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ABSTRACT

Background: Food allergies (FA) are an important public health concern that place a major burden on the lives of children and
their families. The complex pathogenesis of FAs results in multisystemic and heterogenous clinical presentations.

Objective: To evaluate, according to immune mechanisms, the characteristics and risk factors of childhood FA in Turkey.

Methods: This descriptive multicenter study included 1248 children with FA, aged < 18 years,, who were evaluated by pe-
diatric allergists in 26 different centers.

Results: Immune mechanisms of FA were immunoglobulin E (IgE) mediated in 71.8%, non—IgE mediated in 15.5%,
and mixed IgE/mon—IgE mediated in 12.7% of the patients. An episode of anaphylaxis had occurred in 17.6% of IgE-medi-
ated FA. The most common food allergens were classified into five categories (in order of decreasing frequency): cow’s
milk, egg, tree nuts and/or peanut, wheat, and seafood. Allergies to cow’s milk and egg declined significantly with age,
whereas tree nuts and/or peanut allergies increased with age. The 0-2 year age group accounted for 62.5% of the cases.
The most frequent cause of FA and food anaphylaxis was cow’s milk before age 13 years and tree nuts and/or peanut dur-
ing adolescence (ages 13—18 years). Compared with other phenotypes, male sex (odds ratio [OR] 1.486; p=0.032), sibling
(s) (OR 1.581; p=0.021), and maternal atopy (OR 1.531; p = 0.045) increased the likelihood of IgE-mediated FA, whereas
high household income (OR 1.862; p =0.026) increased the likelihood of non—IgE-mediated FA in multivariate regression
analysis.

Conclusion: This study showed that the clinical findings of FA were highly variable, depending on age and underlying

immune mechanism. Knowing the population characteristics will enable better management of FA in children.
(Allergy Asthma Proc 42:e86—€95, 2021; doi: 10.2500/aap.2021.42.210005)

ood allergies (FA) place a substantial burden on the

lives of children who are affected and their families,
and may lead to important consequences.’ FA is the de-
velopment of an immune response in the body against a
certain food, and the clinical presentation is known to
vary, depending on the underlying immune mechanism.
Although they vary by country, the most prevalent FAs
in general are cow’s milk, egg, wheat, tree nuts, peanut,
fish, and other seafood. In addition to these major food
groups, allergy to various other foods may also develop.
Immune responses against food may be immunoglobulin
E (IgE) mediated, non-IgE-mediated, or mixed IgE-
mediated /non-IgE-mediated responses. Despite the
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steady stream of new data, the characteristic features
of the different immunologic types of FA and their
associated risk factors remain unclear.?>

Although there are some well-known risk factors
reported in the etiology of FA, their characteristics
may vary among populations.*> As with many chronic
diseases, FA is also influenced by epigenetic factors.®”
Food consumption and preparation habits, and social,
cultural, ethnic, and geographic characteristics lead to
societal differences in FAs.®>® Therefore, the character-
istic features of FAs must be determined in detail for
each society. Population data based on clinical evalua-
tions performed by pediatric allergists will provide
more accurate information than telephone-based sur-
veys or reviews of electronic medical records. The abil-
ity to obtain complete and reliable data is a major
concern in such studies. Our aim was to compare the
defining clinical characteristics and risk factors of chil-
dren diagnosed with FA by pediatric allergists accord-
ing to immune mechanism in Turkey. To the best of
our knowledge, there are no other studies in the litera-
ture that present national FA data when using this
method.
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METHODS

Study Population

This study was designed as a descriptive and multi-
center study. Because Turkey is a large area and has
different geographic regions, allergy centers from all
the regions were invited to participate (Mediterranean,
Aegean, Marmara, Black Sea, Central Anatolia, and
Eastern Anatolia). Pediatric allergy departments from
26 tertiary hospitals participated in the study. The
study was conducted in children <18 years of age with
FA diagnosed by pediatric allergists who worked in
these centers. Case collection was performed between
December 2017 and January 2019. Consecutive chil-
dren with FA who presented to any of these centers af-
ter initiation of the study were included. Informed
consent was obtained from the families of all the chil-
dren included in the study. Patients who did not fulfill
the diagnostic criteria for FA, those whose family did
not provide informed consent, and those with chronic
diseases other than allergic disease were excluded
from the study.

