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Ovomucoid specific immunoglobulin E as a predictor of
tolerance to cooked egg
Lisa M. Bartnikas, M.D.,1,2 William J. Sheehan, M.D.,1,2 Katherine L. Tuttle, M.D.,2,3
Carter R. Petty, M.A.,4 Lynda C. Schneider, M.D.,1,2 and Wanda Phipatanakul, M.D., M.S.1,2
ABSTRACT
Background: Ovomucoid is the dominant allergen in hen’s egg. Although several studies evaluated the utility of ovomucoid
specific immunoglobulin E (sIgE) levels in predicting baked (e.g., muffin or cupcake) or raw egg food challenge outcomes,
studies that evaluated ovomucoid sIgE as a predictor of cooked egg (e.g., scrambled or hard boiled) challenge outcomes are
limited.
Objective: To determine the relation of ovomucoid sIgE levels with cooked egg food challenge outcomes.
Methods: A retrospective review of 44 children who underwent cooked egg food challenge and who had the ovomucoid sIgE
level measured.
Results: Thirty-six of 44 children (81.8%) passed cooked egg challenge. The ovomucoid sIgE level predicted cooked egg
challenge outcome (passed median, ⬍0.35 kU/L [range, ⬍0.35– 0.64 kU/L]; failed median, 0.40 kU/L [range, ⬍0.35–3.13
kU/L]; p ⫽ 0.004). Ovomucoid sIgE levels correlated with egg white (EW) sIgE levels (Spearman correlation coefficient, 0.588;
p ⬍ 0.001). Receiver operating characteristic curve analysis of ovomucoid and EW sIgE demonstrated areas under the curve
of 0.711 and 0.766, respectively. No significant difference was observed among those immunologic parameters in their abilities
to predict cooked egg challenge outcome (p ⫽ 0.559).
Conclusion: The ovomucoid sIgE level may be helpful in predicting cooked egg challenge outcomes. However, our study did
not support a role for ovomucoid sIgE replacing EW sIgE testing in evaluating egg allergy.
(Allergy Rhinol 6:e198 –e204, 2015; doi: 10.2500/ar.2015.6.0135)

