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Abstract

Background: The level of pollen in Korea has increased over recent decades. Research
suggests that oral allergy syndrome (OAS) may be more frequent in childhood than
previously recognized. We aimed to investigate the prevalence and characteristics of
OAS in children aged 6-10 years from a general-population-based birth cohort.
Methods: We analyzed 930 children from the cohort for childhood origin of asthma
and allergic diseases (COCOA). Allergic diseases were diagnosed annually by pediatric
allergists. The skin prick tests were performed with 14 common inhalant allergens and
four food allergens for the general population of children aged 3 and 7 years.
Results: Of the 930 eligible children, 44 (4.7%) aged 6-10 years were diagnosed with
OAS. The mean age at onset was 6.74 years. OAS prevalence was 7.2% among chil-
dren with allergic rhinitis (AR) and 19.1% among those with pollinosis, depending
on comorbidity. OAS was more prevalent in schoolchildren with atopic dermatitis,
food allergy, and sensitization to food allergens and grass pollen in early childhood.
In schoolchildren with AR, only a history of food allergy until the age of 3 years in-
creased the risk of OAS (aOR 2.971, 95% Cl: 1.159-7.615).

This article is commented on by Motohiro Ebisawa & Philippe A. Eigenmann. To view this editorial comment visit https://onlinelibrary.wiley.com/doi/10.1111/pai.13788

Abbreviations: AC, allergic conjunctivitis; AD, atopic dermatitis; aOR, adjusted odds ratio; AR, allergic rhinitis; Cl, confidence interval; COCOA, cohort for childhood origin of asthma and
allergic diseases; Der f, Dermatophagoides farina; Der p, Dermatophagoides pteronyssinus; Hop J, Japanese hop; IgE, immunoglobulin E; OAS, oral allergy syndrome; OR, odds ratio; SD,
standard deviation; sIgE, specificimmunoglobulin E; SPT, skin prick test.
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1 | INTRODUCTION

Oral allergy syndrome (OAS) is a hypersensitivity reaction to specific
foods caused by prior sensitization to inhalant pollen allergens. OAS
is triggered by certain fresh (uncooked) fruits and vegetables that
cross-react with pollen.! Global warming has increased the levels of
carbon dioxide, nitric oxide, and ozone, increasing the abundance of
and sensitization to pollen.?”® Moreover, the prevalence of asthma,
rhinitis, and OAS is also increasing globally.>%° In Korea, tree pollens
such as pine, alder, oak, and birch produce higher pollen concentra-
tions than grass or weed poIIens.5

The prevalence of OAS in patients with pollinosis is approxi-
mately 8%-63.3% in adults and 5%-12.4% in children.2”8 A single-
center study noted a prevalence of 12.4% in Korean children with
pollinosis, while multicenter studies noted a prevalence of 42.7%
in patients with allergic rhinitis (AR), allergic conjunctivitis (AC), or
asthma.” ! Studies on the prevalence of OAS typically investigated
populations with AR or inhalant allergen sensitization, which may
have caused an overestimation of the prevalence.'? However, there
are few studies on the prevalence of OAS in the general population,
with only two cross-sectional cohort studies in Danish adults*® and
Japanese adolescents.**

Allergic rhinitis patients with OAS had a higher prevalence of
additional allergic comorbidities, especially anaphylaxis, urticaria,
asthma, and atopic dermatitis (AD), compared with those without.*
Additionally, atopic adults with OAS had a higher prevalence of rhi-
noconjunctivitis, asthma, and chronic urticaria than atopic adults
without OAS.* Although these studies investigated comorbidities
in high-risk patients, few have assessed the general population
or analyzed the relationship between OAS and allergic diseases
longitudinally.*®*

Therefore, we aimed to investigate the prevalence of OAS in the

general population aged 6-10 years.

