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A b s t r a c t

Introduction: Egg allergy is one of the most common food allergies in chil-
dren. Egg white, including ovomucoid (OVM or Gal d 1) and ovalbumin (OVA 
or Gal d 2), is the major source of allergens. The aim of this study was to 
assess the role of Gal d 1 and Gal d 2 in predicting the risk of anaphylaxis 
caused by eggs in children, and to compare this new diagnostic tool with 
established methods of allergen-specific IgE detection.
Material and methods: One hundred and forty-eight children were divid-
ed into 2 groups according to a positive (group A, 33 children) or negative 
(group B, 115 children) history of anaphylaxis after ingestion/contact with 
eggs. All patients underwent an allergological evaluation by measurements 
of specific IgE against egg white: Gal d 1 and Gal d 2.
Results: Higher levels of Gal d 1, Gal d 2 and IgE against egg white were de-
tected in group A compared to group B (p < 0.001). Although the area under 
the curve was similar for Gal d 1 and Gal d 2, egg white specific IgE showed 
a better sensitivity (85%) for a cut-off value ≥ 0.975 kUA/l, while Gal d 1 and 
Gal d 2 demonstrated a better specificity (90% and 80%, respectively) for 
cut-off values ≥ 1.460 kUA/l and ≥ 2.310 kUA/l, respectively.
Conclusions: Egg white specific IgE showed a similar ability as Gal d 1 and 
Gal d 2 in differentiating children at risk for egg anaphylaxis, although Gal d 1  
and Gal d 2 showed a better specificity.
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Introduction

Food allergy is a frequent problem during childhood [1, 2]. Egg allergy 
is one of the most common food allergies [1], affecting 1.8% to 2% of 
children younger than 5 years [3], and it is often associated with severe 
clinical manifestations, including anaphylaxis [4]. 

Many potentially allergenic egg proteins exist [4]; in particular, egg 
white contains 23 different glycoproteins, and most of them have been 
purified. Five major allergenic proteins from domestic chicken eggs (Gal-
lus domesticus) have been identified and defined as Gal d 1–5 [5, 6]. 
Egg white is the main source of egg allergens, which include ovomucoid 
(OVM or Gal d 1, 11%), ovalbumin (OVA or Gal d 2, 54%), ovotransferrin 
(Gal d 3, 12%) and lysozyme (Gal d 4, 3.4%) [7]. Ovomucoid is the most 
important clinically relevant egg protein, although it represents only 10% 
of the total egg white proteins, and it is considered the dominant aller-
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gen in egg [7–9]. This is probably related to its abil-
ity to maintain allergenicity even after extensive 
heating [8]. In contrast, OVA is the most abundant 
protein contained in the egg white.

Growing evidence suggests that higher OVM spe-
cific IgE levels are associated with the persistence of 
egg allergy [4]. In addition, it has been suggested 
that the quantification of OVM IgE antibodies can 
be useful in helping physicians in deciding whether 
to perform an oral food challenge (OFC) [5]. 

The gold standard for the diagnosis of egg al-
lergy is the double-blind placebo-controlled OFC, 
which is both resource and time expensive, and 
potentially hazardous [1, 4, 10]. As a  potential 
alternative tool, allergen-specific IgE levels with 
greater than 95% predictive risk values for a posi-
tive food challenge have been identified for some 
foods, by using the ImmunoCAP (Phadia, Uppsa-
la, Sweden). For eggs this value is ≥ 7 kUA/l, with 
a  lower cut-off of ≥ 2 kUA/l for infants [11, 12]. 
The predictive values for allergen-specific IgE lev-
els might differ from one immunoassay to the 
other, affecting management decisions [11–14]. In 
addition, a positive skin test and/or an increased 
serum IgE level against non-specific food might in-
dicate sensitization to that food, but they are not 
predictive of anaphylaxis [11–13].

Therefore, the aim of the study was to assess 
the value of the two main egg allergens, Gal d 1 
and Gal d 2, in predicting the risk of developing 
anaphylaxis caused by eggs in children, and to 
compare this new diagnostic tool with established 
methods of allergen-specific IgE detection.

