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ABSTRACT

Egg hypersensitivity is the second most common food allergy with a prevalence of up to 1.7% and the discovery of information
about egg allergy is ongoing. This review aims to summarize the current understanding of the allergens involved, natural
history, clinical presentation, diagnostic strategies, treatment options, egg-containing vaccine guidelines, and future therapies
for health care providers in managing egg hypersensitivity. Recent clinically applicable articles are reviewed for the allergist
as an update for the state of the art management of egg allergy. Approximately 70% of children will outgrow egg allergy by
16 years of age and children are able to tolerate well-cooked eggs sooner than uncooked eggs. Egg-specific IgE of >50 kiLl /L
can be used as a predictor for persistent egg allergy. Double-blind placebo-controlled food challenges are still the gold standard
for diagnosis. Oral immunotherapy trials still are not generalizable for routine clinical practice, but the influenza vaccine can
be given to most egg-allergic patients. Allergists can now educate, diagnose, and manage egg-allergic patients with state-of-

the-art information to improve patient’s quality of life as never before.
(Allergy Asthma Proc 34:26-32, 2013; doi: 10.2500/aap.2013.34.3621)

ood allergy is increasing in prevalence and affects
2-10% of the pediatric population in the United
States.! Physicians diagnose food allergy based on clinical
history, laboratory data, and oral food challenges.” Novel
diagnostic methods, such as evaluating the immune sys-
tem’s response to food proteins, may add to the accuracy
of djagnosis.2 In IgE-mediated food-allergic reactions,
80% are initiated by cow’s milk, egg, soy, peanut, wheat,
and tree nuts.® Egg allergy is the second most common
food allergy with a prevalence of up to 1.7% of children
and adults in available studies involving double-blind
placebo-controlled food challenges (DBPCFCs).* The dis-
covery of information on egg allergy is ongoing and this
article aims to summarize the current understanding of
the allergens involved, natural history, clinical presenta-
tion, diagnostic strategies, treatment options, egg-con-
taining vaccine guidelines, and future therapies for health
care providers in managing egg hypersensitivity.

EGG ALLERGENS

Egg white and egg yolk both contain clinically relevant
allergens. Five are considered to be of most importance
and are named Gallus domesticus 1-5 (Gal d 1-5). Ovomu-
coid (Gal d 1) is the major allergen found in egg white
and chicken serum albumin, also known as a-livetin, (Gal
d 5) is the immunodominant protein in egg yolk.>®
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Ovalbumin (Gal d 2) comprises 54% of egg white but is
not as immunogenic as ovomucoid, which makes up only
11% of egg white.

Food processing can alter the allergenicity of egg pro-
teins by altering the binding sites for IgE. IgE antibodies
may recognize two forms of allergenic epitopes. The first
is a conformational site that is made by the folding of
proteins. This results in specific amino acids that are in
close proximity to each other forming a binding cleft for
the specific IgE antibody. The second is a sequential site
composed of linear amino acids in which a specific IgE
antibody binds.” Heating or baking denatures the protein,
leading to the loss of conformational epitopes. Therefore,
heat-labile proteins are of reduced allergenicity.”

Ovalbumin (Gal d 2) is heat labile, and ovomucoid {Gal
d 1) is heat resistant. This explains why even though
ovalbumin is more prevalent in egg white, it has the least
allergenicity.”™ Gal d 3-5 (ovotransferrin, lysozyme, and
a-livetin) are also all heat labile.” In sera of patients with
egg allergy, no significant difference was found in con-
formational and linear egg white—specific IgE binding.”
However, those with persistent egg allergy had higher
ovomucoid-specific IgE to linear epitopes.”” The data
suggest that ovomucoid conformational and linear
epitopes are both important and that different pheno-
types exist among children with egg allergy.’ Children
who generate IgE antibodies directed primarily to con-
formational epitopes of ovomucoid in egg white and
caseins in cow’s milk are likely to have transient allergy;
in one study, those with IgE antibodies directed primarily
at sequential epitopes were noted to have a more persis-
tent allergy."