All the centers used similar diagnostic modalities for
FA, including a detailed medical history, physical exam-
ination, elimination diets, skin-prick test (SPT), and/or
specific IgE (sIgE) tests. If the results were inconsistent
with the clinical history or if the patient’s food-related
history was unclear, then oral food challenge (OFC) was
planned. OFC was not performed in patients who had
food anaphylaxis, showed a risk of severe food-related
reactions, or whose family did not consent to the chal-
lenge. OFC protocols were developed based on guide-
lines according to FA phenotypes.*'!!

FAs Were Diagnosed in Accordance with the
Underlying Immune Mechanism as Follows

IgE-Mediated FA. The diagnosis of IgE-mediated FA
was defined as the presence of sIgE to a certain food
demonstrated by elevated sIgE titers (>0.35 kU/L)
and/or positive SPTs (=3 mm above the negative con-
trol). It also had to meet one of the following three
criteria:

* A consistent and clear-cut history of immediate-type
reactions (wheezing, urticaria angioedema, oral
allergy syndrome, rhinitis, and gastrointestinal
symptoms) that occur after food ingestion benefit
from an elimination diet*

® Anaphylaxis with the causative food

® A positive OFC result with the suspected food

Food Anaphylaxis. A diagnosis of food anaphylaxis
was made according to the guidelines and widely
accepted criteria.*'? Clinically, food anaphylaxis is a
severe multisystem reaction characterized by rapidly
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developing airway, breathing, and/or circulation
symptoms, usually associated with skin and mucosal
changes after ingestion of the causative food.

Non-IgE-Mediated FA. Allergic proctocolitis, food
protein-induced enterocolitis syndrome, and food pro-
tein-induced enteropathy were included in the non-
IgE-mediated group. The diagnosis was based on typi-
cal clinical features (vomiting, diarrhea, mucous stool,
blood in stool), resolution with removal of the offend-
ing food, and reoccurrence of symptoms with food
challenge.**!

Mixed IgE-/Non—-IgE-Mediated FA. The mixed IgE-/
non-IgE-mediate group included children diagnosed
with both IgE- and non-IgE-mediated FA simultane-
ously, those with eosinophilic esophagitis (EoE), and
those with certain types of atopic dermatitis (who had
IgE-mediated FA and presented with both immediate
and delayed reactions to foods). The diagnosis of
mixed-type FA was largely based on food-related clini-
cal features. Endoscopy and biopsy were performed to
confirm the diagnosis of EoE.*”'°

Data Collection

To ensure standard data collection in all the centers,
a data collection form was created, which included
detailed demographic, environmental exposure, clini-
cal, and laboratory parameters (SPT, prick-to-prick
test, total eosinophil count, and total IgE and sIgE lev-
els). Data were entered into these forms by the partici-
pating pediatric allergists in face-to-face interviews
with the patients and their families. Clinical histories
were taken from the children’s parents or legal guardi-
ans. Each site attended to the study with at least 40
cases. There were no differences between the case
numbers of the sites. All data were compiled and ana-
lyzed in the Department of Public Health in Akdeniz
University Faculty of Medicine. Of the 1270 cases eval-
uated, 1248 with sufficient data (~90% of the data col-
lection form) were included in the analysis. Approval
for this study was granted by the ethics board of
Cukurova University School of Medicine, Adana
(2017/63-50).

Statistical Methods

Statistical analyses were performed by using SPSS
20.0 Software (Chicago, IL, USA). Normality of vari-
able distributions was analyzed by using graphic and
analytical methods. Student’s f-test and y* goodness-
of-fit test were used as appropriate, and one-way
analysis of variance was used for variables, with ho-
mogeneity of variances shown by using the Levene
test. If a significant difference was detected among
the groups, then pairwise post hoc comparisons were
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Table 1 Demographic characteristics of the children with food allergies