E

gg allergy is the second most common childhood
food allergy, which affects 1–2% of children.1–3
Although most children will outgrow egg allergy, they
are outgrowing egg allergies later than previously reported.4
Egg white (EW) contains ⬎20 glycoproteins. Ovomucoid, the dominant allergen, is a glycoprotein with
trypsin inhibitor activity, which bears multiple conformational and linear epitopes that can be bound by
immunoglobulin E (IgE).5,6 The importance of ovomu-
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coid as an allergen may be related to its stability
against heat and proteolysis.7
Skin-prick testing (SPT) and blood specific IgE (sIgE)
values are used to evaluate food sensitization and may
predict the likelihood that an allergy has resolved.8 EW
SPT and sIgE values are used to identify patients allergic or tolerant to cooked egg (e.g., scrambled, hard
boiled)9 and baked egg (e.g., cake, muffin).10,11 Component-resolved diagnostics may more accurately diagnose food allergies.12 Whereas current tests measure
sensitization to a group of proteins, component-resolved diagnostics measure sIgE levels to specific egg
proteins, for example, ovomucoid.
Multiple studies evaluated the utility of ovomucoid
sIgE in predicting food challenge outcomes to baked
egg10,13–17 and raw egg.9,18 –20 Few studies evaluated
the importance of ovomucoid sIgE in predicting
cooked egg tolerance.9,18,20,21 We sought to determine
whether ovomucoid sIgE level predicted cooked egg
tolerance.
METHODS
Study Design
A retrospective chart review was performed of patients who underwent cooked egg challenge and who
had ovomucoid sIgE levels performed at Boston Children’s Hospital from April 2010 to September 2011. EW
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SPT and sIgE, total IgE, clinical history, demographics,
and food challenge outcomes were obtained through
medical record review. A total of 1186 subjects had
ovomucoid sIgE evaluation performed, and 54 underwent cooked egg challenges. We focused on subjects
with sIgE level and SPTs performed ⱕ1 year before
challenge. Forty-four subjects had ovomucoid sIgE
level, 43 had EW sIgE level, and 42 had EW SPT
performed in this time frame. Eight subjects were excluded due to negative sIgE values and SPT results,
and no history of allergic reaction to egg. All the
subjects analyzed had a history of allergic reaction to
egg documented in the medical record by an allergist
and/or egg sensitization determined by positive SPT
or elevated sIgE value. The study was approved by
the institutional review board of Boston Children’s
Hospital.
Allergy Evaluation
SPTs were performed according to previously published methods22 by using the Multi-Test device (AlkAbello, Round Rock, TX) and commercially prepared
EW extract (Greer Laboratories, Lenoir, NC). Controls
consisted of histamine (positive control) and normal
saline solution (negative control). Wheal diameters
were measured 15 minutes after SPT placement in a
standard fashion.22 A wheal diameter ⱖ3 mm larger
than the negative control was considered a positive
result.8 Serum was analyzed for EW and ovomucoid
sIgE value by ImmunoCAP fluorescence enzyme immunoassay (Thermo Scientific, Portage, MI). The lowest limit of detection was 0.35 kU/L, and the highest
limit of detection was 100 kU/L.
Oral Challenge
Physician-supervised food challenges were performed
as open challenges at Boston Children’s Hospital. Blood
sIgE was obtained ⱕ1 year before challenge; median, 2.64
months; and interquartile range, 0.61– 4.68 months. SPT
was done ⱕ1 year before challenge; median, 2.66
months; interquartile range, 0.39 – 4.93 months. The
subjects were considered for challenge in the allergy
clinic (AC) if the EW SPT wheal was ⱕ5 mm and EW
sIgE level as ⱕ0.6 kU/L, based on previously suggested guidelines.23 The subjects were considered for
challenge in the high-risk clinic (HRC) if levels were
higher than these cutoffs. The subjects with anaphylaxis to egg within 2 years or unstable asthma were not
recommended for challenges. The decision for ordering and determining challenge location was ultimately
at the discretion of the ordering allergist.
Hard-boiled egg, scrambled egg, or egg powder was
used for challenges. AC challenges were performed in
standard fashion according to previously published
methods,24 –28 which consisted of increments every 15
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minutes of 500 mg (1/12 egg), 1 g (1/6 egg) and 6.5 g
(remainder of the egg plus an additional 1/3 egg),
which totaled 8 g egg protein (1–1/3 egg). HRC challenges were performed in standard fashion according
to previously published methods,22 which consisted of
increments every 15 minutes of 100 mg (1/60 egg), 500
mg (1/12 egg), 1 g (1/6 egg), 2 g (1/3 egg), 4 g (2/3
egg), and 4 g (2/3 egg), which totaled 11.6 g egg
protein (nearly 2 eggs). The subjects were monitored
throughout and for 30 – 60 minutes after completion.
Challenges were discontinued at the first objective sign
of reaction,8 and treatment was initiated at the discretion of the supervising allergist.

Statistical Analysis
Median values were calculated for subject ages at the
time of challenge and ovomucoid sIgE level. Prevalence rates of baseline characteristics were calculated.
Challenge outcome was the criterion standard by
which performance characteristics (sensitivity, specificity, positive predictive value [PPV], and negative predictive value [NPV]) were calculated. PPV refers to a
level above which a given percentage is likely that a
patient will fail challenge. NPV refers to a level below
which a given percentage is likely that a patient will
pass.23 Receiver operator characteristic curve analysis
was used to determine a threshold that would differentiate the subjects who were allergic or were tolerant.
The relationship between sIgE and challenge outcome
was analyzed by using logistic regression. Results from
logistic regression were used to plot fitted predicted
probability curves.
Continuous variables were analyzed by the Wilcoxon rank sum test. Dichotomous variables were analyzed by the Pearson 2 or Fisher’s exact tests, as
appropriate. The strength of association between variables was analyzed by the Spearman correlation coefficient. An algorithm suggested by DeLong et al.29 was
used to compare areas under receiver operator characteristic curves. A p value of ⬍0.05 was considered
statistically significant.

