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Patterns of quantitative food-specific IgE-antibodies and reported

food hypersensitivity in 4-year-old children

The mechanisms behind food allergy/hypersensitivity are
not always evident. Immunoglobulin E (IgE)-mediated
reactions against food allergens are common early in life
(1–3). However, young children may have IgE antibod-
ies (AB) to food allergens without showing any allergic
symptoms (4–6). Besides, non-IgE-mediated reactions to
foods are prevalent (1, 7–10). All these factors hamper
accurate diagnosis and make it difficult to provide
tailored information and advice to children and parents
on how to manage the condition (1).
Several studies have reported an association between

the levels of IgE-AB to food and clinically verified food
allergy. For some foods, certain levels of allergen-

specific IgE have been suggested to be sufficient indica-
tion of food allergy, thus eliminating the need for food
challenges (11–14). However, these studies were per-
formed on children in hospital settings and mostly in
heterogeneous age groups. In population-based studies,
quantitative data on levels of IgE-AB in relation to
probability of wheeze, asthma, rhinitis and eczema have
been presented (4, 15). However, the association
between reported food hypersensitivity (FHS) and
quantitative levels of food allergen-specific IgE-AB in
a population-based cohort of children has not been
assessed.

The aim of this study was to elucidate the association
between the levels of IgE-AB to common food allergens
and reported FHS and whether the information could be
a useful tool for evaluation of FHS among 4-year-old
children in a large population survey (BAMSE: Children,
Allergy and Milieu in Stockholm, an Epidemiological
Study).

Background: Diagnosis of food hypersensitivity (FHS) is difficult and interpre-
tation of food allergy tests is complicated.
Objective: To investigate the probability of reported FHS in relation to levels of
food-specific IgE-antibodies (AB) in a population-based setting of 4-year-old
children (n = 2336).
Methods: Information on FHS was obtained from a questionnaire and specific
IgE-AB to milk, egg, fish, peanut, soy and wheat were analysed.
Results: Thirty-one per cent of the children with reported FHS (n = 284) were
sensitized (‡0.35 kUA/l) to at least one of the tested foods compared with 11%
of children without FHS (n = 2052). Furthermore, the probability of reported
symptoms to milk, egg and fish increased with increasing levels of food-specific
IgE-AB to the same food allergens. A similar trend was seen for peanut and
wheat, but not for soy. Increasing levels of specific IgE-AB to milk or egg were
also associated with an increasing risk of reported symptoms caused by other
foods.
Conclusions: Quantitative measurements of IgE-AB to milk, egg and fish are
useful to evaluate IgE-associated FHS in preschool children also in a population
based sample. Such measurements appear to be of limited value for soy bean and
wheat, in particular as a screening method.
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Material and methods

Study design

A population-based birth cohort (BAMSE) of 4089 children was
established between 1994 and 1996 in Stockholm, Sweden. Infor-
mation on various background exposures, allergic heredity and
other demographic data were obtained through a parental ques-
tionnaire when the children were 2-month old (median age) as
described elsewhere (16–18). Questionnaires focusing on symptoms
related to allergic disease and on key exposures were sent out to the
parents when the children were 1, 2 and 4 years of age.
All children for whom questionnaire data were available from the

4 year follow-up (n = 3742; 92%) were invited for clinical testing.
Two thousand nine hundred and sixty-five children agreed to par-
ticipate in this testing, and blood samples were obtained from 2614
children. Drop-out analysis on background factors, obtained at the
median age of 2 month, was performed among the 340 children who
did not answer the 4 year questionnaire. Data on reported doctor�s
diagnosis ever of �food allergy�, �asthma� or �eczema� at 2 years of
age were compared between children remaining in the study and
children who dropped out after 2 years of age (n = 101). In addi-
tion, data on prevalence of allergic diseases, such as asthma, eczema
and allergic rhinitis according to previously used definitions (18–20)
were compared between children from whom blood was taken
(n = 2614) and children from whom no blood was obtained
(n = 1128).
All analyses in the present study were performed on children for

whom questionnaire data were complete at 2 months (background
data) and at 4 years of age (symptoms of FHS), and for whom
complete data on IgE-AB to food were available (n = 2336). Eth-
ical approval was obtained from the Ethics Committee of Karo-
linska Institutet, Stockholm, and informed consent was obtained
from the parents.

