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Abstract

Background: Hen’s egg (HE) allergy is a common disease in childhood. HE-specific
serum IgE has been correlated with the outcome of oral food challenge tests, and
diagnostic decision points have been described as helpful but still not sufficient to
reduce the requirement for oral food challenges. The aim of the study was to corre-
late HE-specific IgE, IgG and IgG4 levels with the outcome of double-blind,
placebo-controlled food challenges (DBPCFC) in patients with suspected HE allergy
to improve diagnostic procedures.

Methods: HE-specific IgE, IgG, and 1gG4 levels were compared between 150 children
with suspected HE allergy based on sensitization and/or patient’s history who under-
went DBPCFC. Sixty-six patients were HE-allergic (HE-sensitized with a positive
DBPCFC), 48 HE-sensitized but tolerant (negative DBPCFC), and 36 patients were
nonsensitized and tolerant (negative DBPCFC). Prior to food challenge HE-specific
serum IgE, IgG, and 1gG4 were measured with the Phadia CAP-system.

Results: HE-specific IgE was significantly higher in HE-allergic patients than in clin-
ically tolerant ones. However, there was no difference in HE-specific IgG and 1gG4
concentrations between the patient groups.

Conclusion: A proposed cut-off level of 12 kU/l IgE would identify children above
this level correctly as HE-allergic. The level of HE-specific IgG or 1gG4 in serum of
children with suspected HE allergy does not add any additional information in the
diagnostic procedure of HE allergy. For diagnostic purposes, specific IgG or 1gG4
should not routinely be tested.

Hen’s egg (HE) allergy is a common disease in infancy and
childhood. Fortunately, the majority of children with HE
allergy will become clinically tolerant by school age (1).
Improved procedures have been developed for the diagnosis
of HE allergy. In this regard, HE-specific IgE concentrations
in the serum have been shown to correlate with the outcome
of oral food challenge tests (2). However, the majority of
children still need to undergo elaborate and costly oral food
challenge tests to determine the clinical relevance of their

Abbreviations
DBPCFC, double-blind, placebo-controlled food challenge; HE, hen's
egg; lg, immunoglobulin.

© 2010 John Wiley & Sons A/S

observed sensitization. Therefore, other parameters are in
demand to develop better predictability.

In recent years, other classes of immunoglobulins, espe-
cially IgG antibodies, are discussed of being immunopatholog-
ically relevant in food allergy. Human IgG consists of four
subclasses, 1gG1-4, which are functionally diverse and differ-
entially regulated. Whereas IgG1 is complement-fixing and
associated with inflammatory systemic Thl-driven immune
reactions, IgG4 is noncomplement-fixing, functionally mono-
valent (3) and has been associated with IgE and Th2 immune
responses (4).

In respiratory and insect venom allergies, it had been shown
that patients who became tolerant after allergen-specific
immunotherapy were characterized by an increase in
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allergen-specific IgG4 and a decrease in allergen-specific IgE
(5). Similar results have been shown during oral immuno-
therapy in food-allergic patients (6, 7). Therefore, it is assumed
that specific IgG4 plays a role in the induction of tolerance by
allergen-specific immunotherapy. However, the role of 1gG4 in
natural tolerance development in food allergy is hardly under-
stood. So far, mainly the role of IgG4 in cow’s milk allergy has
been studied, but obtained data are contradictory (8, 9).

The aim of the current study was to correlate in parallel
HE-specific IgE, IgG, and 1gG4 levels with the outcome of
oral food challenge tests in patients with suspected HE
allergy.

Material and methods

Retrospectively, sera of 150 children (age 5 months to
14 years of age) with suspected HE allergy based on clinical
history, who underwent double-blind, placebo-controlled oral
food challenge tests (DBPCFC) for clinical purposes, were
included into the study.

The study was approved by the ethical committee of the
university hospital Charité (EA2/078/06). Sera from venous
blood samples were taken prior to the food challenge and
analyzed for HE (f2)-specific IgE, IgG, and 1gG4 levels using
the Phadia CAP-System FEIA® (Phadia-Diagnostics, Uppsal-
a, Sweden). Measurements were performed on the Phadia
250 machine. A specific IgE titer of >0.35 kU/I was consid-
ered positive. Titers below were set to 0.01 kU/I.

Clinical reactivity to HE was investigated for clinical pur-
pose by DBPCFC as described in detail previously (10). In
brief, patients received placebo or verum on two different
days. The clinical dietician performed the randomization and
preparation of the challenges. A maximum of seven gradually
increasing titration steps (half-logarithmic) were given at
intervals of 30 min up to a maximum dose of 4.6 g of HE
protein (raw HE white and yolk). The cumulative dose
during DBPCFC was 6.2 ¢ HE protein if no reaction was
observed. Provocation was stopped if objective clinical symp-
toms such as urticaria, exacerbation of eczema (at least 10
point increase in SCORAD score), angioedema, wheezing,
allergic rhinitis or conjunctivitis, vomiting, and/or diarrhea
were observed or the highest dose was reached.

Data between groups were analyzed with the nonparamet-
ric Mann—Whitney U-test as the data were not normally dis-
tributed. Calculations were performed and graphs generated
using GRAPHPAD pRISM (version 4; GraphPad Software Inc.,
San Diego, CA, USA). P-values <0.05 were considered sig-
nificant.