RESULTS
Outcomes of Food Challenges
Thirty-six of 44 children (81.8%) passed and 8 of 44
(18.2%) had failed cooked egg challenges (Table 1).
Age, sex, presence of atopic conditions, and other food
allergies were not associated with challenge outcome.
Consuming baked egg at the time of cooked egg challenge was not associated with outcome. Symptoms at
first reported egg reaction did not differ among those
who passed versus those with failed challenge.
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Table 1 Characteristics of study population

Median (range) age, y
Male sex, % (N)
Symptoms at first reported egg reaction, % (N)
Atopic dermatitis*
Cutaneous#
Gastrointestinal§
Upper airway¶
Lower airway㛳
Cardiovascular**
Anaphylaxis##
Other atopic conditions, % (N)
Asthma
Atopic dermatitis
Allergic rhinoconjunctivitis
Other food allergies
Tolerating baked egg

Overall
(N ⴝ 44)

Pass
(N ⴝ 36)

Fail
(N ⴝ 8)

6.07 (3.17–16.48)
75.0 (33)

5.71 (3.17–11.58)
75.0 (27)

7.25 (3.27–16.48)
75.0 (6)

34.1 (15)
52.3 (23)
4.5 (2)
2.3 (1)
4.5 (2)
0.0 (0)
4.5 (2)

33.3 (12)
52.8 (19)
5.6 (2)
0.0 (0)
5.6 (2)
0.0 (0)
5.6 (2)

37.5 (3)
50.0 (4)
0.0 (0)
12.5 (1)
0.0 (0)
0.0 (0)
0.0 (0)

36.4 (16)
68.2 (30)
50.0 (22)
84.1 (37)
56.8 (25)

41.7 (15)
69.4 (25)
52.8 (19)
86.1 (31)
58.3 (21)

12.5 (1)
62.5 (5)
37.5 (3)
75.0 (6)
50.0 (4)

*In relation to egg ingestion or allergy evaluated and exclusion recommended in the setting of atopic dermatitis.
#Hives, angioedema, rash, or pruritus.
§Abdominal pain, vomiting, or diarrhea.
¶Rhinoconjunctivitis, oral pruritus, tongue swelling, or stridor.
㛳Wheezing or coughing.
**Hypotension or lethargy.
##Defined by clinical criteria from the Second Symposium on Anaphylaxis (from Ref. 30).
Failed Cooked Egg Challenges
The subjects with failed challenge are described in
Table 2. The four subjects with failed challenge and
with negative ovomucoid sIgE value manifested minor
symptoms that resolved with diphenhydramine or that
self-resolved. Subject nos. 6 and 7 had anaphylaxis30
and had two of the highest ovomucoid sIgE levels. No
subject with failed challenge had negative testing results to all parameters analyzed (ovomucoid sIgE
value, EW sIgE value, and EW SPT). All failed challenges occurred in the HRC.
Predictive Value of Ovomucoid sIgE Level
Ovomucoid and EW sIgE levels were correlated
(Spearman correlation coefficient ⫽ 0.588; p ⬍ 0.001).
The ovomucoid sIgE level was lower in the subjects
who passed compared with those with failed challenge
(median, passed ⫽ ⬍0.35 kU/L and failed ⫽ 0.40
kU/L; z ⫽ 1.27; p ⫽ 0.004) (Fig. 1A). The EW sIgE level
was lower in the subjects who passed, compared with
those with failed challenge (median, passed ⫽ ⬍0.35
kU/L and failed ⫽ 0.61 kU/L; z ⫽ 2.09; p ⫽ 0.014) (Fig.
1B). Probability curves for passing based on sIgE levels
were generated (Fig. 1C, D). The total IgE value did not
differ between the subjects who passed versus those
with failed challenge. When the subjects without a
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history of IgE-mediated symptoms to egg were excluded from analysis, ovomucoid sIgE level was still
lower in the subjects who passed compared with those
with failed challenge (p ⫽ 0.027).
We could not identify a ⬎90% predictive value for
passing challenges (⬎90% NPV) for the ovomucoid
sIgE level. The highest NPV established was 89.2% for
ovomucoid sIgE level of 0.45 kU/L (Table 3). No subject with an ovomucoid sIgE level of ⬎0.64 kU/L
passed. A ⬎95% specificity, proposed by some as a
decision point above which challenge should not be
considered,14 was established for an ovomucoid sIgE
level of 0.64 kU/L. The highest NPV values and ⬎95%
specificities for EW sIgE and SPT are included in Table
3 for comparison. Receiver operator characteristic
curve analysis for ovomucoid and EW sIgE levels revealed areas under the curve (AUC) of 0.711 and 0.766,
respectively. There was no significant difference between the AUCs (p ⫽ 0.559).
DISCUSSION
We found that measurement of ovomucoid sIgE
level may predict cooked egg challenge outcomes but
that it was not superior to EW sIgE level. This study
was one of the few that evaluated the utility of ovomucoid sIgE value in predicting cooked egg challenge
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Table 2 Failed cooked egg challenges
Subject
No.