2 | MATERIALS AND METHODS
2.1 | Study population

The cohort for childhood origin of asthma and allergic diseases
(COCOA) is a prospective, general-population-based birth cohort
study designed to investigate the individual and interactive ef-
fects of genetics, perinatal environment, maternal lifestyle, and

Conclusion: Food allergy and food sensitization in early childhood were associated
with OAS in schoolchildren with AR. Further study is required to elucidate the mecha-
nism by which food allergy in early childhood affects the development of OAS.

allergic rhinitis, birth cohort, children, food allergy, food sensitization, oral allergy syndrome,

Key Message
The prevalence of OAS in 6-10-year-old Korean children

was 4.7%. Food allergy and food sensitization in early
childhood was positively associated with OAS in school-
children with allergic rhinitis. Careful monitoring for OAS
symptoms before the age of 6 years is necessary for chil-
dren with a history of food allergy in early childhood.

psychosocial stress of mother and child on pediatric susceptibility
to allergic diseases.!” The eligibility of the women is identified be-

fore recruitment.'’

A woman is recruited if she lacks high-risk con-
ditions that could affect the development of allergic disease in the
child (e.g., diabetes, preeclampsia, anemia, and severe infections),
plans to deliver at an affiliated medical center, and is a resident of

Seoul.'’

The eligibility of the baby is determined by the collaborat-
ing obstetrician and pediatrician soon after delivery.” Babies are
excluded at birth if their gestational age is <37 weeks or they have
any oxygen supplementation.’” Regular follow-up visits involving
physician examination and self-report questionnaires concerning
the environment were conducted at a minimum of 26 weeks of ges-
tation, at birth, 6 months, 1 year, and then annuaIIy.18 We collected
information on the allergic symptoms, diagnosis, and prescribed
treatment from yearly follow-ups of pediatric allergists. The aver-
age age of the patients was 8.02 years, and 52.7% were male pa-
tients. Significant differences in birthweight, breastfeeding rates,
and antibiotic use before 1 year of age were observed between the
included and excluded groups (Table S1). The study was approved
by the Institutional Review Boards of Asan Medical Center (IRB
No. 2008-0616), Samsung Medical Center (IRB No. 2009-02-021),
Severance Medical Center (IRB No. 4-2008-0588), CHA Gangnam
Medical Center (IRB No. 2010-010), and Seoul National University
Hospital (IRB No. H-1401-086-550) before initiation. Written in-
formed consent was obtained from each patient's parents or guard-
ians before the interview and confirmed by each IRB.

2.2 | Definition of allergic diseases

Oral allergy syndrome was diagnosed by a physician or on the
basis of typical symptoms (itching, sore throat, or swelling) in the
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lips, mouth, and throat immediately after eating fresh fruits or
vegetables using a parental questionnaire. If OAS was suspected,
its trigger was also investigated. Food allergy was assessed at
every scheduled visit via a questionnaire asking whether a doctor
had ever diagnosed food allergy, whether food was suspicious, and
whether medications had been prescribed for the condition.!” If
there was a positive response, the diagnosis of food allergy was
then confirmed by a pediatric allergy specialist during follow-up at

each hospital.17

AD was assessed at every scheduled visit by ask-
ing, via a questionnaire, whether a doctor had ever diagnosed at-
opic dermatitis and whether medications had been prescribed for
the condition.r” When the children were followed-up at the hos-
pital, the presence of AD was clinically diagnosed by pediatric al-
lergy specialists on the basis of the criteria of Hanifin and Rajka.”
AR was suspected when the subject complained of relevant rhi-
nitis symptoms (i.e., watery rhinorrhea, nasal obstruction, sneez-
ing, or itching).17 If a detailed history taken by doctors revealed
that the subject had had allergic sensitization and presented with
typical rhinitis symptoms for a sufficient period of time (for two
or more consecutive days and for more than 1 h on most days),
the subject was diagnosed with allergic rhinitis.'” Asthma was as-
sessed by various outcome measures.’” Typical asthma symptoms
(i.e., wheezing, dyspnea, exercise-induced wheezing, or nocturnal
cough) were assessed by questionnaires during regular visits at the
ages of 6 months, 1 year, and then yearly thereafter when pedi-
atric allergists also evaluated each subject on the basis of their
detailed history and the physical examination.’” Asthma was diag-
nosed when the subjects presented a history of relevant asthma
symptoms plus bronchial hyperresponsiveness or reversible air-
way obstruction.'” For preschool children who could not give reli-
able results in lung function tests, the subjects who had had three
or more episodes of wheezing were deemed to have asthma based

on confirmation by the pediatric aIIergists.17

2.3 | Specific IgE to egg white and milk

Serum levels of specific IgE to egg white and milk at 1 and 3 years
of age were determined using the Immuno-CAP (Thermo Fisher

Scientific) system.