Characteristic n (%) Group P
Non-IgE Mixed IgE/mon-
IgE Mediated Mediated IgE Mediated
(1 =896 [71.8%])  (n=193[155%]) (1 =159 [12.7%])
Sex, n (%) 0.006*
Boys 774 (62.0) 580 (64.7) 104 (53.9) 90 (56.6)
Girls 474 (38.0) 316 (35.3) 89 (46.1) 69 (43.4)
Age at onset, median 4.0 (2.0-6.0) 5.0 (2.5-6.0) 2.0 (1.0-5.0) 3.5 (2.0-6.0) <0.001*"S
(IQR), mo
Age at diagnosis, median 6.0 (4.0-11.75) 7.0 (5.0-12.0) 4.5 (2.4-7.0) 6.0 (4.0-12.0) <0.001*%
(IQR), mo
Age groups, 11 (%)
02y 780 (62.5) 526 (58.7) 155 (80.3) 99 (62.3)
35y 321 (25.7) 243 (27.1) 38 (19.7) 40 (25.2)
6-12y 119 (9.6) 103 (11.5) — 16 (10.0)
13-18 y 28 (2.2) 24 (2.7) — 4 (2.5)

Absolute eosinophil
count, median (IQR),
mm?>

IgE level, median (IQR),
IU/L

57.5 (17.6-210.8)

86.0 (25.0-253.0)

369.0 (209.6-590.4) 393.3 (221.8-633.8) 246.9 (153.7-431.0) 405.0 (207.5-570.8) <0.001*5

12.0 (5.0-26.8) 53.4 (15.0-183.0)  <0.001*"$

IQE = Immunoglobulin E; IQR = interquartile range.

Bonferroni adjustment (p = 0.017) was applied for the group responsible for significance. Categorical variables were compared
using chi-square test and continuous variables were compared using Mann-Whitney U test. Columns: 1, IgE-mediated; 2,

Non-IgE-mediated; 3, Mixed IgE/non-IgE mediated.
*1-2.
#1-3.
§2-3.

performed by using the Tukey test. Variables with
non-normal distribution were expressed in median
values. Non-normally distributed parameters and or-
dinal variables were compared by using the Mann-
Whitney U test, Wilcoxon test, and Kruskal-Wallis
test. If a significant difference was detected among
the groups, then pairwise comparisons were made by
using the Mann-Whitney U test with Bonferroni cor-
rection. A p value of <0.05 was considered statistically
significant.

Logistic regression analysis was used to determine
the risk factors for immune mechanisms of FA, which
were defined as the dependent variables. The signifi-
cance of parameters (independent variables) that
affected each dependent variable was evaluated by
using univariate analysis. Parameters found to be
significant were included in the multivariate logistic
regression model. Models with a Hosmer and
Lemeshow test statistic of >0.05 were regarded as
showing a good fit. The odds ratios (OR) of the pa-
rameters included in the model are given in the
tables and figures.
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RESULTS

A total of 1248 children with FA, 774 boys (62%) and
474 girls (38%), were evaluated. Immune mechanisms
of FA were identified as IgE mediated in 71.8% (1 = 896),
non-IgE mediated in 15.5% (n = 193), and mixed IgE/
non-IgE mediated in 12.7% (n = 159) of all the patients.
The majority of the patients (62.5%) were in the age
group of 0-2 years. Another 25.7% of the patients were
3-5, 9.6% were 6-12, and 2.2% were 13-18 years of age.
The most common immune mechanism in all the age
groups was IgE mediated (Tables 1 and 2). The IgE-
mediated group had a significantly higher male ratio,
mean age at onset and diagnosis, absolute eosinophil
count, and total IgE levels compared with the other
groups. Of the non-IgE-mediated FAs, 73.6% (n = 142)
were allergic proctocolitis, 20.2% (1 = 39) were food pro-
tein—-induced enterocolitis syndrome, and 6.2% (n = 12)
were food protein—-induced enteropathy.