EW
SPT
Wheal
(mm)

Serum sIgE (kU/L)
EW

Ovomucoid

Age
(y)

Tolerating
Baked
Egg

Previous
Reaction

Eliciting
Dose (g)

⫹ testing in the
setting of
atopic
dermatitis
Oropharyngeal
pruritus
Urticaria

11.6

⫹ testing in the
setting of
atopic
dermatitis
Urticaria and
angioedema
Angioedema

1

7

⬍0.35

⬍0.35

5.50

No

2

0

0.38

⬍0.35

16.48

No

3

0

0.47

⬍0.35

14.13

No

4

7

1.78

⬍0.35

3.27

Yes

5

0

0.50

0.45

3.28

Yes

6

0

0.71

0.56

8.11

Yes

7

11

2.09

1.59

8.02

No

⫹ testing in the
setting of
atopic
dermatitis

7.6

8

2

6.41

3.13

6.47

Yes

Urticaria and
angioedema

0.6

outcomes. Although the subjects with lower ovomucoid sIgE levels were more likely to pass, 50% of those
with failed challenge had undetectable ovomucoid
sIgE values. No subject with both negative EW SPT
and sIgE values failed. Although EW SPT results did
not predict challenge outcome in our study, the correlation between the EW SPT result and challenge outcome is variable in the literature, and this may have
also been influenced by sample size.31
Other groups analyzed the utility of the ovomucoid
sIgE level in predicting cooked egg challenge outcomes. Dieguez et al.9 challenged 157 Spanish children
ages 1–16 years with a history of egg allergy by using
a protocol that culminated in eating a 2-minute cooked
egg. The median ovomucoid sIgE was 0.71 kU/L in the
subjects with persistent egg allergy compared with
⬍0.35 kU/L in the subjects who were tolerant (p ⬍
0.0001). AUCs for EW and ovomucoid were not significantly different, consistent with our results. They determined that ovomucoid an sIgE level of 1 kU/L
corresponded to ⬎90% PPV of failing cooked egg challenge, similar to our ⬎90% PPV at 1.59 kU/L. VazquezOrtiz et al.18 challenged 85 Spanish children ages 5–18
years with a history of egg allergy by using a protocol
of EW boiled at 90°C for 10 minutes. Consistent with
our findings, the ovomucoid sIgE level correlated with
challenge outcome, and AUCs for EW and ovomucoid
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Reason for
Failure

