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egg allergy; Objective: To evaluate the clinical outcome of lightened version of egg oral immunotherapy
IgA; (OIT) and to analyze egg allergen component-specific antibody levels during short up-dosing
IgE; with egg white powder and maintenance by egg in daily diet.

1gG4; Patients and methods: Eighteen egg-allergic children received egg powder with short up-
oral immunotherapy dosing and they maintained tolerance using egg in daily diet. Seventeen egg-allergic children

served as a control group. Component-resolved analysis of serum immunoglobulin E (IgE), I1gA1,
IgA2, and 1gG4 levels were determined at inclusion, after up-dosing and after 1 year of immu-
notherapy. Skin-prick tests were performed at inclusion and after 1 year of therapy.

Results: All 18 patients in the egg OIT group were successfully desensitized. Desensitization
was achieved on average in 4.5 months. In the control group, only two children tolerated egg
in oral food challenge after 1 year. Of the measured immune markers, smaller wheal diame-
ters in skin-prick testing, reduction in component-specific IgE levels, and increase in compo-
nent-specific IgA1, 1gA2, and 1gG4 levels were associated with desensitization.

Conclusion: A lightened egg OIT is effective and safe in children with egg allergy. Increase
in all egg component-specific IgA1, 1gA2 and IgG4 levels and decrease in all egg component-
specific IgE levels were observed after 12 months of OIT.
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Introduction

Among young children, the prevalence of hen’s egg, cow’s
milk, and wheat allergies is 1-4% in Western countries.' Egg
allergy usually develops within the first 2 years and 34%
of these children do not tolerate egg by 5 years of age.?
Avoidance diet has traditionally been the main treatment
for food allergy, but it has many negative effects on the
quality of life (QoL).? Occasional diet failures contain a sig-
nificant risk of anaphylaxis,* while long-lasting and strict
avoidance diets may prevent the development of normal
tolerance.>® Recent guidelines suggest that induction of
specific oral tolerance provides a treatment option in chil-
dren with food allergy if performed in specialized clinical
centers.’

Egg oral immunotherapy (OIT) has been an effective
treatment in children allergic to egg in several studies.®"
Most previous egg OIT studies have been conducted using
high doses (1-4 g) of dried egg white (EW powder in up-
dosing and during the maintenance phase.?®!" The aim of
this study was to evaluate whether good clinical outcome
could be achieved with a lightened version of egg OIT,
where a short up-dosing phase is followed by egg as a part
of normal daily diet. In addition, we analyzed whether any
changes in specific immunoglobulin E (IgE), I1gA1, IgA2, and
IgG4 responses against egg components could be checked
with the lightened OIT protocol.

Methods
Study subjects

The study was approved by the Ethical Committee of the
Hospital District of South Western Finland (§863/March
16, 2010). The study recruited 50 children that were on
egg-avoidance diet based on their previously diagnosed
egg allergy. Eligibility criteria were: (1) age 6-16 years, and
(2) elevated serum levels of egg-specific IgE (=5 kU/l) or a
positive skin-prick test to egg (>5 mm).

Prior to conducting oral food challenge (OFC) with
hen’s egg, levels of serum IgE to hen’s egg antigens were
quantified and skin-prick tests with egg allergens were car-
ried on.

The OFC with hen’s egg started with a dose of 0.8 mg raw
egg white powder. Doses were doubled until objective clinical
reactivity or 200-mg dose was achieved. Reactivity assess-
ment resembled practical allergy (PRACTALL) guidelines.™

The subjects with a positive OFC were randomized to
tolerance induction (OIT) group receiving oral desensitiza-
tion (n = 18) or to a control group to be followed on an
avoidance diet (n = 17). Subjects with negative OFC (n = 15)
formed the control group for baseline comparison.

Specific oral immunotherapy

Egg OIT was started with raw egg white powder (con-
taining 80% of protein; Valkuaisjauhe, Scanegg Suomi Oy,
Piispanristi, Finland), which was the previous dose that
elicited symptoms in OFC; then, the amount was gradually
increased until the dose of 200-mg raw egg powder was

reached. The maintenance phase was carried out with
egg-containing foods as a part of normal daily diet start-
ing with 1/10th of egg. Thereafter, the study subjects
were encouraged to increase gradually the amount of daily
egg intake. Antihistamine cetirizine was used daily during
up-dosing phase.