Of the patients with mixed-type FAs, 54.7% (n = 87)
have the diagnosis of both IgE- and non-IgE-mediated
FAs, 13.2% (n = 21) had EoE, and 32.1% (n = 51) had
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Table 2 Clinical characteristics of children with FAs

Clinical
characteristics n (%) Groups, 1 (%) 7
IgE Mediated, Non-IgE Mediated, Mixed IgE/mon-IgE
896 (71.8) 193 (15.5) Mediated, 159 (12.7)
Major FAs
Cow’s milk <0.001%*
No 384 (30.8) 339 (37.8) 14 (7.3) 31 (19.5)
Yes 864 (69.2) 557 (62.2) 179 (92.7) 128 (80.5)
Egg <0.001*
No 521 (41.7) 318 (35.5) 146 (75.6) 57 (35.8)
Yes 727 (58.3) 578 (64.5) 47 (24.4) 102 (64.2)
Tree nuts and/or <0.001*8
peanut
No 1052 (84.3) 730 (81.5) 192 (99.5) 130 (81.8)
Yes 196 (15.7) 166 (18.5) 1(0.5) 29 (18.2)
Wheat <0.001**
No 1140 (91.3) 819 (91.4) 190 (98.4) 131 (82.4)
Yes 108 (8.7) 77 (8.6) 3 (1.6) 28 (17.6)
Seafood 0.002 *
No 1201 (96.2) 864 (96.4) 191 (99) 146 (91.8)
Yes 47 (3.8) 32 (3.6) 2 (1.0 13 (8.2)
Multiple FA <0.001**9
Single food 657 (52.6) 444 (49.6) 156 (80.8) 57 (35.8)
Multiple foods 591 (47.4) 452 (50.4) 37 (19.2) 102 (64.2)
Food-related
symptoms
Anaphylaxis <0.001*#9
No 1081 (86.6) 738 (82.4) 193 (100) 150 (94.3)
Yes 167 (13.4) 158 (17.6) — 9(5.7)
Wheezing <0.001*
No 1148 (92.0) 808 (90.2) 193 (100) 147 (92.5)
Yes 100 (8.0) 88 (9.8) — 12 (7.5)
Urticaria <0.001*"8
No 668 (53.5) 379 (42.3) 193 (100) 96 (60.4)
Yes 580 (46.5) 517 (57.7) — 63 (39.6)
Angioedema <0.001*#9
No 1090 (87.3) 750 (83.7) 193 (100) 147 (92.5)
Yes 158 (12.7) 146 (16.3) — 12 (7.5)
Oral allergy 0.001*$
syndrome
No 1177 (94.3) 838 (93.5) 193 (100) 146 (91.8)
Yes 71 (5.7) 58 (6.5) — 13 (8.2)
Rhinitis 0.001*
No 1174 (94.1) 831 (92.7) 193 (100) 150 (94.3)
Yes 74 (5.9) 65 (7.3) — 9(5.7)
Eczema <0.001*%
exacerbation
No 859 (68.8) 560 (62.5) 193 (100) 106 (66.7)
Yes 389 (31.2) 336 (37.5) — 53 (33.3)
Vomiting <0.001*#9
No 1091 (87.4) 782 (87.3) 183 (94.8) 126 (79.2)
Yes 157 (12.6) 114 (12.7) 10 (5.2) 33 (20.8)
Allergy and Asthma Proceedings e89



Table 2 Continued

Clinical
characteristics n (%) Groups, n (%) p
IgE Mediated, Non-IgE Mediated, Mixed IgE/mon-IgE
896 (71.8) 193 (15.5) Mediated, 159 (12.7)
Diarrhea <0.001*
No 1172 (93.9) 853 (95.2) 181 (93.8) 138 (86.8)
Yes 76 (6.1) 43 (4.8) 12 (6.2) 21 (13.2)
Mucous stool 0.001+*
No 1093 (87.6) 846 (94.4) 141 (73.1) 106 (66.7)
Yes 155 (12.4) 50 (5.6) 52 (26.9) 53 (33.3)
Bloody stool <0.001**
No 1127 (90.3) 874 (97.5) 145 (75.1) 108 (67.9)
Yes 121 (9.7) 22 (2.5) 48 (24.9) 51 (32.1)
Other atopic
diseases
Asthma <0.001*%
No 1117 (89.5) 780 (87.1) 193 (100) 144 (90.6)
Yes 131 (10.5) 116 (12.9) — 15 (9.4)
Allergic rhinitis <0.001*
No 1109 (88.9) 774 (86.4) 193 (100) 142 (89.3)
Yes 139 (11.1) 122 (13.6) — 17 (10.7)
Allergic 0.005*5
conjunctivitis
No 1199 (96.1) 852 (95.1) 193 (100) 154 (96.9)
Yes 49 (3.9) 44 (4.9) — 5(@3.1)
Atopic dermatitis <0.001*#9
No 690 (55.3) 389 (43.4) 193 (100) 108 (67.9)
Yes 558 (44.7) 507 (56.6) — 51 (32.1)

FA = Food allergy; IQE = Immunglobulin E.