Treatment

Urticaria

None

None

2.6

Oropharyngeal
pruritus
Nasal congestion,
rhinorrhea,
sneezing,
ocular pruritus
Urticaria

0.1

Urticaria

Diphenhydramine

3.6

Nausea, dry
heaving,
pharyngeal
pruritus
Abdominal pain,
nausea, nasal
congestion,
ocular pruritus,
conjunctival
injection,
urticaria
Urticaria

None

0.1
1.6

Diphenhydramine

Diphenhydramine

Epinephrine,
intravenous fluids,
diphenhydramine,
methylprednisolone,
cetirizine, ranitidine
Diphenhydramine

sIgE were not significantly different. The investigators
proposed a negative decision point, defined as the
cutoff level with 95% sensitivity, for ovomucoid sIgE
level of 0.23 kU/L (PPV, 67.6%; NPV, 83.3%) and a
positive decision point, defined as the cutoff level with
95% specificity, for an ovomucoid sIgE level of 3.74
kU/L (PPV, 92.2%; NPV, 65.2%). Their negative decision point is similar to our 89.2% NPV of an ovomucoid sIgE level of 0.45 kU/L. Their positive decision
point is higher than the highest ovomucoid sIgE level
in our study, which likely reflects differences in study
populations.
Boyano Martinez et al.20 studied Spanish children
ages 11–24 months with a history of egg allergy and
administered challenges to boiled EW to 56 subjects,
followed by raw EW. The ovomucoid sIgE level was
higher in subjects with failed boiled EW and/or raw
challenges, compared with those who passed (1.68
kU/L and ⬍0.35 kU/L, respectively, p ⬍ 0.002). The
ovomucoid sIgE level was higher in the subjects with
failed boiled EW challenges compared with those who
passed boiled EW challenges but failed raw EW challenges (1.83 kU/L and 0.18 kU/L, respectively, p ⬍
0.05). This study did not compare the utility of the
ovomucoid sIgE level versus other tests in predicting
challenge outcomes. Haneda et al.21 studied 100 Japanese children ages 12–23 months without previous egg
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Figure 1. Egg challenge outcome based on sIgE level. (A, B) Ovomucoid (n ⫽ 44) and EW (n ⫽ 43) sIgE levels grouped by challenge
outcomes; data points represent individual subjects; medians are indicated by horizontal lines. (C, D) Estimated probability curves for failed
challenges at a given ovomucoid (n ⫽ 44) and EW (n ⫽ 43) sIgE level derived from logistic regression; data points represent individual
subjects; shaded regions indicate 95% confidence limits (these regions can sometimes be outside the parameter space, i.e., ⬎1 or ⬍0).

Table 3 Performance characteristics of immunologic parameters at various cutoff values

