International

Experimental Allergy - Research Article

Archives of Allergy
and Immunology

Int Arch Allergy Immunol
DOI: 10.1159/000518522

Received: December 10, 2020
Accepted: July 14, 2021
Published online: September 1, 2021

Natural History of Allergy to Hen’s Egg:
A Prospective Study in Children Aged 6

to12 Years

Hiroaki Taniguchi®® Kiyotake Ogura® Sakura Sato““ Motohiro Ebisawa® ¢

Noriyuki Yanagida®

aDepartment of Pediatrics, National Hospital Organization Sagamihara National Hospital, Sagamihara, Japan;
bDepartment of Pediatrics, Konan Medical Center, Kobe, Japan; “Department of Allergy, Clinical Research Center
for Allergy and Rheumatology, National Hospital Organization Sagamihara National Hospital, Sagamihara, Japan;
dCourse of Allergy and Clinical Immunology, Juntendo University Graduate School of Medicine, Tokyo, Japan

Keywords
Anaphylaxis - Food hypersensitivity - Hen's egg - Natural
history - Tolerance

Abstract

Introduction: There are limited reports on the natural his-
tory of hen’s egg (HE) allergy (HEA) in children <6 years. We
aimed to investigate the natural history of HEA in children
aged 6-12 years and the factors affecting its tolerance acqui-
sition. Methods: Using the database in our hospital, a total
of 137 patients diagnosed with a definitive immediate-type
reaction to HE when they turned 6 years were enrolled, and
the natural course of HEA was prospectively examined until
patients turned 12 years. Tolerance was defined as being
able to pass an oral food challenge to consume a half or
whole heated HE or consume heated HE freely without
symptoms. Thirty patients (21.9%) who were enrolled for
oral immunotherapy and 21 (15.3%) who discontinued fol-
low-up were considered dropouts. Kaplan-Meier estimation
was used to evaluate the rate of tolerance. Results: Fifty-five
of the 137 patients (40.1%) had a previous HE anaphylaxis
history; 61 (44.5%) patients had acquired tolerance to HE by
age 12 years; and 25 (18.2%) continued total or partial HE

elimination. The estimated acquired tolerance rates by ages
7,9,and 12 years were 14.6%, 40.8%, and 60.5%, respective-
ly. A previous history of HE anaphylaxis before 6 years of age,
reacting to small amounts of heated HE by 6 years of age, and
higher ovomucoid-specific immunoglobulin E values at the
same age were associated with persistent HEA. Conclusion:
This study provides important insights into the natural
course of HEA beyond early childhood, with the acquisition
of HE tolerance continuing throughout the duration of the
study. ©2021 5. Karger AG, Basel

Introduction

Food allergy has become an increasingly prominent
condition worldwide; it results in allergic reactions of
varying severity and is a burden to patients and their fam-
ilies. The prevalence of food allergy in Japan is estimated
at around 5-10% among infants [1] and 4.5% among
school-age children [2]. Food sensitization in the early
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years of life is related to other allergic diseases, including
asthma and allergic rhinitis [3].

Hen’s egg (HE) is one of the most common causes of
food allergy around the world, with a reported prevalence
of 1.6-10.1% [4, 5]. A previous Japanese study focusing
on immediate-type food allergy found that HE was the
most commonly observed causative food allergen, ac-
counting for 39.0% of all such reactions across all age-
groups [6].

The natural history of HE allergy (HEA) has been pre-
viously reported in various countries [7-15]. The rate of
tolerance varies across reports, from 12% to 73% by 6
years of age. Some, but not all, of the participants of those
studies received oral food challenge (OFC) either for
HEA diagnosis or for the determination of whether toler-
ance to HE was acquired. Our facility has previously re-
ported on the natural history of HEA in children aged 0-3
years [14] and 0-6 years [15] in Japan. In those reports,
the proportions of patients who had acquired tolerance to
HEA were 30% and 73% at ages 3 and 6 years, respective-
ly. Few studies however have focused on the natural his-
tory of HEA beyond the age of 6 years. Savage et al. [9]
reported the rate of tolerance in the US as 37% by 10 years
of age and 68% by 16 years of age. In a longitudinal study
of HEA resolution conducted by Clark et al. [10], the es-
timated rate of tolerance to well-cooked HE was 60% by
the age of 6 years and 94% by the age of 12 years and 2
months.

