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ABSTRACT

Oral immunotherapy (OIT) has emerged to build sustained unresponsiveness or tolerance
in patients with egg allergy. However, it is important to increase compliance and ensure
safety because OIT requires an extended period of time and has a risk of side effects like
anaphylaxis. We aimed to show the feasibility and safety of OIT during the build-up phase
using a home-based, up-dosing method in children with egg allergy. Sixteen patients aged

4 to 12 years with egg allergy were enrolled. Patients increased the dose of boiled egg white
(EW) by 5% per day at home and 25% per month at the hospital, with a target dose 0f 40 g of
boiled EW (4.0 g of EW proteins). A historical control group (n = 16) was matched for age,
sex, and clinical characteristics for comparisons with the OIT group. Oral food challenge
(OFC) tests were performed after completing the build-up phase. In the OIT group, 93.8%
(15/16) of patients achieved desensitization, with only 1 patient discontinuing OIT before
the maintenance phase due to repeated allergic reactions. Mild allergic reactions and
anaphylaxis occurred in 12 (75.0%) and 2 patients (12.5%), respectively. However, there
were no significant adverse reactions such as serious anxiety or life-threatening events that
required discontinuation of treatment. On the contrary, only 1 patient (6.3%) in the control
group passed an OFC of 40 g of boiled EW during the same period (P < 0.001). Our results
suggest that home-based up-dosing protocols using boiled eggs may be safe and feasible for
the build-up phase of OIT in children with egg allergy.

Keywords: Food allergy; egg hypersensitivity; anaphylaxis; immunotherapy; immune tolerance;
desensitization; allergens; safety
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INTRODUCTION

Egg allergy occurs in about 1.2% of children under the age of 6 years in the United States

and in 0.75% in Korea.*® Of importance, 17.5% and 17.3% of children in the United States
and Korea, respectively, experience anaphylaxis that could lead to death.'* Although the
most important management option of food allergy (FA) is the strict avoidance of all
causative foods, dietary restriction is challenging for patients and their caregivers as eggs are
ubiquitous in many foods.*

Therefore, oral immunotherapy (OIT) has emerged as a method to induce sustained
unresponsiveness (SU) or tolerance for patients with long-lasting FAs.> OITs begins with an
initial escalation and a build-up phase in which food antigen intake is gradually increased.’
Once the target dose is reached, the maintenance phase of oral intake of food antigens is
maintained for years.” However, some patients experience psychological problems, such as
severe anxiety, due to repeated adverse reactions during OIT.® Recent studies have reported
that up to 20% of patients undergoing OIT discontinue treatment, which supports the need
for an OIT strategy to reduce side effects and improve compliance.”® Therefore, we aimed to
demonstrate the feasibility and safety of a modified OIT for egg allergies in real-world practice.

MATERIALS AND METHODS

Study population

We enrolled 16 patients aged 4 to 12 years who were diagnosed with egg allergy and whose
parents agreed to OIT. A diagnosis of FA was based on a positive oral food challenge (OFC)

test or a convincing history (reproducible symptoms within 2 hours or anaphylaxis) within a
year plus positive serum specific IgE (> 0.35 kU/L). We classified the allergic reactions reported
according to affected organs: 1) skin or mucosal symptoms 2) gastrointestinal symptoms 3)
respiratory symptoms and 4) anaphylaxis.®® We collected patients' clinical and demographic
information, including symptoms after eating eggs, age at which OIT was initiated, duration of
the build-up phase, and symptoms reported by patients or parents during OIT.

For the historical control group, we selected 16 patients who were diagnosed with egg allergy
at our hospital between 2009 and 2017 and were matched for age, sex, levels of sIgE to egg
white (EW), symptoms after eating eggs, and duration of follow-up similar to the build-up
phase in the OIT group.

This study was approved by the Institutional Review Board (IRB) of Samsung Medical Center,
Seoul, Korea (IRB No. 2012-09-026, 2020-02-163, and 2020-05-135).

