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Abstract: Food allergy in children is increasing and the perception of food allergy among
parents is even more common. In a questionnaire-based study of 702 children aged 6 to 48
months in four primary care settings, the aim was to determine the prevalence of
perception vs. proven food allergy, parental anxiety and general pediatrician knowledge of
food allergy. In 95/702 children (13.5%) parentally-reported food was associated reactions.
IgE and/or skin prick test (SPT) and/or an open provocation test were performed in 48
(6.8%) and allergy was proven in 38 (5.4%) children. Discrepancy between parental
perception and proven allergy is significant (p < 0.001), especially for food other than
milk, egg and peanut (p < 0.001). Allergy to milk was the most common. Allergy to peanut
was significantly more common in children >2 years (p < 0.05). Severe reactions occurred
in 5/95 (5.2%) of all children and in 5/38 (13.1%) of allergic children, in 3/5 caused by
peanut. Parents of children with proven allergy do not experience high degree of anxiety.
The perception of food allergy among general pediatricians is limited, and in children with
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severe reactions precautionary measures and information to parents were insufficient.
Parents and general pediatricians need additional education in food allergy.
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1. Introduction

Food allergy is increasing in the developed world [1-3]. Most reactions in children occur to cow’s
milk, egg, wheat, soy, tree nuts and fish, but differences in the prevalence of these specific foods are
observed between Europe and other parts of the world [2—5]. The highest prevalence of food allergy in
Europe is in Northwestern Europe [3-5]. It is highest in infants and toddlers; 2.5% of infants suffer
from milk allergy, and up to 10% of 1-year-olds suffer from allergies to food, including cow’s milk,
egg, nuts, soy, wheat, and fish [6-8]. Although population-based studies have been carried out in
several European countries [6,9], this is the first report on food allergy perception and prevalence in
Croatia. Self-reported adverse food reactions overestimate the prevalence of true food reactions in
adults [10,11] and the same is reported for children [7,11,12]. The parental perception of child’s
allergy depends on the child’s age, severity of reaction and education [13]. Proven food allergy is not
an independent factor of parental distress and anxiety that reflects the quality of life [14,15].
Knowledge and education of primary care physicians on food allergy need to be improved, as there are,
according to some studies [16], significant knowledge gaps. There are issues in the treatment of food
allergies that need to be addressed, such as education and the quality of life [5,17].

Aims of the Study

Given the fact that data on food allergy in children in Croatia are not available, the Section for
Allergy and Clinical Immunology of the Croatian Pediatric Society initiated this study, as part of the
broader investigation on food allergy on the primary level of child care in Croatia. The primary aim of
the study was to determine the prevalence of parentally-reported clinical reactions to food and
correlation with confirmed allergy. Secondary aims were to determine the parental anxiety about
child’s reactions/allergy and the adequacy of managing IgE mediated severe reactions by general
pediatricians (GP).

2. Patients and Methods
2.1. Patients

The study population consisted of children aged 6 to 48 months, sequentially recruited at routine
pediatric visits in four pediatric primary care offices in the cities of Zagreb, Bjelovar and Metkovic,
from August to October 2014. Primary care for children in Croatia is mandatory, organized in GP
offices near the place of living and insurance covers the costs for all children. According to the regulations
of Croatian Health Insurance Fund, each GP can have up to 1200 patients 0—7 years old and this was
the study base for this research. At the same, visit parents were handed, answered and collected the
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questionnaire. The only inclusion criterion was child’s age, irrespective of former or actual allergy
symptoms.

2.2. Methods
2.2.1. Investigators

General pediatricians and a pediatric allergist working in primary care.
2.2.2. The Questionnaire

The questionnaire (Supplement Material) was created by the members of the Section for Allergy
and Clinical Immunology (SACI) of Croatian Pediatric Society. The design of the questionnaire is
simple, with the questions unequivocally clear and not taking longer than a couple of minutes for
parents to answer, in order to have the lowest possible drop out rate. The question about skin test
implicates a skin prick test (SPT). Parents whose children had experienced a reaction to food answered
the question on their anxiety. The investigation was carried out following the rules of the Declaration
of Helsinki of 1975 as revised in 2008. SACI approved the investigation on 30 May 2014. Incomplete
or ambiguously answered questionnaires were excluded.

