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ABSTRACT

Background: Because few studies have epidemiologically evaluated pollen-food allergy
syndrome (PFAS), relevant information about this disease is limited in children.

Objective: We wanted to clarify the epidemiological details of PFAS by creating a
questionnaire which enables to distinguish class 2 food allergy from that of class 1.

Methods: We conducted a questionnaire survey for schoolchildren attending to public
elementary and junior high schools. In this questionnaire, we asked about both the allergy to
fruits and/or vegetables and allergic rhinitis (AR). PFAS was, then, defined as allergy for fruits
and/or vegetable which occurred after the symptoms of AR appeared.

Results: A total of 2,346 children (median age, 10.6+2.5 years; 1,157 boys) were evaluated.
The prevalence of PFAS was 6.9% among subjects. The mean ages in the onset of AR and
PFAS were 4.59+2.76 and 7.38+3.17 years old, respectively. Various kinds of foods were shown
to be causative, among which kiwifruits were the commonest. As high as approximately 30%
of children with PFAS experienced systemic symptoms including cutaneous (21.8%) and
respiratory symptoms (9.6%). Anaphylaxis was diagnosed in 5.8% children.

Conclusion: Our results indicated that the prevalence of PFAS was getting higher and the
mean age of onset was getting lower. These may be attributed to the increasing number of
patients with AR and also to the lower age of onset of AR. We have to be careful to not only
local but also systemic symptoms when examining children with PFAS.

Keywords: Anaphylaxis; Fruits-vegetables allergy; Oral allergy syndrome

INTRODUCTION

Food allergy can be classified into class 1 or class 2 based on the route of sensitization.

Class 11is a traditional food allergy in which allergens induce allergic sensitization via the
gastrointestinal tract. Class 2 food allergy provokes allergic reactions in patients who have
been already sensitized through cross-reactivity with inhaled allergens such as pollen. Pollen-
food allergy syndrome (PFAS) is a class 2 food allergy that occurs as a result of cross-reactivity
between pollen and fruits or vegetables [1-3]. PFAS is an immunoglobulin E-mediated
immediate allergic reaction that causes symptoms localized to the oral after patients

with pollinosis consume fruits and vegetables. Some cases, however, do exhibit systemic
symptoms. Typical types of PFAS are birch pollinosis linked with allergies to Rosaceae
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fruit (e.g., apples, cherries, and peaches), and poaceous pollinosis linked with allergies to
Cucurbitaceae fruits (e.g., watermelons and melons). PFAS is the one of the common food
allergies in adults [4]. Considering the recent increase in prevalence and reduction in the

age of onset of pollinosis in young Japanese children [5], the high prevalence of PFAS in
children and younger age of onset in pediatric PFAS are concerning trends. However, because
few studies have epidemiologically evaluated pediatric PFAS, relevant information about

this disease is limited. In addition to oral symptoms, PFAS sometimes affects other organs
and may cause anaphylactic shock; however, recognition for this disease remains low in the
Japanese society, including in schools and among parents, resulting in a lack of appropriate
measures for PFAS. In the present study, we performed questionnaires on public elementary
and junior high school students in the Northwest area of Saitama prefecture to understand
the actual status of PFAS, with the aim of providing them with correct information and care of
PFAS and improving their school and family lives.

MATERIALS AND METHODS

Subjects and methods

Public elementary and junior high school students (3,438 children) of Moroyama and Ogose
located in the Northwest area of Saitama prefecture were included in this study. This area was
located in a suburb surrounded by mountains and forests within commuting distance to the
capital. In 2014, we distributed questionnaires to families through the Board of Education

of these towns. If young children had difficulty in answering the questionnaire, their

parents read each question and completed it based on the children's responses. The survey
was conducted between November 2014 and December 2014, and the Board of Education
provided the completed questionnaire. Based on the results of the questionnaire, the
prevalence of PFAS, age at onset, causative food, and onset symptoms were evaluated. This
study was approved by the Institutional Review Board of Saitama Medical University Hospital
(approval number: 760-1I).

