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Abstract

Objectives

Knowledge about the prevalence of allergies to foods in childhood and adolescence is

incomplete. The purpose of this study was to investigate the prevalence of allergies to milk,

egg, cod, and wheat using reported data, clinical examinations, and double-blind placebo-

controlled food challenges, and to describe the phenotypes of reported food hypersensitivity

in a cohort of Swedish schoolchildren.

Methods

In a population-based cohort of 12-year-old children, the parents of 2612 (96% of invited)

completed a questionnaire. Specific IgE antibodies to foods were analyzed in a random

sample (n=695). Children reporting complete avoidance of milk, egg, cod, or wheat due to

perceived hypersensitivity and without physician-diagnosed celiac disease were invited to

undergo clinical examination that included specific IgE testing, a celiac screening test, and

categorization into phenotypes of food hypersensitivity according to preset criteria. Children

with possible food allergy were further evaluated with double-blind challenges.

Results

In this cohort, the prevalence of reported food allergy to milk, egg, cod, or wheat was 4.8%.

Food allergy was diagnosed in 1.4% of the children after clinical evaluation and in 0.6% fol-

lowing double-blind placebo-controlled food challenge. After clinical examination, children

who completely avoided one or more essential foods due to perceived food hypersensitivity

were categorized with the following phenotypes: allergy (29%), outgrown allergy (19%), lac-

tose intolerance (40%), and unclear (12%).

Conclusions

There was a high discrepancy in the prevalence of allergy to milk, egg, cod and wheat as

assessed by reported data, clinical evaluation, and double-blind food challenges. Food
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hypersensitivity phenotyping according to preset criteria was helpful for identifying children

with food allergy.

Introduction
Reported food hypersensitivity (FHS) is common among children and adolescents [1, 2] and
comprises different phenotypes. However, these phenotypes have not been thoroughly defined
[3–6]. FHS is an umbrella term that includes reactions of both immunological origin (allergies)
and non-immunological origin (intolerances) [7]. IgE-mediated allergies are more often severe
enough to require emergency hospital care and are more frequently studied [1, 8] but other
FHS phenotypes seem to be more common among schoolchildren with self-reported FHS [9].
Our knowledge about the phenotypes underlying reported FHS is still incomplete, partly due
to the lack of studies [4, 5], and partly because the methods and diagnostic criteria used to iden-
tify children who are invited to undergo additional clinical evaluation are rarely described in
detail [3, 6]. Independent of the underlying mechanisms perceived FHS often leads to elimina-
tion of essential foods [10] and may have a negative impact on the child’s quality of life [11].
Thorough clinical evaluation of a perceived FHS is therefore important.

Most population-based prevalence studies use questionnaire data, while some include IgE
tests, and only a few validate the reported data using oral food challenges [1, 3, 4, 6]. Over-
reporting of food allergy is common. Recent European meta-analyses showed a lifetime preva-
lence of reported food allergy of 17.9%, while the lifetime challenge-proven prevalence of allergy
to eight common foods ranged from 0.1 to 0.6% [12, 13]. Skin prick testing (SPT) and measure-
ments of specific IgE in serum have limitations, since IgE sensitization often occurs without
symptoms [14, 15], and a substantial part of food allergies are non-IgE-mediated [1, 5, 16].
Therefore, food challenges are recommended for diagnosing food allergy, [17], and double-
blind placebo-controlled food challenges (DBPCFC) are considered the gold standard [17, 18].

A previous study of this large, population-based cohort of 11–12-year-olds showed a
reported prevalence of hypersensitivity to milk, egg, cod and/or wheat of 14.2% [2]. The pri-
mary aim of the current study was to investigate the prevalence of allergy to cow’s milk, hen’s
egg, cod, and wheat according to reported data, clinical examination, and DBPCFC. A second-
ary aim was to describe the phenotypes of reported FHS in this cohort of Swedish
schoolchildren.

Materials and Methods

Study population
The pediatric cohort was established in 2006 as part of the Obstructive Lung Disease In North-
ern Sweden (OLIN) studies [19–21]. The parents of all children in first and second grade, aged
7–8 years, in three municipalities in Northern Sweden were invited to participate in a question-
naire study about asthma, rhinitis eczema and food hypersensitivity. Of these, the parents of
2585 children (96% of invited) completed the questionnaire. In 2010, there was a follow-up of
the cohort where all children in fifth and sixth grade, now aged 11–12 years, in the same three
municipalities were invited and the parents of 2612 children (96%) participated in the ques-
tionnaire [2,19]. A random sample from the cohort was also invited to donate blood to analyze
the presence of IgE antibodies to foods and inhalant allergens and anti-tissue transglutaminase
antibodies of IgA type (tTGA), and 695 (71%) children participated. This random sample was
representative of the entire cohort [2]. Based on the results from the questionnaire sub-samples
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were invited to further examinations. A study overview is presented in Fig 1. Written informed
consent was obtained from all children and from their legal guardians. The study was approved
by the Regional Ethical Review Board in Umeå, Sweden.

