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Abstract
Background The measurement of specific serum immunoglobulin E (sIgE) and the skin
prick test (SPT) are accepted tools in the diagnostic work-up of suspected food allergy.
Often only one of the methods is used to determine sensitization; however, it is still under
debate whether these two methods can be used interchangeably.
Objectives To investigate the concordance of SPT and sIgE serum assays with regard to
suspected food allergy.
Methods In 395 children referred to our clinic with suspected cow’s milk allergy and in
268 children with suspected hen’s egg allergy specific immunoglobulin E (IgE) was mea-
sured, a SPT and an oral food challenge performed. A weal size � 3 mm and
sIgE � 0.35 kU/L were considered positive. The weal size of the SPT and the level of
food-specific IgE were tested for correlation for each allergen.
Results Of the 395 (23%) children orally challenged with cow’s milk, 92 showed no corre-
sponding results for SPT and sIgE as either positive or negative. For hen’s egg, in 27 of
268 (10%) children differing test results for SPT and sIgE in serum were obtained. More-
over, regarding the quantitative values for sIgE and SPT in children with or without clini-
cally relevant food allergy, sIgE and SPT correlated badly.
Conclusions The concordance between SPT and sIgE is surprisingly low for cow’s milk
and hen’s egg on an individual basis. Therefore, the tests should not be used interchange-
ably. Especially in children who receive a negative test result the alternative test should
also be used. Furthermore, our data indicate again that oral food challenges are still the
method of choice to diagnose food allergies.
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Introduction

Food allergy still seems to be a rising problem in wes-
tern countries [1, 2]. It is often suspected in infants and
children, especially in those with pre-existing atopic
dermatitis (AD) and/or a positive family history of ato-
pic diseases [3]. This may explain the increased demand
for a reliable evaluation of patients with suspected
food-related symptoms, who may otherwise be unjusti-
fiably subjected to harmful dietary restrictions [4]. The
foods most commonly involved are cow’s milk, hen’s
egg, peanut, tree nuts, soy, fish and wheat [5, 6].

Clinical reactions to foods range from mild skin symp-
toms to life-threatening anaphylactic reactions [7–10].

Controlled oral food challenges still represent the
“gold standard” for diagnosing food allergy [6, 10–16].
However, they are time-consuming, troublesome for the
patients and not without risk of even severe allergic
symptoms. Therefore, there is a need for instruments
that may make controlled oral food challenges superflu-
ous–at least in part. In particular, a negative result
should exclude clinically relevant reactions.

The majority of food allergies in children are medi-
ated by immunoglobulin E (IgE). Therefore, one of the



first steps in the diagnostic work-up of children with
suspected food allergy is the determination of the pres-
ence of IgE antibody to specific foods using skin prick
test (SPT) or serum assays. Both techniques are widely
accepted diagnostic tools [17–25]. However, they merely
detect sensitization and do not necessarily indicate clin-
ical relevance. Hence, several authors have shown a
correlation between the level of sIgE and the likelihood
of clinical reaction and established so-called “decision
points”, which predict clinically relevant food allergy
[26–32]. However, the findings vary considerably
between authors and seem to be dependent on the aller-
gen and the population studied [33, 34]. SPTs have
been used for decades to prove or exclude sensitization
to allergens. As with sIgE, several studies proposed
“cut-off” values of weal sizes [20, 30, 35–40]. However,
taken together, the results of the SPT also vary consid-
erably in the literature and are only provided for some
foods.

Despite these limitations, international position
papers and guidelines commonly propose the perfor-
mance of only one of the tests if food allergy is sus-
pected; either appears appropriate if no
contraindications exist such as urticaria factitia in SPT
[17, 41, 42]. As both are IgE-dependent test instru-
ments, one could assume that comparable test results
should be obtained in the same patient, so they might
be used interchangeably. However, as yet, no study has
examined the concordance of SPT and sIgE results and
whether the performance of sIgE or performance of SPT
should be preferred in the diagnostic work-up of sus-
pected food-related symptoms.

This study draws on data from a large number of
children to examine the concordance of SPT- and sIgE-
results for cow’s milk and hen’s egg and to compare
these tools in relation to the outcome of oral food chal-
lenges.

