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Background: It is thought that the natural evolution of food
allergy has a good tolerance prognosis. However, there are few
follow-up studies that determine the exact probability of toler-
ance to a given food or that analyze prognostic factors that can
help us to understand the evolution of a child who begins life
with a food allergy.
Objective: We sought to determine the likelihood that children
younger than 2 years of age with allergy to egg would eventu-
ally have tolerance to it and to analyze several prognostic pre-
dictors using egg white–specific IgE level as the main variable.
Methods: We performed a prospective study of 58 children
younger than 2 years of age with egg allergy, who were studied
periodically until tolerance developed or until the end of the
study. During the follow-up period, open challenge tests were
carried out according to previously established criteria to veri-
fy tolerance to egg. Factors such as egg white–specific IgE
level, serum total IgE level, symptoms after egg ingestion, size
of skin prick test reactions to egg white, atopic dermatitis, and
sex were analyzed as prognostic markers. Kaplan-Meier sur-
vival curves were used to calculate cumulative tolerance prob-
ability. Predictor influence and relative prognostic importance
were estimated with the Cox proportional regression model.
Results: The median time from the appearance of the first
symptoms to tolerance was 35 months. Cumulative tolerance
probability was 16% at 12 months of follow-up, 28% at 24
months, 52% at 36 months, 57% at 48 months, and 66% at 60
months. The relative weight of prognostic factors, expressed as
the hazard ratio, was 50.95 for symptoms and 3.74 for the size
of skin prick test reactions, with both being independent
effects. The hazard ratio was 1.173 for every 0.1-unit decrease
in the concentration log (decimal logarithm) of specific IgE
level, with this effect being associated with tolerance only in
children with cutaneous symptoms.
Conclusions: Half of the children younger than 2 years of age
with egg allergy will tolerate the food at 35 months of follow-
up, and the proportion could be 66% after 5 years. At that
age, the main predictors were the symptoms experienced after
egg ingestion, followed by the size of skin prick test reactions.
In addition, the specific IgE antibody level is an important
prognostic marker in children who only had cutaneous symp-
toms. (J Allergy Clin Immunol 2002;110:304-9.)
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Food allergy is most frequently seen in children, and it
is thought that they outgrow this allergy with age. The
hen’s egg is one of the foods that most commonly caus-
es this problem worldwide, with its prevalence having
been calculated at 1.6% in children aged 2.5 years,1 and
it is estimated that this reaction exists in more than 35%
of children with atopic dermatitis.2

Several authors have analyzed the follow-up of chil-
dren with egg allergy,3-9 although it is difficult to com-
pare their results. Even though the studies are prospective
and the diagnosis is based on challenge tests with the
food, there are 2 factors that differ greatly in each follow-
up study and that greatly influence the proportion of chil-
dren who achieve tolerance: the length of follow-up and
the age of the children when the follow-up is initiated.

The prognostic factors that condition the evolution to
tolerance of children allergic to food are little known. In
general, different authors have considered that there is a
relationship between the kind of food and symptom
severity after ingestion and the likelihood of outgrowing
the problem.3-6 Other factors, such as sIgE (specific IgE)
antibody level4,7,8 and age at diagnosis,6 have also been
associated with prognosis of food allergy, although these
findings have not been found in all studies.5,10

Our study was designed to examine the evolution of a
group of children allergic to hen’s egg who were given
that diagnosis before 24 months of age, and the study had
2 principal objectives: (1) to understand the likelihood of
tolerance at different moments of evolution and (2) to
analyze the relationship between tolerance and several
factors present at the initial evaluation by using the sIgE
antibody level to egg white as the principal variable.