Skin-prick tests were conducted at inclusion and after
1 year of therapy.

Component-resolved analysis of serum IgE, IgA1, IgA2,
and IgG4 levels were determined at inclusion, after up-dos-
ing, and after 1 year of immunotherapy.

Study flow chart and open OFC and raw egg pow-
der up-dosing protocols are presented in Supplementary
Figure 1 and Table 1.

Allergen preparations

Egg white and allergen components ovalbumin (OVA, Gal d
2), conalbumin (CONA, Gal d 3), lysozyme (LZM, Gal d 4),
and ovomucoid (OVM, Gal d 1) were commercially available
(Sigma-Aldrich, St Louis, MO, USA). Allergen components were
cleaned with Detoxi-Gel Endotoxin Removal Gel columns
(Thermo Scientific Pierce Chemicals) to remove endotoxins.

Skin-prick tests

Skin-prick test extracts were in-home preparations pre-
pared at the MediCity Research Laboratory of the University
of Turku from commercial egg components (Sigma-Aldrich).
Skin-prick tests were performed with egg white and egg
white components according to European standards,'#'"> and
accredited by the Finnish Allergy Program.'

Egg-specific IgE and 1gG4 responses

Egg white and egg white component-specific IgE and 1gG4
antibodies were analyzed by ImmunoCap assays using the
ImmunoCAP 100 instrument (Thermo Fisher Scientific)
according to the manufacturer’s instructions.

Egg-specific IgA1 and IgA2 responses

Nunc MaxiSorp (Thermo Fisher Scientific Invitrogen) flat-
bottomed 96-well enzyme-linked immunosorbent serologic
assay (ELISA) plates coated with ovalbumin, ovomucoid,
conalbumin, and lysozyme were used to measure the egg
component-specific IgA1 and IgA2 antibodies. Detailed
description of the assay is presented in Supplementary
Figure 2.

Statistical analysis

The key outcome of interest was immunological compari-
son between OIT-treated subjects and the control group.
Differences between the groups in continuous variables
over time were assessed by using linear mixed model for
repeated measurements. The model included group, time
(within factor), and group by time interaction. If interaction
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was statistically significant, contrasts were programmed
to study whether mean changes differed between 0 and 6
months, 0 and 12 months, or 6 and 12 months. Baseline
levels were tested with the same model. Logarithmic
transformation was performed to achieve assumption for
normality. Confidence intervals of 95% (Cl 95%) were calcu-
lated and significance level of 0.05 (two-tailed) was used.
The data analysis for this study was generated using the
SAS software, version 9.4 of the SAS System for Windows
(SAS Institute Inc., Cary, NC, USA).

Results
Demographics and clinical outcome

Demographic data of the screened 50 children are pre-
sented in Table 1. All 18 patients in the OIT group were
successfully desensitized. Desensitization was achieved
on average in 4.5 months (1.5-8 months). Adverse events
during the up-dosing were abdominal pain and mild diar-
rhea reported in six patients (33%), oropharyngeal pruritus
in four patients (22%), and perioral urticaria in one patient
(5.5%). Adverse reactions were treated with oral antihista-
mines. Seven patients (39%) had no adverse events. At the
1-year follow-up visit, all patients in the OIT group passed
the OFC consisting 200-mg (cumulative dose) of egg white
powder and subsequently tolerated egg as a part of normal
diet. The amount of egg that these patients used daily var-
ied between 1/10th of egg (six patients, 33%), 1/5th-1/4th

Table 1

of egg (six patients, 33%) to the unlimited use of egg (six
patients, 33%). There were no reported accidental aller-
gic reactions to egg in the OIT group during the follow-up
period. Seven patients (41%) in the control group experi-
enced unintentional allergic reaction to egg during the
1-year follow-up. Only two children in the control group
tolerated 200 mg of egg white powder in OFC after 1 year.