2.2.3. Severe Reactions

Severe reactions (anaphylaxis) were determined based on the consensus clinical definition proposed
by Sampson [18] and included (1) the appearance within 2 h of the consumption of culprit food and (2)
hives and concomitantly one or more symptoms such as pallor, sudden weakness or floppiness,
vomiting, breathing difficulties, rhinorrhea OR sudden weakness and pallor with or without vomiting
after consumption of food.

2.2.4. Allergy Workup and Treatment

Allergy workup was done prior to answering the questionnaire and included specific IgE antibodies
and/or skin prick test (SPT) and/or open provocation test. In allergy workup children were seen either
by general pediatrician only or additionally by a pediatric allergist. General pediatricians could
indicate IgE determination, while SPT and provocation tests were carried out at an allergy clinic.
Results were interpreted positive if IgE was higher than 0.35 IU/mL and SPT > 3 mm wheal after 15
min, based on EAACI guidelines [19]. Open provocation tests were done in the allergy units or in the
pediatric offices. We did not collect data on indications or contraindications for provocation tests. If
done in the allergy unit they were based on EAACI guidelines. The indications for allergy workup in
the allergy units were not analyzed. Elimination diet, epinephrine autoinjector and education were
considered as treatment.

2.2.5. Statistical Methods

Comparison of proportions between groups was performed using the standard chi-square test, or
Fisher’s exact test, as appropriate. Differences between groups were compared using ¢-test and analysis
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of covariance using one or two-way ANOVA. p < 0.05 was considered significant. Statistics were
calculated using MedCalc Statistical Software [20].

3. Results

The total of 702 properly answered questionnaires was analyzed. Children were grouped in three
age groups: 6—12 months (160), 12—-24 months (205) and 24—48 months (337). A total of 114 reactions
to food were reported in 95 (13.5%) children. Allergy workup was done in 48 (6.8%) and allergy
confirmed in 38 (5.4%) children for 60 (52.8%) reactions. 33 patients (4.7%) had hives with or without
other symptoms of IgE mediated allergic reaction. In 5 cases (0.7%) the symptoms were apparently
primarily non-IgE mediated and appeared within 24 h. Four of five children had deterioration of
eczema and positive IgE with/without SPT. One had a bloody stool and positive open provocation test.
In 24/38 children workup was done by an allergist—12 children had IgE and SPT, 6 had only SPT, 6
had IgE, SPT and open provocation test. In 14 children workup was done by the general
pediatrician—10 had only IgE, one child had IgE and provocation and three children had only
provocation. The difference between suspected and confirmed allergy is significant (p < 0.001). Severe
IgE mediated (anaphylactic) reactions were reported in five of all children (0.7%), or in 13.1% in the
allergic group (Figure 1, Table 1).
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Figure 1. Prevalence of all reactions, allergy workup, confirmed allergy and severe reactions.

Fruit and vegetables (apple, pear, carrot, banana, kiwi, cauliflower, ketchup, tomato, cherry,
strawberry, citrus fruit), hazelnut, walnut, chicken, soy or “not sure of sort” were most common
parentally perceived allergens and, as expected, significantly less confirmed (p < 0.001). Besides milk,
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egg and peanut, allergy was confirmed in single cases for fish, hazelnut, apple and banana. The most
common allergen was milk. The difference between suspected and confirmed allergies was not
significant for milk, egg and peanut (Figure 2).

Table 1. Prevalence of reactions according to the sort of food and age, confirmed allergy
and severe reactions.