METHODS

Study population

This is a prospective follow-up study of 58 children, 36 boys
and 22 girls with a mean age of 16 months (range, 11-24 months),
who were given a diagnosis of egg allergy in our outpatient allergy
unit according to previously established criteria.11 Briefly, children
evaluated in our allergy clinic for immediate hypersensitivity reac-
tions after the ingestion of an egg were included in the study. Inclu-
sion was performed consecutively. At the time of the first visit, skin
prick tests and total and sIgE determination were performed, and
the diagnosis was confirmed by means of food challenge tests.
However, those children with a history of severe anaphylaxis and
those in whom it was considered that the probability of clinical
reactivity at this time was very high11 because they fulfilled a
series of previously established requirements were excluded from
the challenge test.
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After diagnosis, the children’s parents were advised to exclude
egg from the children’s diets, and periodic revisions were carried
out every 6 months until the age of 3 years and afterward annually
until tolerance was achieved. We asked the patients or their parents
about possible reactions as a result of accidental ingestion of egg,
and we performed new skin prick tests and measurements of serum
total IgE and sIgE antibodies at each visit. Challenge tests with the
food were done during the follow-up period to verify whether the
allergy persisted or, on the contrary, whether tolerance had been
achieved, taking the following criteria into account.

First, for children in whom a diagnostic challenge test had been
performed at the time of the first visit, if the only symptoms
observed with the challenge test were local urticaria, a new chal-
lenge test was performed 1 year later. If the symptoms were gener-
alized urticaria, angioedema, or symptoms affecting the digestive or
lower respiratory airways, the new test was performed 2 years later,
and if the child had experienced an anaphylactic reaction (2 or more
organs affected), the test was carried out at 3 years.

Second, for children in whom no diagnostic challenge test had
been performed at the time of the first visit, the same time periods
were established by using the last reaction reported in the history
taken at the first visit as a reference.

During follow-up, the same criteria were taken into account to
perform the challenge tests: in other words, the use of symptoms
and the time period from the last challenge test or, when this had not
been performed, the last allergic reaction experienced and clearly
related to egg ingestion.

Two exceptions were established. The challenge test was not per-
formed if the child reported some allergic reaction clearly related to
egg ingestion within the 3 months before the date of the follow-up
visit, and the challenge test was always performed when the skin
prick test responses were negative, although this indication was not
in agreement with previous criteria.

Laboratory studies

CAP System FEIA. Serum samples from all patients were ana-
lyzed for total and antigen-sIgE antibodies to egg white, yolk, oval-
bumin, and ovomucoid. The Pharmacia CAP system FEIA method
was used, according to the manufacturer’s instructions.

Skin prick tests. Skin prick tests were performed in all children
with glycerinated food extracts of raw egg white (10 mg/mL) pre-
pared in our laboratory, ovalbumin (10 mg/mL) and ovomucoid (10
mg/mL) from Sigma, and commercial extract of yolk (1:20 wt/vol)
from Dome Laboratories. Saline solution and histamine hydrochlo-
ride at 1% were applied by means of the prick technique as negative
and positive controls. Food allergens eliciting a mean wheal diame-
ter of 3 mm or greater than that produced by the negative control
were considered positive.

Challenge tests. Open controlled challenge tests with egg white
were performed in the allergy unit under the supervision of an aller-
gologist and with prior authorization of the parents. The challenge
was performed with cooked (10 minutes of boiling) and raw egg
whites. Cooked egg white amounts corresponding to one eighth and
one fourth of the egg, separated by an interval of 90 minutes, were
offered on the first day. On the second day, half an egg white was
administered. Afterward, the test was continued with raw egg white
in similar amounts on 3 different days. The challenge test was
begun directly with raw egg white when a child had tolerated the
cooked egg white in another previously performed challenge test.
Those patients who tolerated the amount of raw egg white corre-
sponding to one half of a hen’s egg were labeled as tolerant. On the
contrary, those children who presented topical symptoms of imme-
diate hypersensitivity, observable by those performing medical
supervision, in a period of less than 2 hours after intake were con-
sidered to be allergic to the food.