Egg white and component specific skin-prick tests
(sSPT)

Skin-prick test results are presented in Figure 1. The mean
sSPT wheal diameters in the OIT group decreased from
baseline to 1-year follow-up visit: EW, OVM, OVA, and LZM
(P < 0.02). No changes were observed in sSPT diameters
during follow-up in the control group.

Egg white and component-specific IgE antibody
levels

Immunoglobulin E results are presented in Figure 2. In the
OIT group, a decrease was observed in IgE against OVM,
OVA, and CONA (P < 0.003) at 1-year follow-up. In the con-
trol group, IgE decreased against OVM and OVA (P < 0.03)
but increased against EW (P = 0.05). No significant dif-
ferences were observed in component-specific IgE levels
between the OIT and control groups at any time point.

Demographics and clinical information of 50 children screened at baseline.

Spontaneously

OIT group (n = 18) Control group (n =17) P-value? tolerant (n = 15) P-value®
Male 10 (56%) 12 (71%) - 10 (67) -
Age at inclusion, mean (range), years 9 (6-15) 9 (6-14) - 10 (6-16) -
Serum IgE, mean (range), kU/L
Hen’s egg (egg white [EW]) 55.1 (2.0-460) 28.9 (3.4-100) 0.19 14 (0.34-120) 0.192
Ovomucoid (OVM) 45.9 (0.64-273) 13.4 (2.2-45.9) 0.07 6.8 (0.34-16.6) 0.14
Ovalbumin (OVA) 46.2 (1-288) 19.5 (1.1-64.2) 0.14 7.4 (0.34-61.4) 0.15
Conalbumin (CONA) 32 (0.34-70.1) 10.7 (0.34-23.7) 0.15 2.2 (0.34-13.4) 0.19
Lysozyme (LZM) 10.1 (0.34-70.1) 3.6 (0.34-23.7) 0.12 6.3 (0.34-85) 0.89
Skin-prick test, mean (range), mm
Hen’s egg (EW) 11.5 (5-21) 12.7 (6-20) 0.23 8.7 (0-14) 0.008
Ovomucoid (OVM) 7.6 (4-13) 9.3 (3-16) 0.04 5.5 (0-14) 0.005
Ovalbumin (OVA) 7.5 (3-13) 71 (3-12) 0.35 4.7 (0-8) 0.003
Conalbumin (CONA) 3.9 (0-11) 2.9 (0-10) 0.21 0.8 (0-5) 0.01
Lysozyme (LZM) 4.5 (0-16) 2.6 (0-11) 0.11 1.9 (0-10) 0.19
OFC dose, mean (range), mg 6.35 (0.8-25) 19.4 (1.5-96) - 150 (50-200) -
Symptoms in OFC
1 organ system 12 (67%) 9 (53%) - - -
2 or more organ systems 6 (33%) 8 (47%) = = =
Other atopic diseases
Asthma 8 (44%) 9 (53%) - - -
Food allergies 9 (50%) 11 (65%) - - -
Atopic dermatitis 7 (39%) 12 (71%) - - =

Notes: 2P values between OIT and control groups; °P values between egg allergic (OIT + control) and spontaneously tolerant.
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Specific skin-prick test (sSPT) prior to and after OIT. sSPT results with egg white, ovomucoid, ovalbumin, conalbumin,

and lysozyme at the commencement of the study (baseline) and after 1 year (12 months) of treatment in the OIT and control
groups. Data are expressed as mean (SD). Comparisons performed with linear mixed models for repeated measurements. *P < 0.02.
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Figure 2 Changes in specific IgE levels during OIT. Changes in specific IgE levels against egg white, ovomucoid, ovalbumin,
conalbumin, and lysozyme at the commencement of the study (baseline), and after up-dosing and 1 year (12 months) of treatment.
There were no constant differences in component-specific IgE levels over time between OIT and control groups. Data are expressed
as mean (SD). Comparisons were performed with linear mixed models for repeated measurements. *P < 0.03.

Egg white and component-specific IgG4 levels

IgG4 results are presented in Figure 3. Specific 1gG4 anti-
body levels against egg white and all components increased
sharply during up-dosing in the OIT group and demon-
strated sustained increase at 1-year follow-up: EW, OVM,
OVA, and LZM (P < 0.0001) and CONA (P = 0.03).