OIT protocol

At the hospital, ingestion of EW began with 0.1 g, followed by 0.5 g and 1 g at 20-minute
intervals. Daily intake of boiled EW at home began with half of the maximum tolerated dose,
increased by 0.1 g each week for the first 4 weeks and then by 0.1 g every 3 days to 1.0 g of
boiled EW. Thereafter, ingestion of boiled EW increased by 0.1 g each day at home to 2.0 g of
boiled EW. Dose was increased in 5% daily increments from 2.0 g of boiled EW at home and
in 25% increments per month in the hospital to 40 g of boiled EW (4 g of EW protein). For
preparation, the eggs were heated in cold water, and cooked for another 15 minutes after the
water boiled. The amount of egg to be ingested was measured using an electronic scale that
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measured up to 2 decimal places. When allergic symptoms were experienced at home, the
patients were given antihistamine or an epinephrine auto-injectors.

The severity of allergic reactions was classified according to the Consortium of Food Allergy
Research (CoFAR) grading system.® Desensitization was defined as no reaction during egg
OFC with 40 g of boiled EW (4 g of EW protein). OFCs were performed to a total dose of 4 g
of EW protein under the supervision of pediatric allergists.

Laboratory test

Before the start of OIT (T1) and after the build-up phase (T2), the children underwent clinical
evaluations and blood tests. Levels of specific IgE (sIgE) and specific IgG4 (sIgG4) against
EW and ovomucoid (OM) were measured using immunoCAP (ThermoFisher Scientific Inc.,
Waltham, MA, USA). Serum sIgG4 levels were measured in 10 and 9 patients in the OIT and
control groups, respectively. The cutoff values of sIgE and IgG4 were 0.35 kU/L and 0.01
mg/L, respectively.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0 (IBM Corp, Armonk, NY, USA).
Data are expressed as median with range. Fisher's exact test and the Mann-Whitney U test
were used to determine differences in baseline characteristics and laboratory data at T1
between the OIT and control groups. The desensitization rate was compared between the 2
groups using Fisher's exact test. The Wilcoxon signed rank test was performed to compare
immunologic profiles between T1 and T2. The percent change of immunological profiles
between T1 and T2 was calculated as value at T2 - value at T1 x 100T1and compared
between the groups by the Mann-Whitney U test. Levels of sIgE antibodies higher than
100 kU/L and sIgG4 levels higher than 30 mg/L were assigned as 101 kU/L and 31 mg/L,
respectively, for analyses. A Pvalue less than 0.05 was considered significant.

RESULTS

Baseline characteristics of the subjects

For egg allergy, 75.0% (12/16) and 68.8% (11/16) of patients in the OIT group and the
control group, respectively, were confirmed by positive OFC test (P = 0.780). There were
no differences in age, sex, personal and family history of allergic diseases, combined FAs,
symptoms after eating eggs, total IgE levels, or levels of specific IgE against EW between
the OIT and control groups (all P> 0.05) (Table). In addition, no differences were found in
personal history of allergic diseases, combined FAs, symptoms after eating eggs, total IgE
levels, or levels of specific IgE against EW between patients confirmed by positive OFC and
those with a convincing history in the OIT group (all P> 0.05).

Clinical responses and adverse reactions

In the OIT group, the median build-up phase was 7 (5-13) months and the median number
of visits to the hospital was 6 (4-10). After completion of the build-up phase, 93.8% (15/16)
of the patients obtained desensitization, with only 1 patient discontinuing the OIT before
the maintenance phase due to repeated allergic reactions. During the build-up phase,
allergic reactions of grade 1 and grade 2 (anaphylaxis) of the CoFAR occurred in 10 (62.5%)
and 2 patients (12.5%), respectively, in the OIT group, but no patients required psychiatric
intervention for anxiety or experienced severe adverse events (> grade 3 of the CoFAR). In the
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Table. Baseline clinical characteristics of the subjects

Characteristics OIT group (n =16) Control group (n = 16) P value
Male 9 (56.3) 9 (56.3) 1.000
Age (yr) 5 (4-11) 5 (3-10) 0.491
Comorbid conditions