Classification of outcome, parental allergic disease and selected
exposures

Food hypersensitivity in a child was defined as reported symptoms
such as eczema, vomiting/diarrhoea, urticaria, facial oedema, itchy
eyes/runny nose or asthma related to ingestion of a specified food,
between ages 2 and 4 years. Fifty-eight children were reported to
have unspecific food-related reactions, such as rash around the
mouth, and two children were reported to have celiac disease and
intolerance to lactose without any other signs of FHS. All those 60
children were excluded from this study.
Allergen-specific IgE-AB in plasma were measured against a mix

of common food allergens (fx5�; cow�s milk, egg white, cod
fish, peanut, soybean and wheat, Immuno-CAPTM, Phadia AB,
Uppsala, Sweden). An IgE-AB level of ‡ 0.35 kUA/l was considered
positive. Levels of allergen-specific IgE-AB >100 kUA/l were set at
100 kUA/l.

Statistical methods

Prevalence of allergic disease and sensitization is given in total
numbers and in per cent. Differences in proportions between
groups were tested with chi-square or proportionality test. A
P-value < 0.05 was considered as significant. Two by two tables
were used to calculate sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) for dichotomized
food-allergen IgE-AB (cut-off value 0.35 kUA/l) and FHS. A mul-
tiple logistic regression was used to evaluate how increasing levels of
food allergen-specific IgE-AB were associated with the risk of FHS

connected with any of the foods tested assessed as odds ratios (OR)
and 95% confidence interval (CI). Logarithmic transformation of
the levels of IgE-AB was performed. Fitted predicted probability
curves with 95% CI were plotted using the results from the multiple
logistic regression analysis. Spearman�s rank test was used for cor-
relation of sensitization to soy bean and peanut. All analyses were
performed using stata 8.0 (Stata, College Station, TX, USA).

Results

The characteristics of children in the study group were
similar to those of the children who dropped out
regarding background factors (breastfeeding, early expo-
sure to furred pets or tobacco smoke, parental allergy and
socioeconomic status) and doctor�s diagnosis of various
allergic diseases (data not shown). At the age of 4 years,
284 (12%) children with FHS were identified. These
children reported significantly more frequently a doctor�s
diagnosis of asthma (24% vs 9%), eczema (52% vs 18%),
allergic rhinitis (7% vs 1%) and food allergy (44% vs
3%), (P £ 0.001 for all differences) compared with the
remaining children in the cohort (n = 2052).

The most commonly reported symptom of FHS was
eczema (50%) followed by vomiting/diarrhoea (39%),
urticaria (30%), facial oedema (26%), itchy eyes/nose
(18%) and finally asthma (6%).

Sensitization to food (allergen-specific IgE-AB ‡0.35
kUA/l to at least one of milk, peanut, egg, soy bean,
wheat or fish) was found in 305 (13%) children (Table 1).
Among children with FHS, 31% were sensitized to the
tested foods compared with 11% of children without
FHS (P < 0.001). The proportions of children sensitized
to the tested foods are presented in Table 1. In children
sensitized to milk, only 11% were reported to have milk-
related symptoms, 29% of children sensitized to egg had
reports of egg-related symptoms and 41% of fish-sensi-
tized children reported symptoms caused by fish. The
corresponding figures for IgE-sensitization and reported
clinical symptoms of FHS to food allergens of plant

Table 1. Prevalence of sensitization* to common food allergens in a cohort of 2336
4-year-old children without and with food hypersensitivity (FHS)

Allergens
Total (N = 2336),

n (%)
No FHS (N = 2052),

n (%)
FHS (N = 284),

n (%)

Any food** 305 (13) 218 (11) 87 (31)
Animal origin

Cow�s milk 197 (8) 151 (7) 46 (16)
Hen�s egg 112 (5) 70 (3) 42 (15)
Cod fish 17 (1) 7 (0) 10 (4)