Bonferroni adjustment (p = 0.017) was applied for the group responsible for significance. Categorical variables were compared
using chi-square test and continuous variables were compared using Mann—Whitney U test. Columns: 1, IgE-mediated; 2,

Non-IgE-mediated; 3, Mixed IgE/non-IgE mediated.
*1-2.
#1-3
§2-3.

atopic dermatitis (Online Supplemental Table 1).
Diagnostic OFC was performed in 56.5% (n = 506) of
the children with IgE-mediated FA in our study. The
most challenged food was cow’s milk (76.9% [n = 389])
followed by egg (58.3% [n = 295]), wheat (12.8% [n =
65]), tree nuts and/or peanut (10.5% [n = 53]), seafood
(3.2% [n = 16]), and other foods (5.3% [n = 27]). The
rate of anaphylaxis was 14.2% (n = 72) in diagnostic
OFCs (n = 506). Cow’s milk was the most common trig-
ger food for both non-IgE-mediated and mixed-type
FAs.

Food Allergens

The most common FAs were classified into five cate-
gories: cow’s milk, egg (white and yolk), tree nuts and/

€90

or peanut, wheat, and seafood (fish and other seafood).
Other less-common FAs were not included in further
statistical analyses due to the small patient numbers
(Online Supplemental Table 2). Among all the children
with FA who were analyzed, irrespective of immune
mechanism, the most common causative food was
cow’s milk, followed by egg, tree nuts and/or peanut,
wheat, and seafood (Table 2). When evaluated in terms
of immune mechanism, the most common causes of
IgE-mediated and non-IgE-mediated FAs were egg and
cow’s milk, respectively (Fig. 1).

Evaluation of FAs by age group (Table 3) showed
that the most common culprit food was cow’s milk
before adolescence and tree nuts and/or peanut in
adolescence (13-18 years of age). The relative distribu-
tion of common FAs by age group irrespective of

May 2021, Vol. 42, No. 3
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Figure 1. Comparison of the proportions of common food allergens within the immunologic types. Bonferroni adjustment (p = 0.017) was
applied for the group responsible for significance. Categorical variables were compared using chi-square test. IgE = Immunglobulin E. Bars:
1, IgE-mediated; 2, Non-IgE-mediated; 3, Mixed IgE/non-IgE mediated. *1-2, #1-3, §2-3.

Table 3 Characteristics of major food allergies by age group

Characteristic No. Subjects Age Group, n (%)
02y 3-5y 6-12y 13-18y

Total children per group 780 (62.5) 321 (25.7) 119 (9.6) 28 (2.2)
Food allergens

Cow’s milk 864 551 (70.6) 236 (73.5) 70 (57.4) 7 (25)

Egg 727 492 (63.1) 178 (55.5) 50 (41) 7 (25)

Tree nuts and/or peanut 196 85 (11.0) 63 (9.6) 36 (29.5) 12 (42.8)

Wheat 108 63 (8.0) 27 (8.4) 13 (10.7) 5(17.9)

Seafood 47 22 (2.8) 13 (4.0) 9(7.4) 3(10.7)
Food anaphylaxis

Cow’s milk 91 28 (3.6) 38 (11.8) 23 (19.3) 2(7.1)

Egg 43 21 (2.7) 16 (5.0) 5 (4.2) 1(3.6)
Tree nuts and/or peanut 34 2 (0.3) 16 (5.0) 11 (9.2) 5(17.9)

Wheat 3 1(0.1) 1(0.3) 1(0.8) —

Seafood 3 — 2 (0.6) 1(0.8) —
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Figure 2. Distribution of common food allergies by age group (N = 1248).
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A. IgE-mediated food allergies