To the best of our knowledge, the natural history of
HEA beyond the age of 6 years has not been previously
reported in Japan. Such a study could provide important
insights into the natural history of HEA and useful infor-
mation on HEA management in patients with persistent
HEA until school age. Therefore, we determined the nat-
ural history and factors influencing the acquisition of tol-
erance among HEA patients aged 6-12 years.

Materials and Methods

Database

The iAnet is an internal comprehensive food allergy patient
database (UMIN000013561) designed with the cooperation of Hi-
tachi Solutions Create (Tokyo, Japan); it contains patient data in-
cluding sex, date of birth, birth weight, gestational age at birth, type
of delivery (normal vaginal delivery or cesarean section), feeding
patterns during infancy (exclusive or partial breastfeeding or ex-
clusive formula feeding), descriptions of food allergy, comorbid
allergic diseases, and familial allergic history. In our hospital, pa-
tient data are usually obtained at the first visit. Comorbid allergic
diseases, if present, were diagnosed by the attending pediatric al-
lergists. The descriptions of food allergy included the names of
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causative foods, time of diagnosis, reason for the elimination of the
causative food, history of anaphylaxis related to individual caus-
ative foods, and current status of food allergy (acquired tolerance,
partial, or total elimination). Individual data are updated (to reflect
the changes in the patients’ allergic disease status) prospectively
once a year.

Participants

We enrolled children with food allergies who visited the Na-
tional Hospital Organization, Sagamihara National Hospital, and
who were registered on iAnet. For this study, patient data match-
ing the set inclusion criteria were extracted from iAnet. Inclusion
criteria were date of birth between January 2002 and December
2003; HEA diagnosed with the use of either a positive OFC or phy-
sician-diagnosed immediate-type reaction to HE; having visited
the National Hospital Organization, Sagamihara National Hospi-
tal, before age 6 years; and had not acquired tolerance to HEA by
this age (shown in Fig. 1). Enrollment at age 6 years was chosen as
a sequel to a previous retrospective study on HEA, in which the
natural history of HEA was investigated from age 0 to 6 years at
our facility [15]. Those whose HEA was not confirmed through an
OFC or a physician-diagnosed immediate-type reaction, those
who visited our facility after they turned 6 years of age, and those
who had already acquired tolerance to HE before 6 years of age
were excluded.

Follow-Up

We prospectively studied the natural course of HEA from age
6 years until the patients turned 12 years. The follow-up age (6-12
years) was chosen to match the age span of elementary education
in Japan.

During the follow-up period, the patients underwent periodical
OFCs, usually annually. If the OFC was confirmed as being nega-
tive and patients were able to consume certain amounts of HE (i.e.,
heated egg yolk), they were advised to consume up to that same
amount until the next OFC. If the OFC was positive, patients were
instructed to continue with total elimination or to consume the
amount that was available prior to the positive OFC [16, 17]. Blood
tests to measure IgE values were usually performed once a year or
at the attending pediatrician’s request. Specific IgE values were
measured using ImmunoCAP™ (Thermo Fisher Scientific/Phad-
ia, Uppsala, Sweden).

End Point

The primary end point was the rate of HE tolerance acquisition
by 12 years of age. Tolerance was defined as being able to pass the
OFC to a half or whole heated HE and/or consume HE freely with-
out symptoms (tolerance group). Patients who passed the OFC
were instructed to consume HE at home to confirm their tolerance.
The times to the acquisition of tolerance were recorded for patients
who acquired tolerance to HE. Those with complete or partial HE
elimination by the age of 12 years were considered as having per-
sistent HEA (persistent HEA group). Patients who discontinued
the follow-up and those who enrolled for oral immunotherapy
(OIT) for HE were considered as dropouts.

The secondary end points were the patients’ characteristics at
the age of 6 years according to the tolerance and elimination
groups. These characteristics were patients’ sex, body weight at
birth, gestational age at birth, type of delivery, rate of exclusive
breastfeeding, history of anaphylaxis due to HE before the age of 6
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Fig. 1. Patient enrollment and clinical out-

comes. In total, 137 patients were enrolled
in this prospective study. Sixty-one pa-
tients (45%) acquired tolerance, while 25

tolerance

61 acquired

(Tolerance Group)

25 continued partial or total
elimination
(Persistent HEA)

(18%) continued elimination. HEA, hen’s
egg allergy; OIT, oral immunotherapy.

years, the number of food allergens other than HE, comorbid al-
lergic diseases at the age of 6 years (atopic dermatitis, bronchial
asthma, allergic rhinitis, and allergic conjunctivitis), total IgE val-
ue, and the specific IgE values of egg white (EW) and ovomucoid
(OVM).