NATURAL HISTORY

Egg allergy is typically identified in infancy and can
manifest with hives, wheezing, acute vomiting, and
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Table 1 Natural history of egg allergy

Author Subjects Determination of Tolerance Age of Tolerance Percent
Tolerant
Boyano-Martinez 58 Children, mean age Challenge test lyr 16
et al® of 16 mo (11-24 mo) 2yr 28
3yr 52
4yr 57
5yr 66
Savage et al.'® 881 Children, median  Tolerating concentrated egg by 4yr 4
age of 14 mo, history and/or challenge 6 yr 12
follow-up 4.9 yr 10 yr 37
16 yr 68
Clark et al."” 95 Children, median ~ Open challenges with Well cooked 5.3 yr NA
age of 12 mo Z\éeél-cookgd and uncooked Uncooked 103 yr
Challenge to well cooked 8 yr 66
13 yr 96
Challenge to uncooked 6yr 32
12 yr 62

anaphylaxis.>'" Egg-allergic patients can develop ev-
ery disease of the allergic march including eczema,
aeroallergen sensitization, and asthma.'™*® The initial
egg allergy studies were completed in the 1980s and
concluded that those with egg allergy developed tol-
erance by early school age.'* A more recent study
found that, of children who had a diagnosis of egg
allergy before 2 years of age, ~66% outgrew their egg
allergy within 3 years from onset of symptoms.’® The
latest natural history study by Savage et al.'® included
881 egg-allergic patients referred to a tertiary center.
The authors observed that 4% of the study population
would outgrow egg allergy by 4 years of age, 12% by 6
years, 37% by 10 years, and 68% by 16 years of age.'®
This report indicated that most children would likely
not outgrow their egg allergy by early school age as
previously reported, but, instead, had a longer pro-
gression to egg allergy resolution with the majority
tolerating egg by the late teen years. Factors that led to
the delay in resolution included a history of asthma,
allergic rhinitis, and other food allergies.16 However, in
this study, a large number of these children were di-
agnosed without food challenge with only evidence of
sensitization so the results may not be generalizable to
all children with challenge-proven egg allergy. Inter-
estingly, Savage et al.'® did not find a significant dif-
ference in the time of resolution between the patients
who had clinical symptoms with egg ingestion and
those who were diagnosed with egg sensitization
based on an elevated egg-specific IgE alone.

Baked or well-cooked egg (350°F for 20 minutes)'”*
ingestion has the potential effect of hastening develop-
ment of tolerance in egg-allergic patients.'” Clark
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et al.'® conducted a longitudinal study from 2004 to
2010 in which children underwent challenge with well-
cooked egg and if negative, uncooked egg. These chil-
dren had repeat annual challenges. It was found that
tolerance to well-cooked egg was achieved approxi-
mately twice as fast as tolerance to uncooked egg with
the median age at tolerance of 5 and 10 years for
well-cooked and uncooked egg, respectively (Table 1.)
A prospective study was performed in egg-allergic
children who tolerated egg-containing muffins and
waffles and introduced egg into their diet versus egg-
allergic children who did not tolerate egg-containing
baked goods and were challenged with baked goods
yearly.”” The baked egg-tolerant group was three
times more likely to develop regular egg tolerance than
those who were not initially tolerant of baked egg.
Also, the group eating baked goods was 14 times more
likely to develop tolerance to regular egg when com-
pared with a nonintervention comparison group. The
median age of the development of tolerance in these
two groups was 22.0 months versus 66.7 months, re-
spectively (p < 0.0001).”Immunologic changes noted
in children who tolerate baked egg include increased
IgG4 antibody levels and decreases in skin-prick test-
ing (SPT) wheal 3%

CLINICAL PRESENTATION

Egg allergy has been identified as an illness of young
children with mild-to-moderate reactions and very few
anaphylactic reactions. From 1990 to 2005, egg ac-
counted for 7% of fatal anaphylaxis.® Two children
who died were <2 years of age.>*' The majority of
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patients present with cutaneous manifestations such as
eczema exacerbation, angioedema, or urticaria. About
two-thirds of patients with egg allergy present with
gastrointestinal symptoms, and about one-third pres-
ent with respiratory complaints.'® Each episode varies
in severity, and a history of a mild reaction in the past
does not negate the possibility of a severe reaction in
the future or vice versa.*?

DIAGNOSTIC STRATEGIES

The diagnosis of egg allergy must always include a
detailed clinical history, but objective measures (egg-
specific IgE, SPT, and oral food challenge) have shown
to be reliable and help predict prognosis." A physi-
cian’s decision to incorporate one test over another or
in a specific order may be based on several variables. A
specific IgE value may also be advantageous in pa-
tients with a history of suspected reactivity, and sig-
nificant dermatographism or eczema, who are unable
to discontinue antihistamines, or who have exquisite
sensitivity to the food in question in which an SPT
would elicit a large cutaneous response, causing pro-
longed patient discomfort.® A DBPCFC is generally
not indicated for diagnosis in a patient with a history
strongly suggestive of anaphylaxis.’