Questionnaire
The parental questionnaire included the International Study of Asthma and Allergies in Child-
hood (ISAAC) core questions [22] with additional questions about symptoms, physician diag-
noses, medication, and possible determinants of asthma, rhinitis, and eczema. This
questionnaire has been used in the OLIN-cohorts studies since 1996 [19, 20]. In 2006,

Fig 1. Study overview.

doi:10.1371/journal.pone.0131804.g001
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questions regarding FHS questions were added [2, 21]. In the 2010 version of the question-
naire, the following questions were incorporated:

To what extent does your child avoid the following foods; cow’s milk, hen’s egg, fish, or wheat,
due to allergy/ hypersensitivity? (The alternatives for each food were; not at all/partially/
completely)

Has your child been diagnosed by a physician as having celiac disease?

The questionnaire also included questions about whether the child had ever needed emer-
gency care because of a reaction to a food or if the child was prescribed epinephrine due to a
food allergy. The questionnaires were distributed by school personnel.

Clinical examinations
Children with reported FHS to cow’s milk, hen’s egg, fish, or wheat, complete avoidance of the
culprit food and no physician diagnosed celiac disease were invited to undergo clinical evalua-
tion. The clinical evaluation included a structured interview, physical examination, and blood
tests to analyze specific IgE to the culprit food and tTGA. All clinical evaluations were per-
formed by the same pediatric allergist (AW). The structured interview included FHS-related
questions about age of onset; initial and current symptoms; symptom severity; time to symp-
tom onset and symptom duration after intake of the culprit food; concomitant triggers; eliciting
doses; dietary substitution products; allergic heredity; current eczema, rhinitis and/or asthma;
and current physician-diagnosed celiac disease.

Serum analyses
The serum samples were analyzed using a food screening test (the ImmunoCAP specific IgE
blood test, fx5, ThermoFisher Diagnostics, Uppsala, Sweden) that included cow’s milk, hen’s
egg, cod, soy, wheat, and peanut. If the screening test was positive, specific IgE was analyzed
separately for all of the foods in the screening test. In serum samples from the children partici-
pating in the clinical examination, specific IgE to the culprit foods was analyzed. Inhalant aller-
gen screening was also conducted (ImmunoCAP, ThermoFisher Diagnostics, Uppsala,
Sweden) and included the following allergens: birch, timothy, mugwort, cat, dog, horse, dust
mites (Dermatophagoides Pteronyssius and Farinae), and Claudosporium. An IgE serum
level> 0.35 kU/L was considered positive for all of the IgE tests.

Further, tTGA was measured in serum as a marker of celiac disease using the EliA Celikey
IgA test (ThermoFisher Diagnostics, and tTGA< 7 U/L was considered negative.

The celiac screening test was included in order to identify children with undiagnosed celiac
disease.

Criteria for FHS phenotypes
Based on the structured interview and on the analyses of specific IgE to the culprit foods and
tTGA, the children were categorized according to FHS phenotype (S1 Table) using criteria that
were set according to the WAO position paper on the terminology of FHS [7] and the current
knowledge of common clinical presentations of FHS phenotypes in childhood and adolescence
[23, 24, 25]. All mandatory criteria had to be fulfilled for the diagnosis of each FHS phenotype.
For a diagnosis of food allergy, at least two secondary criteria also had to be fulfilled. If a child
reported FHS symptoms to more than one food and the adverse reactions to the foods were
categorized as different symptom phenotypes the child was sorted in the FHS symptom
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phenotype category with the highest priority. The priority order was set; IgE-mediated
allergy> non-IgE-mediated allergy> suspected allergy> outgrown allergy and lactose
intolerance> non-definable case. If a child was identified with undiagnosed celiac disease, the
child was referred to a Pediatric clinic for further evaluation.

Comparison of baseline characteristics between different FHS symptom
phenotypes and a random population sample
In order to describe the children sorted into each FHS symptom phenotype, the different FHS
groups; food allergy (IgE-mediated, Non IgE-mediated and suspected food allergy), outgrown
food allergy and lactose intolerance were compared to the random population sample
(n = 695) for the prevalence of the variables; male sex, positive IgE food screen, positive IgE
inhalant screen, physician diagnosed asthma, rhinitis and eczema, living area, living in house
or apartment, mother or father smoked and having older siblings.

DBPCFCs
The inclusion criteria for invitation to undergo further evaluation with DBPCFCs were fulfill-
ment of the criteria for allergy or suspected allergy to cow’s milk, hen’s egg, cod, and/or wheat.
The exclusion criteria were anaphylactic reaction to the culprit food within the last 2 years or
concomitant chronic disease that could aggravate the performance or interpretation of the
DBPCFC. There were three challenge sessions for each food in random order, two with active
substance and one with placebo. The challenge series was evaluated at a follow-up visit one
week after the last challenge session. A DBPCFC was considered positive if the triggered symp-
toms were objective and/or reproducible or if the challenge triggered symptoms that were
severe enough for the challenge series to be terminated. The DBPCFC method is described in
detail in S1 file.

Definitions
Reported food allergy—was defined as reported allergy/hypersensitivity to and complete avoid-
ance of one or more of the foods; cow’s milk, hen’s egg, fish, or wheat and no physician diag-
nosed celiac disease (based on the questionnaire).

Clinically evaluated food allergy—included the FHS symptom phenotypes; IgE-mediated
allergy, non IgE-mediated allergy and suspected allergy (based on structured interviews and
specific IgE).

Challenge proven food allergy–was defined as a DBPCFC-series with a positive outcome

Statistical analyses
Data were analyzed using IBM SPSS Software version 21 (New York, USA). The Chi-square
test was used for comparison of proportions. A p-value<0.05 was considered statistically sig-
nificant. Confidence intervals for proportions were calculated using the method of Agresti and
Coull [26].