Component-specific IgA1 and IgA2 levels

IgA1 and IgA2 results are presented in Figure 4. In the OIT
group, all component-specific IgA1 and IgA2 antibody lev-
els increased during up-dosing and demonstrated sustained
increase during 1-year follow-up: (P < 0.0002). No increase
was observed in the control group (P = 0.22).

Antibody levels in subgroups

The treated children could be divided in three subgroups
based on the use of egg at 12 months of treatment: use
of 1/10th of egg (six patients), use of 1/5th-1/4th of egg

(six patients), and unlimited use of egg (six patients). The
egg white and component-specific SPT, Igk, 1gG4, and IgA
results are presented in Supplementary Figure 3.

Egg white and all component-specific IgE levels were
more than ten-fold in children using only 1/1th of egg
daily, compared to children with unlimited use of egg.
While no difference was observed in baseline egg white-
specific IgE between the groups, the component-specific
IgE levels were elevated already at baseline. As well the
egg white and component-specific IgG4 were higher in
children in the 1/10th of egg subgroup, compared to the
children in the unlimited use subgroup at baseline and at
12 months, with clearly decreased levels after up-dosing.
The increased levels in the 1/10th of egg subgroup were
observed in IgA1 levels as well.

Discussion

In this study, we demonstrated that a lightened version
of egg OIT in 6-16-year old children was equally effective
and safer, compared to earlier studies.®'%'""?®® |n addition,
obtained results showed decreased egg component-induced
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Figure 3 Changes in specific 1gG4 levels during OIT. Specific I1gG4 levels against egg white, ovomucoid, ovalbumin, conalbumin,
and lysozyme at the commencement of the study (baseline), and after up-dosing and 1 year (12 months) of treatment (OIT group)
or follow-up (control group). Comparisons were performed with linear mixed models for repeated measurements (IgG4 increase in
OIT group, P <0.0001). Data are expressed as mean (SD).
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Figure 4 Changes in specific IgA levels during OIT. Component-specific IgA1 and IgA2 antibody levels (mean OD index) against egg
white, ovomucoid, ovalbumin, conalbumin, and lysozyme at the commencement of the study (baseline), and after up-dosing and 1
year (12 months) of treatment (OIT group) or follow-up (control group). Comparisons in the OIT and control groups were performed
with linear mixed models for repeated measurements. ‘P < 0.05.
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wheal reactions in skin-prick tests and egg component-
specific IgE levels in the actively treated OIT group.
Furthermore, we found increased egg component-specific
IgG4, IgA1, and IgA2 levels in the active OIT group. It was
noteworthy that not only ovomucoid but all other compo-
nents were involved as well, although egg was used as a
part of daily diet during the maintenance phase.

Most previous egg OIT studies were performed using
high doses (1-4 g) of dried egg white in both up-dosing
and during maintenance.® However, in a study of OIT in
peanut-allergic preschool children, a maintenance dose of
300 mg was as effective as a 3000-mg dose.” Our study
used egg white powder during short up-dosing to 200 mg,
a dose that prevented an average accidental exposure to
egg-containing product (70-150 mg).? Thereafter, the main-
tenance phase was carried out with egg-containing foods
as a part of normal diet. The daily egg dose was increased
from the starting dose of 1/10th of an egg in two-thirds
of the children up to unlimited use of eggs in one-third of
the treated children after 12 months of treatment. This
study design was less heavy for the children and resulted in
good adherence and fewer adverse events. There were no
dropouts during OIT and follow-up period and the reported
adverse reactions were mild, compared to previous stud-
ies.? During up-dosing, we administered cetirizine to pre-
vent adverse reactions. This is a routine practice in all
Finnish allergen immunotherapy centers.?” Premedication
with antihistamines could be a part of routine clinical prac-
tice in OIT, but the future comparative studies are required
to assess clinical benefits.