Egg-Specific IgE

Egg-specific IgE values have been standardized by
the Pharmacia CAP (Thermo Fisher Scientific, Portage,
MI) system fluorescence enzyme immunoassay since
1999.2* A CAP fluorescence enzyme imumunoassay >2
kU/L in those <2 years of age and a value >7 kU/L in
those >2 years of age is correlated with a positive food
challenge in >95% of cases.??** Caution must be taken
in that the decision points only confirm an egg allergy
that clinically manifests and should not be used as a
means of excluding egg allergy.” These studies were
in referral centers so it is also possible that these deci-
sion points may not be accurate in the general popu-
lation. Also, care providers must be aware that the
level of the egg-specific IgE does not correlate with the
severity of the clinical reaction if the patient ingests
egg,* although one study by Benhamou et al 52 found
that their population had no severe reactions after egg
ingestion at a specific IgE level <1.10 kU/L.

Monitoring egg-specific IgE levels over time may
predict the onset of egg tolerance or identify those who
will have persistent egg allergy. Patients who develop
egg tolerance tend to have a lower initial egg-specific
IgE value and the rate of decline of the IgE value is
faster when compared with those with persistent egg
allergy.” Egg-specific IgE >50 kU/L correlates with
persistent egg allergy.’®
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Skin-Prick Testing

SPT is a rapid screening tool for patients with food
allergies. The results are considered positive if the pa-
tient develops a wheal of at least 3 mm greater than
that produced by the negative control.” Patients have
greater than a 95% chance of not having a clinical food
reaction if the skin test is negative.*’*> However, it is
suggested that individuals with a convincing history of
allergy but a negative SPT should receive an oral food
challenge to the food in question. For example, in a
study by Sporik et al.?® 8 of 15 patients with a 0-mm
skin test had a positive food challenge.

SPT results vary by age. In those <2 years of age, a
wheal >5 mm in diameter was 100% specific in defin-
ing a positive egg food challenge outcome in a cohort
from Australia. In those >2 years of age, a cutoff of >7
mm in diameter was sufficient to predict a positive egg
oral food challenge.” Hill et al*” found that the SPT
results were superior to egg-specific IgE in identifying
patients who do not need an egg food challenge for
diagnosis, suggesting that SPTs are more accurate than
egg-specific IgE values. In a recent study, patients with
low egg white-specific IgE levels (<2.5 kU/L) and a
small egg SPT wheal diameter had higher pass rates for
the DBPCFC. However, specific cutoffs for the SPT that
would lead to a negative DBPCFC could not be deter-
mined.?®

Patch Skin Test

The atopy patch skin test (APT) is an epicutaneous
test that applies allergen directly to the skin for 48
hours to detect late-phase allergic or cell-mediated skin
reactions.”® The usefulness of APT in egg allergy is not
proven. Niggemann et al.?® found that the APT is 76%
sensitive and 95% specific in identifying late-phase
clinical reactions after egg ingestion in patients with
atopic dermatitis. Roehr et al.*® found an egg-specific
IgE =17.5 kU/L alone or in concert with a positive
APT increased the positive predictive value to 100%.
The authors concluded that for individuals with atopic
dermatitis, a DBPCFC would be superfluous if the
patients had a positive egg APT and egg-specific IgE
=17.5 kU/L.>° However, other studies have found that
the usefulness of the APT in predicting the need for the
DBPCEC is not as advantageous.” %

Food Challenge

A food challenge confirms a history of clinical reac-
tion after ingestion, identifies a sensitized patient who
is clinically reactive, or excludes the diagnosis of a
specific food allergy.>*? In a food challenge, individ-
uals are given small increments of food, usually in 15-
to 20-minute intervals, until a reasonable portion has
been consumed. Expert opinion strongly recommends
that, in individuals with a convincing history of ana-
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phylaxis to the food in question, a food challenge is
unnecessary due to the risk of anaphylaxis and
death."”?* The DBPCFC remains the gold standard in
diagnosing food allergy.>**°

Three forms of food challenge currently exist: open
challenge, single-blinded challenge, and DBPCFC.3!
Timing and type of food challenge depends on several
factors. For example, in patients without a convincing
history of a specific food allergy and with a negative
SPT, an open or single-blinded challenge can be used
effectively.?** In other situations, the use of SPT or
specific IgE values may aid the physician in timing
when the patient has greater than a 50% chance of
passing the food challenge.'” A patient with an egg-
specific IgE < 2 kU/L or an SPT with a wheal diameter
of =3 mm may have a 50% probability in passing the
oral food challenge.?®%

CURRENT TREATMENT OPTIONS

Treatment of any food allergy includes recognizing
the symptoms of the allergic reactions, promptly treat-
ing reactions including providing epinephrine when
anaphylaxis is occurring,®’~*® and eliminating contin-
ued exposure to the allergen.