Results

Study participants
Of the entire cohort of 2612 children, 4.8% (95% CI 4–6%) (n = 125) had a reported allergy to
of one or more of the foods; cow’s milk, hen’s egg, cod, or wheat. These children were invited
to undergo a clinical examination, and 94 children (75%) participated. The demographic and
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clinical characteristics were similar among participants and non-participants in the clinical
study (S2 Table).

FHS phenotypes
The results of the FHS phenotyping are presented in Table 1. Of the 94 children who partici-
pated in the clinical examination, 87 (93%) reported symptoms to milk, 12 (13%) reported
symptoms to egg, 16 (17%) reported symptoms to cod and 4 (4%) reported symptoms to
wheat.

Food allergy. A total of 18 children (19%) were diagnosed as having an IgE-mediated
allergy to cow’s milk, hen’s egg, cod, or wheat. Six children (6%) had a non-IgE mediated
allergy to one or more of these foods. In addition, 3 children with a convincing clinical history
of a current food allergy but who lacked one criterion for a food allergy diagnosis were catego-
rized as suspected allergy (Table 1). Based on the diagnostic phenotyping and assuming that
the distribution of the FHS phenotypes were similar among the non-participants, the estimated
prevalence of allergy to milk, egg, cod and wheat in the entire cohort of 2612 children was 1.4%
(95% CI 1–2%)

An additional 18 children (19.1%) were diagnosed as having an outgrown food allergy phe-
notype (Table 1). These children had a convincing clinical history of previous allergy to cow’s
milk, hen’s egg, cod, or wheat but could now tolerate at least 100 ml of milk and/or up to a por-
tion size of egg, cod, or wheat without symptoms.

Lactose intolerance. Of the 94 children that underwent clinical examinations, 27 (29%)
were diagnosed as having a lactose intolerance phenotype. In addition, 11 children (11.7%) had
a history of suspected lactose intolerance but lacked one diagnostic criterion (Table 1).

Celiac disease. A physician diagnosis of celiac disease, reported by 8 out of 2612 children
in the entire cohort, was an exclusion criterion for invitation to the clinical examination. None-
theless, one of the children who underwent a clinical examination had a diagnosis of celiac

Table 1. Distribution of phenotypes of food hypersensitivity (FHS) based on the clinical examinations, and the relation to the individual triggering
foods.

Participants(n = 94) Triggering foods*

Milk Egg Cod Wheat
(n = 87) (n = 12) (n = 16) (n = 4)

FHS PHENOTYPE n (%) n (%) n (%) n (%) n (%)

ALLERGY

IgE-mediated allergy 18 (19) 3 (3) 8 (67) 12 (75) 1 (25)

Non-IgE-mediated allergy 6 (6) 6 (7) 0 0 0

Suspected allergy 3 (3) 0 2 (17) 3 (19) 0

Outgrown allergy 18 (19) 28 (32) 0 0 1 (25)

LACTOSE INTOLERANCE

Lactose intolerance 27 (29) 29 (33) 0 0 0

Suspected lactose intolerance 11 (12) 11 (13) 0 0 0

CELIAC DISEASE 1 (1) 0 0 0 1 (25)

NON-DEFINABLE CASES

Symptoms not definable 2 (3) 3 (3) 0 0 1 (25)

No blood analyses (specific IgE/tTGA) 7 (7) 6 (7) 2 (16) 1 (6) 0

NON-AVOIDANCE DIET 1 (1) 1 (1) 0 0 0

* Some of the children reported symptoms to more than one food.

doi:10.1371/journal.pone.0131804.t001
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disease. In this case, the physician’s diagnosis was made after the questionnaire study but prior
to the clinical examination. None of the 94 children who participated in the clinical study had a
positive celiac screening test (tTGA). Among the children in the randomized population sam-
ple, 7 of 695 (1%) had a positive tTGA.

Non-definable cases and the non-avoidance diet. In some cases, the symptoms and find-
ings from the clinical evaluations did not fulfill the criteria for any of the pre-set phenotype cat-
egories. These cases were thus categorized as non-definable. This group included children who
reported symptoms that were non-specific and children that declined blood sampling. One of
the 94 children was no longer on an elimination diet (Table 1).

Comparison of baseline characteristics between different FHS symptom
phenotypes and a random population sample
Among children with a food allergy, the majority had a positive food (63%) or inhalant (74%)
allergen screen test. Reported physician diagnoses of asthma (52%), rhinitis (44%), and eczema
(67%) were very common in these children. The prevalence of positive food and inhalant
screen tests, as well as the prevalence of physician diagnoses of asthma, rhinitis, and eczema
among the children with an outgrown food allergy and a lactose intolerance phenotype was
similar to the prevalence in a randomized population sample. (Table 2).

There were no significant differences (p<0.05) between any of the different FHS phenotypes
and the random population sample for the prevalence of the variables; living area, living in
house or apartment, mother or father smoked or having older siblings.

DBPCFC
Twenty-seven children with a food allergy were considered for further validation of their diag-
nosis using DBPCFC. Two cases were excluded from the invitation, one because of recent ana-
phylaxis caused by the culprit food and the other due to a concomitant chronic disease. Of the
25 invited children, 18 (72%) participated in 20 challenge series. Seven children declined par-
ticipation; all of these children reported cod as the culprit food. Among the non-participants,
the specific IgE to cod varied between 0.0–2.9 kU/L.

