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Oral Immunotherapy for Egg Allergy: A Double-Blind
Placebo-Controlled Study, with Postdesensitization

Follow-Up

Lucia Caminiti, MD, PhD?, Giovanni B. Pajno, MD?, Giuseppe Crisafulli, MD?, Fernanda Chiera, MD?, Mirella Collura, MD",
Girolamo Panasci, MD", Paolo Ruggeri, MD®, Francesco Guglielmo, MDY, and Giovanni Passalacqua, MD® Messina,

Palermo, Catania, and Genoa, Italy

desensitization.

What is already known about this topic? Oral immunotherapy is a promising route for the active treatment of food
allergy. There are few data on hen egg allergy, especially about the maintenance of acquired tolerance after

What does this article add to our knowledge? This study confirms that oral desensitization to egg is effective and safe,
but only 1/3 of children maintain tolerance after 3 months of food withdrawal.

How does this study impact current management guidelines? This study underlines the need for more data about
desensitization and tolerance induction for food, and its usefulness in clinical practice.

BACKGROUND: Oral immunotherapy (OIT) may be an
effective treatment for food allergy in children. It is not clear if
the OIT-induced effect is achieved by desensitization (transient
state dependent on regular antigen exposure), or by tolerance
(persistent condition where the ability to consume the food is
retained even after a period of withdrawal).

OBJECTIVE: The aim of this study was to investigate the
efficacy of OIT-egg desensitization in a double-blind placebo-
controlled study, and to evaluate if, after desensitization,
tolerance can be maintained.

METHODS: Children with egg allergy were randomized to OIT
or placebo for 4 months. At the end of the controlled phase, a
double-blind food challenge was repeated to confirm the ach-
ieved desensitization. Those subjects found to be desensitized
were placed on an egg-containing diet for 6 months, followed by
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an egg avoidance phase for 3 months, when the food challenge
was repeated to determine the maintained tolerance.
RESULTS: A total of 31 children were randomized to OIT with
dehydrated egg white (n = 17) or placebo (n = 14). Of the 17
active patients (1 dropout), 16 achieved desensitization and
started the 6-month egg-containing diet. After 3-month of egg
avoidance, 31% remained tolerant. In the control group, only 1
passed the final food challenge. Egg-specific IgG4 increased only
in the active group. Five active OIT patients had side effects.
CONCLUSION: Egg OIT results in desensitization in almost all
subjects, although tolerance was maintained in only 1/3 of them
after a 3-month period of withdrawal. Side effects were
encountered, but the procedure appeared safe. In hen egg
allergy, OIT is effective for desensitization. © 2015 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2015;3:532-9)

Key words: Egg allergy; Dehydrated egg white; Oral immuno-
therapy; Tolerance; Follow-up

Food allergy is a serious disorder with life-altering implications
for the affected subjects and their families. Second only to cow’s
milk, egg represents the most frequent cause of food allergy in
infants and young children."” The spectrum of allergic reactions
to hen’s eggs (HE), as with other food-induced allergies, may
vary in severity, which range from atopic dermatitis and urticaria,
to more severe systemic reactions and anaphylaxis. Recent studies
suggest that oral immunotherapy (OIT) may offer an effective
modality for the management of many children with food al-
lergy. It is not clear, however, if the OIT-induced unrespon-
siveness is achieved by desensitization, a type of “transient
tolerant” status dependent on the regular antigen exposure to a
more sustained condition where the ability to consume the food
is retained even after a period of its withdrawal from the diet.
The occurrence of spontaneous tolerance in children with egg
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Abbreviations used
DBPCF- Double-blind placebo-controlled food challenge
DEW- Dehydrated egg white
HE-Hen’s egg
OIT- Oral immunotherapy
SPT- Skin prick test

allergy is not uncommon, but it is usually delayed, in comparison
with the tolerance that develops in cow’s milk allergy.’