Material and methods

The study population included 148 children (99 
males and 49 females, mean age ± SD: 6.51 ±3.64 
years) who experienced allergic reactions to egg 
proteins and with documented IgE-mediated egg 
allergy. Children were recruited at the Allergolog-
ical and Respiratory Unit of the Pediatric Depart-
ment, University of Chieti, Italy, between July 2010 
and November 2013.

An allergological assessment was performed in 
all patients and included: skin prick tests for main 
food allergens; total IgE; specific IgE against the 
main food allergens (cow’s milk, tomato, peanut 
and cod) and specific IgE against hen’s egg and 
against the main egg white allergens: OVM or  
Gal d 1 and OVA or Gal d 2.

The study population was divided into two 
groups, on the basis of the presence (group A) or 
absence (group B) of a reported history of anaphy-
laxis after ingestion and/or contact with egg or 
egg derivatives.

The diagnosis of anaphylaxis was considered 
to be highly likely when any one of the following  
3 clinical criteria was fulfilled [11]:

1.  Acute onset of an illness (minutes to several 
hours) with involvement of the skin, mucosal 
tissue, or both (generalized hives, pruritus or 
flushing, and swollen lips-tongue-uvula) AND 
at least 1 of the following:

A.  Respiratory compromise (dyspnea, wheeze- 
bronchospasm, stridor, reduced peak expiratory 
flow (PEF), hypoxemia);

B.  Reduced blood pressure (BP) or associated 
symptoms of end-organ dysfunction (hypotonia 
[collapse], syncope, incontinence).

2.  Two or more of the following that occur rapidly 
after exposure to a  likely allergen for that pa-
tient (minutes to several hours):

A.  Involvement of the skin–mucosal tissue (gen-
eralized hives, itch-flush, swollen lips-tongue-
uvula);

B.  Respiratory compromise (dyspnea, wheeze- bron-
chospasm, stridor, reduced PEF, hypoxemia);

C.  Reduced BP or associated symptoms (hypoto-
nia [collapse], syncope, incontinence);

D.  Persistent gastrointestinal symptoms (cramp-
ing abdominal pain, vomiting).

3.  Reduced BP after exposure to a known allergen 
for that patient (minutes to several hours): low 
systolic BP (age-specific) or greater than 30% 
decrease in systolic BP.
Most children with a  history of anaphylaxis  

were often hospitalized for this severe reaction; 
only a  few of them were managed by local pe-
diatricians. In all the cases the diagnosis was 
made according to the World Allergy Organization 
Guidelines for the Assessment and Management 
of Anaphylaxis [15].

Children in group A were not subjected to OFC 
for the high risk of severe anaphylaxis [16], given 
that they experienced more than one episode of 
moderate to severe anaphylactic reactions.

According to current guidelines, OFC may be 
deferred if there is a  high likelihood of a  severe 
reaction to the food as predicted by the food reac-
tion history, whether immediate or delayed, levels 
of serum food-specific IgE antibody, and/or results 
of quantitative skin prick testing and the patient’s 
age [16]. Oral food challenge is relatively contra-
indicated in conditions that increase the risk of 
severe anaphylaxis, such as a  recent convincing 
anaphylactic reaction to a specific food or unsta-
ble asthma. It would not be recommended to per-
form an OFC for a patient with recent anaphylaxis 
to the trigger food [16]. Patients with a convinc-
ing history of anaphylaxis to a specific food and 
evidence of sensitization to that food should not 
undergo OFC because of their high risk of anaphy-
laxis [11].

Children in group B experienced mild to moder-
ate allergic reactions to egg proteins, mainly gas-
trointestinal symptoms (such as abdominal pain, 
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diarrhea or vomiting) and skin symptoms (such 
as urticaria and atopic dermatitis), but they did 
not have any history of anaphylactic reaction to 
eggs. All patients from group B had a positive OFC 
(Sampson’s score ≥ 3), performed by administer-
ing pasteurized whisked hen’s egg by titration 
steps, as recommended by the American Academy 
of Allergy, Asthma & Immunology in the PRACTALL 
consensus report for double-blind, placebo-con-
trolled OFC [17].