Methods

Study population

We studied retrospectively 501 children referred con-
secutively to our department for evaluation of sus-
pected food allergy: 395 for cow’s milk allergy and
268 children with suspected hen’s egg allergy. Suspi-
cion was defined as either the feeling of the parents
that cow’s milk or hen’s egg could contribute to clin-
ical symptoms of the child (e.g. angioedema after
food intake) or that sIgE was elevated or SPT test
positive in a child with eczema and the food had not
been introduced into the child’s diet so far. Children
with a history of anaphylaxis within the last
12 months to a clearly identified causative allergen
and the detection of sensitization did not undergo

oral food challenge test. Only children undergoing all
the three tests required for this study (oral food chal-
lenge, determination of sIgE and SPT) were included
in the study.

Skin Prick Test

Skin prick tests were performed prior to the oral food
challenge. For SPTs, native foods were used: one drop
of each fresh cow’s milk containing 3.5% fat or
native hen’s egg (whisked white of egg and yolk).
SPTs were performed with 1 mm single-peak lancets
(ALK, Copenhagen, Denmark). We used 10 mg/mL his-
tamine dihydrochloride (ALK) as a positive control
and saline solution as a negative control. SPTs were
read after 15 min. All tests with a weal diameter
below 3 mm elicited by histamine or with a weal
of � 2 mm by the negative control were excluded.
SPT was assessed as positive if the weal diameter
was � 3 mm [43].

Specific serum IgE

Blood was drawn directly prior to the oral food chal-
lenge. Patient sera were analysed for concentrations of
specific IgE antibody titres to cow’s milk and hen’s egg,
determined by FEIA using the ImmmunoCAP® (Phadia,
Uppsala, Sweden) [44]. Children were regarded as sensi-
tized if specific IgE was � 0.35 kU/L.

Oral food challenges

Oral food challenges were performed as a result of a
suggestive medical history, and/or positive SPT, and/
or elevated sIgE level. We analysed the two most
common IgE-mediated food allergens in European
children: cow’s milk and hen’s egg. A total of 289 of
the 395 challenges with cow’s milk (73%) and 186 of
the 268 challenges with hen’s egg (69%) were per-
formed as double-blind, placebo-controlled food chal-
lenges (DBPCFC). Open challenges were allowed in
younger children who had a clear history of immedi-
ate type reactions. The clinical dietician randomized
and prepared the challenges. Briefly, successive doses
(0.1, 0.3, 1.0, 3.0, 10.0, 30.0 and 100.0 mL corre-
sponding to 3 mg–3.3 g protein) of fresh pasteurized
cow’s milk containing 3.5% fat or placebo (Neocate,
SHS, Liverpool, UK) were administered at least
30 min apart [14, 45, 46]. For hen’s egg, pasteurized
hen’s egg (white and yolk) was administered in a
similar way using semilog increases ranging from
5 mg to 4.6 g protein. Oral food challenges were per-
formed and evaluated in detail as described previ-
ously and regarded as positive if objective symptoms
were observed [27, 34, 47].
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Statistics

For the statistical analysis, we used SPSS for Windows
(version 17.0). Spearman rank correlation test was used
and comparisons were considered significant for
P < 0.05.

Ethics Statement

The study was approved by the institutional ethics com-
mittee.

Results

Study population and clinical outcome of food challenge

We studied a total of 663 oral food challenges in 501
children: 395 with cow’s milk and 268 with hen’s egg
(Table 1). For cow’s milk, patients’ age ranged from
3 months to 13 years (median 12 months) and for hen’s
egg from 4 months to 14 years (median 16 months).

A total of 209 children challenged with cow’s milk
had a history of a suspected allergic reaction and 62
had no previous reaction reported. In hen’s egg, 49
children had a history of a possible reaction and 71 had
no reaction reported. Of these 71 children, 11 had never
had hen’s egg introduced into their diet. Information
about previous reactions was missing or inconclusive
for 124 patients challenged with cow’s milk and 148
children undergoing hen’s egg challenge.

Fifty-two percent of cow’s milk challenges and 73%
of hen’s egg challenges were assessed as positive

(Table 1). A total of 64 of 162 children who underwent
evaluation for both cow’s milk and hen’s egg had posi-
tive reactions to both allergens.

Outcome of SPT

A total of 395 SPTs were performed with cow’s milk
and 268 with hen’s egg. For cow’s milk, 57% of the
SPTs were assessed as positive. The median weal
diameter of SPTs was 4.5 mm with a range 0–20 mm.
For hen’s egg, 82% of SPTs were assessed as positive,
with a median weal diameter of 8.0 mm (range
0–25 mm).