Based on evidence derived from birth cohort and epidemio-
logic studies, it is likely that in the future, the prevalence of atopy
will increase.® In addition, across all ages, food allergy still re-
mains one of the most common causes of anaphylaxis seen in
emergency departments, associated with an increased rate of
hospitalization and mortality.” Currently, the standard care in
food allergy is nutritional counselling, strict food avoidance, and
education to the use of self-administered epinephrine when an
accidental exposure occurs. However, because neither fully
effective therapeutic strategies nor truly curative approaches are
currently available, several treatments using OIT are being
explored with encouraging results. Following the oral adminis-
tration of increasing doses of the offending food, a mechanism of
desensitization (and possibly tolerance) has been repeatedly
suggested to explain the encouraging results seen for cow’s milk,
HE, and peanut allergy.”"”

Currently, it is still unclear whether desensitization is the first
step toward a permanent tolerance. As with other types of
immunotherapy (eg, for acroallergens), the duration of desensi-
tization may be crucial in achieving permanent tolerance.
Although the clinical efficacy of OIT and an induced immune
modulation have been demonstrated, the strength of current
evidence from clinical trials is considered insufficient, and it is
hypothesized that when ingestion is discontinued, the protective
effect is progressively lost. Based on these considerations, the
present study was performed to assess the efficacy of OIT for HE
allergy and the degree to which tolerance is maintained after HE

withdrawal.

METHODS
Overall design

This study was designed as randomized, double blind, placebo
controlled, with 2 parallel arms. Children aged >4 years, with
ascertained IgE-mediated HE allergy, were enrolled and randomized
(by a computer-generated list) to receive cither dehydrated egg white
(DEW, Lofarma SpA, Milan, Italy) or placebo. Seventeen children
were assigned to OIT, and 14 to placebo. A double-blind placebo-
controlled food challenge (DBPCFC) was performed at baseline, and
after 4 months, to verify the establishment of desensitization, at
which time the code was broken. Those patients who were found to
be desensitized by the DBPCFC were placed on an HE-containing
diet for 6 months. This was then followed by an HE-avoidance
phase for additional 3 months, after which the DBPCFC was
repeated to determine the state of tolerance. Those patients who
passed again the challenge were considered tolerant. The primary
endpoint was the achievement of desensitization after the 4-month
randomized period of OIT with DEW. Secondary endpoints were
the maintenance of tolerance to HE after the 3-month period of
withdrawal, together with selected immunological parameters (IgE,
IgG4, wheal diameter). The overall study design and patients’
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disposition is summarized in Figure 1. The study was approved by
the Ethical Committee of the Messina University, and all parents
provided their informed consent.

Patients and diagnosis

Children of both sexes aged 4-11 years were enrolled at the Pe-
diatric Allergy Units of Department of Pediatrics of Messina Uni-
versity Hospital and at the Children Hospital G. Di Cristina,
Palermo, Italy. The diagnosis of HE allergy was based on (a) clinical
history, (b) skin prick test (SPT) and specific IgE positive assay for
HE, and (¢) positive DBPCFC. According to clinical history, none
of the children had previously consumed baked eggs.

The SPT was performed on the volar surface of the forearm using
commercial extracts of HE white, yolk, ovalbumin, ovomucoid,
cow’s milk, lactalbumin, lactoglobulin, casein, wheat, peanut, tree
nuts, and codfish (Lofarma Spa, Milan, Italy). SPTs for inhalant
allergens were also performed using mite grass, Parietaria, olive, tree
mix, and Alternaria alternata. Saline and histamine were the controls,
and a wheal of 3 mm was considered positive. Serum HE white-
specific IgE and IgG4 were measured by ImmunoCap 100
(Thermo-Fisher Scientific, Waltham, Mass). The lower detection
limit of the Cap-System was 0.35 kU/L for specific IgE and 0.0 mcg/
mL for specific IgG4. The DBPCFC was conducted according to
current guidelines. Briefly, the challenge started with a dose 0of 0.12 g
egg white.'” The dose was then doubled (0.24, 0.48, 0.96, 1.9 g) at
hourly intervals, until objective clinical manifestations appeared.'>"*
The cumulative dose was 3.7 g egg white, approximately equivalent
to one boiled egg. If this dose could be tolerated, one fresh egg was
given openly on the next day. Vegetable puree or mashed potatoes
were used for masking. Reaction severity was evaluated according to
“Grading of Food-Induced Anaphylaxis According to Severity of
Clinical Symptoms” by Sampson.'” Criteria for anaphylaxis were
those reported in the EAACI position paper: multisystem involve-
ment including cardiovascular, lower respiratory tract or persistent
gastrointestinal symptoms. 1