Statistical Analyses

To depict the HEA resolution trend from 6 to 12 years of age,
Kaplan-Meier survival estimation curves were generated. For the
comparison of the patients’ characteristics and allergen-specific
IgE values between the tolerance and persistent HEA groups, we
applied Fisher’s exact test for categorical variables and the Mann-
Whitney U test for continuous variables. The hazard ratio and 95%
confidence interval comparing patients with the factors influenc-
ing persistent HEA were reported based on a multivariate Cox pro-
portional hazards model. The covariates included in the Cox pro-
portional hazards model were selected from among factors that
were significantly associated with persistent HEA in the previous
reports or were factors whose p values were <0.10 in the compari-
son of patients’ characteristics.

As an additional evaluation, data on those who participated in
OIT and thoselost to follow-up were analyzed in 2 additional ways.
The first approach was more stringent and designated them as hav-
ing continued with HE elimination until they turned 12 years of
age. In the second approach, we focused on the OIT results, and
those who acquired sustained unresponsiveness to HE through
OIT were also counted as having acquired tolerance at the time, at
which sustained unresponsiveness to HE was achieved.

In the post hoc analyses, we compared the patients by dividing
them based on whether their EW- and OVM-specific IgE values
were above or below the median level. Kaplan-Meier survival esti-
mation curves were generated, considering those who enrolled for
OIT and those who were lost to follow-up as dropouts. Moreover,
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Kaplan-Meier survival estimation curves were generated compar-
ing the patients based on factors that were significant in the Cox
proportional hazards model. Additionally, we generated Kaplan-
Meier survival estimation curves combining 2 factors that were
significant in the Cox proportional hazard model. The Kaplan-
Meier curves of the 2 groups were compared using a log-rank test.
p values <0.05 were considered statistically significant. All statisti-
cal analyses were performed using R version 3.3.2 (The R Founda-
tion for Statistical Computing, Vienna, Austria).

Ethical Considerations

The patients or their guardians provided oral or written con-
sent at the time of enrollment in iAnet. Those who chose not to be
enrolled were excluded from this study. The board of ethics at Sag-
amihara National Hospital reviewed and approved iAnet (Rinri
2007-Oct.-009).

Results

Patient Enrollment and Outcomes

As shown in Figure 1, a total of 137 patients (95 boys
and 42 girls) who were registered in iAnet before turning
6 years of age were enrolled in the study at the point in
which they turned 6 years. By the time they turned 12
years, 61 patients (44.5%) had acquired tolerance (toler-
ance group), while 25 (18.2%) continued with the total or
partial elimination of HE (persistent HEA group). HE tol-
erance was confirmed by the use of a heated HE OFC in
46 (75.4%) of the 61 patients, whereas in 15 (24.6%) pa-
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Fig. 2. Kaplan-Meier estimation curve of
HEA resolution from 6 to 12 years of age.
Shaded areas indicate 95% CIs. HEA, hen’s
egg allergy; ClIs, confidence intervals.
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tients, tolerance was confirmed when HE was introduced
at home or through accidental ingestion. Thirty (21.9%)
patients were enrolled for OIT (OIT group), while 21
(15.3%) discontinued follow-up during the study period.
Of those in the OIT group, 18 (60.0%) achieved sustained
unresponsiveness, 9 (30.0%) continued with OIT at age
12 years, and 3 (10.0%) dropped out of OIT.

Estimated Rate of HEA Resolution

Using Kaplan-Meier survival estimation, the estimat-
ed percentage of HEA resolution was calculated (shown
in Fig. 2). When we designated the patients in the OIT
group and those who were lost to follow-up as dropouts,
the percentages of resolution by age 7, 9, and 12 years
were 14.6%, 40.8%, and 60.5%, respectively. The median
age at HEA resolution was 9.8 years.