Several prognostic factors were analyzed. All of them were col-
lected at the initial evaluation (ie, at the time of the diagnosis). We
assessed egg white sIgE antibodies as the principal variable and other
factors, such as symptoms, serum total IgE levels, size of skin prick
test reactions, atopic dermatitis, and sex, as covariables. The symp-
toms observed after eating egg were classified as the dichotomous
variable: on the one hand, only the cutaneous symptoms and, on the
other hand, the rest, including associated symptoms or only respira-
tory or digestive symptoms. At the time of the first visit, diagnostic
challenge tests were carried out on 35 children, and the symptoms
experienced after challenge tests were assessed. For the remaining 23
children, we took the symptoms reported in the history into account.
Twenty-seven (47%) patients only experienced cutaneous symptoms,
and 31 (53%) experienced other types of symptoms.

Statistical analysis

The median and interquartile ranges were used as summary mea-
sures because of the asymmetric distribution of egg white sIgE anti-
bodies and total IgE levels. The concentration of egg white sIgE
antibodies was stratified according to sex, atopic dermatitis, size of
skin prick test reactions, serum total IgE levels, and symptoms after
challenge tests. For 2-group comparisons, we used the nonparamet-
ric Mann-Whitney test. Allergic disease survival was defined as that
beginning on the date of the first allergic reaction after egg inges-
tion to the date of tolerance or last follow-up. The Kaplan-Meier
method was used to determine the relationship between the cumu-
lative probability of egg tolerance and the predictors analyzed (egg
white sIgE antibody level, sex, atopic dermatitis, size of skin prick
test reactions, symptoms after challenge tests, and serum total IgE
levels). Statistically significant differences were verified by means
of the Mantel log-rank test. The relative importance of multiple
prognostic factors on allergic disease survival was estimated with
the aid of the Cox proportional regression model. Interaction effects
between egg white sIgE antibody levels and other variables were
assessed. For the final model, the assumption of proportional haz-
ards was confirmed both graphically and by introducing the inter-
action of egg white sIgE antibody level with the log of time as a
time-dependent covariable.12 The statistical calculations were car-
ried out with the SPSS 9.0 statistical program.

RESULTS

The follow-up time ranged from 7 to 86 months, with
a median of 32 months. The median serum total IgE level
was 43.5 KUA/L (range, 3-597 KUA/L). The median skin
prick test reaction size with egg white, as assessed on the
basis of mean wheal diameter, was 6 mm (range, 2.5-16.5
mm). Twenty-nine (50%) children had atopic dermatitis.

A total of 94 challenge tests, 35 at the onset of the
study to establish the diagnosis and the remaining 59
during follow-up, were performed. The result was posi-
tive in 60 (35 at diagnosis and 25 follow-up) and negative
in 34 (corresponding to the 34 children who reached tol-
erance). The symptoms found were exclusively cuta-
neous in 27 (73%) of the 37 challenge tests performed in
the tolerant subjects, and in 7 (30%) of the 23 tests per-
formed in the nontolerant subjects. During the follow-up
period, allergic reactions caused by involuntary trans-
gressions, especially among the nontolerant subjects,
were frequent. In these children 47 reactions were count-
ed in clear relationship with egg (35 oral transgressions,
10 contact transgressions, and 2 inhalation transgres-
sions), and there were another 7 probable reactions.
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Among the tolerant subjects, there were 14 certain (9
caused by intake and 5 by contact) and 2 probable reac-
tions. A total of 25 (71%) of the 35 oral transgressions
reported by the nontolerant subjects and 8 (89%) of the 9
transgressions reported by the tolerant subjects were
exclusively cutaneous reactions.

Global tolerance to egg

During the follow-up period, 34 (59%) children
achieved tolerance to egg. Median survival time, defined
as the time that cumulative survival probability includes
50% of the population, was 35 months. Twelve-month
cumulative allergic disease survival probability was 84%,
followed by 72% at 24 months, 48% at 36 months, 43%
at 48 months, and 34% at 60 months (Fig 1).