Results

Hen’s egg-specific IgE, 1gG, and IgG4 were measured using
the Phadia CAP-System FEIA in 150 children with suspected
HE allergy who underwent DBPCFC for clinical purpose.
Sera from three groups of patients were selected: (A) 66 sera
from HE-sensitized patients (median 22 months of age) with
a positive food challenge test (sensitized and allergic), (B) 48
sera from HE-sensitized patients (median 29 months of age)
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with a negative food challenge test (sensitized but tolerant)
and (C) 36 sera from patients (median 30 months of age)
with no sensitization and a negative food challenge test (non-
sensitized and tolerant).

HE-specific IgE levels were significantly higher in HE-sen-
sitized and allergic patients (group A) than in HE-sensitized
but tolerant ones (group B) (Fig. 1, P < 0.0001). In group C
(nonsensitized and tolerant patients), no HE-specific IgE was
detected. Using the proposed cut-off level of 12 kU/l HE-
specific IgE by Sampson et al. (2), all children above this
value would have been correctly identified as food allergic.
Importantly, there was no significant difference regarding
HE-specific IgG or IgG4 levels between sensitized and
allergic, sensitized but tolerant and nonsensitized and tolerant
children (Figs 2 and 3).

Discussion

DBPCEFC is still regarded as the gold standard test for the
determination of clinically relevant food allergy although it
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Figure 1 Hen's egg (HE)-specific IgE in 150 children with sus-
pected HE allergy because of clinical history. Sixty-six of these
children were HE-sensitized and had a positive double-blind,
placebo-controlled food challenge (DBPCFC) (allergic children), 48
were hen’s sensitized but clinical tolerant and 36 were
nonsensitized and clinical tolerant children. ***P < 0.0001.
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Figure 2 Hen's egg (HE)-specific IgG in 66 HE-sensitized and aller-
gic children, 48 hen's sensitized but tolerant and 36 nonsensitized

and tolerant children.
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Figure 3 Hen's egg (HE)-specific 1gG4 in 66 HE-sensitized and
allergic children, 48 hen's sensitized but tolerant and 36 nonsensi-

tized and tolerant children.

is a complex and time-consuming procedure. Using diag-
nostic decision points of HE-specific IgE concentrations is
helpful to reduce the requirement for oral food challenge
tests (2, 10). However, the vast majority of patients have
HE-specific IgE levels below the cut-off level and need to
undergo oral food challenge test to determine the individual
clinical relevance. Therefore, we intended to delineate the
role of HE-specific IgG and IgG4. As expected and in
former studies described, HE-specific IgE concentrations in
the serum have been significantly higher in HE-sensitized
patients with clinically relevant allergy, than in HE-
sensitized, but nonallergic ones. Using the proposed cut-off
level of 12 kU/I HE-specific IgE by Sampson et al. (2), all
children above these value are correctly identified as food
allergic. Children below this cut-off level would need to
undergo oral food challenge test to determine their clinical
reactivity. We were able to show that neither IgG nor 1gG4
adds additional value to IgE measurement in the diagnostic
procedure of HE allergy.

It is currently discussed that IgG production is a normal
physiological response to ingested dietary antigens, which can
also be found in a large proportion of healthy subjects and is
not considered as a marker of allergy (11-15). Interestingly,
in all patient groups, we were able to detect HE-specific 1gG
although all patients were on a hen‘s egg-free diet indicating
that this antibody response is persisting. It has been shown
by others and us that food-allergic patients produce signifi-
cantly more food-specific antibodies than controls without
despite the fact that the patients are on an allergen-free diet.
This has been discussed as a polyisotypic response. We would
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like to point out that there is no difference between patients
with clinically relevant HE allergy and sensitized but clinical
tolerant ones emphasizing that measurement of HE-specific
IgG is not helpful as a diagnostic tool in suspected HE
allergy. For this observation, it is important to mention that
there was no significant difference in the age distribution of
the children in the three groups as IgG and IgG4 are known
to be age dependent.

There is evidence from oral immunotherapy trials that ele-
vated food-specific 1gG4 levels in sensitized individuals may
indicate acquisition of clinical tolerance in cases of resolving
IgE-mediated allergy (7, 8). These correlations between 1gG4
antibodies and tolerance were first described after specific
immunotherapy for instance in subcutaneous venom immu-
notherapy (5). Protective or blocking functions for this sub-
class are assumed (16).

Ruiter et al. (9) came to quite similar results regarding nat-
ural tolerance development in cow’s milk allergy, showing
that IgG4 levels were the highest in atopic subjects who were
tolerant to cow’s milk, whereas Shek et al. (8) reported an
increased IgG4 response in cow’s milk allergic subjects in
comparison with atopic patients without suspected food
allergy. In contrast, in the current study, no differences in
HE-specific IgG4 levels have been observed between tolerant
and allergic children. Interestingly, Tay et al. (14) observed
distinct patterns of IgG and IgG4 responses in various food
allergens. It appears that the role of IgG4 in tolerance devel-
opment is still not completely understood. From the current
study, however, measurement of HE-specific 1gG4 appears
not to be helpful in the diagnostic procedure of suspected
HE allergy.

In summary, the current data point out that neither IgG
nor IgG4 adds additional value to IgE measurement in the
diagnostic procedure of HE allergy. This seems to stand in
contrast to immunotherapy trials where increase in specific
IgG4 levels indicates acquisition of tolerance. Therefore, for
diagnostic purposes in children with suspected HE allergy-
specific IgG or I1gG4 should not routinely be tested. Unfortu-
nately, the majority of children with suspected HE allergy
still need to undergo oral food challenge tests. Identification
of better diagnostic tools is still required.
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