Of the 20 DBPCFC series, 9 were considered positive: 4 were performed with cow’s milk, 4
with hen’s egg, and 1 with cod. All but one child with a positive challenge outcome had a posi-
tive specific IgE test to the culprit food, and the level of specific IgE varied between 0.51–13.1
kU/L. Symptoms during the positive challenges were considered mild in 5 cases. These 5

Table 2. Prevalence of the indicated variables in children according to their food hypersensitivity phenotypes compared to the prevalence in a ran-
dom sample of children from the entire cohort.

Food allergy
n = 27

p-value* Outgrown Allergy
n = 18

p-value* Lactose intolerance
n = 38

p-value* Random sample
n = 695

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

Male sex 52 (34–69) 0.972 44 (24–65) 0.554 34 (20–49) 0.038 52 (48–55)

Inhalant IgE screen 74 (58–90) <0.001 44 (24–65) 0.695 29 (15–43) 0.180 40 (36–43)

Food IgE screen 63 (46–80) <0.001 6 (n.a**) 0.195 11 (0–21) 0.289 17 (14–20)

Physician-diagnosed asthma 52 (34–69) <0.001 17 (n.a**) 0.658 11 (0–21) 0.646 13 (11–16)

Physician-diagnosed rhinitis 44 (27–62) <0.001 28 (8–47) 0.044 18 (6–31) 0.236 12 (10–14)

Physician-diagnosed eczema 67 (50–84) <0.001 22 (4–41) 0.560 18 (6–31) 0.818 17 (14–20)

* Comparison between a random sample of the entire cohort and children with food allergy, outgrown food allergy, and lactose intolerance

** n.a: Sample prevalence too low for reliable calculation of confidence interval

doi:10.1371/journal.pone.0131804.t002
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children reacted with symptoms including stomach ache, diarrhea, eczema, itching of the
mouth or mild swelling of lips. Of these, 2 children had late onset symptoms, which made a
second active challenge necessary to prove that the symptoms were elicited by the challenge
food. Four children reacted with anaphylaxis where after the challenge series was terminated.
Among the children with anaphylaxis, 3 of 4 were challenged with hen’s egg and the specific
IgE to the culprit food varied between 3.27–13.1 kU/L (Table 3). The cumulative challenge
dose of hen’s egg protein that triggered severe reactions varied between 0.2–0.5 g. The study
participant who had a severe reaction to cow’s milk experienced mild symptoms during the
first active challenge with a cumulative dose of cow’s milk protein of 1.1 g. However, during
the second active challenge, a cumulative dose of 0.04 g of milk protein triggered anaphylaxis.
Assuming a similar distribution of a positive challenge outcome among the non-participants,
the estimated prevalence of DBPCFC-proven food allergy to the essential foods (milk, egg, and
cod) in the entire cohort would be 0.6% (95% CI 0–1%).

Discussion
In this population-based Swedish cohort of 11–12-year old children, the prevalence of reported
food allergy to cow’s milk, hen’s egg, cod, and/or wheat was 4.8%. The diagnosis of allergy to
these foods after clinical evaluation was 1.4%, and the prevalence following DBPCFC was 0.6%.
A previous study of the same cohort showed that perceived FHS was common; 26% of the chil-
dren reported FHS to any food, and 14% reported FHS to one or more of the individual foods;
milk, egg, cod or wheat [2]. Based on the results of the clinical evaluation the children in this
study were categorized into FHS phenotypes according to preset criteria. This categorization
gave a good overview of the distribution of phenotypes underlying perceived hypersensitivity

Table 3. Characteristics and challenge outcomes of the children (n = 18) who participated in the double-blind placebo-controlled food challenges
series.

Sex Challenge food S-IgE Challenge food (kU/L) Food IgE screening (kU/L) Challenge outcome

M Egg 0.52 0.91 0

M Milk 0.00 0.04 0

F Cod 8.03 7.37 mild

F Cod 0.00 0.14 0

F Milk 0.00 0.03 mild

M Cod 0.00 0.40 0

M Cod 0.00 0.11 0

M Milk 3.27 36.10 severe

M Milk 0.00 0.04 0

F Milk 2.45 33.60 mild

Egg 3.94 33.60 severe

F Egg 0.80 1.11 mild

F Milk 0.02 0.20 0

M Egg 13.10 13.40 severe

Cod 0.01 13.40 0

F Milk 0.01 0.06 0

F Egg 7.81 8.19 severe

F Milk 0.08 0.20 0

F Milk 0.51 2.96 mild

F Egg 0.21 1.98 0

doi:10.1371/journal.pone.0131804.t003
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to milk, egg, cod and wheat in this cohort and facilitated the identification of children with
food allergy that were invited to undergo DBPCFC.

There was a high discrepancy in the prevalence of allergy to cow’s milk, hen’s egg, cod and/
or wheat as estimated by reported data versus determination by clinical evaluation or DBPCFC.
Notably, the prevalence of DBPCFC-proven allergy to milk, egg, cod, or wheat was 23-fold
lower than the prevalence of reported FHS to these foods [2] and 8-fold lower than reported
FHS to these foods and complete avoidance of the culprit food. Previous studies differ greatly
in terms of the prevalence of challenge-proven food allergy found [6,13, 27], which at least
partly can be explained by the use of different methods of evaluation [17]. In most studies, the
identification of individuals from the population who were invited to undergo further evalua-
tion of a food allergy was based on questionnaires and/or telephone interviews [3, 6]. To our
knowledge, our study is the first to describe the identification of children with food allergy
using FHS phenotyping based on predetermined criteria.