OR (95% CI) p Value
Sex(1)] —r— 1,486 (1,034-2/135) 0,032
Made of hirth(1)=] - 0,869 (0 585-1,292) 0,489
Stress during pregnancy(1)-] —_—— 1,230 (0,818-1,850) 0,320
" Smoking during pregnancy(1)] & 1,444 (0,638-3,270) 0,378
5 Maternal weight gain during pregnancy(1)-] — 1,427 (0,874-2,330) 0,155
=]
) Sibling(1)] —y— 1,581 (1,072-2,333) 0,021
- Place of residence(1)-] —— 1,160 (0,700-1,922) 0,565
Household income(1)] -— 0,324 (0,128-0,823) 0,018
Maternal education(1)] - 0,807 (0,500-1,303) 0,380
Paternal education(1)] —— 0,755 (0,471-1,211) 0,243
Maternal atopy(1)-] _—— 1,531 (1,010-2,321) 0,045
T T T
-20 00 20 40 6,0 8,0
Odds Ratio
B. Non-IgE-mediated food allergies
OR (95% CI) p Value
Sex(1)] < 0,630 (0,474-0,836) 0,001
Mode of birth(1)- + 1,070 (0,788-1 452) 0,664
Smoking during pregnancy(1)— —0—‘- 0,587 (0,321-1,072) 0,083
E Sibling(1) - — 0,778 (0,579-1,046) 0,097
- :
g Place of residence(1)= - 0,840 (0,572-1,232) 0,372
TH H
Household income(1)=4 _— 1,862 (1,075-3,225) 0,026
Maternal education(1)= '—.— 1,400 (0,966-2,030) 0,075
Paternal education(1)— —‘-.— 1,194 (0,828-1,723) 0,343
Maternal atopy(1)] —.— 0,743 (0,544-1013) 0,081
T T T
-2,00 0,00 2,00 4,00 5,00 5,00
Odds Ratio
C. Mixed IgE and non-IgE-mediated food allergies
OR (95% CI) n Value
Sex(1) —— 0,736 (0,508-1 065) 0,104
Smoking_during_pregnancy(1)— - 0,471 (0,199-1,113) 0,086
¥ Stress_during_pregnancy(1)— —— 1,401 (0,959-2,048) 0,081
=]
E Place_of_residence(1)] — 0,548 (0,513-1,404) 0,523
18
Maternal_education(1)= —_——— 1,495 (0,913-2,448) 0,110
Paternal_education(1)— —— 1,018 (0,626-1 655) 0,944
Maternal_atopy(1)] -_r— 1,277 (0,847-1 926) 0,243
T T T
-2,00 0,00 2,00 4,00 5,00
Odds Ratio

Figure 3. Risk factors for immunologic types of FA determined in logistic regression analysis. (A) IgE-mediated FAs. (B) Non-IgE-medi-
ated FA. (C) Mixed IQE- and non—IgE-mediated FAs. FA = Food allergy; IgE = immunoglobulin E.
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immune mechanism is shown in Fig. 2. Allergies to
cow’s milk and egg declined significantly with older
age, tree nuts and/or peanut allergies were uncommon
initially but increased with age, whereas allergies to
wheat and seafood were uncommon in children of all
ages.

Food Anaphylaxis

A history of anaphylaxis was reported in 17.6% (n =
158) of IgE-mediated and 5.7% (1 = 9) of mixed-type FAs.
Cow’s milk was the most common cause of anaphylaxis
(54.5% [n =91]), followed by egg (25.7% [n = 43]), tree nuts
and/or peanut (20.4% [n = 34]), wheat (1.8% [nn = 3]), sea-
food (1.8% [n = 3]), and other foods (10.8% [ = 18]). When
analyzed by age, the most common causes of anaphylaxis
were cow’s milk before adolescence and tree nuts and /or
peanut during adolescence (Tables 2 and 3, and Online
Supplemental Table 2).