Oral immunotherapy and protocol

DEW was obtained from eggs of Gallus domesticus. Briefly an egg
was pasteurized and then passed through a spray tower where it was
dried. The resulting DEW was approximately 4 g, equivalent to the
egg white contained in a fresh egg. Sodium dodecyl sulfate poly-
acrylamide gel electrophoresis was carried out, according to
Laemmli,"” using a Hoofer SE 600 electrophoresis system (GE
Healthcare, Little Chalfont, Buckinghamshire, UK). Gels were
stained with PageBlue Protein Staining solution (Fermentas Inter-
national Inc., Burlington, Canada) to ensure proper protein sepa-
ration and visualization. The inclusion of electrophoresis of DEW
allowed a better standardization of HE dosing.

The OIT procedure consisted of weekly administration, at the
hospital clinic, of increasing dosages of DEW, diluted in sterile
saline, starting with 0.1 mg. The dose was doubled every week until
week 16, to achieve a cumulative dose of 4 g in approximately 4
months. The placebo (corn flour, indistinguishable from active) was
administered following the same protocol. The doses were prepared
separately by a trained nurse according to the randomization list, so
that the physicians remained blinded to the treatment. All doses
were administered at the hospital. The protocol is summarized in
Table I. After each dose, children were kept under strict observation.
Adverse reactions were defined as the occurrence of one or more of
the following: urticaria, exacerbation of eczema (>10 point increase
in SCORing Atopic Dermatitis), angioedema, vomiting, diarrhea,
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FIGURE 1. Study design, patients’ disposition and clinical results. DBPCFC, Double blind placebo controlled food challenge; RDBPC,

randomized, double blind placebo controlled.

thinitis, wheezing, conjunctivitis, or hypotension. If symptoms were
judged as mild (abdominal pain, erythema, throat itching, gritty
eyes), no action was taken and OIT continued. When moderate or
severe symptoms appeared, an appropriate medical treatment was
given. If a concurrent illness ensued (eg, common cold) during
desensitization, an adequate therapy was given, and the dose increase
was postponed. Those children who tolerated the maximum dose of
4 g DEW received 1 cooked or 1 boiled egg (according to the child’s

choice).

Evaluated parameters

After completing the randomized, double blind placebo controlled
phase, the DBPCFC was repeated (the achieved desensitization rep-
resented the primary endpoint), and the blinding was broken. Those
children who passed the DBPCFC were placed on a 6-month egg-
containing diet, including 1 cooked or boiled egg at least 2 times a
week, and then on a 3-month egg-avoidance diet. At the end of this
phase (13 months from baseline), the DBPCFC was repeated again.

On this occasion, the opportunity to repeat the challenge was given
also to those children who had not been desensitized to HE.

Immunological parameters SPT, IgE, and IgG4 assay were eval-
uated at baseline, and at the end of OIT (4 months) in all children
(active and placebo). The assays were repeated again only in those
children who had achieved desensitization, and at the end of the egg-
containing diet follow-up (10 months from baseline).

Statistical analysis

All clinical outcomes were assessed by intention to treat analysis.
The Fischer exact test was used to compare the clinical characteristics
of the 2 groups at baseline, except for age that was analyzed by the
#-test. Immunological changes from baseline in the OIT group and
immunoglobulin levels were analyzed using the Wilcoxon and
Mann-Whitney signed rank tests for intragroup and intergroup
comparisons, respectively. All the tests were 2-tailed and P < .05 was
considered significant. Logistic regression was used to evaluate the
association of selected immune variable with clinical outcomes.
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TABLE I. Oral immunotherapy protocol
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TABLE Il. Characteristics of the enrolled patients

Dehydrated
Day/ egg white (DEW) powder
Week Dose no. single dose (mg)*
171 1 0.1
772 2 0.2
14/3 3 0.4
21/4 4 0.8
28/5 5 1.5
35/6 6 3
42/7 7 6
49/8 8 12
56/9 9 25
63/10 10 50
70/11 11 100
77/12 12 200
84/13 13 500
91/14 14 1000
98/15 15 2000
105/16 16 4000

*Increasing doses were given weekly; when the dose of 4 g was tolerated, the
protocol was continued with the cooked egg or the boiled egg at home.