. Confirmed Severe
Reactions .
Allergy Reactions
Age Groups/months Milk Egg Peanut  Other * N =702 N =702
N % N % N % N % N % N %
5.2
648 114 35 31 21 18 16 14 42 37 38 5.4 5 13,1 *+
6-12 28 13 37 5 24 1 6 9 12 9 1.2 1 0.1
1224 36 9 26 9 43 3 18 15 36 11 1.5 2 0.2
24-48 50 13 37 7 33 12 75 18 43 18 2.5 2 0.2

* Other—apple, pear, carrot, hazelnut, fish, pecan, banana, ketchup, tomato, cherry, chicken, soy, citrus fruit,

do not know. ** Severe reactions among children with confirmed allergy.
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Figure 2. Frequency of reported reactions versus proven allergy to types of food.
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Parental perception of allergic reactions to foods increased with age. However, proven food allergy
according to age groups is not significantly different (Figure 3).

There is no significant difference in suspected allergy to certain foods between age groups, except
for peanut, which is significantly more frequent in the group >2 years (p < 0.01, Figure 4).
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Figure 3. Frequency of reported reactions versus proven allergies according to age.
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Figure 4. Frequency of suspected reactions to specific food according to age.

Confirmed allergy to peanut is significantly higher in the group >2 years (p < 0.01), while allergy to
foods other than milk, egg or peanut is not present in the group 6—12 months of age (p < 0.01)

(Figure 5).
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Figure 5. Prevalence of confirmed allergy according to the type of food and age.
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Peanut was the culprit food in three out of five patients with severe reactions. One child aged between
12 and 24 months, polisensitized, the other two were older than two years, one polisensitized, and the
other monosensitized to peanut. One child had prescribed adrenaline autoinjector. Milk was the cause for
severe reaction in an infant and hazelnut in a child between 12 and 24 months. They had been prescribed
adrenaline.

All children with clinical reactions had parent-prescribed elimination diet irrespective of proven
allergy. Some parents did not even mention the reaction to the child’s physician. Parents of children
with clinical reactions to food were not anxious about it at all in 46/95 (48%) of cases, 45/95 (47%)
were not anxious due to preventive measures, and 4/95 (4%) were very anxious. In the latter group no
children had allergy workup done or the allergy was not proven,

Parents of five children with the most severe reactions were not anxious at all or not anxious due to

preventive measures taken.
4. Discussion

These are the first results of the prevalence of food allergy based on the population study in Croatia.
The reports of prevalence of parentally-reported food allergy vary widely, between 3% and 35% [21]
and proven food allergy from 3% to 10% in children younger than four years [6—8]. In our study group
the prevalence of parentally reported allergy (13.5%) and proven allergy (5.4%) are similar with the
observed prevalence in Europe in the same age group [6,10]. The data we collected were not precisely
defined and the provocation test, the gold standard for food allergy, was done in the minority of cases.
Some parents did not mention the reaction to child’s physician and there was no consistent indication
for allergy workup, while some cases negative for IgE/STP were not followed by a provocation test.
Due to those limitations, some true allergies may have been missed and the results should be
interpreted cautiously. Nevertheless, in the real-life circumstances, we believe that the results for IgE
mediated allergy reflect real prevalence. The most common allergen is milk, as recognized by other
studies [10,22] Having in mind the overall perception of allergic disease, especially allergy to food,
increasing parental perception of allergic reactions to different foods with increasing age is not
surprising. The perception is, however, significantly overestimated compared to proven
allergy (p < 0.001) as has been noted previously [11], particularly to foods other than milk, egg and
peanut. Parents’ fear is directed towards a broad range of various foods, even if unspecified. Allergy to
peanut is significantly higher in children between 2 and 4 years than in younger children, while allergy
to milk and egg in our sample did not differ between these two groups. Milk and egg allergies are known
to be most common in the youngest age [10] and in recent work by Dyer [23], who surveyed more than
3000 children with food allergies, the age range with the highest incidence of peanut allergy was
6—10 years. Obviously, a few years are necessary for peanut allergy to develop in most children. Some
authors have highlighted the fact that food allergy anaphylaxis is highest in the youngest age
group, 0—4 years, which was also the group we investigated. According to medical records, they found
anaphylactic reaction to occur in 7 of 100 allergic children [24]. Our results show an even higher
prevalence of anaphylaxis, i.e., 13.1% in the allergic children. Peanut was the culprit food in 3/5 of cases.