Description of egg white sIgE antibodies

Egg white sIgE antibody level in serum ranged from
class 0 (<0.35 KUA/L) to 46.7 KUA/L, with a median
value of 1.98 KUA/L (25th and 75th percentiles were 0.65
and 5.27 KUA/L, respectively). The frequency distribu-
tion was not skewed, and this variable was introduced into
the analysis as log (decimal logarithm of CAP).

Egg white sIgE antibody level and distribution of
results by the patients’ characteristics are shown in Table
I. Concentrations of sIgE antibodies did not differ signif-
icantly among subgroups defined by sex and presence of
atopic dermatitis. Cutaneous symptoms, smaller size of
skin prick test reactions, and lower levels of serum total
IgE indicated lower concentrations of egg white sIgE
antibodies than other symptoms, larger size of skin prick
test reactions, and higher levels of total IgE, respectively,
and these differences reached statistical significance.

Analysis of predictive value

Univariate analysis showed that cumulative allergic
disease survival was related to symptoms, wheal size,

FIG 1. Cumulative egg allergy survival probability.

TABLE I. Egg white–specific IgE antibodies level in
serum categorized by patients’ characteristics

25th-75th

N Median Percentile P value

Total 58 1.98 0.65-5.27
Sex .320

Male 36 2.68 0.60-7.22
Female 22 1.52 0.68-3.71

Atopic dermatitis .602
With 29 1.82 0.45-6.40
Without 29 2.15 0.94-4.80

Symptoms .019
Cutaneous only 27 1.52 0.45-2.75
Others 31 2.90 1.21-11.5

Wheal size .007
<6 mm 27 1.46 0.45-2.85
≥6 mm 31 2.90 1.23-11.5

Total IgE (KUA/L) .000
<43.5 29 1.02 0.45-2.45
≥43.5 29 4.91 1.77-14.5
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and egg white sIgE antibodies (Table II). Atopic dermati-
tis approached a statistical level of significance. The
analysis of allergic disease survival by egg white IgE
antibodies was influenced by categorizing patients
according to their antibody concentration. The 50th per-
centile of the frequency distribution (1.98 KUA/L) was
used as a cut-off value. The tolerance rate increased in
indirect proportion to egg white IgE antibody concentra-
tion: 76% (22/29) for egg white sIgE antibody level of
less than 1.98 KUA/L and 41% (12/29) for sIgE levels of
greater than 1.98 KUA/L. The median time from the first
reaction after eating egg to tolerance was 27 months in
children in the low-level group and 59 months among
those in the high-level group. Forty-eight month cumula-
tive allergic disease survival probability was 23% in the
low-level group and 65% in the high-level group (P =
.0012, Fig 2).

Stratification for other variables did not change the
predictor value of egg white sIgE antibodies. For many
categories, the best results were recorded for children
with the lowest sIgE levels. For others, such as female
sex, other symptoms, or skin prick test reaction size of
less than 6 mm, small numbers might have prevented the
study from having sufficient statistical power to attain
significance at a 95% CI level, or an interaction effect
could be present.

The multivariate model results are shown in Table III.
In the final model the egg white sIgE level was consid-
ered a continuous variable, thereby avoiding the use of
arbitrary cut-off points. An interaction effect was
observed between the variable symptoms and egg white
sIgE level. The likelihood of tolerance increased by 1173
for every 0.1-unit decrease in the concentration log of
sIgE level in children with cutaneous symptoms; no
effect of sIgE level could be demonstrated in children
with other symptoms. The likelihood of tolerance
increased strongly in children with cutaneous symptoms

versus children with other symptoms (hazard ratio of
50.95); in addition, the likelihood increased by 3.74 in
those with small size of skin prick test reactions versus
those with larger reactions. Both variables revealed
themselves to be independent predictive factors. These
effects were controlled by sex, atopic dermatitis, and
serum total IgE level.

Graphic analysis did not show any violation of the
proportional hazards assumption, and the interaction
between exposure and time was not significant. The lat-
ter results imply that the egg white sIgE antibody con-
centration did not lose its predictor value with time for
the follow-up period analyzed.