Decrease in IgE and increase in 1gG4, IgA1, and IgA2
in case of all four studied egg components were observed
after 12 months of therapy. Our results with IgE, 1gG, and
IgA were in line with earlier studies showing decrease in
component-specific IgE and increase in 1gG4 and IgA.>22
More importantly, we had a control group and studied IgA
subclasses and showed the desensitization in vivo with
SPT. Our results with skin test outcomes, IgE, 1gG4, and
IgA, were in accord with to the results of earlier studies
that studied only egg white, ovalbumin and ovomucoid."222
We observed similar responses in addition to ovalbumin
and ovomucoid to conalbumin and lysozyme. Conalbumin
and lysozyme were included, in addition to ovalbumin and
ovomucoid, in a study comprising 50 children and no con-
trol group.’ Contrary to that study, we found decrease in
ovomucoid-, conalbumin-, and lysozyme-specific IgE and
increase in conalbumin- and lysozyme-specific IgA. In
addition, our study was the first to analyze IgA subclasses
against all egg white components.

The amount of egg that the patients consumed daily at
12 months of treatment varied between 1/10th of egg and
1/5th-1/4th of egg to the unlimited use of egg. A subgroup
analysis of the egg white and component-specific baseline
levels was more than ten-fold higher in the 1/10th of egg sub-
group, compared to the unlimited use subgroup. These high
levels of IgE were likely to be the explanation for the unsuc-
cessful attempts to increase the daily use of egg in diet.

In earlier studies, OIT was performed with egg white
powder. We used egg white powder only during up-dosing
and in the maintenance phase of the children using egg as
a part of their normal daily diet. Despite of this, the skin
test results and antibody responses for all the components

were stable after the maintenance phase. The main-
tained responses for the heat labile components of oval-
bumin, conalbumin, and lysozyme could be explained by
different levels of denaturation depending on the length
and temperature of cooking. The heat labile components
may retain more of their antigenicity in omelets, fried
or scrambled eggs or pancakes, compared to gratinated
foods cooked for longer times at high temperatures in
oven. Changes in IgE, IgG4, and IgA, compared to the heat
labile ovalbumin, were also observed in a study in which
both up-dosing and maintenance phase were performed
with 20-min hardboiled egg.” This finding was in agreement
with our observations with conalbumin and lysozyme, in
addition to ovalbumin. The denatured proteins may also be
able to affect antibody levels. In an immunotherapy study
with birch peptides IgA and IgG4 responses were discov-
ered against Bet v 1, suggesting that linear peptides could
activate memory B cells.?

In our study, we found significant elevation of IgAt1 and
IgA2 antibodies against egg components during OIT, which
was associated with desensitization. These findings sug-
gested that elevated levels of egg-specific IgA1 and IgA2
could be useful in determining clinical response to egg OIT.
These elevated antibodies were likely to be functionally
protective after OIT is completed. Both isoforms of serum
IgA act similarly despite their reported distributional dif-
ferences in the body.? In a previous publication, Kulis et al.
reported similar IgA increase in the saliva of subjects who
responded favorably to peanut sublingual immunotherapy.?
Increase in antigen-specific IgA2 was also observed in the
serum of subjects that had subcutaneous immunotherapy
for grass pollen allergy.? Wright et al. reported higher lev-
els of IgA against egg allergens in subjects that developed
sustained unresponsiveness.?

Our results showed that oral tolerance to egg was asso-
ciated with increase of component-specific 1gG4 antibod-
ies. Elevated levels of egg-specific 1gG4 could be useful in
determining clinical response to egg OIT, and it could be
functionally protective against allergic reactivity as well.
In previous studies, it was postulated that development of
either allergic hypersensitivity or immune tolerance were
critically influenced by the balance between IgG4 and IgE
production.???® The blocking role of IgG4 antibodies was
suggested as an explanation for the absence of clinical
reactivity in egg allergy and cow’s milk allergy.???° The
induction of egg white-specific 1gG4 reduced specific IgE
levels in IgE tests by competition of I1gG and IgE. This had
a major concern in microarray assays, where the amount
of allergen in immunomatrix was very low.*° This was also
possible in our IgE assays, although less likely, as we used
ImmunoCAP, where the amount of allergens in immunoma-
trix was high. In general, the presence of allergen-specific
IgG4 indicates that anti-inflammatory and tolerance-induc-
ing mechanisms are activated.