About one fourth of the children that underwent clinical examination were diagnosed as hav-
ing a current allergy, either IgE- or non-IgE-mediated, to one or more of the individual foods;
cow’s milk, hen’s egg, cod, or wheat. The majority of these had an IgE-mediated food allergy. In
this category, the prevalence of positive food and inhalant allergen screening tests and physician
diagnoses of asthma, rhinitis, and eczema were very high, which supports a valid diagnosis [15,
17, 28]. Half of the DBPCFCs were positive, and only one of the children with a positive chal-
lenge outcome was not sensitized to the culprit food. Four of nine children with a positive chal-
lenge had anaphylactic reactions. Only one of these had been prescribed adequate medications
for their food allergy and concomitant asthma. These findings emphasize the importance of thor-
ough evaluations of reported FHS to improve the management of children with food allergy [23].

Interestingly, 19% of the children reporting complete avoidance of milk, egg, cod, and/or
wheat were diagnosed as having an outgrown food allergy phenotype. This finding is consistent
with the natural course of allergy to foods like cow’s milk and hen’s egg, with a high rate of tol-
erance development [29]. However, although these children now tolerated fairly large amounts
of the culprit foods, they were still on elimination diets either due to uncertainty about whether
they had fully outgrown their allergy or because they disliked the taste or texture of the avoided
food. These findings highlight the need for repeated evaluations of tolerance development and
dietary restrictions in children with food allergy to prevent unnecessary food avoidance [23].

Among the children who underwent clinical examination, lactose intolerance was the most
common FHS symptom phenotype. Even though a previous study showed a higher-than-
expected prevalence of lactase down-regulation (14%) among Swedish school children [30],
others have shown that over-reporting of lactose intolerance is frequent even in populations in
which lactase down-regulation is common [31]. The true prevalence of lactose intolerance in
our pediatric cohort could not be estimated from this study, since children with partial avoid-
ance of milk were not invited to participate and children categorized as a lactose intolerance
phenotype were not further evaluated.

Even though previous studies have shown a high prevalence of celiac disease among people
with symptoms of lactose intolerance [32], only one child in our study had celiac disease, and
none of the children who underwent clinical examination had a positive celiac screening test.
Among the children in the random population sample who donated blood for celiac screening
tests, the prevalence of a positive tTGA test was 1%. In addition, the reported prevalence of a
physician diagnosis of celiac disease among the 2612 children in the cohort was 0.3%. Taken
together, this means that the likely prevalence of diagnosed and undiagnosed celiac disease in the
entire cohort is somewhat lower compared to other recent studies conducted in this region [33].

A major strength of our study is its population-based design and the high participation
rates. The participants who underwent clinical examinations were representative of the invited
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participants. Also, suspected allergy to milk, egg, cod and wheat was validated according to the
gold standard [17] using DBPCFC series and validated challenge recipes [34]. Nonetheless,
even DBPCFCs have some limitations that could result in an under-diagnosis of food allergy.
This includes the difficulty of hiding large enough doses of challenge foods in a suitable volume
of vehicle [35]. In addition, a few children with food allergies require repeated exposure or con-
comitant triggers, such as exercise, for symptoms to be elicited [36]. To reduce the risk of miss-
ing food-allergic children who require repeated exposure to the culprit food, the challenge
series in our study included two challenges with active substance. None of the participating
children had a clinical history of exercise-induced anaphylaxis.

Since most children with allergies to foods like milk, egg and wheat develop tolerance during
childhood [3, 28], there were relatively few children who were finally diagnosed as having a
food allergy, even though they were selected from a large population-based cohort with a high
prevalence of reported FHS [2]. Therefore the inclusion of cow’s milk, hen’s egg, cod and
wheat only could be considered a study limitation. However, this study focused on these indi-
vidual foods due to the high reported prevalence of FHS to milk, egg, cod and wheat in this
cohort [2, 21,], the possible negative nutritional effects of elimination of these foods [37] and
the lack of knowledge about the phenotypes underlying perceived FHS to milk, egg, cod, and/
or wheat in schoolchildren [4, 5]. Further, our study focused mainly on the validation of food
allergies. However, the majority of children in this cohort who reported perceived FHS to milk,
egg, cod and/or wheat were not diagnosed as having a current food allergy. In order to fully
understand the phenotypes underlying perceived FHS, all children with reported adverse
symptoms to food would need to undergo further evaluation, including genotype testing for
lactase non-persistence, lactose challenges, and blinded food challenges with adequate chal-
lenge doses of the culprit food [17].

Conclusions
In this population-based cohort of Swedish 11–12-year-old school children, the prevalence of
reported allergy to cow’s milk, hen’s egg, cod, or wheat was 4.8%, whereas the prevalence
according to preset diagnostic criteria was 1.4%. This figure was further halved when possible
food allergy was evaluated with DBPCFC. Based on the clinical examinations, the specific IgE
analyses, and a celiac screening test, children with complete avoidance of one or more of the
individual foods; milk, egg, cod or wheat due to perceived FHS were categorized into the fol-
lowing FHS phenotypes: allergy (29%), outgrown allergy (19%) or lactose intolerance (40%), or
unclear (12%). In the future, FHS phenotyping according to preset criteria could be a helpful
tool for describing the process of identifying of children that should be evaluated further for
perceived FHS and for the choice of a suitable method for this assessment.