Further, we also estimated the HEA resolution rates
using different approaches. Online suppl. Figure 1 (see
www.karger.com/doi/10.1159/000518522 for all online
suppl. material) shows the Kaplan-Meier survival estima-
tion of HEA resolution when the OIT group and those
lost to follow-up are designated as “continued HE elimi-
nation until age 12 years.” Here, the percentages of reso-
lution by 7, 9, and 12 years of age were 13.9%, 33.6%, and
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44.5%, respectively. Online suppl. Figure 2 shows the re-
sults when the OIT results are factored in. Those who
achieved sustained unresponsiveness to HE through OIT
were also counted as having acquired tolerance at the
time at which they achieved sustained unresponsiveness
to HE. Those who were lost to follow-up were considered
as dropouts. Here, the percentages of resolution by 7, 9,
and 12 years of age were 15.0%, 43.8%, and 65.2%, respec-
tively. The median age at HEA resolution was 9.7 years.

Patient Characteristics

Table 1 shows the background characteristics of all the
patients at the age of 6 years. All the patients had imme-
diate-type HEA, with 55 patients (40.1%) experiencing
HE anaphylaxis. The patients were also highly atopic,
with 130 (94.8%) showing comorbid atopic dermatitis at
the age of 6 years.

Comparisons of the Patient Characteristics

The background characteristics of those in the toler-
ance and persistent HEA groups are presented in Table 2.
Between the 2 groups, a statistically significant difference
was observed only in the number of other food allergens
atthe age of 6 years and the number of patients who passed
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Table 1. Background characteristics of all patients

All patients
(n=137)
Male 95 (69.3)
Term delivery 131 (95.6)
Caesarian section 12 (8.8)
Total breastfeeding 31(22.6)
Secondhand smoking 56 (49.9)
Parental history of allergic diseases’ 123 (89.8)
Age of the first visit, years 2.3 (1.0-4.5)
Age of the first OFC, years 5.5(3.9-6.3)
Food allergens at the age of 6 years, n 2(1-4)
Comorbid diseases
Bronchial asthma 86 (62.8)
Atopic dermatitis 130 (94.9)
Allergic rhinitis 27 (19.7)
Allergic conjunctivitis 15 (10.9)
History of anaphylaxis to HE 55 (40.1)
Passed heated egg yolk OFC by the age
of 6 years 46 (33.6)

Total IgE value, IU/mL
EW-specific IgE value, kU,/L
OVM-specific IgE value, kU,/L

1,080 (40-2,105)
24.4 (7.2-41.5)
12.6 (4.8-33.3)

Categorical variables are presented as n (%), and continuous
variables as median (interquartile range). OFC, oral food challenge;
HE, hen’s egg; EW, egg white; OVM, ovomucoid; IgE,
immunoglobulin E. " One or both parents have at least one of the
following: food allergy, bronchial asthma, atopic dermatitis,
allergic rhinitis, or allergic conjunctivitis.

aheated egg yolk OFC by this age. Other factors, including
a history of HE anaphylaxis were not significant. The re-
sults of the comparisons of the background characteristics
of those in the OIT group with those in the tolerance and
persistent HEA groups are shown in online suppl. Table
1. The OIT group had significantly higher rates of HE ana-
phylaxis experience compared to the tolerance group
(63% vs. 26%, p = 0.002). There were no significant differ-
ences between the OIT and persistent HEA groups in any
of the background characteristics examined.

The results of the multivariate Cox hazard model anal-
ysis are presented in Table 3. A history of HE anaphy-
laxis, a positive heated egg yolk OFC before the age of 6
years, and higher OVM-specific IgE values at the age of 6
years were significantly associated with persistent HEA.
The proportional hazards assumption was verified graph-
ically and statistically (data not shown).

Specific IgE Values and Tolerance
The EW- and OVM-specific IgE values (kU /L) at the
age of 6 years were significantly lower in the tolerance

Natural History of Egg Allergy

group than in the persistent HEA group (median 12.5 vs.
39.8, p =0.002; and 7.4 vs. 33.2, p = 0.0003, respectively).
Figure 3 shows the yearly changes in the specific IgE val-
ues. The yearly EW-specific IgE values were significantly
lower in the tolerance group until 7 years of age. Although
the tolerance group had relatively lower values than the
persistent HEA group after 8 years of age, significance
was not observed. A similar significance level was ob-
served in the OVM-specific IgE values until 9 years of age.
The OIT group also had significantly higher EW- and
OVM-specific IgE values than those of the tolerance
group (median 29.1 vs. 12.5, p = 0.025; and 18.1 vs. 7.4,
p = 0.002, respectively).