Questionnaires

Children were asked to answer question 1 “Have you experienced any following symptoms
after ingesting vegetables or fruits?” as either “yes” or “no.” We prepared a list of induced
symptoms as follows: oral tingling, edema in mouth, oral pruritus, edema of lips, edema
around mouth itchy throat, sore throat, edema in the ears, itchy ears, tinnitus, rhinorrhea,
sneezing, nasal congestion, pruritus, conjunctival erythema, periorbital edema, lacrimation,
hoarseness, wheezing, short of breath, cough chest tightness, flushing and pruritus,
urticaria, nausea, vomiting, abdominal cramping, diarrhea sense of impending doom,
consciousness, lightheadedness, and palpitations. If the answer was “yes,” for 1, children
answered age of onset by chronological age in question 2. Furthermore, in question 3, the
children were instructed to select the combination of induced symptoms in question 1 and
causative foods from the prepared lists. If there were no options, we asked them to fill in the
blanks with the relevant combinations. The self-assessment of Allergic Rhinitis and Asthma
(SACRA) [6] questionnaire was used to evaluate allergic rhinitis. SACRA was developed
based on the guidelines of the Allergic Rhinitis and its Impact on Asthma [7] and the Global
Initiative for Asthma [8], and it has been regarded as a highly reliable tool for screening
patients with AR and for assessing AR classification [9, 10]. A question included in SACRA
is “Have you experienced the following symptoms for 1 hour or longer almost every day (if
seasonal symptoms, almost every day during the problematic season)?” For this question,
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2,272 Study population

Symptoms to fruits or vegetables
No
Yes No FVA

388 FVA

Complication of AR

Yes
No
156 Developing 40 Developing
130 nPFAS - . 62 Onset unknown
AR prior to FVA FVA prior to AR

PFAS

Fig. 1. Diagnostic algorithm. FVA, fruits vegetable allergy; AR, allergic rhinitis; nPFAS, no pollen-food allergy
syndrome; PFAS, pollen-food allergy syndrome.

the children were asked to choose “yes” or “no” for the following symptoms: (1) watery runny
nose; (2) severe and persisted sneezing; (3) stuffy nose (difficulty in nose breathing); (4) itchy
nose; and (5) watery eyes. In terms of the age of onset, children were instructed to answer by
chronological age in question 5.

Definitions of terms

Children who answered “yes” for question 1 (“Have you experienced any symptoms after
ingesting vegetables or fruits?”) were defined as having fruits-vegetables allergy (FVA).
Children who selected “presence” for one or more items of the 5 questions of the SACRA
questionnaire were defined as having AR. Among those in the FVA group, children who
developed AR preceding the onset of FVA were regarded as having PFAS (Fig. 1). Among

the patients in the FVA group, those without AR were defined as having non-PFAS (nPFAS).
Regarding induced symptoms, local symptoms included oral, throat, ocular, nasal, and

ear symptoms. Systemic symptoms included cutaneous, respiratory, gastrointestinal,
neurological, and cardiovascular symptoms. Children with one or more systemic symptoms
were classified into the systemic symptom group, whereas those without systemic symptoms
were classified into the local symptom group. According to the guidelines, anaphylaxis

was defined as the condition that meets any of the following criteria: (1) Sudden onset of
cutaneous symptoms and at least one of the respiratory, gastrointestinal, and cardiovascular
symptoms; (2) Two or more of cutaneous, respiratory, gastrointestinal, and cardiovascular
symptoms; (3) Sudden reduced blood pressure [11].

RESULTS

Study population
A total of 3,438 school children were included in this study, and responses were obtained
from 2,346 children (recovery rate: 68.2%). Seventy-four children were excluded because
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their sex was unknown. Therefore, 2,272 children were examined. The mean age of children
who completed the questionnaire was 10.6+2.5 years (6-15 years), and there were 1,157 boys
(50.9%) and 1,115 girls (49.1%). The FVA group had 388 children (17.1%), and among them,
the PFAS group and nPFAS group had 156 (6.9%) and 130 children (5.7%), respectively. Forty
children (1.8%) developed FVA prior to AR. The temporal relationship between the onset

of AR and PFAS was unknown in 62 children. The mean age of the PFAS group was 10.8+2.6
years, whereas that of the nPFAS group was 10.7+2.5 years. The PFAS group had 76 boys
(48.7%) and 80 girls (51.3%). The nPFAS group had 54 boys (41.5%) and 76 girls (58.5%).

Details of PFAS group

Prevalence and the age of onset

Fig. 2 shows the prevalence and the male-to-female ratio according to academic grades in
the PFAS group. The prevalence rate ranged from 5.2% to 8.4%, and the proportion of boys
in each grade ranged from 30.8% to 76.9%, with no gender difference. The prevalence rate
of PFAS among elementary school students of all grades was 6.1% and that of PFAS among
junior high school students of all grades was 8.2% (Fig. 2).