Supporting Information
S1 File. Double-blind placebo-controlled food challenges (DBPCFCs).
(DOCX)

S1 Table. Criteria for food hypersensitivity (FHS) phenotypes.
(DOCX)

S2 Table. Comparison of study participants and non-participants according to the indi-
cated variables among the 125 children with food hypersensitivity who were invited to
undergo clinical examination.
(DOCX)

Assessment of Allergy to Milk, Egg, Cod andWheat

PLOS ONE | DOI:10.1371/journal.pone.0131804 July 2, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131804.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131804.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131804.s003


Acknowledgments
We thank the participating children and their parents, the school personnel who distributed
the questionnaires, and Sigrid Sundberg, Anders Bjerg, and Britt-Marie Eklund for assistance
with data collection. We appreciate the valuable comments on the manuscript from Professor
Olle Hernell and Professor Bo Lundbäck. We would also like to thank the personnel at the
pediatric clinics at the hospitals in Gällivare, Kiruna, Piteå and Sunderbyn for allowing us to
use the facilities to perform the clinical examinations and the DBPCFCs.

Author Contributions
Conceived and designed the experiments: AW CWÅS LN LH ER. Performed the experiments:
AW ÅS LN ER. Analyzed the data: AW CWÅS LN LH ER. Contributed reagents/materials/
analysis tools: AW CWÅS LN LH ER. Wrote the paper: AW CWÅS LN LH ER.

References
1. Roehr CC, Edenharter G, Reimann S, Ehlers I, WormM, Zuberbier T, et al. Food allergy and non-aller-

gic food hypersensitivity in children and adolescents. Clin Exp Allergy 2004; 34:1534–41. PMID:
15479267

2. Winberg A, Strinnholm Å, Hedman L, West C.E, Perzanowski M.S, Rönmark E. High incidence and
remission of reported food hypersensitivity in Swedish children followed from 8 to 12 years of age—a
population based cohort study. Clin Transl Allergy 2014; 4:32. doi: 10.1186/2045-7022-4-32 PMID:
25905003

3. Venter C, Pereira B, Voigt K, Grundy J, Clayton CB, Higgins B, et al. Prevalence and cumulative inci-
dence of food hypersensitivity in the first 3 years of life. Allergy. 2008; 63(3):354–9. PMID: 18053008

4. Allen KJ, Koplin JJ. The epidemiology of IgE-mediated food allergy and anaphylaxis. Immunol Allergy
Clin North Am 2012; 32:35–50. doi: 10.1016/j.iac.2011.11.008 PMID: 22244231

5. Sicherer SH. Epidemiology of food allergy. J Allergy Clin Immunol 2011; 127:594–602. doi: 10.1016/j.
jaci.2010.11.044 PMID: 21236480

6. Kaya A, Erkocoglu M, Civelek E, Cakir B, Kocabas CN. Prevalence of confirmed IgE-mediated food
allergy among adolescents in Turkey. Pediatr Allergy Immunol 2013; 24:456–62. doi: 10.1111/pai.
12097 PMID: 23772635

7. Johansson SG, Bieber T, Dahl R, Friedmann PS, Lanier BQ, Lockey RF, et al. Revised nomenclature
for allergy for global use: Report of the Nomenclature Review Committee of theWorld Allergy Organiza-
tion, October 2003. J Allergy Clin Immunol 2004; 113:832–6. PMID: 15131563

8. Keil T. The challenge of assessing food allergy and its prevalence. Clin Exp Allergy 2008; 38:1252–3.
doi: 10.1111/j.1365-2222.2008.03048.x PMID: 18564327

9. Östblom E, Lilja G, Pershagen G, van Hage M, WickmanM. Phenotypes of food hypersensitivity and
development of allergic diseases during the first 8 years of life. Clin Exp Allergy 2008; 38:1325–32. doi:
10.1111/j.1365-2222.2008.03010.x PMID: 18477012

10. Meyer R, De Koker C, Dziubak R, Venter C, Dominguez-Ortega G, Cutts R, et al. Malnutrition in chil-
dren with food allergies in the UK. J Hum Nutr Diet 2013; 27: 227–35. doi: 10.1111/jhn.12149 PMID:
23937486

11. Cummings AJ, Knibb RC, King RM, Lucas JS. The psychosocial impact of food allergy and food hyper-
sensitivity in children, adolescents and their families: a review. Allergy. 2010; 65:933–45. doi: 10.1111/
j.1398-9995.2010.02342.x PMID: 20180792

12. Nwaru BI, Hickstein L, Panesar SS, Muraro A, Werfel T, Cardona V, et al. The epidemiology of food
allergy in Europe: a systematic review and meta-analysis. Allergy. 2014; 69:62–75. doi: 10.1111/all.
12305 PMID: 24205824

13. Nwaru BI, Hickstein L, Panesar SS, Roberts G, Muraro A, Sheikh A. Prevalence of common food aller-
gies in Europe: a systematic review and meta-analysis. Allergy. 2014; 69:992–1007. doi: 10.1111/all.
12423 PMID: 24816523

14. Peters RL, Gurrin LC, Allen KJ. The predictive value of skin prick testing for challenge-proven food
allergy: a systematic review. Pediatr Allergy Immunol 2012; 23:347–52 doi: 10.1111/j.1399-3038.2011.
01237.x PMID: 22136629

