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ly and high tolerance rates before school age in children with 
food allergies that started in infancy. This will help pediatri-
cians to give more informed advice to parents of infants with 
cow’s milk or hen’s egg allergy.  © 2016 S. Karger AG, Basel 

 Introduction 

 Food allergy (FA) generally has a good prognosis and 
is expected to resolve in the majority of children by school 
age. In several studies, varying results regarding FA toler-
ance development rates and timing have been reported 
 [1] . In the recent EuroPrevall birth cohort studies, a good 
prognosis was reported at an early age  [2, 3] . Such studies 
allow the understanding of the development and natural 
history of the disease via a longitudinal approach. Under-
standing the natural history of food allergies is an impor-
tant task for preventing the development of other allergic 
diseases. Additionally, prospective population-based 
studies are required to identify risk factors for the persis-
tence of FA and other allergic diseases  [4, 5] . To date, no 
birth cohort study on the prognosis of FA and allergic 
diseases had been undertaken in Turkey. The primary 
aim of this prospective cohort study was to describe the 
rates of resolution in this group of patients and investi-
gate the natural course of FA from infancy to childhood.
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 Abstract 

  Background:  Although food allergy (FA) is often a transient 
condition during childhood, when and in whom FA will re-
solve can be affected by many factors. In this study, we ana-
lyzed the data at 5 years on 33 children diagnosed with FA in 
the ADAPAR (Adana Pediatric Allergy Research) birth cohort 
study in southern Turkey.  Methods:  Thirty-three infants de-
tected as having FA at the end of their first year in the 
ADAPAR study were assessed every 6 months until the age 
of 5 years. Each follow-up included a clinical examination, 
questionnaire, blood sampling and a skin-prick test.  Results:  
Culprit allergens were cow’s milk (n = 20), eggs (n = 17), 
chicken meat (n = 1) and bananas (n = 1). Of the 17 patients 
with egg allergy, 14 developed complete tolerance and 1 
developed partial tolerance (i.e. tolerance to baked food). Of 
the 20 patients with milk allergy, complete tolerance was ob-
served in 16 and partial tolerance in 1. The mean age of tol-
erance to egg was 22.4 ± 7.5 months and to cow’s milk, it was 
20.9 ± 1.1 months. Complete tolerance developed in 1 case 
allergic to chicken meat and in 1 case allergic to banana. Oth-
er allergic conditions were also determined: allergic rhinitis 
in 27.2%, atopic dermatitis in 21.2%, asthma in 9%, urticaria 
in 9% and drugs in 9%.  Conclusions:  Our results confirm ear-
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  Material and Methods 

 Study Design and Setting 
 From February 2010 to February 2011, a total of 1,475 infants 

born at Çukurova University Medical Hospital, Adana, Turkey, 
were recruited to participate in the longitudinal ADAPAR (Adana 
Pediatric Allergy Research) birth cohort study. The aim of the 
ADAPAR study was to establish the prevalence of atopic dermati-
tis (AD) and identify associated risk factors by following infants in 
the city of Adana (southeast Turkey) from birth until 1 year of age. 
The study has been described in detail elsewhere  [6] . Study proto-
col was approved by the University’s Human Research Ethics 
Committee. Written informed consent was obtained from the par-
ents of each participating infant at enrollment and again at each 
follow-up. 

  Follow-Up Assessment 
 Thirty three infants who were detected as having FA at the end 

of their first year in the birth cohort study were assessed every 6 
months until the age of 5 years. Each follow-up included a clinical 
examination, questionnaire, blood sampling and a skin-prick test 
(SPT). The questionnaire included information on asthma, allergic 
rhinitis and AD with validated questions from the International 
Study of Asthma and Allergies in Childhood questionnaire and 
adverse reactions to other foods  [7] . Specific IgE (sIgE) against the 
6 most common food allergens was analyzed using an Immuno-
CAP ®  kit. If the test was positive ( ≥ 0.35 kU/l), then the serum was 
analyzed for sIgE antibodies to cow’s milk, hen’s eggs, soy, wheat, 
fish and peanuts. An SPT test was performed using commercially 
available extracts of the major inhalant allergens (Allergopharma, 
Germany), tree mixture, mold mixture, pollen mixture,  Derma-
tophagoides pteronyssinus  and  D. farinea , and the food allergens, 
cow’s milk, eggs, wheat, peanuts, bananas and fish. The results 
were considered positive if the mean wheal diameter was  ≥ 3 mm 
compared to the negative control. In addition, SPT and sIgE level 
measurements were carried out when there was any suspicion of 
FA according to history and/or physical examination. 