The mean age of AR onset was 4.6+2.8 years, with a peak range from 3 to 4 years. The mean
age of PFAS onset was 7.4+3.2 years, which was common from 6 to 7 years and from 10 to 11
years (Fig. 3). The mean period to the onset was 2.8+2.6 years.

309 W Boys ® Girls @ Prevalence r 50
25 - 40
_ 20+ 30 2
= 10 + 20 Ojé
Adacln I in:
. i = ,
Elementary school Junior hlgh school

Fig. 2. The number and prevalence of pollen-food allergy syndrome (PFAS) each academic grade in PFAS group.
The all number of PFAS was 156 (76 boys and 80 girls). There was no significant difference between boys and girls
each academic grade. The mean (+standard deviation) prevalence of PFAS each academic grade was 6.6%+1.2%
(range, 5.2%-8.4%). Blue bar and green bar were boys and girls, respectively.
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Fig. 3. Prevalence and the age of onset in pollen-food allergy syndrome (PFAS) group. The number of children each
age in PFAS group. Onset age of AR and PFAS were 4.6+2.8 and 7.4+3.2 years old, respectively (mean+standard
deviation). Blue bar was number of PFAS and green bar was number of AR each age. AR, allergic rhinitis.
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Causative foods and induced symptoms

The most common causative foods of 156 children in the PFAS group were kiwifruits in 68
children (43.6%), followed by pineapples in 57 children (36.5%), melons in 41 children
(26.3%), apples in 28 children (17.9%), peaches in 27 children (17.3%), watermelons in 24
children (15.4%), pears in 20 children (12.8%), tomatoes in 12 children (7.7%), bananas in 11
children (7.1%), cucumbers in 10 children (6.4%), cherries in 9 children (5.8%), avocados in 8
children (5.1%), oranges in 7 children (4.5%), strawberries in 5 children (3.2%), mangoes in 5
children (3.2%), eggplants in 4 children (2.6%), and plums in 3 children (1.9%). Several other
fruits such as apricots were also found to cause symptoms (Fig. 4).

Local and systemic symptoms appeared in 109 (69.9%) and 47 children (30.1%), respectively.
Local symptoms, which were described as a cumulative total number of onset symptoms,
were oral symptoms in 131 (83.9%), throat symptoms in 77 (49.4%), ear symptoms in

26 (16.7%), nasal symptoms in 10 (6.4%), and ocular symptoms in 11 children (7.1%).
Systemic symptoms were cutaneous symptoms in 34 (21.8%), respiratory symptoms in 15
(9.6%), gastrointestinal symptoms in 10 (6.4%), neurological symptoms in 6 (3.8%), and
cardiovascular symptoms in O children (0.0%) (Fig. 5). A diverse pattern of symptoms was
observed in children; specifically, the most common symptoms were pain of the mouth or
itchy mouth, itchy throat, rash, and itchy sensation of the skin, followed by itchy eyes or itchy
ears, hoarse voice, wheezing, tightness in chest, abdominal pain, and vomiting.

The frequency of occurrence of systemic symptoms according to foods was as follows:
kiwifruits in 20 of 68 (29.4%), pineapples in 18 of 57 (31.6%), melons in 12 of 41 (29.3%),
peaches in 13 of 27 (48.1%), apples in 8 of 28 (28.6%), watermelons in 7 of 24 (29.2%), pears
in 5 of 20 (25.0%), tomatoes in 4 of 12 (33.3%), bananas in 2 of 11 (18.2%), cucumbers in 2 of
10 (20.0%), cherries in 3 0f 9 (33.3%), avocados in 4 of 8 (50.0%), oranges in 2 of 7 (28.6%),
strawberries in 2 of 5 (40.0%), mangoes in 2 of 5 (40.0%), eggplants in 1 of 4 (25.0%), and
plums in 2 of 3 children (66.7%) (Fig. 4).

80 4 Local symptoms
B Systemic symptoms
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Fig. 4. Causative foods in pollen-food allergy syndrome (PFAS) group. The number of children each causative
food in PFAS group. Green and blue bars were local symptoms and systemic symptoms, respectively.
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Throat 49.4%
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Fig. 5. Numbers and frequency of symptoms in pollen-food allergy syndrome group. Green bar was local
symptoms and blue bar was systemic symptoms. Numbers were percentage of symptoms.