DISCUSSION

The prognosis of food allergy is considered good
because it is thought that most children will outgrow the
problem as they become older. However, there are few
long-term follow-up studies that show tolerance data at
different moments of evolution or that analyze prognos-
tic factors (ie, factors that help us to predict the future of
a child allergic to a given food).

Tolerance probability and time to achieve it

In the case of egg allergy, there are several studies that
analyze the evolution of allergic children regarding dif-
ferent foods,5,6,9 and because egg is one of the most fre-
quently responsible foods for this problem, results on its
prognosis can be found. In addition, there are some other
articles that study the follow-up of allergy to this food
individually3 or preferentially.4

In 1982, Ford and Taylor3 analyzed the evolution of
25 children with a median age of 17 months with egg
allergy. After a period of 2 to 2.5 years, they observed
that 11 (44%) children tolerated the food. Other studies
found that between 31% and 51% of children allergic to

TABLE II. Predictors of egg tolerance according to the univariate analysis

Survival (mo)

Variable No. of patients No. of events 12 24 36 48 Hazard ratio 95% CI P value

Sex
Male 36 21 83 62 48 45 1.38 0.69-2.78 .3598
Female 22 13 86 86 49 42 1

Atopic dermatitis
No 29 21 72 58 36 32 1.86 0.93-3.72 .0734
Yes 29 13 97 86 61 55

Symptoms
Cutaneous 27 21 74 50 29 24 3.27 1.62-6.60 .0004
Others 31 13 94 90 63 59 1

Wheal size
<6 mm 27 20 78 54 28 21 2.73 1.36-5.51 .0032
≥6 mm 31 14 90 87 65 61 1

Total IgE (KUA/L)
<43.5 29 18 79 61 42 35 1.34 0.68-2.64 .3865
≥43.5 29 16 90 83 55 50 1

Egg white IgE
<1.98 29 22 79 58 23 23 3.10 1.50-6.39 .0012
>1.98 29 12 90 86 74 65 1



308 Boyano-Martínez et al J ALLERGY CLIN IMMUNOL

AUGUST 2002

Food and drug
reactions and
anaphylax

is
egg overcame the problem.4-6,9 However, it is difficult
to compare the results of the previous studies because
some of their conditions are quite different. On the one
hand, the age when the follow-up of the children was
initiated varies greatly in terms of both between-study
and within-study age, and the age range is great if we
consider that egg allergy generally begins around 12
months of age and that most children outgrow the prob-
lem in the first years. Thus the likelihood of tolerance
can vary with the age at which the follow-up is initiat-
ed. On the other hand, the length of follow-up time
varies greatly, between 1 and 15 years. This fact makes
it impossible to compare the results if no statistical

analysis technique that takes these differences into
account is used.

In this study 58 children allergic to egg were followed
up during a time period of between 7 and 86 months, ini-
tiating the follow-up at a moment close to when the
symptoms began (all the children were <2 years of age).
Thirty-four (59%) achieved tolerance to egg. According
to the results of the Kaplan-Meier curves, cumulative tol-
erance probability was 50% at 35 months of follow-up.
This means that half of the children allergic to egg will
tolerate the food when they are 4 to 4.5 years old. The
best period of tolerance was the third year of follow-up
because the tolerance probability during this time
accounted for 24%, a proportion that nearly correspond-
ed to 28% in the first 2 years. The decrease in the survival
curve was slower after the third year, there being a lower
likelihood of tolerance.

Analysis of prognostic factors

The prognostic factors for the development of toler-
ance in food allergy are poorly understood. Some authors
have reported that cow’s milk and egg allergy are more
easily outgrown than allergy to fish or peanut4-6,10 and
that symptoms experienced after ingestion of the food3,5

are associated with evolution; as these become more
serious, the likelihood of tolerance decreases. Recently,
Chatchatee et al13 have found sIgE to linear epitopes of
casein in children older than 9 years of age with persis-
tent allergy to cow’s milk proteins that was not present in

FIG 2. Sixty-month cumulative egg allergy survival probability on the basis of egg white sIgE level. Solid
line, Less than 1.98 KUA/L; dashed line, greater than 1.98 KUA/L.