Written informed consent was obtained from 
all parents and oral consent from all children, and 
the study was performed in accordance with the 
Declaration of Helsinki (1964). The study was ap-
proved by the Ethics Committee of the University 
of Chieti.

Statistical analysis

Data were analyzed using SPSS (version 17.0 
SPSS, Inc, Chicago, III). The one-sample Kolmog-
orov-Smirnov test was performed to estimate the 
distribution of each variable. The Mann-Whitney 
U test or independent t-test was used for compar-
isons of continuous parameters.

Receiver operating characteristic (ROC) analysis 
was performed to assess the performance of spe-
cific IgE antibodies against hen’s egg white and its 
major allergens (Gal d 1 and Gal d 2) in relation to 
a positive history for anaphylaxis. Results are pre-
sented as area under the curve (AUC) with a 95% 
confidence interval (95% CI). An optimal cut-off 
point for hen’s egg white specific IgE as for its ma-
jor allergens was obtained using the Youden index 
(maximum (sensitivity + specificity –1)) [18].

All p-values < 0.05 were considered significant.

Results

The study population was divided into two 
groups, on the basis of a positive (group A) or neg-

ative (group B) reported history of anaphylaxis af-
ter ingestion and/or contact with egg or egg deriv-
atives: group A: 33 children, 22 males, 11 female, 
mean age: 6.6 ±3.4 years; group B: 115 children, 
77 males, 38 females, mean age: 6.5 ±3.8 years. 
Groups A and B were comparable for age at the 
time of assessment (Table I).

Serum levels of egg white specific IgE were 
higher in group A  than in group B (4.05 vs.  
0.63 kUA/l, p < 0.001). Similarly, levels of IgE 
against Gal d 1 and Gal d 2 were higher in group A 
than in group B (Gal d 1 = 1.66 vs. 0.17 kUA/l and 
Gal d 2 = 2.46 vs. 0.54 kUA/l; p < 0.001) (Table I).  
Also the sum of the main egg white allergens  
(Gal d 1 + Gal d 2) was higher in group A than B  
(p < 0.001) (Table I).

The receiver operating characteristic (ROC) 
analysis showed that the Gal d 1 ImmunoCAP test 
was similar to Gal d 2 in its ability to differentiate 
children at risk for egg anaphylaxis, with an AUC 
of 0.728 for Gal d 1 (95% CI: 0.610–0.846) and of 
0.732 for Gal d 2 (95% CI: 0.629–0.836) (Figure 1). 
A similar result was obtained for egg white specif-
ic IgE, with an AUC of 0.763 (95% CI: 0.660–0.866) 
(Figure 1).

A  cut-off value for egg white specific IgE  
≥ 0.975 kUA/l showed a Youden index of 0.51 with 
a sensitivity of 85% and a specificity of 66%, while 
a cut-off value of Gal d 1 ≥ 1.460 kUA/l was asso-
ciated with a better specificity (90%) and a lower 
sensitivity (55%) (Youden index = 0.45). A cut-off 
value of Gal d 2 ≥ 2.310 kUA/l showed a better 
specificity (80%) than egg white specific IgE, but 
lower than Gal d 1, and a similar sensitivity (55%) 
of Gal d 1 vs. egg white specific IgE (Table II).

The odds ratio for the development of egg ana-
phylaxis according to a cut-off value of egg white 
specific IgE ≥ 0.975 kUA/l was 10.6 (95% CI: 3.81–
29.68), similar to the odds ratio of 11.35 (95% CI: 
4.50–28.61) related to a cut-off value ≥ 1.46 kUA/l 

Table I. Major egg allergens and specific egg IgE levels in children with and without anaphylaxis

Parameter Children with  
anaphylaxis
(Group A)

Children without  
anaphylaxis
(Group B)