2.4 | Skin prick tests (SPTs)

SPTs were performed for the 14 most common inhalant allergens
(Allergopharma GmbH & Co), including Dermatophagoides pteronys-
sinus (Der p), Dermatophagoides farina (Der f), dog dander, cat epi-
thelium, cockroach, Alternaria alternata, Aspergillus fumigatus, grass
pollen mixture, alder, birch, oak, ragweed, mugwort, alder, and four
food allergens, including peanuts, egg whites, cow's milk, and soy-
beans at 3 and 7 years of age.}”2° Histamine (10 mg/ml) was used as
the positive control, and normal saline was used as the negative con-
trol. A mean wheal size of 3 mm or larger for allergens and histamine
after 15 min was considered a positive result. Atopy was defined as

WI LEYM

the presence of one or more positive test results to any of the 18

allergens assessed using SPTs.}%20

2.5 | Statistical analysis

Data are presented as means and standard deviations or numbers
and percentages. Data were analyzed using IBM SPSS Statistics
ver. 23.0 (IBM Co.). Comparisons between the OAS and non-OAS
groups were calculated using the Pearson's chi-square test or in-
dependent t-test, as appropriate. Unadjusted and multivariable-
adjusted logistic regression models examined associations
between OAS and allergic disease in early childhood. Statistical
procedures excluded cases with missing variable values from the
analysis. Candidate variables for adjustment, including sex, deliv-
ery mode, gestational age, parental history of allergic diseases,
maternal education level, exclusive breastfeeding during the first
6 months of life, and antibiotic treatment during the first 1 year of
life, were used to calculate the odds ratios and 95% confidence in-
tervals. A p-value of <.05 was considered statistically significant.
To assess whether allergic disease status mediated the association
between other allergic disease and OAS, the method proposed by
lacobucci?! was adopted for binary mediators. The mediation ef-
fect was calculated as the ratio of the indirect effect to its stand-
ard error by performing a Z test under the null hypothesis to show

that the indirect effect was equal to zero.

3 | RESULTS

3.1 | Clinical characteristics of the study
population and prevalence of OAS

Among the 3102 pairs enrolled in the COCOA cohort, 1636 children
were aged over 6 years. Of these 1636 children, 706 patients lacking
clinical and laboratory data were excluded, leaving 930 patients to be
analyzed (Figure S1). Of the 930 children, 44 (4.7%) had OAS, and the
mean age of onset was 6.74 years (Table 1). The mean age of the OAS
group was higher than that of the non-OAS group, whereas the rate of
breastfeeding was significantly higher in the non-OAS group than the
OAS group. The prevalence of AR and AC in the study population was
48.9% and 16.5%, respectively (Figure 1). The prevalence of pollen
sensitization in the study population was 11% (Figure 1), commonly
observed for birch, oak, and alder (in order of frequency). Depending
on comorbidity, the prevalence of OAS was 7.2% among children with

AR and 19.1% among children with pollen sensitization (Figure S2).

3.2 | Causative foods

Foods triggering OAS in Korean children in the order of prevalence
were fruits (47.7%), vegetables (27.3%), and nuts (9.1%) (Table 2).
Among fruits, kiwi (22.7%) and peach (11.4%) were the most com-
mon causes of OAS.
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OAS (n = 44,

Non-OAS

TABLE 1 Clinical characteristics of all

4.7%) (n=886,95.3%)  p-Value children

Age, year 848+ 1.3 8.00+1.3 .016
Sex (% male) 50.0 52.8 .758
Age at onset, years 674+ 1.6 NA NA
Parental history of allergic disease 58.1% 47.8% 212
Gestational age, weeks 39.1+1.3 39.1+1.2 746
Birthweight, g 3197.2 + 341.0 3166.4 +415.2 .632
Breastfeeding 45.5% 61.8% .038
Delivery type (cesarean section) 34.1% 34.0% 1.000
Antibiotics before 1 year of age 77.3% 72.0% 495
Comorbidities (6-10 years of age)

Asthma 7.3% 5.0% 461

Atopic dermatitis 31.7% 15.9% .016

Allergic rhinitis 75.6% 47.6% .001

Food allergy 72.7% 14.4% <.001

Atopy at 7 years of age 65.6% 46.8% .045

Note: Data presented as mean + SD (range) or number (%). p-Values for comparing the OAS and
non-OAS groups were calculated using the Pearson's chi-square test or independent t-test, as

appropriate.