Patient visits in this study were carried out as a part of
normal outpatient clinic of allergic children. This limited
our resources to use an open OFC instead of double-blind
challenges. Although this could be a limitation to our study,
the age of our patients and their type of clinical reactivity
allowed an objective assessment of clinical manifestations.
Furthermore, the additive value of double-blind challenges
was limited even in much younger children.’
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Conclusion

We used a lightened egg OIT protocol with a short up-dos-
ing with EW powder of just 200 mg and the maintenance
phase thereafter with an egg as a part of normal daily diet.
This approach afforded a good clinical response and an
expected humoral immune response against all egg white
components. The obtained desensitization and skin-prick
and humoral responses to all components of egg could
be maintained with egg in daily diet, mainly processed by
cooking. Additional data are available in the Supplementary
Tables and Figures after the reference list.
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Figure S1 Study flow diagram (n = 50) of the study protocol of OIT and control groups through the study. All patients who
started OIT had reached maintenance dose (200-mg egg white) and passed OFC after 12 months from initiation of the study.
Skin-prick tests with egg white, ovomucoid, ovalbumin, conalbumin, and lysozyme were established at commencement of the
study (baseline) and after 12 months from initiation of the study. IgE, 1gG4, IgA1, and IgA2 antibody levels against egg antigens
were examined in the beginning, at the moment of maintenance dose (200-mg egg white) was reached, and after 12 months from
initiation of the study.
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“The initial dose was the previous dose that elicited symptoms in the OFC group. Up-dosing was performed in hospital, and reaction
precipitating triggers (e.g., fever, viral infection, previous exercise, or allergic manifestations during prior 2 weeks) were avoided. The
obtained dose was continued at home for 2 weeks daily and then patients came for the next up-dosing. At every up-dosing, the raw
egg white powder dose doubled in milligrams. If there were reasons to desist up-dosing, then the next attempt was postponed by 2
weeks. If the patients had reached the level of 200 mg of raw egg powder, they continued the maintenance phase by using regularly
1/10th of cooked egg as a part of their normal daily diet. Antihistamine cetirizine was used daily during up-dosing.

Figure S2 Egg component-specific IgA1 and IgA2 assay. To measure the egg component-specific IgA1 and IgA2 antibodies, Nunc
MaxiSorp (Thermo Fisher Scientific Invitrogen) flat-bottomed 96-well ELISA plates were coated with ovalbumin, ovomucoid,
conalbumin, or lysozyme diluted in 1 mg/mL phosphate buffered saline (PBS), 50 pL per well, and incubated overnight at 4°C.
The plates were washed twice with PBS containing 0.05% Tween (PBS-Tween) and blocked with 1% gelatin in PBS 300 pL per well
and incubated for 1 h at 37°C. The plates were washed thrice with PBS-Tween and the serum samples were diluted in the ratio of
1:10 in 1% gelatin in PBS-Tween and added to plates, 100 pL per well, incubated for 1 h at 37°C. The plates were washed thrice
with PBS-Tween and the bound antibodies were detected with alkaline phosphatase (AP)-conjugated mouse anti-human IgA1 or
IgA2 antibodies (GenWay, San Diego, CA, USA) diluted in the ratio of 1:500 in 1% gelatin in PBS-Tween added to plates, 100 pL per
well, and incubated for 1 h at 37°C. The plates were washed thrice with PBS-Tween and the bound AP-conjugate was visualized
with paranitrophenyl phosphate disodium substrate (Reagena, Siilinjarvi, Finland) diluted in 1 mg/mL diethanolamine magnesium
chloride buffer (Reagena), 100 pL per well, and incubated at 37°C. The enzymatic reaction was stopped after 30 min by addition
of 1 N NaOH, 100 pL per well. The absorbance was observed at 405 nm on a Multiscan FC (Thermo Scientific) plate reader and the
results were displayed as optical density (OD). Samples from all three time points of each patient were analyzed in parallel on
the same plate, allowing paired comparison of IgA levels at different time points of each patient, but IgA comparisons between
individual patients were not exercised. Antibody levels in three OIT subgroups: Use of 1/10th of egg, use of 1/5th-1/4th of egg,
and unlimited use of egg (six patients in each group).
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Figure S3 Spaghetti plots for 18 patients, subgroup analysis.
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Table S1 Modified open OFC and raw egg powder up-dosing protocol.
Modified open OFC