Food Avoidance

Food avoidance remains the mainstay in the preven-
tion of food-allergic reactions but does not come with-
out risk of nutritional deficits.* There has been a
change in expert recommendations regarding the use
of food avoidance to prevent the development of food
allergy. Previous American Academy of Pediatrics rec-
ommendations to delay introduction of complemen-
tary foods were based on expert consensus rather than
on direct evidence. Since that time, an update in 2008
indicates that it is best left up to each individual par-
ent/care provider to decide when to introduce com-
plementary foods.*? However, the experts conclude
that exclusive breastfeeding for 4—6 months is benefi-
cial, and beyond that age range, no evidence for pre-
ventive effect of dietary restrictions is apparent.*>=*
This paradigm shift is related to recent data that there
may be detrimental effects of delayed introduction of
food in infants.

Oral Immunotherapy

Oral delivery of proteins to alter the immune system
is known as oral immunotherapy (OIT).* In OIT, food
protein is given in incrementally increasing doses in
attempts to achieve a maintenance dose. The aim is to
create tolerance of the ingested allergens.®*~>! OIT is
thought to create a state of tolerance in which the food
allergen is ingested without any allergy symptoms
even in a period of abstinence from that allergen.*®
Clinical trials. of specific oral tolerance induction have
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Stated Ovalbumin
Content*
=25 ug/0.25-mL dose
~0.1 ng/0.5-mL dose
~0.1 ng/0.5-mL dose
~0.1 pg/0.5-mL dose

*Information in package inserts except Fluzone from Sanofi Pasteur by telephone (1-800-822-2463) or email (MIS.Emails@sanofipasteur.com)

#Information from 2010 to 2011 season; insufficient data available for use of LAIV in egg-allergic persons for 2011-2012 season.

Information found in Figure 2 of Ref. 52.

=0.24 pg/0.2-mL dose+
=1 pg/0.5-mL dose

=0.05 ug/0.5-mL dose
=1 p/0.5-mL dose

=1 ug/0.5-mL dose
=1 pg/0.5-mL dose
=0.4 ng/0.5-mL dose

Age Group
=9 years
=36 mo
=18 yr
249 yr
=4 yr
=4 yr
=18 yr
6-35 mo
=36 mo
=36 mo
=6 mo§

How Supplied
0.5-mL prefilled syringe
0.5-mL prefilled syringe

5-mL multidose vial

0.2-mL sprayer
0.5-mL prefilled syringe

5-mL multidose vial
0.5-mL prefilled syringe
0.25-mL prefilled syringe
0.5-mL prefilled syringe

0.5-mL single-dose vial
5-mL multidose vial

Route
Intramuscular
Intramuscular
Intramuscular
Intranasal
Intramuscular
Intramuscular
Intramuscular

Trade Name
Afluria Intramuscular

Fluarix
FluLaval
FluMist
Fluvirin
Agriflu
Fluzone

Vaccine
TIV (inactivated)
TIV (inactivated)
TIV (inactivated)
TIV (inactivated)

LAIV

Distributor

Manufacturer/
CSL Behring

LAIV = live attenuated influenza vaccine; TIV = trivalent influenza vaccine.

Table 2 Egg content of 2011-2012 influenza vaccines

GlaxoSmithKline

MedImmune#
Sanofi Pasteur*

Novartis

n
[(e]



Can the person eat , Yes Administer
lightly cooked egg » vaccine per usual
without reaction?* protocol
No
¥ Administer THV
After eating eggs or egg-containing Yes
foods, does the person experience »| Observe for reaction
ONLY hives? at least 30 minutes
after vaccination
No

A 4

Does the person experience other
symptoms such as

Refer to a physician
with expertise in
management of

»| allergic conditions
for further
evaluation

e Cardiovascular Changes
(e.g., hypotension)

¢ Respiratory Distress
(e.g., wheezing)

¢ Gastrointestinal

Yes

(e.g., nausea/vomiting)
* Reaction requiring epinephrine
* Reaction requiring medical
emergency medical attention

been performed, but the rate of tolerance induction by
OIT was low despite long treatment periods, at least 3
months to several years.”®>!