Abbreviations: IgE, immunoglobulin E; OAS, oral allergy syndrome; SD, standard deviation.

60.0%
S0.0% 48.9% 47.8%
40.0%
30.0%
20.0% 16.5%
0/
10.0% 24.7%
oox N
Oral allergy Allergic rhinitis Allergic Atopy
syndrome conjunctivitis
3.3 | Comorbidity of allergic diseases and

sensitization in schoolchildren with OAS

Children with OAS were more likely to be diagnosed with AR and
AD than those without OAS (75.6% vs. 47.6%, p = .001; 31.7% vs.
15.9%, p = .016) (Table 1). There was no significant difference in the
prevalence of asthma between the OAS group and non-OAS group
(7.3% vs. 5.0%, p = .461).

Subjects with OAS showed a significantly higher sensitization
rate at 6-7 years of age to birch (34.4%), alder (12.5%), Hop J (12.5%),
oak (18.8%), and ragweed (6.3%) than those without OAS (Figure 2).
However, there was no significant difference between the two

FIGURE 1 Prevalence of allergic
disease and characteristics of study
participants aged 6-10 years

11.0%

Sensitization to

pollen

groups in the sensitization to food allergens (data not shown), indoor
allergens such as Der f, Der p, and dogs, or other outdoor allergens,
such as Alternaria.

3.4 | Association between OAS and allergic
diseases or sensitization in early childhood

OAS was associated with food allergy (adjusted odds ratio [aOR],
3.803; 95% confidence interval [Cl]: 1.795-8.057) and AD at
age 1-3 years (aOR, 2.393; 95% Cl: 1.243-4.609) (Table S2).
Sensitization to milk or egg white with respect to serum-specific IgE
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at 1 year and sensitization to food allergens in the SPT performed at
age 3 years were risk factors in the development of OAS in school-
children (Table S2). However, there was no significant association
between OAS and AR or recurrent wheeze between children aged
1-3 years (Table S2).

At 1 year of age, the sensitization rates to egg white and milk
were 36.4% and 33.3% in the OAS group and 25.3 and 23.4% in the
non-OAS group, respectively. The food allergen sensitization rate
was 54.5% in the OAS group, which was significantly higher than
36.8% in the non-OAS group (data not shown). Among children
with OAS, the sensitization rates to egg (14.3%), milk (5.6%), peanut
(5.6%), and grass (5.6%) at age 3 years were higher in children with
OAS than in those without OAS (Table S3).

TABLE 2 Food triggers of oral allergy syndrome

Food N %
Fruits Kiwi 10 227
Peach 5 11.4
Pineapple 3 6.8
Orange 2 4.6
Mango 1 2.3
Others 1 2.3
Nuts Peanut 3 6.8
Hazelnut 1 2.3
Pine nut 1 2.3
Vegetables Tomato 8 18.2
Watermelon 4 9.1
Oriental melon 1 2.3
Paprika 1 2.3
Cucumber 1 2.3
40 *
344
35
30
& 25
C
.0
T 20
= *
%]
$ 15 125
wv
10
FIGURE 2 Comparison of sensitization 5

to inhalant allergens at 6-7 years of
age between OAS group and controls.
p-Values for the comparison between the \bé
OAS and non-OAS groups were calculated v
using the Pearson's chi-square test. OAS,

oral allergy syndrome. *p <.05

34

*

18.8

125
3.3
If ”lz f Ii 1
, M O 0
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3.5 | Association between OAS and allergic
diseases or sensitization in early childhood among
school children with AR

The mean and gestational ages of the AR group were higher than
those of the non-AR group, and the prevalence of parental history of
allergic disease and the prevalence of comorbid atopy, asthma, AD,
and OAS were significantly higher in the AR group than in the non-
AR group (Table S4). Among children with AR, OAS was significantly
associated with food allergy in early childhood (aOR, 2.971; 95% Cl:
1.159-7.615) but not associated with AD, AR, or recurrent wheeze
(Table 3). Sensitization to milk or egg white with respect to serum-
specific IgE at 1 year of age, as well as atopy and sensitization to milk,
egg, or peanut at age 3 years, were risk factors in the development of
OAS in schoolchildren with AR (Table 3).