Dose No. Raw egg powder, single dose (mg) Raw egg powder, cumulative dose (mg)
1. 0.1 0.1
2. 0.2 0.3
3. 0.4 0.7
4. 0.8 1.5
5. 1.5 3
6. 3 6

7. 6 12
8. 12 24
9. 25 49
10. 50 99
11. 100 199
12. 200 399

‘Increasing doses were given at approximately every 30 min. If the subject did not tolerate a given dose and symptoms were mild,
then that dose or the previously tolerated one dose was repeated, and the protocol proceeded as outlined. If the subject experienced
significant symptoms, then the protocol was stopped, and the highest tolerated dose was used as the starting daily dose (Buchanan
et al., 2007).%0

Table S2 Comparison between OIT subgroups, skin-prick test results.

OIT group 1 OIT group 2 OIT group 3 P-value? P-value® P-value®
Skin-prick test (mean, mm)

EW, baseline 4 4.5 4.7 0.01 0.05 0.6
EW, 12 months 11.5 10.2 12.8 0.7 0.63 0.39
Ovom, baseline 10.5 7.7 7.3 0.05 0.08 0.79
Ovom, 12 months 8.7 6.5 7.5 0.45 0.02 0.51
Oval, baseline 4.2 5.2 4.2 1 0.44 0.46
Oval, 12 months 9.2 4.5 8.8 0.85 0.01 0
Cona, baseline 3.7 2 3.3 0.81 0.2 0.22
Cona, 12 months 2.5 3.5 5.7 0.13 0.63 0.41
Lyso, baseline 1.8 2.7 4.0 0.24 0.6 0.51
lyso 12 months 4.3 5 4.2 0.96 0.85 0.78

EW: egg white; OIT group 1: unlimited use of egg; OIT group 2: using 1/5th-1/4th of egg daily; OIT group 3: using 1/10th of egg daily; aP
values between OIT groups 1 and 3; bP values between OIT groups 1 and 2; cP values between OIT groups 2 and 3.

Table S3 Comparison between OIT subgroups, IgE values.

OIT group 1 OIT group 2 OIT group 3 P-value? P-value® P-value®
IgE value (kU/L)

EW, baseline 4 1.8 2.5 0.56 0.35 0.75
EW after up-dosing 12.9 22.3 130.0 0.12 0.34 0.15
EW, 12 months 11.8 18.8 290.6 0.09 0.41 0.09
Ovom, baseline 1.2 6.8 154.4 0.11 0.21 0.14
Ovom after up-dosing 8.4 21 108.4 0.07 0.2 0.12
Ovom, 12 months 6.7 19.7 117.8 0.09 0.12 0.13
Oval, baseline 7 14.1 45.9 0.03 0.41 0.09
Oval after up-dosing 8 12 118.7 0.07 0.57 0.08
Oval, 12 months 4.6 8.9 89.3 0.15 0.48 0.17
Cona, baseline 5.4 7.5 59.7 0.07 0.72 0.09
Cona after 2.2 2.7 91.1 0.09 0.75 0.09
up-dosing

Cona, 12 months 1.1 5.5 145.2 0.1 0.28 0.11
Lyso, baseline 0.7 3.8 75.8 0.09 0.33 0.1
Lyso after up-dosing 1.3 3 26.0 0.07 0.27 0.09
Lyso, 12 months 1.4 4.8 64.4 0.1 0.29 0.12

EW: egg white; OIT group 1: unlimited use of egg; OIT group 2: using 1/5th-1/4th of egg daily; OIT group 3: using 1/10th of egg daily; aP
values between OIT groups 1 and 3; bP values between OIT groups 1 and 2; cP values between OIT groups 2 and 3.
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Table S4 Comparison between OIT subgroups, 1gG4 values.