  Drug allergy was suspected in children who had a history of any 
reaction after a specific drug intake; it was confirmed by measuring 
drug-specific IgE and/or SPT and/or a drug provocation test  [8] . 
The diagnosis of FA in children with a history of symptoms associ-
ated with specific food intake and/or those with food sIgE  ≥ 0.35 
kU/l and/or a positive SPT was made after an elimination diet with 
a food challenge. The standardized open food challenge was per-
formed in all children <3 years of age and a double-blind, placebo-
controlled food challenge was performed in children >3 years of 
age.

  Rechallenges were performed every 6 months in the children 
with FA. Complete tolerance was defined as passing a challenge of 
whole foods and partial tolerance as no reaction to baked foods and 
the continuance of successful intake of these foods at home. 

  Statistics 
 Statistical analysis was performed using the Statistical Package 

SPSS software v17.0 (SPSS Inc., Chicago, Ill., USA). All numerical 
data are expressed as mean values ± SD or as proportions.

  Results 

 In the ADAPAR study, 33 infants with FA (to a total 
of 39 foods) were identified from a population of 1,377 
children followed from birth. Culprit allergens estab-
lished by food challenge tests included cow’s milk (n = 20, 
1.4%), eggs (n = 17, 1.2%), chicken meat (n = 1, 0.07%) 
and banana (n = 1, 0.07%). 

  During the follow-up period, 28 of 33 children (84.8%) 
experienced resolution of FA, with the mean age of reso-
lution being 22.1 ± 7.3 months. In addition, 24.2% of the 
patients had an improved allergy by the age of 1 year and 
51.5% by the age of 2 years. Out of 17 patients with egg 
allergy, 14 developed complete tolerance (82%) and 1 de-
veloped partial tolerance. Egg allergy persisted in 2 pa-
tients at 5 years. Among 20 patients with milk allergy, 
complete tolerance was observed in 16 (80%), partial tol-
erance in 1 and the allergy persisted in 3. The mean age 
of tolerance to egg was 22.4 ± 7.5 months and to cow’s 
milk, it was 20.9 ± 1.1 months. Complete tolerance to 
chicken meat developed at 2 years of age and to banana at 
1 year of age ( fig. 1 ). Five patients (15.1%) had inhalant-
allergen sensitivity with mites and fungi being the most 
abundant; 1 child had walnut allergy, 1 had cocoa allergy 
and 3 had drug allergies. 

  Other allergic conditions were determined (27.2% 
with allergic rhinitis, 21.2% with AD, 9% with asthma, 9% 
with urticaria and 9% with drug allergy) by the age of 5 
years ( fig. 2 ). A total of 16 out of 33 children (48.4%) were 
diagnosed with any allergic disease.

  Discussion 

 Main Findings 
 The ADAPAR study provided the first estimate of chal-

lenge-confirmed FA prevalence and prognosis in south-
ern Turkey. The results of our study support the idea that 
the majority of patients with FA will eventually develop 
tolerance. We found that tolerance developed in 24.2, 51.5 
and 84.8% of children with challenge-confirmed FA at the 
age of 1, 2 and 5 years, respectively. When assessed ac-
cording to allergens, it was determined that 80% of the 
children with cow’s milk allergy and 82% with egg allergy 
developed a tolerance by the age of 5 years. 

  Comparison with Other Studies  
 Birth cohort studies have been conducted in many 

countries to determine FA prognosis and different results 
have been reported  [1] . Our study is important in terms 
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of showing the development of high rates of FA tolerance. 
In the recent EuroPrevall birth cohort studies, a lower in-
cidence of FA (cow’s milk: 0.54% and egg: 0.84%) and 
higher tolerance rates (to cow’s milk: 69% and egg: 49%) 
within 1 year of the initial diagnosis were reported  [2, 3] ; 
however, challenge and follow-up rechallenge could not 
be applied to a significant number of children in these 