P-value

Number of patients 33 115

Gender (M/F) 22/11 77/38 0.98

Age [years] 6.6 ±3.4 6.5 ±3.8 0.94

IgE egg white [kUA/l] 4.05 (1.56–16.35) 0.63 (0.38–2.27) < 0.001

IgE egg yolk [kUA/l] 1.32 (0.39–4.29) 0.19 (0.09–0.67) < 0.001

Gal d 1 [kUA/l] 1.66 (0.12–5.42) 0.17 (0.06–-0.45) < 0.001

Gal d 2 [kUA/l] 2.46 (1.12–8.79) 0.54 (0.24–2.00) < 0.001

Recombinants’ sum [kUA/l] 4.14 (1.44–24.49) 0.74 (0.45–2.52) < 0.001

Data are expressed as median (interquartile range) or mean ± standard deviation.
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Figure 1. Receiver operating characteristic curve for le-
vels of specific hen’s egg IgE and its major IgE allergens
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Table II. Sensitivity and specificity of specific IgE against hen’s egg and its major allergens

Variable Sensitivity (%) Specificity (%) Youden index

Cut-off for Gal d 1 IgE
≥ 1.460 kUA/l

55 90 0.45

Cut-off for Gal d 2 IgE
≥ 2.310 kUA/l

55 80 0.35

Cut-off for recombinants’ sum
≥ 3.335 kUA/l

64 81 0.45

Cut-off for egg white IgE
≥ 0.975 kUA/l

85 66 0.51

Cut-off for egg yolk IgE
≥ 0.370 kUA/l

79 68 0.47

Table III. Anaphylaxis risk according to levels of specific IgE against hen’s egg and its major allergens

Variable Anaphylaxis Odds ratio

No (group B) Yes (group A)

Cut-off for Gal d 1 IgE
≥ 1.460 kUA/l

11/115 (9.6%) 18/33 (54.5%) 11.35 (4.50–28.61)

Cut-off for Gal d 2 IgE
≥ 2.310 kUA/l

24/115 (20.9%) 18/33 (54.5%) 4.55 (2.01–10.33)

Cut-off for recombinants’ sum
≥ 3.335 kUA/l

22/115 (19.1%) 21/33 (63.6%) 7.40 (3.17–17.27)

Cut-off for egg white IgE
≥ 0.975 kUA/l

40/115 (34.7%) 28/33 (84.8%) 10.60 (3.81–29.68)

Cut-off for egg yolk IgE
≥ 0.370 kUA/l

37/115 (32.1%) 26/33 (78.8%) 7.93 (3.16–19.93)

Data are n (%) or odds ratio (95% CI).

of Gal d 1, whereas the odds ratio related to Gal d 2  
was lower (4.55, 95% CI: 2.01–10.33) (Table III).

Discussion

The international literature supports the role of 
molecular diagnosis based on major egg allergens 
as a useful tool to identify clinical phenotypes of 
children with egg allergy. In particular, egg specific 
IgE molecules, identifying sequential or conforma-
tional epitopes of Gal d 1 and Gal d 2, can distin-
guish different clinical phenotypes of egg allergy. It 
has been shown that egg-allergic patients, with IgE 
antibodies reacting against sequential epitopes, 
tend to have persistent allergy, whereas those 
with IgE antibodies primarily to conformational 
epitopes tend to have transient allergy [5, 19].

Several studies have supported the hypoth-
esis that high levels of specific IgE antibodies 
against Gal d 1 have a greater predictive value for 
persistent egg allergy [4, 7, 8, 19], whereas their 
reduction is associated with the development of 
tolerance [7, 20].

The data obtained from the present study sug-
gest that Gal d 1 and Gal d 2 IgE levels show sim-
ilar ability to differentiate children at risk for egg 
anaphylaxis, as indicated by a similar AUC.

These data are in line with the results obtained 
by Ott and colleagues, who evaluated the utility 

of microarray-based IgE detection in the diagnos-
tic workup of food allergy, comparing this new 
diagnostic tool with established methods of aller-
gen-specific IgE detection. They investigated 130 
children with suspected allergy to cow’s milk or 
hen’s egg, performing serum IgE measurements, 
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skin prick tests allergen microarray assays and OFC 
with cow’s milk and hen’s egg. They obtained ROC 
curves by plotting the true positive rate (the rate 
of correctly identified positive double-blind, place-
bo-controlled food challenges results) against the 
false positive rate for all possible IgE cut-off points. 
The AUC was similar for Gal d 1, Gal d 2 and fluo-
rescence enzyme immunoassays for hen’s egg [21].