Atopic dermatitis 11 (68.8) 11 (68.8) 1.000

Allergic rhinitis 11(68.8) 12 (75.0) 0.780

Asthma 6 (37.5) 7 (43.8) 0.780
Family history of allergic diseases 8 (50.0) 8 (50.0) 1.000
SCORAD 12.0 (0-49.8) 14.2 (6-33.7) 0.300
Combined FAs 15 (93.8) 14 (87.5) 0.780

Cow's milk 13 (81.3) 10 (62.5)

Wheat 7 (43.8) 6 (37.5)

Peanut 1(6.3) 1(6.3)

Tree nuts 4 (25.0) 7 (43.8)
Symptoms of egg allergy 0.897

Skin & mucosa 2 (12.5) 3(18.8)

Gastrointestinal 2 (12.5) 2 (12.5)

Respiratory 1(6.3) 0(0.0)

Anaphylaxis 11 (68.8) 11 (68.8)
Total IgE (KU/L) 618.0 (135.0-2,677.0) 715.0 (180.0-5,001.0) 0.599
sIgE to EW (kU/L) 24.8 (2.8-101.0) 95.6 (3.1-101.0) 0.867
slgG4 to EW (mg/L)* 0.63 (0.05-6.36) 0.77 (0.10-5.61) 0.661

Data are represented as number (%) or median (range).

OIT, oral immunotherapy; SCORAD, scoring of atopic dermatitis; FA, food allergy; sIgE, specific IgE; sIgG4,
specific IgG4; EW, egg white; OM, ovomucoid.

*Serum slgG4 levels were measured in 10 and 9 patients in the OIT and control groups, respectively.

OIT group, 4 patients were able to consume eggs ad libitum 10 months after the maintenance
period, and 11 subjects have ingested 40 g of boiled EW at least 4 times a week for 1-9 months
of maintenance period without adverse events.

On the contrary, only 1 patient (6.2%) passed the OFC of 40 g of boiled EW in the control
group (P < 0.001) (Fig. 1). In the control group, during the follow-up period (median 12
months, range 9-24 months), 12 patients (75.0%) showed allergic reactions to eggs including
4 cases of anaphylaxis, while 3 patients (18.8%) continued to avoid eggs without receiving
OFCs due to fear of possible allergic reactions.

Immunological profiles

In the OIT group, levels of sIgE to EW and OM were significantly lower at T2 than at T1 (P
=0.002 and 0.022, respectively), while levels of sigG4 to EW and OM were higher at T2 (P
=0.016 and 0.036, respectively) (Fig. 2). However, there were no differences in levels of

P <0.001

100 - e
s
(%23
qg) W Persistence
% 50 - ® Withdrawal
S m Desensitization
g
£
S 9

OIT  Control

Fig. 1. Clinical outcomes after the build-up period in oral immunotherapy and control groups.
OIT, oral immunotherapy group; Control, control group; Persistence, persistence of egg allergy; Withdrawal,
withdrawal of oral immunotherapy; Desensitization, egg allergy desensitization.
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Fig. 2. Levels of EW- and OM-specific IgE (A and B) and EW- and OM-specific IgG4 (C and D) at T1and T2 in the OIT
and control groups. T1and T2 in the OIT group are at baseline and after the build-up phase, respectively, whereas
the time between T1and T2 in the control group refers to the elapsed period from diagnosis matched with the OIT
group. Serum specific IgG4 levels were measured in 10 and 9 patients in the OIT and control groups, respectively.
EW, egg white; OM, ovomucoid; Ig, immunoglobulin; OIT, oral immunotherapy.

EW-sIgE, OM-sIgE, EW-sIgG4, or OM-sIgG4 between T1 and T2 in the control group (all P >
0.05). No relevant changes in total IgE levels were found at T2 compared to baseline in either
group (all P >0.05). The percent changes in levels of total Ig, EW-sIgE, OM-sIgE, EW-sIgG4,
OM-sIgG4, the ratio of EW-sIgE to EW-sIgG4, and the ratio of OM-sIgE to OM-sIgG4 were
higher in the OIT group than in the control group (P=0.042, 0.001, 0.048, 0.001, 0.012,
0.001, and 0.012, respectively) (Fig. 3).