Recently, Burks et al. reported a double-blind, ran-
domized, placebo-controlled study with 55 children
aged 5-11 years who received egg OIT. Although only
55% of those receiving egg OIT passed food challenge
at 10 months, 75% of the children passed at 22 months.
After 4-6 weeks of no egg consumption, ~25% of the
children receiving OIT passed an oral challenge and
had continued desensitization 36 months after begin-
ning OIT.** This work has opened the possibility that
individualized desensitization protocols may be more
efficacious in the future than standard protocols. How-
ever, the rate of allergic reactions during OIT is quite
high with up to 78% of patients having allergic reac-
tions during rush protocols.?® Therefore, egg OIT still is
not generalizable for routine clinical practice.

Egg-Containing Vaccines

Currently available influenza vaccines in the United
States contain egg proteins, which raises concemns for
their safe administration to egg-allergic patients (Table 2).
There is significant variation in vaccines of different
manufacturers and within the same manufacturer from
lot to lot. James et al.”*** showed that vaccines with
ovalbumin content <1.2 ug/mL were safe in egg-aller-
gic patients, so practice parameters™ recommended
administration of vaccines with <1.2 wg/mL until

30

Figure 1. 2011-2012 Recommendations for influ-
enza vaccination in egg-allergic patients.

2011. Historically, the ovalbumin content was not re-
ported by all manufacturers of egg-containing vac-
cines. There was renewed interest because of the HIN1
pandemic in 2009-2010.%6-58

Of 115 egg-allergic patients without anaphylaxis to
egg 97% safely received the influenza vaccine in a
2-dose, graded fashion without a vaccine skin test,>
and in 2011, a retrospective study of 171 egg-allergic
individuals without history of anaphylaxis or severe
reactivity attributed to egg-confirmed influenza vac-
cine safety in this population.”” A policy statement by
the American Academy of Pediatrics and the Commit-
tee on Infectious Diseases indicates that previously
used approaches such as skin testing or a two-step
graded challenge are no longer recommended.*®

Fung et al.> reported 110 vaccinations in 56 patients
with egg-induced anaphylaxis where only 2 patients
had a reaction with hives compared with 530 egg-
allergic patients without anaphylaxis who had 11 skin-
limited reactions. Gagnon et al.%% indicated that in
4430 patients with egg allergy, the frequency of ad-
verse events was not higher in the 9% of patients
vaccinated with divided doses versus those receiv-
ing single doses, suggesting that these patients
would have tolerated the single-dose vaccine. Nine
patients had minor allergic reactions treated with
antihistamines. The Advisory Committee on Immu-
nization Practices recommended an algorithm for the
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administration of the influenza vaccine for the 2011-
2012 influenza season (see Fig. 1).

Measles, mumps, and rubella vaccine administration
is safe in egg-allergic patients. Yellow fever vaccine,
like influenza, is cultured in chicken embryo and may
contain residual chicken and egg proteins. The re-
ported rate of anaphylactic reactions to yellow fever
vaccine is 0.8-1.8 per 100,000 injections but some of
these reactions were likely caused by gelatin or another
vaccine component.®*? Prospective administration of
the vaccine in egg-allergic patients has not been re-
ported, so the Centers for Disease Control and Preven-
tion recommends a scratch test or intradermal test be
performed before administering the vaccine to egg-
sensitive persons. If a person has a severe egg sensi-
tivity or has a positive skin test to the vaccine, but the
vaccination is recommended because of their travel
destination-specific risk, desensitization can be per-
formed.®® Alternatively, a five-step algorithm pub-
lished by the American Academy of Pediatrics can be
used.®

CONCLUSION

Food allergy is increasing in prevalence, and egg
remains one of the most common food allergens in
children. Clinical reactions may present as mild as
angioedema or as severe as anaphylaxis and treatment
options range from antihistamines to epinephrine to
complete food avoidance. Diagnosis includes clinical
history supplemented with objective measures includ-
ing egg-specific IgE, SPT, patch skin test, and oral food
challenge. Treatment options such as OIT are still un-
der investigation, and at this point in time food avoid-
ance is the mainstay of therapy. Allergists can now
educate, diagnose, and manage egg-allergic patients
with state-of-the-art information to improve patients
quality of life as never before.
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