Patient Characteristics, Specific IgE Values, and

Tolerance

A comparison of patients with specific IgE values
above and below the overall median level (24.4 kU /L for
EW- and 12.5 kU,/L for OVM-specific IgE) is shown in
Figure 4a and b. Using Kaplan-Meier survival estimation,
among patients whose EW-specific IgE at the age of 6
years were <24.4 kU,/L, the estimated percentages of
HEA resolution at 7, 9, and 12 years of age were 24.0%,
49.5%, and 74.8%, respectively, and among patients
whose EW-specific IgE values were >24.4 kU, /L, the rates
were 6.3%, 32.8%, and 50.2%, respectively (shown in
Fig. 4a). Among patients whose OVM-specific IgE at the
age of 6 years when the IgE values were <12.5 kU /L the
rates of HEA resolution at 7, 9, and 12 years of age were
25.6%, 53.9%, and 77.7%,respectively, and among pa-
tients whose OVM-specific IgE values were 212.5 kU, /L,
the rates were 3.3%, 28.0%, and 48.2%, respectively
(shown in Fig. 4b). In the log-rank test, those with IgE
values below the median level were significantly more
likely to acquire tolerance (p = 0.014 for EW and p = 0.003
for OVM) than those with values above the median value.

The Kaplan-Meier survival estimation curves compar-
ing patients with and without a history of HE anaphy-
laxis are shown in Figure 5a. In the log-rank test, those
without a history of HE anaphylaxis were significantly
more likely to acquire tolerance (p = 0.015).

The Kaplan-Meier survival estimation curves compar-
ing patients who had and had not passed the heated egg
yolk OFC by 6 years of age are shown in Figure 5b. In the
log-rank test, those who had passed the heated egg yolk
OFC by 6 years of age were significantly more likely to
acquire tolerance (p < 0.001).

We also generated Kaplan-Meier survival estimation
curves combining history of HE anaphylaxis, tolerance to
heated egg yolk by the age of 6 years, and whether the
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Table 2. Background characteristics comparisons between tolerance versus persistent HEA groups

Tolerance group Persistent HEA p value
(n=61) (n=25)
Male 42 (69) 17 (68) >0.999
Term delivery 59 (97) 23(92) 0.289
Caesarian section 5(8) 2(8) >0.999
Total breastfeeding 11 (18) 6 (24) 0.552
Secondhand smoking 26 (43) 6 (24) 0.146
Parental history of allergic diseases’ 56 (92) 21 (84) 0.438
Age of the first visit, years 2.6 (1.3-4.6) 1.9 (0.9-4.3) 0.472
Age of the first OFC, years 5.6 (4.2-6.1) 5.4 (3.5-7.0) 0.640
Food allergens at the age of 6 years, n 2 (1-4) 3 (2-5) 0.048*
Comorbid diseases
Bronchial asthma 36 (59) 20 (80) 0.083
Atopic dermatitis 57 (93) 24 (96) >0.999
Allergic rhinitis 9 (15) 6 (24) 0.353
Allergic conjunctivitis 5(8) 4 (16) 0.438
History of anaphylaxis to HE 16 (26) 10 (40) 0.301
Passed heated egg yolk OFC by the age of 6 26 (43) 4 (16) 0.025*
Total IgE value, IU/mL 1,069 (328-2,033) 1,375 (754-2,155) 0.388

Categorical variables are presented as n (%) and tested using Fisher’s exact test. Continuous variables are
presented as median (IQR) and tested using Mann-Whitney’s U test. HEA, hen’s egg allergy; OFC, oral food
challenge; HE, hen’s egg; EW, egg white; OVM, ovomucoid; IQR, interquartile range; IgE, immunoglobulin E.
* p value <0.05. T One or both parents having at least one of the following: food allergy, bronchial asthma, atopic

dermatitis, allergic rhinitis, or allergic conjunctivitis.