RESULTS
Clinical results

A total of 31 children with HE allergy (median age 6 years,
age range 4-11 years) were enrolled. Of them, 17 were ran-
domized to active DEW OIT and 14 to placebo. Of the 31
participants, 9 had at least 1 additional allergy to inhalants
(mostly house dust mite), but no other food allergy. The clinical
and demographic characteristics of the study population at
randomization are summarized in Table II.

The clinical results of the OIT are shown in Figure 1. Among
children who received OIT (n = 17), 16 were successfully
desensitized and tolerated the dose of 4 g. One subject experi-
enced generalized urticaria, rhinitis, cough, throat pruritus,
vomiting at a dose of 3 mg, requiring epinephrine, and OIT
cessation. The remaining 16 subjects passed the oral food chal-
lenge without symptoms. One of the placebo subjects relocated
from the geographical area and was lost at the beginning of the
study. Although none of the remaining 13 control subjects had
symptoms during the study, none of them passed the DBPCFC
after the randomized phase (P < .001 vs active). There was no
difference in age, sex, and demography between the 2 groups at
the end of the randomized phase (not shown).

When desensitization and food challenges were completed,
the 16 patients who had achieved desensitization were placed on
an egg-containing diet with 2-3 eggs per week for a 6-month
period, following which egg avoidance was re-instituted for
3 months, followed by another DBPCFC. Of these 16 children,
5 (31%) appeared to have achieved a sustained tolerance and 11
(69%) lost their desensitization and reacted again to HE (P =
.05). Among those patients who were no longer tolerant, the
median cumulative dose HE that caused symptoms was 0.84 g
(range 0.36-3.7 g). There were no statistical differences in
demographic or clinical characteristics between those subjects
who achieved tolerance and those who did not manifest toler-
ance. The children who belonged to the former placebo group
obviously avoided HE for 9 months. Of them, at the final

Active OIT Placebo

(n =17) (n = 14) P value
Years of age: median (range) 6 (4-10) 6 (4-11) NS
Years of age at first reaction: 1.2 (0.4-5) 1.4 (0.5-6) NS

median (range)
Sex (male/female) 10/17 8/6 NS
Egg-specific IgE (kU/L): 36.6 (5.2-110) 38.4 (4.6-98.3 NS
median (range)

Egg-specific IgG4 (mcg/mL): 0.9 (0-6.8) 0.7 (0-4.6) NS

median (range)

Wheal diameter SPT (mm): 11 (6.5-18) 9 (6-16) NS

median (range)

Clinical presentation: N (%) NS
Urticaria+-angioedema 5(29) 4 (29)
Urticaria+atopic dermatitis 2 (11) 2 (14)

Atopic dermatitis 4 (24) 3(21)

Asthma and/or rhinitis 1(6) 0 (0)

Anaphylaxis 2(11) 1(7)

Multiple (more than one 3 (19) 4 (29)
of the above)

Concomitant allergies: N (%) NS
Dust mite 4 (24) 3 (21)

Dust mite+-grass 1 (6) 0 (0)
Dust mite+parietaria 0 (0) 1(7)

OIT, Oral immunotherapy; NS, nonsignificant.

DBPCEC, 10 (77%) had symptoms at the cumulative dose HE
of 0.36 g (range 0.12-1.8 g) and 2 were lost to follow up. One
boy (10-year-old, with atopic dermatitis and dust mite allergy)
passed the DBPCFC, although he was not eating egg. An egg-
containing diet was then allowed, and the subsequent clinical
follow-up confirmed that he had spontaneously achieved
tolerance.