Parents’ perception of food allergy is clearly overestimating true allergy, as had been shown by
other authors [11]. However, once the allergy is confirmed, parents’ anxiety and fear are surprisingly
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absent. The most common answer to our question on the anxiety about child’s reactions to food was
that it was not at all present, or that it was absent due to preventive measures. Only 4 (4%) parents
have answered that they had high degree of anxiety. Those four parents had children with minor
reactions and allergy not proven by the workup. This brings up the problem of parents’ lack of
information and education, the major factors for successful dealing with food allergy [5]. Schools for
asthma and atopic dermatitis already exist in Croatia, but apparently, a similar patient education
project for food allergy would be needed as well. Although our questionnaire was not validated for
estimating the quality of life of parents of food allergic children, our results indicate that the anxiety
about food allergy is absent in most cases, which suggests an undisturbed quality of life and raises the
question of parental understanding of the significance of a child’s condition. Interestingly, as recent
work has shown, neither anaphylaxis, nor prescribing an epinephrine autoinjector influences the quality
of life in adults or children with food allergy [25]. In optimal circumstances, where there is epinephrine
prescribed, there is the problem of parents’ and caregivers’ anxiety of applying it, as recognized in
recent work [26]. In our opinion, it points out the need for proper education of parents and caregivers.

In primary care there is a need to address the problem of food allergy due to its frequency. Basic
workup should be done on the primary level, without consultation of an allergy specialist, according to
the recommendations of treating food allergy in the primary care [27,28]. Our results brought up
several problems when dealing with food allergy in primary care—when to indicate allergy workup,
what criteria for the exclusion of possible allergy on the basis of clinical history to apply, does elevated
IgE after clinical symptoms suffice to start elimination diet and when the workup by an allergist should
be done. The fact that some provocation tests were performed in the office without prior workup or
allergist consultation, should also pose the question of how to approach to the problem of food allergy.
An epinephrine autoinjector was not prescribed in two of five children with severe reactions, which
signals the need to improve the competencies of general pediatricians in the field of food allergy. Our
pediatricians have periodic trainings in different fields of pediatrics, including on allergies, but we did
not collect data on specific training on allergies, which is the limitation for evaluating their
competency. Although aware of limitations of the study, some results have so far been obtained.
Further studies and more data on food allergy in Croatia are needed.

5. Conclusions

Prevalence of food allergy in Croatia appears to be comparable to other European countries. Parents
overestimate allergic reactions to food in their children, but when allergy is proven, they tend to
underestimate its significance. Preventive measures should include elimination diet and education, as
well as an epinephrine prescription with handling where needed. There is a need to work on educating
parents and caregivers, but also general pediatricians on food allergies.

Acknowledgments

We thank Darko Richter and Zrinka Biloglav for helping with the study design, reading and
correcting the manuscript and Andrea Ruk for English language editing.



Children 2015, 2 314

Author Contributions

Tamara Voskresensky Baricic, together with colleagues from SACI designed and carried out the

study, analyzed the data, drafted and revised initial manuscript. Marija Catipovi¢, Erina Leona Cetinic

and Vlado Krmek carried out the study. Ivona Horvat did the data input, statistical analysis and helped

revise the manuscript.

Conflicts of Interest

The authors declare no conflict of interest.

References

10.

11.

Sicherer, S.H. Epidemiology of food allergy. J. Allergy Clin. Immunol. 2011, 127, 594-602.
Allen, K.J.; Koplin, J.J. The epidemiology of IgE-mediated food allergy and anaphylaxis.
Immunol. Allergy Clin. N. Am. 2012, 32, 35-50.