Anaphylaxis was diagnosed in 9 0of 156 children (5.8%). The frequency of occurrence of
anaphylaxis according to causative foods and other foods was as follows: kiwifruits in 1 of
68 (1.5%), pineapples in 1 0of 57 (1.8%), peaches in 2 0of 27 (7.4%), melons in 1 of 41 (2.4%),
apples in 1 of 24 (4.2%), cherries in 1 0of 9 (11.1%), watermelons in 1 of 23 (4.3%), and
bananas in 1 0f 11 (9.0%).

Comparison between groups with PFAS and that with nPFAS

The number of allergy-causing foods per child was higher in the PFAS group than in the nPFAS
group (2.5£2.0 foods vs. 1.9£1.1 foods) (p < 0.05). Local symptoms and systemic symptoms
occurred in 109 of 156 children (69.9%) and 47 of 156 children (30.1%), respectively, in the
PFAS group, whereas these appeared in 98 0f 130 children (75.3%) and 32 0f 130 children
(24.7%), respectively, in the nPFAS group, with no difference observed between the 2 groups (p
=0.43). The occurrence rate of anaphylaxis was similar between the 2 groups (9 children in the
PFAS group [5.7%] and 6 children in the nPFAS group [4.6%]) (p = 0.80) (Table 1).

DISCUSSION

In this study, by considering the age of onset of AR and FVA, we were able to more accurately
investigate PFAS, which is class 2 allergy among fruit and vegetable allergies. Furthermore, this

Table 1. Comparison of between PFAS and nPFAS groups

Variable PFAS (n = 156) NPFAS (n = 130) p value
No. of causative foods per person 2.5+2.0 1.9+1.1 <0.05
Frequency of symptoms each group 0.43
Local systems 109 (69.9) 98 (75.3)
Systemic symptoms 47 (30.1) 32(24.7)
Frequency of anaphylaxis 9(5.7) 6 (4.6) 0.80

Values are presented as mean + standard deviation or number (%).
PFAS, pollen-food allergy syndrome; nPFAS, no pollen-food allergy syndrome.
T-test were used to compare between the 2 group. Any value of p < 0.05 was considered statistically significant.

https://doi.org/10.5415/apallergy.2022.12.e3 6/11
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study was not conducted in a medical institution, but in the general population, which helped
us understand the characteristics of pediatric PFAS in the general population. Our results
suggested that the proportion of FVA that can be classified as class 1 allergy is higher in children
than in adults [12, 13]. The prevalence of PFAS and the frequency of systemic symptoms were
higher [12, 14, 15] and the mean age of onset of PFAS was lower [16] in our study compared to
previous studies. These may be attributed to the increasing number of patients with AR and
also to the lower age of onset of AR. However, we cannot simply compare these previous studies
with the results of our study due to differences in participant ages.

The concept of FVA includes class 1 and class 2 food allergies. Reportedly, most adults are
classified into class 2 [17, 18]. However, the present study involving children indicated that
130 children (33.5%) were categorized into the nPFAS group (i.e., absence of AR) among 388
children in the FVA group who developed symptoms after consuming fruits or vegetables. In
addition, when adding 40 children who developed FVA preceding AR to the nPFAS group, a
maximum of 170 children (45.6%) could be classified into class 1. A previous study showed
that approximately half of pediatric FVA were categorized into class 1 food allergy [19], and
this trend also was observed in our study. These results suggest that the proportion of FVA
associated with class 1 food allergy is higher in children than in adults.

A questionnaire administered to parents of children of elementary and junior high schools
showed that the prevalence rate of FVA, including oral allergy syndrome, was 2.4% [12]. In
the present study, PFAS was strictly defined after considering the age of onset of AR and FVA
based on the general Japanese population; however, the prevalence rate of PFAS in our study
area was higher than the previous one (2.4%) [12].

Previous studies showed that the male-to-female ratio of pediatric AR [12, 13, 20] and that
of pediatric PFAS [12, 21] are similar or higher in boys than in girls. In the present study, the
prevalence rate of pediatric PFAS was similar between boys and girls, thereby confirming
previous reports in children.

The present study demonstrated that the onset of PFAS was approximately 3 years later
(2.8+2.6 years) than that of AR. Ono et al. [18] reported that many patients developed PFAS
within 3 years after the onset of AR in adults, which is consistent with the results of the
present study. A study conducted in Italy revealed that the mean age of AR onset was 5.3+2.8
years and that of PFAS onset was 10.5+3.4 years in children aged 4-18 years. In addition,

the mean period from pollinosis onset to PFAS onset was 5.2+3.3 years; specifically, 73% of
patients developed PFAS within 3 years after pollinosis onset [16]. Our results confirmed
previous reports concerning the duration between the onsets of AR and PFAS.