3.6 | Mediation analysis in children with AR

Both AD and food allergy may be risk factors of OAS. We therefore
evaluated the potential indirect effect of food allergy on OAS medi-
ated through AD. In schoolchildren with AR, there was a significant
direct effect of food allergy on OAS (direct effect: estimate = 1.10,
95% Cl 0.21 to 1.99, p = .015; Figure 3), while the indirect effect
through AD was not significant.

4 | DISCUSSION

The prevalence of OAS in 6-10-year-old Korean children was 4.7%,
and the mean age of onset was 6.74 years. Kiwi, tomato, and peach
were the most common triggers of OAS. Food allergy, AD, and

sensitization to foods in early childhood were associated with the

375
344

S
Q o ’2> Q/ N\
SR & *
W ® S

HOAS H Non-OAS
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TABLE 3 Effect of allergic diseases and sensitization in early childhood on oral allergy syndrome in children with allergic rhinitis

OR
Allergic rhinitis 0.608
Atopic dermatitis 1.832
Food allergy 3.356
Recurrent wheeze 1.129
Sensitization® to milk or egg white (specific IgE) at 2.536

age 1 year

Sensitization® to food allergens (SPT) at age 3 years 23.114

Sensitization® to inhalant allergens (SPT) at age 1.300
3years
Atopy 2.327

95% ClI aOR 95% ClI
0.179-2.066 0.539 0.153-1.899
0.880-3.815 1.594 0.716-3.549
1.402-8.033 2971 1.159-7.615
0.378-3.376 1.348 0.427-4.253
1.065-6.041 3.164 1.006-9.957
3.669-145.598 26.342 1.768-392.555
0.500-3.380 1.458 0.430-4.943
1.151-4.703 2.377 1.170-4.832

Note: aORs and 95% Cls obtained from logistic regression analysis adjusted for sex, parental history of allergic disease, maternal education level,

delivery type, breastfeeding.

Abbreviations: aORs, adjusted odds ratios; Cls, confidence intervals.
Specific IgE 20.35 1U/ml.

PAllergen histamine ratio 1.

Mediator

0~3Y
AD

Estimate = 1.01 Estimate = 0.46

P = 0.002 Indirect effect P =0.229
Estimate = 1.12
P =0.248
0~3Y > 6Y~
FA , OAS
Estimate = 1.10
P = 0.015
£ Iiirec: effe;B 1 Total effect
> gnf 851 c Estimate = 3.37
- P = 0.007

FIGURE 3 Mediation by atopic dermatitis in schoolchildren
with AR. AD, atopic dermatitis; FA, food allergy; OAS, oral allergy
syndrome

development of OAS in schoolchildren. Sensitization to inhalant al-
lergens at 3 years did not increase the risk of school-age OAS. Thus,
the sensitization to food antigens and food allergy in early childhood
was related to OAS in schoolchildren, particularly in those with AR.
To the best of our knowledge, this is the first general-population-
based cohort study that demonstrates the association between al-
lergic diseases in early childhood and OAS.

Most studies on the prevalence of OAS have focused on high-
risk patients who visited hospitals for treatment or suffered from
allergic diseases, recording a prevalence of 4.7% to more than 20%
in children and 13%-58% in adults.2??%2% |n Korea, a multicenter,

cross-sectional study reported an OAS prevalence of 42.7% in chil-
dren with pollinosis.9 However, there is a possibility that prevalence
in high-risk populations is overestimated compared with that in the
general population. In addition, because the diversity of risk factors
directly affects the prevalence, these results are difficult to gen-
eralize or compare with findings of other studies. Only two cross-
sectional studies were conducted to investigate OAS in the general
population cohort. A Danish study reported an OAS prevalence of
16.7% in young adults, which was lower than 20.5% in adolescents
and adults with AR in other European studies, or 23.0% in children
with risk factors.*®> A Japanese study in the general population also
reported that 11.7% of adolescents had OAS and that 22.9% with
pollen allergy had OAS.'* Thus, the lower prevalence of OAS (4.7%)
in this study probably results from the examination of the general
population and the younger age of the participants compared with
other studies.