DISCUSSION

Although OIT induces desensitization or SU in food-allergic patients, 30%-100% of patients
experience adverse reactions during the build-up phase.’® In our preliminary study, we
conducted conventional OIT using EW powder in 4 patients with egg allergy based on the
protocol suggested by Burks et al.,® and 3 of these cases have previously been reported.*
Unfortunately, 2 of 4 patients received psychiatric counseling due to anxiety, and one finally
withdrew from OIT due to severe anxiety and repeated allergic symptoms. The median build-
up phase was 14 (11-18) months, and the median number of hospital visits was 23 (16-25),
which was longer and greater than those in the present study (all P=0.002). In our current
study using the modified protocol, we demonstrated safe increase in daily intake of boiled
EWs at home and reduced number of hospital visits, leading to improved compliance during
the build-up phase. Notably, no patients exhibited psychological problems, which was one of
the biggest obstacles in maintaining OIT in our previous study.

The desensitization rate higher than 90% after the build-up phase in our study was not inferior

to those from previous studies, which ranged from 55% to 94%.%'“* Immunological profiles in
the present study showed patterns similar to those in other studies.™* These findings suggest that
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Fig. 3. Percent changes at the end of the build-up phase/follow-up from baseline in total IgE (A), EW-sIZE (B), OM-sIgE (C), EW-sIgG4 (D), OM-sigG4 (E), the ratio
of EW-sIgE to EW-sIgG4 (F) and the ratio of EW-sIgE to EW-sIgG4 (G) in the OIT and control groups. Serum sigG4 levels were measured in 10 and 9 patients in the
OIT and control groups, respectively.

Ig, immunoglobulin; slg, specific immunoglobulin; OIT, oral immunotherapy group; Control, control group; EW, egg white; OM, ovomucoid.

home-based up-dosing in the build-up phase of OIT can be safely applied in real-world practice
while exhibiting a similar efficacy to the conventional method for treatment of egg allergy.

In a recent trial in Spain, children in an OIT group increased the amount of pasteurized EWs by
5% increase per day at home and 30% increase per week at hospitals with a target dose of 3.3

g of pasteurized EW proteins." After 1 year of follow-up, 84.2% of patients in the OIT group
showed desensitization, while only 16.0% of patients in the control group passed OFC. No
serious allergic reactions of Sampson’s grade 5 were reported in that study. In a Japanese study,
egg-allergic patients increased the amount of dried egg powder at home every 3—4 days for OIT,
with 0.1 mg of dried egg powder as the starting dose.” Out of 18 patients, 94.44% had allergic
symptoms, but most of them were mild reactions. The cumulative tolerated dose of egg powder
in the OIT group was increased up to 1.4—4.0 g except for 1 patient who rejected OFC 5-8
months after enrollment. In real-world practice, most caregivers do not want to evaluate SUs
due to fear of a recurrence of egg allergy. For this reason, previous studies have also extended
the maintenance period for up to 4-7 years without interruption of egg ingestion.**8 Together
with our findings, these results suggest that OIT methods should be further improved to reduce
health care costs and to promote convenience leading to greater compliance. A key advantage
of our protocol is the usage of boiled eggs, which led to greater compliance due to the ease of
preparation and consumption at home compared to previous studies. In addition, our study
showed high desensitization rate and low incidence of serious adverse reactions. Our results
are clinically meaningful in that an alternative method has been proposed to overcome issues of
OIT, such as adverse reactions and inconvenience. However, boiled eggs may affect the starting
and target doses of OIT as well as the induction of SU due to their lower allergenicity compared
to dry powder or raw eggs.'*? In addition, 25% of the initial diagnoses of egg allergy in the
current study were not based on OFC.
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In conclusion, the home-based up-dosing protocol using boiled eggs can be used safely and
effectively during the build-up phase of OIT for the treatment of egg allergy in real-world practice.
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