Characteristics and Risk Factors of FA by Immune
Mechanism

Comparison of the study groups in terms of clinical
characteristics is shown in Table 2. Evaluation of
immune types based on the number of causative foods
revealed that a significantly higher proportion of non-
IgE-mediated FAs (80.8%) were triggered by a single
food compared with the other immune types. This pro-
portion was 49.6% in the IgE-mediated group and
35.8% in the mixed group (Table 2). Symptoms associ-
ated with immediate hypersensitivity and atopic
comorbidities were significantly more prevalent in the
IgE group than in the other groups. Diarrhea was sig-
nificantly more frequent in the mixed-type group than
in the IgE group. The prevalence of bloody and mu-
cous stool was significantly higher in the non-IgE-
mediated and the mixed-type groups than in the IgE
group.

Evaluation of the family characteristics of the chil-
dren with FA showed that more than half were the
only child (n = 664 [53.2%]) and a large proportion
were born by cesarean delivery (n = 806 [64.6%]). We
observed no significant differences among the immune
types in terms of mode and timing of delivery, mater-
nal characteristics during pregnancy (stress, weight
gain), place of residence, parental smoking, and family
and/or sibling history of FA (data not shown).

Risk factors associated with each immune type com-
pared with other immune types were evaluated by
using regression analysis (Fig. 3, A-C and Online
Supplemental Table 3). Children with an IgE-mediated
FA showed significantly higher rates of male sex (OR
1.486 [95% confidence interval {CI}, 1.034-2.135;
p=0.032), have siblings (OR 1.581 [95% CI, 1.072-
2.333]; p=0.021), and maternal atopy (OR 1.531 [95%
CI, 1.010-2.321]; p=0.045), whereas significantly fewer
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children came from families with high household
income level (OR 0.324 [95% CI, 0.128-0.823];
p=0.018). However, it was observed that, in the non-
IgE-mediated group, male sex was significantly less
frequent (OR 0.630 [95% CI, 0.474-0.836]; p =0.001) and
significantly more families had high household income
level (OR 1.862 [95% CI, 1.075-3.225]; p =0.026). No sig-
nificant risk factor was found for mixed-type FA in the
multivariate regression analysis.

DISCUSSION

To our knowledge, this study was the first to evalu-
ate national and multicenter data with regard to FAs of
different immunologic mechanisms that were diag-
nosed in the clinical setting by pediatric allergists. As
with other allergic diseases, FA is a heterogeneous clin-
ical picture that develops as a result of multifactorial
influences. As found in our study, reports in the litera-
ture indicate that FA is most common in infancy. The
majority of children with FA (62.5%) in our patient
population were in the 0-2 years age group, whereas
only 2.2% were in the adolescent group (13-18 years of
age).

According to our results, cow’s milk was the most
common FA and cause of food anaphylaxis among all
the children with FA in our study. This was followed
by egg, tree nuts and/or peanut, wheat, and seafood.
Previous studies conducted in Turkey and abroad
reported that cow’s milk and egg were the most com-
mon causes of FA in children and that these allergies
diminish with age."*® Our study also indicated that
the rate of cow’s milk allergy in the children with FA
was 70.6% in the 0-2 years age group and decreased to
25% in the 13-18 years age group. Similarly, the rate of
egg allergy in the children with FA also showed a
marked reduction. In the literature, it was shown that
80% of children with cow’s milk allergy and egg
allergy developed tolerance for these foods at ~16
years of age.’”*! Although our study was not longitu-
dinal, our findings of reductions in the prevalence of
cow’s milk and egg allergy can be explained by toler-
ance. In contrast, we found that the prevalence of tree
nuts and/or peanut allergy increased with age and
was the most common cause of FA (42.8%) and food
anaphylaxis in the 13-18 years age group, compatible
with the results of previous studies.'”** Because tree
nuts and peanut can cause co-sensitization and co-
allergy, and are generally consumed together in
Turkish culture, these foods were evaluated as a single
group in the present study.**

Of the five major FA groups, the prevalence of wheat
and seafood allergies was lower in our sample and
showed no pronounced differences in relation to age.
In epidemiologic studies performed by Hill et al.,* the
most common FA was peanut, followed by milk, egg,
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shellfish, and soy. However, numerous epidemiologic
studies on FA reported that the most common causes
of FA were cow’s milk, egg, peanut, fish, and tree
nuts.”® Soy allergy was uncommon in our study
(Online Supplemental Table 2). Similarly, Nwaru et
al.'® determined in their meta-analysis that the preva-
lence of soy allergy is low in Europe. In addition to
FAs that are common worldwide, there are also less
common FAs that vary by country. Of these, the top
three in the present study were lentil, soy, and sesame.
Lentils and sesame are commonly consumed in the
Mediterranean area and the Middle East. In Israel, ses-
ame is the third most common food allergen after egg
and cow’s milk, and is the second leading cause of ana-
phylaxis after milk."”*” In Turkey, the rate of sesame
allergy among children with FA is very common and
on the rise (3.8-20.6%)."*'® These rare food sensitiv-
ities are affected by geographic factors.