15. Sicherer SH, Wood RA. Allergy testing in childhood: using allergen-specific IgE tests. Pediatrics 2012;
129:193–7. doi: 10.1542/peds.2011-2382 PMID: 22201146

Assessment of Allergy to Milk, Egg, Cod andWheat

PLOS ONE | DOI:10.1371/journal.pone.0131804 July 2, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/15479267
http://dx.doi.org/10.1186/2045-7022-4-32
http://www.ncbi.nlm.nih.gov/pubmed/25905003
http://www.ncbi.nlm.nih.gov/pubmed/18053008
http://dx.doi.org/10.1016/j.iac.2011.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22244231
http://dx.doi.org/10.1016/j.jaci.2010.11.044
http://dx.doi.org/10.1016/j.jaci.2010.11.044
http://www.ncbi.nlm.nih.gov/pubmed/21236480
http://dx.doi.org/10.1111/pai.12097
http://dx.doi.org/10.1111/pai.12097
http://www.ncbi.nlm.nih.gov/pubmed/23772635
http://www.ncbi.nlm.nih.gov/pubmed/15131563
http://dx.doi.org/10.1111/j.1365-2222.2008.03048.x
http://www.ncbi.nlm.nih.gov/pubmed/18564327
http://dx.doi.org/10.1111/j.1365-2222.2008.03010.x
http://www.ncbi.nlm.nih.gov/pubmed/18477012
http://dx.doi.org/10.1111/jhn.12149
http://www.ncbi.nlm.nih.gov/pubmed/23937486
http://dx.doi.org/10.1111/j.1398-9995.2010.02342.x
http://dx.doi.org/10.1111/j.1398-9995.2010.02342.x
http://www.ncbi.nlm.nih.gov/pubmed/20180792
http://dx.doi.org/10.1111/all.12305
http://dx.doi.org/10.1111/all.12305
http://www.ncbi.nlm.nih.gov/pubmed/24205824
http://dx.doi.org/10.1111/all.12423
http://dx.doi.org/10.1111/all.12423
http://www.ncbi.nlm.nih.gov/pubmed/24816523
http://dx.doi.org/10.1111/j.1399-3038.2011.01237.x
http://dx.doi.org/10.1111/j.1399-3038.2011.01237.x
http://www.ncbi.nlm.nih.gov/pubmed/22136629
http://dx.doi.org/10.1542/peds.2011-2382
http://www.ncbi.nlm.nih.gov/pubmed/22201146


16. Keet CA, Wood RA, Matsui EC. Limitations of reliance on specific IgE for epidemiologic surveillance of
food allergy. J Allergy Clin Immunol 2012; 130:1207–9 e10. doi: 10.1016/j.jaci.2012.07.020 PMID:
22964106

17. Nowak-Wegrzyn A. Food allergy guidelines and beyond. Immunol Allergy Clin North Am 2012; 32:
xv–xix. doi: 10.1016/j.iac.2011.12.001 PMID: 22244241

18. Burks AW, Tang M, Sicherer S, Muraro A, Eigenmann PA, Ebisawa M, et al. ICON: food allergy. J
Allergy Clin Immunol 2012; 129:906–20. doi: 10.1016/j.jaci.2012.02.001 PMID: 22365653

19. Rönmark E, Bjerg A, Perzanowski M, Platts-Mills T, Lundbäck B. Major increase in allergic sensitization
in schoolchildren from 1996 to 2006 in northern Sweden. J Allergy Clin Immunol 2009; 124:357–63,
63 e1–15. doi: 10.1016/j.jaci.2009.05.011 PMID: 19577282

20. Bjerg A, Sandström T, Lundbäck B, Rönmark E. Time trends in asthma and wheeze in Swedish chil-
dren 1996–2006: prevalence and risk factors by sex. Allergy. 2010; 65:48–55. doi: 10.1111/j.1398-
9995.2009.02105.x PMID: 19796226

21. Strinnholm Å, Winberg A, West C, Hedman L, Rönmark E. Food hypersensitivity is common in Swedish
schoolchildren, especially oral reactions to fruit and gastrointestinal reactions to milk. Acta Paediatr
2014; 103:1290–6 doi: 10.1111/apa.12772 PMID: 25109310

22. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. International Study of Asthma
and Allergies in Childhood (ISAAC): rationale and methods. EurRespir J 1995; 8:483–91.

23. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, Wood RA, et al. Guidelines for the Diagnosis
andManagement of Food Allergy in the United States: Summary of the NIAID-Sponsored Expert Panel
Report. J Allergy Clin Immunol 2010; 126:1105–18. doi: 10.1016/j.jaci.2010.10.008 PMID: 21134568

24. Wilt TJ, Shaukat A, Shamliyan T, Taylor BC, MacDonald R, Tacklind J, et al. Lactose intolerance and
health. Evid Rep Technol Assess 2010:1–410.

25. Webb C, Norstrom F, Myleus A, Ivarsson A, Halvarsson B, Hogberg L, et al. Celiac Disease Can be
Predicted by High Levels of Anti-Tissue Transglutaminase Antibodies in Population-Based Screening.
J Pediatr Gastroenterol Nutr. 2015; 2:2.