Table 3. Cox regression analysis of factors contributing to persistent HEA

Adjusted HR (95% CI)  p value
Food allergens at the age of 6 years (per increase of 1), n 1.07 (0.92, 1.24) 0.409
Comorbid bronchial asthma 1.71 (0.98, 2.99) 0.058
History of anaphylaxis to HE 2.50(1.31, 4.76) 0.005*
Passed heated egg yolk OFC by the age of 6 years 0.29 (0.16, 0.53) <0.001*
OVM-specific IgE value at the age of 6 years (per 10-fold increase) 2.94(1.96, 4.43) <0.001*

Multivariate Cox regression analysis was performed using the factors presented in this table as covariates.
HEA, hen’s egg allergy; HR, hazard ratio; CI, confidence interval; HE, hen’s egg; OFC, oral food challenge; IgE,
immunoglobulin E; OVM, ovomucoid. * p value <0.05.

OVM-specific IgE values were higher or <12.5 kU /L.
The estimation curves are shown in online suppl. Figure
3. Those who did not have a history of anaphylaxis to HE
and could tolerate heated egg yolk were significantly
more likely to acquire tolerance to HE compared to the
other groups of patients (p < 0.005). Conversely, those
who had a history of anaphylaxis to HE and whose OVM-
specific IgE values were 212.5 kU, /L were more unlikely
to acquire tolerance to HE by 12 years of age.

6 Int Arch Allergy Immunol
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Discussion/Conclusion

Herein, we presented the natural history of HEA in
children from ages 6 to 12 years. All the investigated pa-
tients had immediate-type HEA, which was either an
OFC- or physician-diagnosed immediate-type reaction
to HE. More than 60% of the patients with HEA were es-
timated to have acquired tolerance by age 12 years.

The natural history of HEA has been reported previ-
ously, including in Japan [7-15]. Many of those reports
were based on the follow-up of patients during the first
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few years of their lives. Few studies have focused on
school-age children with HEA [9, 10]. In the previous
studies, some of the children who continued to have
HEA beyond 6 years of age were able to achieve tolerance
to HE, although there were variations in the rates of
achieving tolerance [9, 10]. Our study results showed a
similar trend, with 60.5% of the patients who still had
HEA at the age of 6 years acquiring HE tolerance by the
age of 12 years. Our results and those of the previous
studies cannot be simply compared because our study
enrolled patients at a starting age of 6 years, unlike the
previous studies that investigated patients at much
younger ages [7-15]. However, our study participants
and their results may be better reflections of the real
world. Additionally, our study participants underwent
OFCs periodically, usually annually. This contributes to
a more accurate assessment of the diagnosis of HE toler-
ance.

According to the previous reports, including 2 from
our facility, the risk factors of HEA that persist beyond
early childhood and into school age include the presence
of comorbid bronchial asthma [15], atopic dermatitis
[15], higher EW- and OVM-specific IgE values [11, 15],
larger skin prick test wheals [8, 11], and systemic reac-
tions or anaphylaxis on HE intake [7, 8, 11, 15]. Some
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reports demonstrated that patients who tolerate baked
eggs are more likely to be able to achieve HEA resolution
[12, 18]. Our study participants’ background characteris-
tics at 6 years of age showed similar characteristics, with
relatively high EW- and OVM-specific IgE values and
40% of patients having experienced HE anaphylaxis. In
addition, the proportion of patients who had already ex-
hibited tolerance to smaller amounts of heated HE (heat-
ed egg yolk) was significantly higher in the tolerance than
in the persistent HEA group, suggesting that those who
can tolerate smaller HE amounts are more likely to
achieve tolerance [16].

In a report by Savage et al. [9], the factors associated
with a slower resolution of HEA in older age children
were the presence of higher egg-specific IgE values, oth-
er atopic diseases, and other food allergens. In our study,
multivariate Cox regression analysis revealed that a his-
tory of anaphylaxis to HE, not being able to pass a heated
egg yolk OFC, and higher OVM-specific IgE values at 6
years of age were significantly associated with persistent
HEA. However, other factors, including the presence of
other atopic diseases, were not significantly associated
with HEA resolution, unlike in the previous studies. This
may also be due to the fact that, in our study, patients
were followed up from 6 years of age. Therefore, the
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background factors of the patients in this study cannot
be compared with those of patients in the previous re-
ports, in which the factors were surveyed at a much ear-
lier age.