Evaluation of the children with FA according to
immune mechanism of FA revealed different charac-
teristics and risk factors. Cow’s milk allergy was more
frequent in the non-IgE-mediated group, whereas egg
allergy was more frequent in the IgE-mediated group
than in the other groups, consistent with the results
obtained in previous studies.">'® IgE-mediated FA
showed more laboratory findings and symptoms spe-
cific to early hypersensitivity reactions and was more
associated with atopic multimorbidity and multiple
FA. In addition, among the IgE-mediated FAs, 17.6%
resulted in anaphylaxis. Consistent with the litera-
ture,”® male sex was predominant in our IgE-mediated
FA group (1.486). In addition, having sibling(s) (OR
1.581) and maternal atopy (OR 1.531) increased the
likelihood of IgE-mediated FA. Whereas most IgE-
mediated cases were in the 0-2 years age group, there
also were some cases in the 3-5 years age group in our
study. In the literature, it was reported that non-IgE-
mediated FA may persist after 3 years of age.” In con-
trast, when compared with other immune types, we
determined that non-IgE-mediated FAs were more
associated with a single FA and that high household
income increased the likelihood of non-IgE-mediated
FA (OR 1.862).

As in other allergic diseases, both genetic predisposi-
tion and epigenetic risk factors have been implicated
in the development of FA. Risk factors for FA early in
life, such as atopic dermatitis, are believed to start in
the pre- and perinatal periods. We observed significant
relationships between IgE-mediated FA and male sex,
familial atopy, and comorbidities, risk factors that
were also shown to be associated with FA in previous
studies.”***°! However, among the factors related to
familial atopy, our results indicated that maternal at-
opy in particular constituted a risk for FA. In the litera-
ture, the presence of siblin%s was proposed to be a
protective factor against FA.” When our entire patient
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group was evaluated together, we determined that
more than half were the only child. In addition,
although the majority of the children in study had a
high household income, this proportion was signifi-
cantly higher in the non-IgE-mediated FA group.

The strength of our study was that it homogenously
represented national data and included a large number
of cases. To our knowledge, it is the first large-scale
study conducted by pediatric allergists not based on a
telephone or electronic survey that investigates associ-
ations between the immunopathogenesis and clinical
features of FA. Our study had some limitations.
Prospective data were not included; therefore, exact
data on prognosis and tolerance rates could not be
obtained. In addition, this was not a prevalence or a
controlled study, so a comparison could not be made
with children without FA.

Previous large-scale epidemiologic studies on FA
reported the general characteristics of FA because it is
methodologically difficult to differentiate IgE- and
non-IgE-mediated reactions. In fact, there are no dis-
tinct boundaries between categories of FA based on
immunopathology. Laboratory tests used in the diag-
nosis of FA do not provide yes or no results; they do
support the clinical diagnosis.”>*® The pediatric aller-
gist’s knowledge and experience are important both in
diagnosing FA and in determining its immune mecha-
nisms. Because there are no similar studies that com-
pared FAs based on their immunopathogenesis, we
could not compare our striking results with those of
other researchers.

CONCLUSION

The clinical presentations of childhood FA are highly
variable, depending on age and underlying immune
mechanism. It has been shown that the most common
immune mechanism in all age groups was IgE medi-
ated. Although the most frequent cause of FA and
food anaphylaxis was cow’s milk before age 13 years
and tree nuts and/or peanut during adolescence (13-
18 years of age), cow’s milk was the most common FA
and cause of food anaphylaxis among all the children
with FA in our study. Understanding of the popula-
tion’s characteristics and underlying pathogenesis of
FA will provide the physicians better management of
the children with FA.
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