S, Lasa EM, Joral A, Infante S, Perez R, Ibanez MD,
et al. Recommendations for the use of propofol in egg-aller-
gic patients. J Investig Allergol Clin Immunol. 2019;29(1):72-
74. https://doi.org/10.18176/jiaci.0337

Garvey LH, Ebo DG, Mertes PM, Dewachter P, Garcez T,
Kopac P, et al. An EAACI position paper on the investiga-
tion of perioperative immediate hypersensitivity reactions.
Allergy. 2019;74(10):1872-84. https://doi.org/10.1111/all.13820
Sommerfield DL, Lucas M, Schilling A, Drake-Brockman TFE,
Sommerfield A, Arnold A, et al. Propofoluse in children
with allergies to egg, peanut, soybean or other legumes.
Anaesthesia. 2019;74(10):1252-59. https://doi.org/10.1111/
anae.14693

Bagley L, Kordun A, Sinnott S, Lobo K, Cravero J. Food
allergy history and reaction to propofol administration
in a large pediatric population. Paediatr Anaesth. 2021
May;31(5):570-577.


https://doi.org/10.1056/NEJMoa1414850�
https://doi.org/10.1016/j.jaci.2015.12.1322�
https://doi.org/10.1016/j.jaci.2015.12.1322�
https://doi.org/10.1016/j.aller.2015.01.004�
http://vacunasaep.org/documentos/manual/manual-de-vacunas�
http://vacunasaep.org/documentos/manual/manual-de-vacunas�
https://doi.org/10.1016/j.jaci.2014.12.1925�
https://doi.org/10.1016/j.jaci.2014.12.1925�
https://doi.org/10.1007/s40521-022-00313-6�
https://doi.org/10.1007/s40521-022-00313-6�
https://doi.org/10.18176/jiaci.0337�
https://doi.org/10.1111/all.13820�
https://doi.org/10.1111/anae.14693�
https://doi.org/10.1111/anae.14693�
https://doi.org/10.1016/j.coi.2011.08.010�
https://doi.org/10.1016/j.coi.2011.08.010�
https://doi.org/10.1007/s40124-014-0041-0�
https://doi.org/10.1007/s40124-014-0041-0�
https://doi.org/10.1172/JCI72061�
https://doi.org/10.1111/pai.12510�
https://doi.org/10.1111/j.1399-3038.2012.01349.x�
https://doi.org/10.1016/j.anai.2014.08.004�
https://doi.org/10.1016/j.anai.2014.08.004�
https://doi.org/10.1111/cea.70013�
https://doi.org/10.1016/j.jaci.2015.10.005�
https://doi.org/10.1016/j.jaci.2015.10.005�
https://doi.org/10.1111/pai.12567�
https://doi.org/10.1111/pai.12567�
https://doi.org/10.1002/clt2.70002�
https://doi.org/10.1002/clt2.70002�

	_heading=h.ydg2gw8i78nv
	_heading=h.h4pgpxlhk7rb