For cow’s milk, 14% of the patients had a positive
SPT, but no clinical reaction upon challenge (Table 1).
On the other hand, 8% of the patients had a negative
SPT for cow’s milk, but the oral provocation was posi-
tive (Table 1). Similar results were obtained for hen’s
egg. Results are shown in Table 1.

Outcome of specific serum IgE

A total of 395 measurements of food-specific IgE
were performed for cow’s milk and 268 for hen’s
egg. For cow’s milk, sIgE ranged from 0 to 796 kU/L
(median 1.3 kU/L). Based on a detection level
of � 0.35 kU/L 276, children (70%) were sensitized
to cow’s milk. For hen’s egg, sIgE ranged from 0 to
366 kU/L (median 4.0 kU/L) and 230 (86%) were
considered to be sensitized. Table 1 shows sIgE results
in combination with the results of food challenge and
SPT.

Table 1. Absolute numbers and (percentages) for positive and negative oral food challenges (OFC), skin prick tests (SPT) and allergen-specific IgEs

(sIgE). Specific IgE � 0.35 kU/L and SPT weal size diameter � 3 mm were considered positive are shown. Highlighted in grey and bold are the

inconsistencies between positive and negative results for SPT and specific IgE

Cow’s milk (n = 395) Hen’s egg (n = 268)

OFC SPT sIgE OFC SPT sIgE

pos neg pos neg pos neg pos neg pos neg pos neg

OFC pos 205

(52%)*

- 172

(84%)

33

(16%)

179

(87%)

26

(13%)

195

(73%)*

- 182

(93%)

13

(7%)

187

(96%)

8

(4%)

neg - 190

(48%)*

54

(28%)

136

(72%)

97

(51%)

93

(49%)

- 73

(27%)*

39

(53%)

34

(47%)

43

(59%)

30

(41%)

SPT pos 226

(57%)*

- 205

(52%)*

21

(5%)*

221

(82%)*

- 212

(79%)*

9

(3%)*

neg - 169

(43%)*

71

(18%)*

98

(25%)*

- 47

(18%)*

18

(7%)*

29

(11%)*

sIgE pos 276

(70%)*

- 230

(86%)*

-

neg - 119

(30%)*

- 38

(14%)*

*Percentages are based on the total number of patients challenged with the according allergen (n = 395 for cow’s milk and 268 for hen’s egg).

If not indicated, percentages are based on the number of patients with a positive (and negative respectively) OFC result to the according allergen.
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Comparison of SPT and sIgE

For children orally challenged with cow’s milk, 92 of
395 (23%) showed no corresponding results for SPT

and sIgE as either positive or negative (Table 1). For
hen’s egg, in 27 of 268 (10%) children, differing test
results for SPT and sIgE in serum were obtained
(Table 1). In Fig. 1, we compared sIgE levels (in kU/L)
with the mean size weal diameter of SPT (in mm) for
both allergens in children with clinically relevant food
allergy and in those without. It is clearly seen that the
correlation between the levels of allergen-sIgE and the
SPT with the same allergen is poor in both groups. Cor-
relation between sIgE and SPT for children < 3 years, 3
–6 years and > 6 years of age improved with rising
age: for cow’s milk, correlation coefficient was
r = 0.55, 0.54 and 0.72, respectively; and for hen’s egg
r = 0.31, 0.60 and 0.61 respectively.

There was no significant difference neither in the
proportion of children with non-corresponding results
for SPT and sIgE nor the correlation coefficient r in
children undergoing DBPCFC and those who had open
food challenge (data not shown).

Discussion

Several factors influence the choice between the two
IgE test systems, SPT and sIgE. Among these lower
costs and immediate availability of the test results are
in favour of the SPT, whereas independence of drug use
(antihistamine or topical steroid) and skin condition
favour sIgE measurement.

Fig. 1. Relation between weal size of skin prick test (in mm) and specific serum IgE levels (in kU/L) for cow’s milk and hen’s egg, respectively.

The results are shown separately for allergic children (with positive outcome of the oral food challenge test) or tolerant children (negative outcome

of the oral food challenge test). Specific IgE below < 0.35 kU/L was set as 0.1 kU/L.