Plant origin
Peanut 125 (5) 63 (3) 62 (22)
Soy bean 70 (3) 31 (2) 39 (14)
Wheat 88 (4) 54 (3) 34 (12)

*Allergen-specific IgE-antibodies ‡ 0.35 kUA/l.
**Allergen-specific IgE-antibodies ‡ 0.35 kUA/l to at least one of the foods
tested.
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origin, peanut, soy bean and wheat were 38%, 10% and
6%, respectively (data not shown). For sensitization
(‡0.35 kUA/l) to any of the tested food items, the
sensitivity, specificity, PPV and NPV in relation to FHS
were 31%, 89%, 40% and 89% respectively.
The analysis was extended to quantitative food-specific

IgE-AB levels. In this first step, we analysed the levels of
food-specific IgE-AB, one by one, and the relation to the
probability of reported reactions to the specific food,
Fig. 1. With the exception of wheat [ORcrude 3.6 (1.6–8.1)
and ORadj 2.9 (1.1–8.1)], the IgE-AB variables were
independent as the OR for each allergen, after adjustment
for sensitization to all of the other food allergens tested,
changed <10%. In the further analysis, crude ratios were
used. A 90% probability for milk-related symptoms was
found at an IgE level of 22 kUA/l to cow�s milk. The
corresponding IgE-AB level giving a 90% probability of
food-related reactions to egg was 13 kUA/l. It is worth
noting that for fish, a high probability was reached
already at a much lower IgE-AB level, 4.7 kUA/l,
compared with all other allergens tested. In contrast to
cow�s milk, hen�s egg and fish, a 90% probability of
symptoms with increasing IgE-AB levels towards peanut,
soy bean and wheat was not reached. Interestingly, at an

IgE-AB level of ‡100 kUA/l to peanut, there was only a
63% probability of report of peanut-related symptoms
(Fig. 1). Among 26 children with a peanut-specific
IgE-level ‡50 kUA/l, one child was reported not to have
yet tasted peanut, 15 were reported to have peanut-
related FHS and 10 children did not report any symptoms
of FHS. The characteristics of these 10 children are
presented in Table 2. At the highest IgE level to soy bean
(44 kUA/l), there was only a 40% probability of reported
soy-related symptoms. It is also noteworthy that of 70
soy-sensitized children, 65 were also sensitized to peanut
and that quantitative IgE-levels to peanut and soy bean
correlated (rs = 0.7, P £ 0.001). For report of symp-
toms to wheat, an IgE-AB level of 100 kUA/l to the same
food allergen was needed to depict the maximum prob-
ability of 89%.

Hence, in the next step, increasing IgE-AB levels and
risks of IgE-associated FHS caused by any of the foods
tested were evaluated to check for food specificity
(Fig. 2). The probability curves for increasing levels of
IgE-AB to milk, egg, fish and peanut and increased risk of
reported reactions to any of the foods included remained
almost the same (Fig. 2) as the curves for increasing levels
of food-specific IgE-AB and reactions to the same foods
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Figure 1. Probability of reported food hypersensitivity to each of the tested foods in relation to increasing levels of food-specific
IgE-antibodies expressed as odds ration (OR) and 95% confidence intervals (CI).
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(Fig. 1). However, for increasing IgE levels to soy bean
and wheat, the risk of reported symptoms changed
considerably, with the curve for soy bean now being
similar to the curve for peanut and the curve for wheat
becoming more similar to the curves for milk, egg and fish.
Increasing levels of IgE-AB to milk, egg and peanut

were also used to depict the probability of report of a
certain symptoms of FHS, such as asthma, itchy eyes/
rhinitis, facial oedema, urticaria, eczema and vomiting/

diarrhoea associated with IgE. The number of children
who showed these symptoms in response to the other
allergens was insufficient for statistical analysis. For
increasing levels of IgE-AB to milk and egg, the risk for
report of each specific symptom increased significantly,
except for vomiting/diarrhoea with increasing levels of
IgE-AB to milk (Fig. 3). For increasing levels of IgE-AB
to peanuts, there was no increased risk of certain
symptoms (OR 1.0–1.1; data and figures not shown).