8 Int Arch Allergy Immunol
DOI: 10.1159/000518522

Two previous studies have focused on the natural his-
tory of HEA in Japan; both were conducted at our facility
[14, 15]. Our study participants were born between 2002
and 2003, while those in the previous reports were born
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Fig. 5. Kaplan-Meyer estimation curve of
the HEA resolution compared those with
and without a history of anaphylaxis to HE
(a) and those who did and did not tolerate
heated egg yolk by the age of 6 years (b).
a Black line indicates patients who had a
history of anaphylaxis to HE. Gray line in-
dicates patients who did not have a history
of anaphylaxis to HE. b Black line indicates
patients who could not tolerate heated egg
yolk by the age of 6 years. Gray line indi-
cates patients who could tolerate heated
egg yolk by the age of 6 years. Shaded areas
indicate 95% ClIs. HEA, hen’s egg allergy;
HE, hen’s egg; CIs, confidence intervals.
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in 2005. However, our study participants also showed a  assume that some of the patients we followed up in this
similar tendency, with higher rates of comorbid bronchi-  study, whose HEA persisted until 6 years of age and had
al asthma (62.8%), atopic dermatitis (94.9%), and a his- a more severe form of the allergy; 60.5% of these patients
tory of anaphylaxis to HE (40.1%). Hence, it is possible to  acquired tolerance to HE by 12 years of age. We believe it
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is important to consider when caring for school-age pa-
tients with HEA that they still have a good chance of ac-
quiring tolerance to HE beyond 6 years of age.

The use of OIT for HE was first reported in 2007 [19,
20]; since then, many studies have focused on HE OIT
[21]. It has been suggested that long-term OIT may lead
to sustained unresponsiveness that persists after OIT ces-
sation [22]. We presented a Kaplan-Meier survival esti-
mation that factored in the OIT results. This yielded bet-
ter results than when those who were enrolled for OIT
were treated as dropouts. This suggests that OIT may
have the potential to accelerate HEA resolution.

The OIT group had significantly higher proportions of
patients who experienced HE anaphylaxis and higher
EW- and OVM-specific IgE values than the tolerance
group. However, there were no significant differences in
the patient characteristics between the OIT and persistent
HEA groups. This suggests that had these patients not
been enrolled for OIT, they may have had to continue
with the elimination of HEA until 12 years of age. To eval-
uate the natural course of HEA more rigorously, we pre-
sented the Kaplan-Meier survival estimation, in which we
considered patients who underwent OIT and those lost to
follow-up as having “continued HE elimination until the
age of 12 years” as a worst-case scenario. The rate of reso-
lution in the real world is likely to be close to this rate.

One of the limitations of this study is its single-center
design. Our facility is a tertiary center for food allergy in
Japan, and patients who are referred to our facility tend to
have more severe forms of food allergy than the general
population. This may have affected the outcomes of this
study. The other limitation is the relatively high number
of patients in the OIT group and those who were lost to
follow-up. This is due to the nature of this study, in which
patients were followed up through standard practice; this
may have resulted in dropouts due to residential address
changes for familial reasons and the termination of fol-
low-up out of the free will of the patients and their guard-
ians. In addition, in our practice, we offered OIT as an
experimental treatment option to some patients. This may
be a source of bias, which might have affected the result of
our study. Another limitation of this study is its design of
following up patients from 6 to 12 years of age, which may
make comparisons with other reports difficult. This is due
to this study having been structured as a sequel to our pre-
vious study, which was focused on HEA patients aged 0-6
years [15]. Moreover, we chose 12 years of age as our end
point partly because we considered the years of Japanese
primary education (from 6 to 12 years of age), to be an
important period when providing care for HEA children.

10 Int Arch Allergy Immunol
DOI: 10.1159/000518522

Although the presence of a history of HE anaphylaxis
and high specific IgE values are not alterable, there may
be room to intervene in the natural history of HEA by
encouraging children to consume small amounts of heat-
ed HE before 6 years of age. There is a need to perform
studies with a larger number of patients that focus on
whether encouraging patients with HEA to consume
smaller amounts of heated HE can improve the natural
course of HEA.