OIT group 1 OIT group 2 OIT group 3 P-value® P-value® P-value®
IgG4 value (kU/L)

EW, baseline 1.2 2.7 27.4 0.07 0.41 0.09
EW after up-dosing 0.4 3 1.7 0.15 0.29 0.6

EW, 12 months 24.2 58.7 57.4 0.36 0.45 0.98
Ovom, baseline 8.9 30.4 70.6 0.08 0.31 0.3

Ovom after up-dosing 0.1 3 1.2 0.1 0.27 0.52
Ovom, 12 months 13.3 29.5 51.6 0.2 0.46 0.48
Oval, baseline 3.5 27.6 57.7 0.07 0.3 0.4

Oval after up-dosing 0.4 2.3 1.5 0.23 0.3 0.67
Oval, 12 months 21.8 37.7 41.2 0.44 0.64 0.93
Cona, baseline 8.4 15.5 42.5 0.2 0.49 0.34
Cona after up-dosing 0.2 0.7 0.5 0.38 0.36 0.68
Cona, 12 months 5 5.5 5.5 0.87 0.92 0.99
Lyso, baseline 1.2 1.9 5.3 0.09 0.64 0.21
Lyso after up-dosing 0.1 0.2 0.4 0.12 0.65 0.27
Lyso, 12 months 0.8 1.5 4.5 0.11 0.53 0.24

EW: egg white; OIT group 1: unlimited use of egg; OIT group 2: using 1/5th-1/4th of egg daily; OIT group 3: using 1/10th of egg daily; aP
values between OIT groups 1 and 3; bP values between OIT groups 1 and 2; cP values between OIT groups 2 and 3.
P values between OIT groups 2 and 3.

Table S5 Comparison between OIT subgroups, IgA values.

OIT group 1 OIT group 2 OIT group 3 P-value® P-value® P-value®
IgA1 OD index
Ovom, baseline 0.2 0.5 1.0 0.02 0.05 0.15
Ovom after 0.2 1 1.7 0 0.11 0.17
up-dosing
Ovom, 12 months 0.2 0.6 1.1 0 0.05 0.06
Oval, baseline 0.1 0.5 1.0 0.02 0.04 0.16
Oval after up-dosing 0.4 1 1.7 0 0.09 0.09
Oval, 12 months 0.3 0.6 1.1 0 0.04 0.07
Cona, baseline 0.4 0.3 0.8 0.16 0.82 0.12
Cona after up-dosing 0.6 1.2 1.9 0.09 0.21 0.42
Cona, 12 months 0.5 0.6 1.4 0.08 0.73 0.09
Lyso, baseline 0.4 0.3 0.5 0.28 0.78 0.19
Lyso after up-dosing 0.4 0.6 1.0 0.01 0.19 0.08
Lyso, 12 months 0.5 0.4 0.7 0.07 0.68 0.02
IgA2 OD index
Ovom, baseline 0 0.1 0.1 0.02 0.04 0.92
Ovom after up-dosing 0.1 0.2 0.3 0.03 0.28 0.23
Ovom, 12 months 0.1 0.1 0.2 0.04 0.38 0.3
Oval, baseline 0.1 0.2 0.2 0.18 0.26 0.76
Oval after up-dosing 0.2 0.6 0.6 0.06 0.34 0.96
Oval, 12 months 0.2 0.4 0.5 0.04 0.33 0.66
Cona, baseline 0.3 0.1 0.1 0.5 0.39 0.72
Cona after up-dosing 0.2 0.3 0.8 0.25 0.7 0.28
Cona, 12 months 0.2 0.2 0.5 0.25 0.82 0.27
Lyso, baseline 0.1 0.1 0.1 0.55 0.97 0.61
Lyso after up-dosing 0.1 0.1 0.2 0.32 0.91 0.35
Lyso, 12 months 0.1 0.1 0.2 0.34 0.92 0.32

OIT group 1: unlimited use of egg; OIT group 2: using 1/5th-1/4th of egg daily; OIT group 3: using 1/10th of egg daily; aP values
between OIT groups 1 and 3; bP values between OIT groups 1 and 2; cP values between OIT groups 2 and 3.