Table 2. Children highly sensitized to peanut but with no report of food hypersensitivity

No. 1 2 3 4 5 6 7 8 9 10

Peanut 68 79 81 85 96 100 100 100 100 100
Cow�s milk <0.35 <0.35 <0.35 <0.35 7.4 <0.35 <0.35 0.5 0.5 3.5
Hen�s egg <0.35 <0.35 <0.35 2.0 100 0.7 0.5 <0.35 <0.35 2.4
Cod fish <0.35 <0.35 <0.35 <0.35 1.1 0.6 <0.35 1.1 0.9 <0.35
Soy bean <0.35 <0.35 <0.35 <0.35 9.5 8.8 0.8 1.4 3.4 0.4
Wheat <0.35 <0.35 <0.35 <0.35 3.2 0.5 <0.35 <0.35 0.7 1.1
Allergic disease

other than FHS
Asthma No allergic symptoms No allergic symptoms Eczema rhinitis Eczema rhinitis Rhinitis Eczema Asthma Asthma rhinitis Asthma rhinitis

FHS, food hypersensitivity.
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Figure 2. Probability of reported food hypersensitivity to any food in relation to increasing levels of food-specific IgE-antibodies
expressed as odds ratio (OR) and 95% confidence intervals (CI).
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Discussion

In epidemiological studies, there is often a discrepancy
between reported FHS, food allergen-specific IgE-AB and
food allergy verified by oral food challenge (1, 6, 7, 21).
Here, for the first time, in a large population-based
sample of 4-year-old children participating in a birth
cohort, quantitative IgE-AB to common foods were used
to investigate levels for occurrence of reported symptoms
of FHS mediated by these foods.
In this study, the sensitivity and PPV of using sensi-

tization to food with a cut-off level of 0.35 kUA/l to
predict FHS were low. This is in agreement with previous
studies (13, 14). However, using quantitative data on food
allergen-specific IgE-AB levels gave better agreement
between increasing levels of IgE-AB to milk, egg and fish
and risk of reported symptoms elicited by these foods.
This has been shown by others in children referred to
hospital with suspected IgE-mediated FHS and evaluated
by oral challenges (12–14), but never in a population-
based study. However, the oral challenge is still the gold
standard for diagnosing food allergy or FHS, but oral
food challenges were not performed as part of this study.

Our results for IgE to cod fish and symptoms to fish need
to be interpreted with caution as only 17 of the children
were sensitized.

Increasing levels of IgE-AB to milk and egg were
demonstrated to increase the risk for report of certain
symptoms such as from the respiratory tract, facial
oedema and symptoms involving the skin. There were
not enough children with IgE-AB to fish to allow this type
of analysis. For increasing levels of IgE-AB to peanut, soy
bean and wheat, the risk of reported symptoms increased
only moderately and the probability curves showed a
pattern different from those for milk, egg and fish. Similar
observations have been presented by other authors
(11–13, 22–25). In some studies, the 95% predicted
probabilities of reacting at oral food challenge were given
at a certain IgE-AB level (12–14, 22, 25–27). In several of
these studies, an association was demonstrated at an
IgE-AB level for peanut allergen of 15 kUA/l; this should
be compared with the present study where we found a
63% predicted probability of reactions to peanuts at a
peanut IgE-AB level of 100 kUA/l (12, 22, 26). That the
results differ between the studies is likely to be explained
by the fact that the children in some of the studies were
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referred to the hospital with a suggested IgE-mediated
food allergy. In contrast, our study reflects the situation of
an unselected and population-based group of children all
of the same age, and with asymptomatic but sensitized
children. We cannot exclude that some of these children
would have reacted in a food challenge. Furthermore, we
do not have data on, to what extent children who were not
reported to have FHS were exposed to specific foods.
However, their parents have clearly stated that their child
does not have any FHS whatsoever.
Forty-two per cent of the children sensitized to peanuts