Nwaru, B.I.; Hickstein, L.; Panesar, S.S.; Muraro, A.; Werfel, T.; Cardona, V.; Dubois, A.E.].;
Halken, S.; Hoffmann-Sommergruber, K.; Poulsen, L.K.; ef al. The epidemiology of food allergy
in Europe: A systematic review and meta-analysis. Allergy 2014, 69, 62-75.

Rona, R.J.; Keil, T.; Summers, C.; Gislason, D.; Zuidmeer, L.; Sodergren, E.; Sigurdardottir, S.T.;
Lindner, T.; Goldhahn, K.; Dahlstrom, J.; et al. The prevalence of food allergy: A meta-analysis.
J. Allergy Clin. Immunol. 2007, 120, 638—646.

Comberiati, P.; Cipriani, F.; Schwarz, A.; Posa, D.; Host, C.; Peroni, D.G. Diagnosis
and treatment of pediatric food allergy: An update. Ital. J. Pediatr. 2015, doi:10.1186/s13052-014-
0108-0.

Kummeling, 1.; Mills, E.N.; Clausen, M.; Dubakiene, R.; Pérez, C.F.; Fernandez-Rivas, M.;
Knulst, A.C.; Kowalski, M.L.; Lidholm, J.; Le, T.M.; et al. The EuroPrevall surveys on the
prevalence of food allergies in children and adults: Background and study methodology. Allergy
2009, 64, 1493-1497.

Keil, T. Epidemiology of food allergy: What’s new? A critical appraisal of recent
population-based studies. Curr. Opin. Allergy Clin. Immunol. 2007, 7, 259-263.

Sicherer, S.H.; Sampson, H.A. Food allergy. J. Allergy Clin. Immunol. 2010, 125, S116-S125.
Keil, T.; McBride, D.; Grimshaw, K.; Niggemann, B.; Xepapadaki, P.; Zannikos, K.;
Sigurdardottir, S.T.; Clausen, M.; Reche, M.; Pascual, C.; ef al. The multinational birth cohort of
EuroPrevall: Background, aims and methods. Allergy 2010, 65, 482—490.

Osborne, N.J.; Koplin, J.J.; Martin, P.E.; Gurrin, L.C.; Lowe, A.J.; Matheson, M.C.; Ponsonby,
A.L.; Wake, M.; Tang, M.L.; Dharmage, S.C.; ef al. Prevalence of challenge-proven IgE-mediated
food allergy using population-based sampling and predetermined challenge criteria in infants. J.
Allergy Clin. Immunol. 2011, 127, 668.e1-2—676.e1-2.

Woods, R.K.; Stoney, R.M.; Raven, J.; Walters, E.H.; Abramson, M.; Thien, F.C. Reported
adverse food reactions overestimate true food allergy in the community. Eur. J. Clin. Nutr. 2002,
56, 31-36.



Children 2015, 2 315

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Richter, D.; Puzevski, D.; Maderci¢, L.; Kniewald, H.; Nogalo, B. Diagnostic work-up in children
with nutritional allergy. Curr. Stud. Biotechnol. 2003, 3, 273-282.

Wassenberg, J.; Cochard, M.M.; Dunngalvin, A.; Ballabeni, P.; Flokstra-de Blok, B.M.;
Newman, C.J.; Hofer, M.; Eigenmann, P.A. Parent perceived quality of life is age-dependent in
children with food allergy. Pediatr. Allergy Immunol. 2012, 23, 412—419.

Venter, C.; Sommer, I.; Moonesinghe, H.; Grundy, J.; Glasbey, G.; Patil, V.; Dean, T. Health-related
quality of life in children with perceived and diagnosed food hypersensitivity. Pediatr. Allergy
Immunol. 2015, 26, 126—132.

Lau, G.Y.; Patel, N.; Umasunthar, T.; Gore, C.; Warner, J.O.; Hanna, H.; Phillips, K;
Mohd Zaki, A.; Hodes, M.; Boyle, R.J. Anxiety and stress in mothers of food-allergic children.
Pediatr. Allergy Immunol. 2014, 25, 236-242.