A previous study showed that the prevalence rate of PFAS was higher in individuals who were
in their 20s and 30s; however, the incidence of this disease was higher in their teens [22]. A
study that evaluated PFAS incidence in different age groups (for a duration of 5 years) showed
that the peak of the incidence was found in the age group of 10-14 years, which accounted for
22% of the total [13]. We cannot simply compare the predominant age with previous studies
because the age of our subjects was limited (i.e., 6-15 years). Our study indicates that the age
of onset may be getting younger.

The most common causative foods for PFAS in the present study were kiwifruits, followed
by pineapples, melons, peaches, watermelons, apples, pears, and tomatoes. Several studies

https://doi.org/10.5415/apallergy.2022.12.e3 7/
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have shown that kiwifruits and melons are the most common causative foods for PFAS in
many areas of Japan [12, 18, 19, 23]. The number of causative foods per child was significantly
higher in the PFAS group than in the nPFAS group. This may be because patients with PFAS
respond to panallergens, such as profilin, that show high cross-reactivity with many foods.

In previous studies, many patients with PFAS were allergic to 2 or more foods [20, 24]. This
is consistent with the results of the present study, in which children in the PFAS group were
found to be allergic to 2 or more foods on average.

Local symptoms and systemic symptoms were observed in approximately 109 of 156 children
(69.9%) and 47 of 156 children (30.1%), respectively, in among children in the PFAS group.
The main symptoms of PFAS include oral /pharynx symptoms, which were observed in 75%-—
95% of patients in the previous studies [4, 25, 26]. Incidence of oral symptoms was found

in 131 0f 156 children (83.9%) and pharynx symptoms were observed in 77 children (49.4%).
Among systemic symptoms, specifically, skin and respiratory symptoms were prominent
(21.8% and 9.6%, respectively).

In a cohort study of PFAS in Southern Europe, 32.3% among patients included at least one
systemic symptom [27]. In Korea, 8.7% of PFAS patients had systemic symptoms other

than gastrointestinal symptoms, including 43% skin, 20% respiratory, 3.7% cardiovascular,
and 4.8% neurological symptoms [14, 28]. Previously, the frequency of systemic symptoms
ranged from 3% to 5%, whereas in recent years, the frequency seemed to be increasing. In
the present study, as high as 30.1% of children had at least one systemic symptom, of which
21.8% had skin and 9.6% had respiratory symptoms. As for the frequency of anaphylaxis, it
ranges 1.3 to 8.9% in children [14, 15]. In addition, a report from Korea showed that 1.9%

of patients experienced anaphylactic shock [14]. In this study, the frequency of anaphylaxis
was 5.8%, but no case of anaphylactic shock was observed. It was well known that regional
differences were observed in the frequency and emerging symptoms of PFAS. This was
because the type of aeroallergen being dispersed was strongly influenced by geographic
location and endemic flora [13, 15, 27, 29, 30]. Multivariate analysis from Korea indicated
that the number of causative foods was a risk factor for the development of anaphylaxis [28].
However, our study did not show a significant correlation between the number of allergens
and that of anaphylaxis (data no shown). Following factors might have influenced to the high
frequency of systemic symptoms in the present study. First, the respondents who were aware
of their food allergies might have been more likely to answer the questionnaires. Second,

the definition of anaphylaxis is limited to the combination of relatively severe symptoms of
more than 2 organs, and not include those with relative mild ones [11]. In our questionnaire,
we asked whether symptoms were present or not, but did not take the severity of symptoms
into account. Thus, it was possible that the frequency of anaphylaxis was overestimated in the
present study.

Finally, this study had several limitations. First, respondents of the questionnaire were
children and thus reliability of their responses may be occasionally low, especially in case of
those in lower grades. Second, as this was a questionnaire survey, we were unable to perform
the allergen-specific immunoglobulin E measurements and prick test. These factors hindered
the objective evaluation of food allergy. However, given that little is known about the
relationship between AR onset and food allergy in the general population of PFAS, we believe
that our data are helpful for the understanding of recent actual status of PFAS in children.

https://doi.org/10.5415/apallergy.2022.12.e3 8/Mm
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