Immunological parameters

The mean egg-specific [gG4 level after desensitization was higher
in the active group (29.2 mcg/mL) than in the placebo group (1.5
mcg/mL; P = .001). The difference of the mean IgG4 level after
desensitization versus the baseline level was significant only in the
active group (29.2 mecg/mL vs 0.9 mcg/mL, P = .001) (Figure 2).
The logistic correlation analysis confirmed that egg-specific [gG4 at
14 weeks correlated with desensitization (data not shown). The IgE
antibody mean level after desensitization was 34.2 kU/L in the
active group and 38.9 kU/L in the placebo group with no statistical
difference between groups and versus baseline (Figure 3). The mean
SPT wheal size after desensitization was not different between
groups (9.2 mm vs 10 mm; P = .88), whereas a significant change
was seen versus baseline only in the active group (9.2 mm vs 11.0;
P =.05) (Figure 4). Of note, in the formerly active OIT children,
who ate eggs for 6 months, specific IgG4 remained significantly
higher than baseline values (32.4 mcg/mL vs 0.9 mcg/mL; P =
.001), with IgE significantly lower than at baseline (37.6 to 12.2
kU/L, P=.02), and the wheal size smaller (P = .03) (Figures 2-4).
After egg’s avoidance for 3 months, in the 5 children who achieved
tolerance, the mean specific [gG4 level was 34.0 mcg/mL (P=.001
vs baseline), specific IgE 1.94 kU/L (P = .001 vs baseline), and
wheal size 3.2 mm (P = .001 vs baseline). In the 11 children who
lost the previously achieved desensitization, the mean IgG4 level
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FIGURE 2. Egg-specific IgG4 (mcg/mL, mean + SD) during the randomized, double blind placebo controlled phase, and during follow-up
phases in patients who achieved desensitization. Only the significant intragroup and intergroup differences are shown above the bars.
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FIGURE 3. Egg-specific IgE (kU/L, mean + SD) during the randomized, double blind placebo controlled phase, and during follow-up in
patients who achieved desensitization. Only the significant intragroup and intergroup differences are shown above the bars. RDBPC,

Randomized, double blind placebo controlled.

was 17.4 mcg/mL (P = .05 vs the tolerant patients), specific IgE
25.6 kU/L (P = .0.2) and wheal diameter 7.3 mm (P = .04).

Safety
The safety data during the double-bind treatment and the egg-

containing dietary period in the active group are summarized in

Table III. Adverse events were seen in 3 subjects during the
desensitization procedure, 1 of whom had to discontinue OIT.
During the egg-containing diet, 1 patient had abdominal pain
with urticaria after exercise, and 1 had rhinitis and/or asthma

during a respiratory tract infection. No adverse effects were
observed in the control group.
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TABLE lll. Summary of the safety data during desensitization and egg-containing diet period

Patients Phase Reaction Dose of HE Action taken Outcome
1 Desensitization  Urticaria, throat pruritus, rhinitis, 3 mg i.m. adrenaline and steroid, OIT failed; patient excluded
asthma, vomiting cetirizine, inhaled salbutamol;
stop OIT

1 Desensitization Erythema of face and hands 1.5 mg No action OIT completed

1 Desensitization Abdominal pain; diarrhea 4 mg No action OIT completed

1 Egg-containing  Urticaria, abdominal One cooked egg Egg ingestion stopped for 3 days; Tolerant after 3 months of
Diet pain after exercise oral antihistamine egg withdrawal

1 Egg-containing Wheezing and cough during upper One cooked egg Egg ingestion stopped for 3 days; Tolerant after 3 months of
Diet respiratory infection inhaled bronchodilator and steroid egg withdrawal

HE, Hen’s egg; OIT, oral immunotherapy.

DISCUSSION

Over the past few decades the prevalence of allergic diseases
substantially increased, especially in developed countries.
Although the prevalence of asthma has remained stable, and the
prevalence of eczema has appeared to decline, the number of
patients with food allergy (and related anaphylaxis) continues to
increase.'™'” Allergic reactions to food proteins range from im-
mediate, potentially life-threatening reactions to chronic diseases
that seriously impact the quality of life of patients and parents.
Currently, there is no curative therapy available for IgE-mediated
food allergy, and the only treatment option available is the total
avoidance of the offending food(s). Therefore, a pressing need
exists for an active treatment modality that can offer the patient
with food allergy the possibility of ingesting the responsible food
without adverse events. OIT has been repeatedly evaluated for its
desensitizing effect against milk, egg, or peanuts,”””" but the
precise mechanism by which the procedure is successful is still

incompletely known. It is still unclear if the OIT-induced un-
responsiveness is achieved by desensitization (transient state
depending on the regular exposure to the allergen) or by toler-
ance, where the ability of consuming the food is retained even
after a period of withdrawal from the diet. The present study was
conducted to provide data that could help clarify some of the
uncertainties related to the mode of action of OIT.