Gupta, R.S.; Springston, E.E.; Kim, J.S.; Smith, B.; Pongracic, J.A.; Wang, X.; Holl, J. Food
allergy knowledge, attitudes, and beliefs of primary care physicians. Pediatrics 2010, 125,
126-132.

DunnGalvin, A.; Dubois, A.E.J.; Flokstra-de Blok, B.M.J.; Hourihane, J.O. The effects of food
allergy on quality of life. Chem. Immunol. Allergy 2015, 101, 235-252.

Sampson, H.A.; Munoz-Furlong, A.; Campbell, R.L.; Adkinson, N.F., Jr.; Bock, S.A.; Branum,
A.; Brown, S.G.; Camargo, C.A., Jr.; Cydulka, R.; Galli, S.J.; ef al. Second symposium on the
definition and management of anaphylaxis: Summary report—Second National Institute of
Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network symposium. J. Allergy
Clin. Immunol. 2006, 117,391-397.

Muraro, A.; Werfel, T.; Hoffmann-Sommergruber, K.; Roberts, G.; Beyer, K.; Bindslev-Jensen,
C.; Cardona, V.; Dubois, A.; duToit, G.; Eigenmann, P.; et al. EAACI food allergy and
anaphylaxis guidelines: Diagnosis and management of food allergy. Allergy 2014, 69, 1008—1025.
MedCalc—User-Friendly Statistical Software. Available online: https://www.medcalc.org
(accessed on 20 June 2015).

Lomidze, N.; Gotua, M. Prevalence of self-reported food allergy in different age groups of
georgian population. Georgian Med. News 2015, 241, 40-44.

Nwaru, B.I.; Hickstein, L.; Panesar, S.S.; Roberts, G.; Muraro, A.; Sheikh, A.; EAACI Food
Allergy and Anaphylaxis Guidelines Group. Prevalence of common food allergies in Europe: A
systematic review and meta-analysis. Allergy 2014, 69, 992—-1007.

Dyer, A.A.; Rivkina, V.; Perumal, D.; Smeltzer, B.M.; Smith, B.M.; Gupta, R.S. Epidemiology of
childhood peanut allergy. Allergy Asthma Proc. 2015, 36, 58—64.

Umasunthar, T.; Leonardi-Bee, J.; Turner, P.J.; Hodes, M.; Gore, C.; Warner, J.O.; Boyle, R.J.
Incidence of food anaphylaxis in people with food allergy: A systematic review and meta-
analysis. Clin. Exp. Allergy 2014, doi:10.1111/cea.12477.

Saleh-Langenberg, J.; Goossens, N.J.; Flokstra-deBlok, B.M.J.; Kollen, B.J.; van der Meulen,
G.N.; Le, T.M.; Knulst, A.C.; Jedrzejczak-Czechowica, M.; Kowalski, M.L.; Rokicka, E.; et al.
Predictors of health-related quality of life of European food-allergic patients. Allergy 2015, 70,
616—624.



Children 2015, 2 316

26. Chad, L.; Ben-Shoshan, M.; Asai, Y.; Cherkaoui, S.; Alizadehfar, R.; St-Pierre, Y.; Harada, L.;
Allen, M.; Clarke, A. A majority of parents of children with peanut allergy fear using the epinephrine
auto-injector. Allergy 2013, 68, 1605-1609.

27. Muraro, A.; Dubois, A.E.; DunnGalvin, A.; Hourihane, J.O.; de Jong, N.W.; Meyer, R.; Panesar,
S.S.; Roberts, G.; Salvilla, S.; Sheikh, A.; et al. EAACI Food Allergy and Anaphylaxis
Guidelines. Food allergy health-related quality of life measures. Allergy 2014, 69, 845-853.

28. Jutel M.; Papadopoulos, N.G.; Gronlund, H.; Hoffman, H.J.; Bohle, B. Hellings, P.; Brraunsthal,
G.J.; Muraro, A.; Schmidt-Grendelmeier, P.; Zuberbier, T.; et al. Recommendations for the
allergy menagement in the primary care. Allergy 2014, 69, 708-718.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