studies, which may account for these rates. In our study, 
there are several possible explanations for the high toler-
ance rate. The first probable explanation is that FA was 
detected at an early stage, perhaps even during the breast-
feeding period before the infant was exposed to supple-
mental food; studies have shown the relationship between 
early exposure to supplemental food, late diagnosis and 
delayed tolerance in patients with FA  [9] . Today, in the 
long-term follow-up of FA, it is known that one of the 
most important indicators regarding tolerance or persis-
tence is the level of sIgE. It has been reported that at the 
time of diagnosis, a high level of sIgE and the persistence 
of this level was inversely related to the probability of tol-
erance  [10] . Furthermore, meta-analyses have shown that 
a prolonged breastfeeding (>6 months), the time point of 
introduction of solid foods (particularly at 4–6 months of 
age, ‘suspected to be the critical window period’), exclu-
sively breastfeeding for the first 4 months as well as a pre-
biotic and/or probiotic diet may contribute to the devel-
opment of oral tolerance and could prevent some FAs and 
allergic diseases  [11–13] . In our study, the rate of infants 
introduced to supplementary food at 4–6 months of age 
and of infants who breastfed for longer than 1 year was 
quite high (57.5 and 86.3%, respectively, data not shown). 
At the same time, the rate of infants who were exclusive-

All children recruited from ADAPAR
between Feb. 2010 and Feb. 2011

(n = 1,475)
Children excluded by investigators due
to insufficient parental knowledge of

ADAPAR, plans to move or serious
illness (n = 98)

Total number
of patients
(n = 1,377)

Egg (n = 17)

Complete tolerance

FA diagnosed according to
positive history, SPT and OFC

(n = 33) (total: 39 foods)

Chicken meat (n = 1)Cow’s milk (n = 20) Banana (n = 1)

Complete tolerance
(n = 14; 82%)

Complete tolerance
(n = 16; 80%)

Persistence
(n = 2; 12%)

Persistence
(n = 1; 6%)

Persistence
(n = 3; 15%)

Persistence
(n = 1; 5%) Complete tolerance

  Fig. 1.  An algorithm demonstrating methods of diagnosis, follow-up and rate of recovery. OFC = Oral food challenge; FA = Food al-
lergy; SPT = skin prick test. 

Asthma

AR

3

33

1
1 2

2
1

Urticaria

Drug allergy

AD 100%

  Fig. 2.  Distribution of children with allergic diseases. AR = Allergic 
rhinitis; AD = atopic dermatitis. Values are expressed as n. 
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ly breastfed for the first 4 months was considerably high-
er (63.6%, data not shown) than the rates generally re-
ported in Turkey and other European countries  [14] . We 
believe that, in our country, the first supplementary foods 
to which infants are introduced are rich in prebiotics (e.g. 
cereals, fruit and vegetables), and that this supports the 
high tolerance rates that we observed  [15] . There is sup-
porting evidence that probiotics reduce allergy risk with 
their health-promoting effects including their effects on 
the immune system  [16] . However, in order to shed light 
on the course of FA and tolerance development in the 
long term, there is a need for studies on larger series and 
based on objective measurements (particularly examin-
ing the possible effects of the diet during infancy).

  Another possible explanation is that early detection of 
FA and avoidance of allergenic foods may lead to earlier 
tolerance. Although the results of some studies are avail-
able, the issue of feeding practice is still controversial. 
Currently, management of FA is still believed to consist 
of avoidance of possible food allergens  [13] . 

  A number of studies have demonstrated early food 
sensitization to be a strong predictor of subsequent aller-
gic diseases and sensitization to inhalants in childhood 
 [17] . Our data demonstrate that 48.4% of children with 
FA at 5 years had an allergic disease and 15.1% had inhal-
ant-allergen sensitivity. These figures are smaller than 
those reported elsewhere for the same age group  [18, 19] . 
The probable explanations of this finding are the early 
diagnosis of FA, the elimination of dietary allergens and 
the subsequent avoidance of suspected allergens. 

  Limitations 
 Our study has limitations. First, due to the small num-

ber of FA patients, our results provide limited informa-

tion regarding clinical, laboratory, demographic and di-
etary factors that may predict the development of toler-
ance to certain foods. Second, the infants who did not 
have FA by 1 year of age in the ADAPAR study were not 
followed up in terms of FA which might have developed 
later. This factor may account for the high tolerance rates 
that we determined. It is well known that children who 
develop FA (particularly nut and peanut allergies) after 
infancy may have persistent FA more often than infants 
diagnosed with FA. 

  Conclusion 

 We presented the first birth cohort study investigating 
the natural history of FA from infancy to childhood in 
southern Turkey. FA was resolved in nearly almost all of 
the participants by 5 years of age. The age at the diagnosis 
of FA, early avoidance of the relevant food allergens, pro-
longed breastfeeding and dietary factors are important 
prognostic factors that predict the development of toler-
ance. Our results will help pediatricians/health staff to 
give more informed advice to parents of infants with 
cow’s milk or hen’s egg allergy. The clinical and labora-
tory relevance of these findings should be confirmed by 
larger prospective cohort studies.
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