TABLE III. Predictors of allergic disease survival in egg
allergy according to the multivariate analysis

Hazard

Variable ratio 95% CI P value

Symptoms
Others symptoms 50.95 6.94-374 <.001
Cutaneous 1

Egg white skin prick test reaction size
<6 mm 3.74 1.60-8.74 .002
≥6 mm 1

Egg white–specific IgE level 1.17 1.05-1.30 .002
(only for cutaneous symptoms)
for every 0.1 U log (CAP)*

*Log (CAP), Logarithm of specific IgE concentration.
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any children less than 3 years of age. Other factors, such
as the level of sIgE antibodies to food, seem to be relat-
ed to prognosis in some studies4,7,8 but not in others.10

Finally, no association has been found between the size
of the cutaneous skin prick test reaction or serum total
IgE level and tolerance of the food.3,5,10

Those studies that have analyzed the prognostic fac-
tors have generally been carried out, as has already been
mentioned, in children who are allergic to different
foods, and the age at which the follow-up was initiated
varies greatly among them. The factors used to analyze
prognosis, such as the size of the cutaneous test reactions
or the level of sIgE antibodies, are those that children
show when the follow-up is initiated and correspond to
different moments in the disease evolution. On the other
hand, the analysis has not considered the follow-up time
periods of children who continue with their allergy.
These facts make it difficult to compare the findings.

In our study we have used Cox regression to analyze
the prognostic factors. This is a statistical multivariate
survival method that permits us to calculate the weight of
each variable introduced in the analysis. According to the
results of the analysis, children who had only experi-
enced cutaneous symptoms had the best prognosis; in
addition, those with smaller skin prick test reactions had
better prognosis. The sIgE antibody level, which was
analyzed as the principal variable, was associated with
prognosis only in children who had cutaneous symptoms
but not in children with other symptoms. We could not
demonstrate any association between sex, atopic der-
matitis, or serum total IgE level and tolerance.

Thus according to the results obtained in the multivari-
ate analysis, symptoms and size of the skin prick test reac-
tion are the most important predictive variables for chil-
dren with sIgE antibody levels of less than 0.35 KUA/L. In
children with cutaneous symptoms, as the sIgE antibody
concentration increases, the likelihood of tolerance attrib-
uted to this marker decreases. In children with sIgE levels
of greater than 2 KUA/L, the negative influence of the anti-
bodies becomes as important as the influence of the size of
the skin prick test reaction, and levels of greater than 3.5
KUA/L reduce tolerance probability 5-fold.

One fact to keep in mind when interpreting our results
is the possible overestimation of the importance of symp-
toms evoked by egg ingestion in predicting the time until
tolerance develops. In other words, children with milder
cutaneous symptoms were challenged earlier and poten-
tially more frequently than children with respiratory
symptoms. However, there are data that lead us to believe
that this bias might not be so important. First, the fre-

quent corroboration with clinical reactivity is maintained
among the nontolerant subjects by the large number of
reactions caused by accidental or voluntary transgres-
sions with egg and by the challenge tests performed. Sec-
ond, the lower frequency of exclusively cutaneous reac-
tions experienced by the nontolerant subject supports the
effect discussed. Third, because this variable conditions
the periodicity of the challenge tests only initially, the
following periods could vary depending on the symp-
toms presented in the final challenge test performed, so
that the children who initially waited 2 or 3 years might
only need to wait 1 year for the new challenge test.

In summary, our work shows that half of children less
than 2 years of age with egg allergy will tolerate the food
at 35 months of follow-up, and this proportion could be
66% after 5 years. In the children younger than 2 years
of age, the main predictor was the symptoms experienced
after egg ingestion, followed by the size of skin prick test
reactions. In addition, the sIgE antibody level was an
important prognostic marker in those children who only
experienced cutaneous symptoms.
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