The clinical trial was performed in children with HE allergy,
with a weekly up-dosing regimen requiring no complex hospi-
talization protocols. In addition, the whole procedure lasted
approximately 4 months, for a total of 16 visits. The 16 subjects
actively treated who achieved initial desensitization were placed
on an egg-containing diet, followed by an egg-avoidance diet for
3 months. Then another DBPCFC was performed to assess if
persistent tolerance had been maintained. At the end of this trial,
5 patients (31%) seemed to have achieved a sustained tolerance,
but 11 (69%) had a relapse, confirmed by a positive DBPFC. In
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contrast, none of the placebo patients passed the challenge, and
continued egg avoidance.

The potential of OIT to induce a long-lasting (possibly perma-
nent) tolerance is still actively debated. Our results suggest that a
minority of subject achieve a clinical and immunological tolerance,
whereas others, despite successful desensitization, lose the unre-
sponsiveness status after a short withdrawal period. There are several
limitations in this study that could affect interpretation. For example,
we used a DEW preparation for the active treatment instead of a raw
or cooked egg, and it is well known that there are different allergenic
proteins in a whole egg. Nevertheless, DEW contains the majority of
relevant allergens as repeatedly documented.” In addition, DEW can
be used for both DBPCFC and OIT.”

A successful desensitization with OIT was previously reported
for HE allergy, but few studies assessed the persistence of toler-
ance, as in the present study. In 2007, Staden et al. conducted a
randomized clinical trial using OIT for cow’s milk and HE.*
Children with proven food allergy to milk or egg were
randomly assigned to OIT (n = 25, 11 with HE allergy) or to an
avoidance diet (controls, n = 20). The children of the active
group were then assigned to a second elimination diet for
2 months before the DBPCFC to evaluate their tolerance. On
rechallenge, 35% of subjects resulted tolerant, and some were
“partial responders.” In another study, 7 children with mild
symptoms (urticaria) received OIT,** and 6 of them tolerated
significantly more egg protein versus baseline. In an open study,
OIT with egg was evaluated in 23 children >5 years of age.”
Subjects underwent a 5-day OIT with fresh egg, and subse-
quently were placed on regular egg intake. A total of 20 (87%)
subjects reached the goal dose of egg. In the first multicenter
randomized, double blind placebo controlled study,9 children
(5-11 years of age) who were suffering from HE allergy received
OIT (40 children) or placebo (15 children). After 10 months,
55% of the children in the active group, and none in the placebo
group, were desensitized, and after 24 months, 28% of the
desensitized children were considered still unresponsive. In
addition, in a randomized controlled open study with 20 children
allergic to egg, 8 of 10 children achieved a reported daily intake of
25 mL (approximately 3 g egg proteins) over 6 months. In
contrast, only 2 children of the control group became tolerant.”
Recently, Vasquez Ortiz'® confirmed the efficacy of OIT per-
formed with whole egg in 80% of children with HE allergy.

The immunological results of our study lend additional sup-
port for tolerance induction. Egg white-specific IgG4 signifi-
cantly increased from baseline in the active group, whereas the
changes in specific IgE were not significant. In desensitized
patients, we also observed a decrease in specific IgE and wheal
size, after the egg-containing diet. This is in agreement with the
results of other studies with egg””* and other foods.”**” At the
end of egg-avoidance period, 31% of subjects had achieved
tolerance and passed the DBPCFC. Nonetheless, we cannot
exclude with certainty a spontaneously acquired tolerance in
subjects with HE allergy. The clinical data confirm that OIT is
an effective treatment for IgE-mediated food allergy. The pro-
tocol described was proven effective also in other trials with cow’s
milk,*”" and its safety does not differ from OIT for other
foods,”**? with a well-tolerated up-dosing phase, comparable to
other protocols described in the literature. The postdesensitiza-
tion strategy represents a pivotal issue for patients, doctors, and
families, because a persisting tolerance is the most desirable
outcome. Given the results of this and other trials, which looked
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for a curative treatment of food allergy, OIT represents a suitable
option to be offered to patients in routine clinical practice.
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