Although egg white specific IgE levels showed 
a  higher sensitivity (85%), a  better specificity 
was related to a cut-off value of 1.460 kUA/l for  
Gal d 1 (90%) and of 2.310 kUA/l for Gal d 2 
(80%). These results suggest that both Gal d 1 and  
Gal d 2 can be useful in identifying children at 
high risk of developing anaphylaxis; however,  
Gal d 1 had the highest positive predictive value.

In the present study, children with values of  
Gal d 1 higher than 1.46 kUA/l had a risk almost 11 
times greater of developing anaphylaxis to egg and 
egg-containing foods than children with values be-
low that cut-off. However, a  lower cut-off for egg 
white specific IgE (≥ 0.975 kUA/l) showed a similar 
odds ratio (10.60) for developing egg anaphylaxis.

From another point of view, it has been sug-
gested that quantification of OVM antibodies 
could be useful in guiding the physician in decid-
ing whether to perform an OFC. Recent published 
data suggested that a concentration of IgE anti-
bodies against OVM higher than 11 kUA/l (positive 
decision point) indicates a high risk of reacting to 
heated (as well as less heated or undercooked) 
egg, while concentrations lower than 1 kUA/l 
(negative decision point) were associated with 
a lower risk of reaction to heated egg, even if the 
patients might well react to less heated or under-
cooked egg [1]. In contrast, in our study a cut-off 
point for Gal d 1 ≥ 1.46 kUA/l was associated with 
a high odds ratio for developing anaphylaxis.

However, different studies have reported dis-
cordant cut-off values for Gal d 1 associated with 
a good specificity in predicting serious allergic reac-
tions, likely due to different sample sizes and study 
design. For example, Bartnikas et al. proposed 
a cut-off for Gal d 1 IgE of 0.35 kUA/l to identify 
patients who would pass a  baked egg challenge 
(approximately 90% rate of passing), and they 
were able to determine cut-offs with a specificity 
higher than 95%: OVM IgE of 3.38 kUA/l [22].

Whereas Ott et al. supported the role of aller-
gen microarrays as a new tool to diagnose symp-
tomatic hen’s egg allergy [21], our data strength-
en the potential role of molecular diagnosis based 
on major egg white allergens, in particular related 
to anaphylactic risk.

Some limitations of the present study need 
to be acknowledged. Firstly, we did not include 
a  control group. Secondly, our group A  was not 
challenged for the high risk of severe anaphylax-
is, but all subjects had a reported history of ana-

phylaxis after ingestion and/or contact with egg 
or egg derivatives. However, in all the cases the 
diagnosis was made after hospitalization or by 
pediatricians according to the World Allergy Orga-
nization Guidelines for the Assessment and Man-
agement of Anaphylaxis.

On the other hand, strengths of this study were 
the large sample size (148 children) and the fact 
that the two groups (A and B) were comparable for 
age at the time of assessment. 

In conclusion, egg white specific IgE levels 
showed similar ability compared to Gal d 1 and 
Gal d 2 to differentiate children at risk for egg ana-
phylaxis, although Gal d 1 and Gal d 2 demonstrat-
ed a better specificity. Therefore, molecular diag-
nosis based on major egg white allergens can be 
a new good diagnostic tool that can help clinicians 
to better characterize egg allergy and especially 
anaphylactic risk in egg allergic children. However, 
often this tool is available only in specialized cen-
ters, and it is certainly more expensive. Therefore, 
measuring egg white specific IgE levels can be the 
first approach for a patient with suspected hen’s 
egg allergy, leaving the molecular diagnosis as 
a second step of diagnostic evaluation.

Future studies are required to confirm the val-
ues of Gal d 1 and Gal d 2 and their cut-off values 
in identifying egg allergic children at risk of ana-
phylaxis.
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