Most studies on OAS were cross-sectional observational stud-
ies intending to identify an association between OAS and other
risk factors. In an Italian study on pollen-induced AR, a longer
AR duration was associated with OAS.?? Additionally, the prev-
alence of asthma was significantly higher in patients with birch-
sensitization and OAS than in those without OAS. There was also
no significant difference in the prevalence of other allergic dis-
eases such as AD and rhinoconjunctivitis according to the pres-
ence of OAS.'® As these studies analyzed the comorbidities at the
time of investigation, it is difficult to determine the relationship
between OAS and sensitization or allergic diseases in early child-
hood. In this study, children were followed-up longitudinally from
birth so that the association between the development of OAS
and allergic conditions could be thoroughly assessed. There were
significant differences in AD, food sensitization, and food allergy
in early childhood between the OAS and non-OAS groups. In par-
ticular, food sensitization and food allergy in younger schoolchil-
dren with AR remained significant risk factors for OAS. In addition,
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mediation analysis showed that the effect of food allergy on OAS
was direct in children with AR and AD did not mediate the asso-
ciation between food allergy and OAS (Figure 3). These findings
suggest that AR children with food allergy in early childhood are
more susceptible to OAS than AR children without any history of
food allergy. Therefore, monitoring OAS symptoms is necessary
in children with a history of food allergy or sensitization in early
childhood.

Class Il food allergens are the primary concern in children with
OAS. Unlike class | food allergens, class Il food allergens are typ-
ically not the primary sensitizers.? In general, class | food aller-
gens are stable in heat and during digestion,'? allowing them to
retain their immunoglobulin E (IgE)-binding conformation, poten-
tially leading to an increased ability to sensitize and a higher inci-
dence of severe systemic reactions.'? In this study, sensitization
to class | food allergens in early childhood and a history of food
allergy were proven risk factors for school-age OAS. Additionally,
despite the varying characteristics of food antigens and sensitiza-
tion pathways, mucosal immunity defects may be associated with
food allergy and OAS. Further research is needed to elucidate the
mechanisms of OAS.

A single study conducted on adults using questionnaires in the
United Kingdom reported 25 years as the age at which food reac-
tions begin, including OAS.2* In this study, the mean age of onset of
OAS was 6.74 years (3-10 years). Therefore, monitoring for OAS is
necessary in children under 6 years of age.

Kiwi, peach, tomato, and watermelon were the common caus-
ative foods in this study, which are associated with birch antigens
(Bet V1 and Bet V2), the most common cause of pollen sensitiza-
tion.?®> Another Korean study revealed that apple, peach, and kiwi
were common causative foods for children aged 2-6 years with
AD and birch sensitization.? In Western countries, 60%-90% of
patients with pollinosis exhibit OAS symptoms27’28; however, OAS
symptoms were observed in only 41.7% of patients with pollinosis
in a Korean multicenter study’ and in 19.1% of the children in this
study. In Western countries, pollinosis from Poaceae, such as birch
and timothy grass, and Asteraceae, such as ragweed and mug-
wort, are common, given their cross-reactions with many foods.
The incidence of OAS varies depending on the environment, plant
cultivation practices, ethnic groups, and regional differences,” ex-
plaining the difference in prevalence between Korea and western
countries.

This study has several limitations. First, the number of children
with OAS in this general-population-based birth cohort study was
lower than those in other high-risk population studies. Second, OAS
was diagnosed using a questionnaire and physician's diagnosis, and
a food provocation test was not performed. However, OAS was di-
agnosed by referring to the detailed medical history noted by pe-
diatric allergists. Third, the causative food antigens of OAS should
be confirmed by prick-to-prick tests or antigen-specific IgE tests.
However, in this study, the lack of confirmation of the causative
food is a limitation for the accurate diagnosis of OAS. Despite these
limitations, this study is the first to investigate OAS prevalence in
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young children in the general population. Moreover, as a birth cohort
study, longitudinal analysis was possible based on the acquisition of
various clinical data before the development of OAS. Novel associa-
tions between OAS and food allergy or food sensitization have been
revealed, and further studies are warranted to expand on this new
perspective on OAS.

In conclusion, OAS occurs in 4.73% of children aged 6-10 years,
and the most common causative food is fruit, especially kiwi. The
risk of developing OAS in schoolchildren with AR increased in the
presence of food allergy or food sensitization in early childhood.
Further studies are required to investigate the association of food
allergy in early childhood with the development of OAS.
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