26. Agresti A, Min Y. Simple improved confidence intervals for comparing matched proportions. Stat Med
2005; 24:729–40. PMID: 15696504

27. Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E, et al. The prevalence of food
allergy: a meta-analysis. J Allergy Clin Immunol 2007; 120:638–46. PMID: 17628647

28. Kusunoki T, Morimoto T, Nishikomori R, Heike T, Fujii T, Nakahata T. Allergic status of schoolchildren
with food allergy to eggs, milk or wheat in infancy. Pediatr Allergy Immunol 2009; 20:642–7. doi: 10.
1111/j.1399-3038.2009.00856.x PMID: 19702676

29. Skripak JM, Matsui EC, Mudd K, Wood RA. The natural history of IgE-mediated cow's milk allergy. J
Allergy Clin Immunol 2007; 120:1172–7. PMID: 17935766

30. Almon R, Engfeldt P, Tysk C, SjöströmM, Nilsson TK. Prevalence and trends in adult-type hypolactasia
in different age cohorts in Central Sweden diagnosed by genotyping for the adult-type hypolactasia-
linked LCT -13910C > T mutation. Scand J Gastroenterol 2007; 42:165–70. PMID: 17327935

31. Carroccio A, Montalto G, Cavera G, Notarbatolo A. Lactose intolerance and self-reported milk intoler-
ance: relationship with lactose maldigestion and nutrient intake. Lactase Deficiency Study Group. J Am
Coll Nutr 1998; 17:631–6. PMID: 9853544

32. Ojetti V, Nucera G, Migneco A, Gabrielli M, Lauritano C, Danese S, et al. High prevalence of celiac dis-
ease in patients with lactose intolerance. Digestion 2005; 71:106–10. PMID: 15775678

33. Ivarsson A, Myleus A, Norström F, van der Pals M, Rosen A, Högberg L, et al. Prevalence of childhood
celiac disease and changes in infant feeding. Pediatrics 2013; 131:e687–94. doi: 10.1542/peds.2012-
1015 PMID: 23420914

34. Winberg A, Nordström L, Strinnholm Å, Nylander A, Jonsäll A, Rönmark E, et al. New validated recipes
for double-blind placebo-controlled low-dose food challenges. Pediatr Allergy Immunol 2013; 24:
282–7. doi: 10.1111/pai.12061 PMID: 23590418

35. Niggemann B, Beyer K. Pitfalls in double-blind, placebo-controlled oral food challenges. Allergy. 2007;
62:729–32. PMID: 17573719

36. Niggemann B, Lange L, Finger A, Ziegert M, Muller V, Beyer K. Accurate oral food challenge requires a
cumulative dose on a subsequent day. J Allergy Clin Immunol 2012; 130:261–3. doi: 10.1016/j.jaci.
2012.03.021 PMID: 22552112

37. Persson K, Öhlund I, Nordström L, Winberg A, Rönmark E, West CE. Vitamin D deficiency at the Arctic
Circle—a study in food-allergic adolescents and controls. Acta Paediatr 2013; 102:644–9. doi: 10.
1111/apa.12172 PMID: 23406061

Assessment of Allergy to Milk, Egg, Cod andWheat

PLOS ONE | DOI:10.1371/journal.pone.0131804 July 2, 2015 12 / 12

http://dx.doi.org/10.1016/j.jaci.2012.07.020
http://www.ncbi.nlm.nih.gov/pubmed/22964106
http://dx.doi.org/10.1016/j.iac.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22244241
http://dx.doi.org/10.1016/j.jaci.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22365653
http://dx.doi.org/10.1016/j.jaci.2009.05.011
http://www.ncbi.nlm.nih.gov/pubmed/19577282
http://dx.doi.org/10.1111/j.1398-9995.2009.02105.x
http://dx.doi.org/10.1111/j.1398-9995.2009.02105.x
http://www.ncbi.nlm.nih.gov/pubmed/19796226
http://dx.doi.org/10.1111/apa.12772
http://www.ncbi.nlm.nih.gov/pubmed/25109310
http://dx.doi.org/10.1016/j.jaci.2010.10.008
http://www.ncbi.nlm.nih.gov/pubmed/21134568
http://www.ncbi.nlm.nih.gov/pubmed/15696504
http://www.ncbi.nlm.nih.gov/pubmed/17628647
http://dx.doi.org/10.1111/j.1399-3038.2009.00856.x
http://dx.doi.org/10.1111/j.1399-3038.2009.00856.x
http://www.ncbi.nlm.nih.gov/pubmed/19702676
http://www.ncbi.nlm.nih.gov/pubmed/17935766
http://www.ncbi.nlm.nih.gov/pubmed/17327935
http://www.ncbi.nlm.nih.gov/pubmed/9853544
http://www.ncbi.nlm.nih.gov/pubmed/15775678
http://dx.doi.org/10.1542/peds.2012-1015
http://dx.doi.org/10.1542/peds.2012-1015
http://www.ncbi.nlm.nih.gov/pubmed/23420914
http://dx.doi.org/10.1111/pai.12061
http://www.ncbi.nlm.nih.gov/pubmed/23590418
http://www.ncbi.nlm.nih.gov/pubmed/17573719
http://dx.doi.org/10.1016/j.jaci.2012.03.021
http://dx.doi.org/10.1016/j.jaci.2012.03.021
http://www.ncbi.nlm.nih.gov/pubmed/22552112
http://dx.doi.org/10.1111/apa.12172
http://dx.doi.org/10.1111/apa.12172
http://www.ncbi.nlm.nih.gov/pubmed/23406061