reported reactions to peanut. However, there were 10
children with high levels of peanut-specific IgE levels who
reported no symptoms at all of FHS. These findings
suggest that sensitization, as determined by analysis of
IgE-AB to peanut, can be related to symptoms, but such
symptoms are not necessarily associated with increasing
levels of IgE-AB to peanut at a group level. As we have
not performed a food challenge, we cannot assume that
none of these children would react upon exposure. As
food allergy in general and peanut allergy in particular
can induce serious allergic reactions and even cause
death, children are often recommended an elimination
diet (28). Thus, the discrepancy between reported FHS
caused by peanut in our study and sensitization to peanut
is problematic and may be a potential health hazard for
these children. This warrants further investigation and
improvements in the tests used to provide tailored
information and advice to children and parents regarding
the management of the condition.
Only 7 of the 68 children sensitized to soy bean

reported symptoms to soy. For wheat, the corresponding
figure was five of 88 children. These results were in-line
with those in a study by Sampson and Ho where a 95%
probability for reactions towards soy or wheat was not
reached (12). It is also noteworthy that the probability
curves for reactions to wheat and soy at oral challenges
performed on a patient-based material presented in the
paper by Celik-Bilgili et al. are almost identical with our
population-based data (13). According to our data,
sensitization to soy bean seems to be a marker for
sensitization to peanut rather than a marker for soy-
related symptoms, which may contribute to the explana-
tion of negative challenges in the previously mentioned
studies (11–13). We found an increased risk of reactions
to any of the foods tested with increasing levels of IgE to
wheat, and a complete change of pattern of this proba-
bility curve (Fig. 2) compared with the probability curve
where wheat-related symptoms and an increase in wheat-
specific AB were assessed (Fig. 1). This indicates that
sensitization to whole wheat extract could be considered
as a marker of sensitization to food in general rather than
a marker for wheat-related FHS.
The difference in the predicted probability curves

between milk, egg and fish on one hand, and soy bean and
wheat on the other, may suggest that children who were
reported to have FHS caused by different groups of foods

of animal origin compared to food originating from plants,
are likely to be a heterogeneous group. Thus, the presented
levels of allergen IgE-AB to these foods in relation to
symptoms need to be interpreted differently. This view is
congruent with the findings of Flinterman et al. who
investigated children sensitized tohazelnut (29). Theauthors
showed that more than 50% of children with suspected
hazelnut allergy, all sensitized to hazelnut, were negative at
food challenge to hazelnuts. Thismay further emphasize the
need for quantitative measurement of IgE-AB as a tool
to evaluate the risk of food-related symptoms rather than
the use of mere presence of sensitization to food allergens.

The strength of our study is the high participation rate
of 90% of the cohort up to the age of 4 years, and
objective measurements of food allergen-specific IgE-
levels against the six most common food allergens among
70% of the participating children. The homogeneous age
group is a considerable strength of this study as food
allergy is a very dynamic process during the first years of
life. On the other hand, our data may not be valid for
older children, i.e. children of school age. Our reasons for
not performing any food challenges were both ethical and
practical as the majority of these very young children had
not been under hospital care. Thus, the reported FHS and
association to increased IgE-AB levels cannot stringently
be attributed to an actual food allergy diagnosis, but this
was not the purpose of the study. We asked for symptoms
during a 2-year period, i.e. between 2 and 4 years of age.
It is possible that parents might have underreported
symptoms that were present only between 2 and 3 years
and not present between 3 and 4 years. However, such
bias would lead to an underestimation of our results.
Some of these children are likely to be sensitized to foods
at 4 years which will dilute our results. The absence of
difference between children remaining in the study and
drop outs allows us to generalize our data.

In conclusion, reported FHS is common at 4 years of
age. Oral provocation remains the gold standard to
diagnose food allergy, but quantitative measurement of
allergen-specific IgE-AB to allergens in milk, egg, fish and
to some degree also to peanut is of value to the clinician
to evaluate IgE-associated reactions to foods. Analysis of
IgE-AB levels to soy bean and wheat seems to have
limited value in particular in screening for allergic
children without a history of symptoms to these allergens.
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