In conclusion, >60% of patients who still had immedi-
ate-type HEA at 6 years of age were estimated to have ac-
quired tolerance by 12 years of age. Those who had not
experienced anaphylaxis to HE, who can tolerate heated
egg yolk by the age of 6 years, and those with lower EW-
and OVM-specific IgE values at 6 years of age are expect-
ed to have acquired tolerance to HE at an earlier stage.
This study provides important insights into the natural
course of HEA beyond early childhood, with the acquisi-
tion of tolerance to HE continuing throughout the dura-
tion of the study. In addition, it also reveals the factors
associated with persistent HEA. With the expectation
that a greater number of patients would acquire tolerance
to HE with age, periodical HE OFCs to confirm whether
they actually acquire tolerance may be required for chil-
dren with HEA beyond 6 years of age.
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Supplementary Fig. 1. Kaplan-Meier estimation curve of the HEA resolution, which designated
those who enrolled in OIT and those who were lost to follow up to have continued with
elimination of HE. HEA, hen's egg allergy; HE, hen's egg.
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Supplementary Fig. 2. Kaplan-Meier estimation curve of the HEA resolution, which factored in
the result of OIT.

Those who achieved sustained unresponsiveness to HE through OIT were designated to have
achieved tolerance. Those who continued OIT until they turned 12 years of age were designated
to have continued elimination of HE. Those who were lost to follow up and those who

discontinued OIT were designated to have dropped out. HEA, hen's egg allergy; OIT, oral
immunotherapy.
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Supplementary Fig. 3. Kaplan-Meier estimation curve of the HEA resolution, which combined
multiple factors associated with resolution.

Purple line indicates patients who had a history of anaphylaxis and whose ovomucoid-specific
IgE values at 6 years of age were >12.5 kUA/L. Red line indicates patients who had a history of
anaphylaxis to HE and whose ovomucoid-specific IgE values at 6 years of age were <12.5 kKUA/
L. Green line indicates patients who did not have a history of anaphylaxis to HE and who could
not tolerate EY. Blue line indicates patients who did not have a history of anaphylaxis to HE and
who could tolerate EY. Shaded areas indicate 95% confidence intervals. Those who were lost to
follow up and those who were enrolled for OIT were designated to have dropped out. Using log-
rank analysis with Bonferroni correction, significance was observed between patients who did
not have a history of anaphylaxis to HE and could tolerate EY and each of the three other groups
(p <0.005).

An, anaphylaxis; EY, heated egg yolk; HE, hen's egg; HEA, hen's egg allergy; OIT, oral
immunotherapy; OVM, ovomucoid-specific IgE values.



Supplementary Table 1. Background characteristics of the OIT group and comparisons between

the OIT, tolerance, and persistent HEA groups

OIT Group
pvalue t  p value'
(n=30)

Male (n) 21 (70%) >0.999 >0.999
Term delivery (n) 28 (93%) 0.989 >0.999
Caesarian section (n) 4 (13%) >0.999 >0.999
Total breastfeeding (n) 8 (27%) >0.999 >0.999
Secondhand smoking (n) 13 (43%) >0.999 0.755
Parental history of allergic diseases (n) § 27 (90%) >0.999 >0.999
Age of first visit (years) 1.6 (0.7 - 3.0) 0.058 0.689
Age of first OFC (years) 5.0(3.2-6.3) >0.999 0.714
Number of food allergens at age 6 (n) 2(1-3) >0.999 0.099

Bronchial asthma (n) 20 (68%) >0.999 >0.999
Comorbid diseases Atopic dermatitis (n) 30 (100%) 0.895 >0.999

Allergic rhinitis (n) 7 (23%) >0.999 >0.999

Allergic conjunctivitis (n) 4 (13%) >0.999 >0.999
History of anaphylaxis to HE (n) 19 (63%) 0.002 0.324
Passed heated egg yolk OFC by age 6 11 (37%) >0.999 0.259
Total IgE value (IU/mL) 1080 (576 - 1670) >0.999 >0.999
Egg white-specific IgE value (kUa/L) 29.1 (17.0-36.0) 0.025 0.875
Ovomucoid-specific IgE value (kUA/L) 18.1 (9.2 -35.7) 0.002 >0.999

Categorical variables are presented as number (%) and tested using Fisher's exact test.

Continuous variables are presented as median (interquartile range) and tested using Mann-

Whitney's U test. Tp values were compared between OIT vs. tolerance groups adjusted with

Bonferroni correction; ' p values were compared between OIT vs. persistent HEA groups and

adjusted with Bonferroni correction; § one or both parents have at least one of the following:

food allergy, bronchial asthma, atopic dermatitis, allergic rhinitis, or allergic conjunctivitis. OIT,

oral immunotherapy; HEA, hen’s egg allergy; OFC, oral food challenge; HE, hen's egg.
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