Table 2. Shown are the absolute numbers and (percentages) for differ-

ent combinations of positive and negative specific IgE and SPT in

regard to the outcome of the oral food challenge test

Cow’s milk (n = 395) Total

Positive

challenge

Negative

challenge

Specific IgE positive and

SPT-positive

205 (52%) 161 (41%) 44 (11%)

Specific IgE positive and

SPT-negative

71 (18%) 18 (5%) 53 (13%)

Specific IgE negative and

SPT-positive

21 (5%) 11 (3%) 10 (3%)

Specific IgE negative and

SPT-negative

98 (25%) 15 (4%) 83 (20%)

Hen’s egg (n = 268)

Specific IgE positive and

SPT-positive

212 (79%) 178 (66%) 34 (13%)

Specific IgE positive and

SPT-negative

18 (7%) 9 (3%) 9 (3%)

Specific IgE negative and

SPT-positive

9 (3%) 4 (1%) 5 (2%)

Specific IgE negative and

SPT-negative

29 (11%) 4 (1%) 25 (9%)
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Similar values for sensitivity, specificity as well as
positive and negative predictive values have been
described for food-specific serum IgE and SPT [40, 48–
51]. This is also true for the data presented here, for
which these parameters are almost identical to our pre-
viously published ones [52]. However, our data indicate
that the determination of sensitization in a child with
suspected food allergy is highly dependent on the
method used. It cannot be stated any longer that SPT or
measurement of sIgE may be used interchangeably.

In a small study of 24 grass- and/or tree-pollen-aller-
gic patients and eight control individuals, Niederberger
et al. studied the association of allergen-specific IgE
serum levels with skin and nasal sensitivity using
recombinant tree and grass pollen allergens [53]. The
authors reported no correlation between sIgE-levels and
SPT. Furthermore, in that study weal size of SPT and
nasal provocation-severity score correlated signifi-
cantly, but sIgE-levels and nasal provocation did not.

For both the SPT (in vivo test) and sIgE (in vitro
assay), there may be factors that influence the magni-
tude of the response such as the number and/or density
of IgE epitopes on a particular allergen or the affinity/
avidity of IgE antibodies. However, this influence may
be different for the two test systems. Furthermore, the
presence of specific IgG antibodies may affect the result
of the two test systems unequally.

Although it has been shown in several other studies
that the SPT is slightly superior to sIgE with regard to
specificity and negative predictive values [22, 25, 39,
40, 47, 51], this is notably overridden in this study by
the fact of numerous clear instances of opposing
results. Transferring our results into the daily clinical
practice, a patient evaluated with in vitro testing might
end up with different advice than a patient who under-
went SPT. As neither of the two test systems is superior,
the proposed flow sheet may be useful (Fig. 2).

In conclusion, our data show that the correlation
between SPT and sIgE is surprisingly low for cow’s milk

and hen’s egg on an individual basis. Therefore, the
tests should not be used interchangeably. Especially in
children who receive a negative test result, the alterna-
tive test should also be used. However, even if both
tests are used, there remain a small proportion of chil-
dren with a positive oral food challenge without detect-
able sensitization. Therefore, a comprehensive history is
an essential component in evaluating food allergy; in
the majority of cases controlled oral food challenges
still remain the gold standard in evaluating suspected
food allergy in children.
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24 Strömberg L. Diagnostic accuracy of

the atopy patch test and the skin-prick

test for the diagnosis of food allergy in

young children with atopic eczema/

dermatitis syndrome. Acta Paediatr

2002; 91:1044–9.
25 Vanto T, Juntunen-Backman K, Kalimo

K et al. The patch test, skin prick test,

and serum milk-specific IgE as diag-

nostic tools on cow’s milk allergy in

infants. Allergy 1999; 54:837–42.
26 Boyano Martinez T, Garcia-Ara C,

Diaz-Pena JM, Munoz FM, Garcia San-

chez G, Esteban MM. Validity of spe-

cific IgE antibodies in children with

egg allergy. Clin Exp Allergy 2001;

31:1464–9.
27 Celik-Bilgili S, Mehl A, Verstege A

et al. The predictive value of specific

IgE levels in serum for the outcome of

oral food challenges. Clin Exp Allergy

2005; 35:268–73.
28 Garcia-Ara C, Boyano-Martinez T,

Diaz-Pena JM, Martin-Munos F, Rech-

e-Frutos M, Martin-Esteban M. Specific

IgE levels in the diagnosis of immedi-

ate hypersensitivity to cow’s milk pro-

tein in the infant. J Allergy Clin

Immunol 2001; 107:185–90.
29 Perry TT, Matsui EC, Conover-Walker

MK, Wood RA. The relationship of

allergen-specific IgE levels and oral

food challenge outcome. J Allergy Clin

Immunol 2004; 114:144–9.
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