Ovomucoid sIgE, kU/L
EW sIgE, kU/L
EW SPT wheal, mm

Cutoff

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

0.45
0.64
0.47
1.09
7
9

50.0
25.0
75.0
37.5
37.5
12.5

91.7
97.2
65.7
97.1
97.1
97.1

57.1
66.7
33.3
75.0
75.0
50.0

89.2
85.4
92.0
87.2
86.8
82.5

exposure and challenged to boiled EW. The median
ovomucoid sIgE level was 8.12 kU/L in the subjects
with failed challenge compared with 1.00 kU/L in the
subjects who passed (p ⬍ 0.01). The investigators proposed that the ovomucoid sIgE level had a better predictive value than the EW sIgE level; direct comparison
of the performance characteristics was not performed.
Their results cannot be directly compared with our
results because their population consisted of children
who had not previously ingested egg. In addition,
these two studies20,21 consisted of much younger patient populations, and predictive values of sIgE level
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and SPT result for egg allergy are dependent on patient
age, especially in children ⬍2 years of age.32
Our study was novel and important because it was
the first, to our knowledge, that described the utility of
ovomucoid sIgE in predicting cooked egg challenge
outcomes in a North American population. Previous
studies were conducted in Spanish and Japanese populations. Major egg allergens vary by geographic region: ovomucoid is the predominant egg allergen in
North America and Japan, but ovalbumin is the major
allergen in Spain.33 Because results from different regions may not be generalizable to other populations,
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our study provided novel findings that informed the
predictive value of ovomucoid sIgE in North American
children.
We investigated cooked egg in forms and amounts
typically ingested in the Western diet. A limitation of
our study is the use of different protocols for the AC
and HRC challenges. The AC challenges were deemed
low risk based on SPT and sIgE, and were allocated
less time with the three doses given. We gave a typical
serving size portion (8 g) for a child. In the HRC, the
patients had potentially greater risk of reaction based
on SPT and sIgE, and, therefore, received more doses
and a higher total dose. Despite this limitation, no child
who passed a cooked egg challenge in the AC or HRC
developed allergic symptoms with subsequent egg ingestion at home. The fact that some subjects were
consuming baked egg may have altered their SPT and
sIgE levels.34 Due to the retrospective nature of our
study, we did not have information available about the
length of time that the subjects were consuming baked
egg, but this would be an important question to address in future studies. The different egg preparations
(e.g., hard-boiled, scrambled, egg powder) used in
challenges may have had different specific protein contents and conformations that could have affected challenge outcomes. Escudero et al.35 showed that the protein composition, allergenicity, and egg food challenge
outcomes by using raw versus dehydrated EW were
equivalent. It may have been beneficial to perform food
challenges to raw egg, but this was beyond the scope of
our study. However, at follow-up visits, none of the
subjects reported difficulty incorporating other forms
of egg into their diets.
Another limitation of our study was the small patient
population, viz. having only eight challenge failures.
The performance characteristics of ovomucoid sIgE
values at various cutoffs (Table 3) are based on this
small number of failures. The predictability of outcomes for ovomucoid sIgE values may be enhanced by
a larger sample size, and future larger studies are
needed to confirm these findings. Although we were
able to calculate NPV and PPV for ovomucoid sIgE
values, the NPV and PPV depend on prevalence. Other
clinical settings may yield different prevalence proportions due to differences in screening or selection of
patients. The decision for food challenges was based on
EW sIgE and SPT levels, which may have biased ovomucoid sIgE levels. Our study and others showed that
ovomucoid sIgE level correlates with the EW sIgE
level, so the ovomucoid decision points in our study
are likely still valid.10,21 Future studies that investigate
the predictive value of ovomucoid sIgE independent of
EW sIgE value and SPT results could be done to verify
our findings. Another limitation of our study was the
retrospective design. Nevertheless, our study added
the novel role of ovomucoid sIgE to other routinely
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obtained diagnostic markers to further understand
predictors of food challenge outcomes, in a practical
clinical setting, and may inform future, larger prospective studies.
Our study was important because it was one of the
few that analyzed the utility of the ovomucoid sIgE
value as a predictor of cooked egg challenge outcomes.
Of the eight subjects with failed challenge, five had a
negative SPT results to EW but elevated sIgE levels to
ovomucoid and/or EW. One subject with failed challenge had a negative sIgE value to both ovomucoid
and EW but a positive EW SPT result. Obtaining both
SPT results and sIgE levels may be useful before performing cooked egg challenges to help determine
which subjects are good candidates for challenge.
We defined novel decision points based on the ovomucoid sIgE value that may be useful in predicting
outcomes of cooked egg challenges. Compared with
the EW sIgE level, the ovomucoid sIgE level was a
useful but not a superior predictor of cooked egg challenge outcome. Although there is a recent focus on
using component-resolved diagnostics to possibly
more accurately diagnose food allergies,12 our study
did not support a role for ovomucoid sIgE testing to
replace traditional EW sIgE testing in evaluating egg
allergy.
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