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Background: The majority of children with cow’s milk and

hen’s egg allergy develop clinical tolerance with time. However,

there are no good indices to predict when and in whom this

occurs.

Objective: The aim of this study was to determine if monitoring

food specific IgE levels over time could be used as a predictor

for determining when patients develop clinical tolerance.

Methods: Eighty-eight patients with hen’s egg and 49 patients

with cow’s milk allergy who underwent repeated double-blind,

placebo-controlled food challenges were included in the study.

Using the Pharmacia CAP-System FEIA, specific IgE (sIgE)

levels to cow’s milk and hen’s egg were retrospectively

determined from stored serum samples obtained at the time of

the food challenges. Logistic regression was used to evaluate the

relationship between tolerance development and the decrease in

sIgE levels over a specific time period between the two

challenges.

Results: Twenty-eight of the 66 egg-allergic and 16 of the 33

milk-allergic patients lost their allergy over time. For egg, the

decrease in sIgE levels (P = .0014) was significantly related to

the probability of developing clinical tolerance, with the

duration between challenges having an influence (P = .06). For

milk there also was a significant relationship between the

decrease in sIgE levels (P = .0175) and the probability of

developing tolerance to milk but no significant contribution

with regard to time. Stratification into 2 age groups, those

below 4 years of age and those above 4 years of age at time of

first challenge, had an effect, with the younger age group being

more likely to develop clinical tolerance in relation to the rate
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of decrease in sIgE. The median food sIgE level at diagnosis was

significantly less for the group developing ‘‘tolerance’’ to egg

(P < .001), and a similar trend was seen for milk allergy

(P = .06). Using these results, we developed a model for

predicting the likelihood of developing tolerance in milk and

egg allergy based on the decrease in food sIgE over time.

Conclusion: We found that the rate of decrease in food sIgE

levels over time was predictive for the likelihood of developing

tolerance in milk and egg allergy. Using the likelihood estimates

from this study could aid clinicians in providing prognostic

information and in timing subsequent food challenges, thereby

decreasing the number of premature and unnecessary double-

blind, placebo-controlled food challenges. (J Allergy Clin

Immunol 2004;114:387-91.)

Key words: Food allergy, egg allergy, milk allergy, CAP System

FEIA, quantitative IgE, diagnostic test, natural history

Food allergy affects 6% to 8% of children under the age
of 3 years, and the incidence appears to be rising.1

Fortunately, the majority of children develop tolerance
within the first 3 to 5 years of life. The 2 foods responsible
for most of these reactions are cow’s milk and hen’s egg.
About 80% of children with cow’s milk allergy become
clinically tolerant by the third year of life2 and about 50%
do so for egg.3 To date, there are no good indices to predict
when and in whom this occurs.
Several studies have looked at various factors that could

be of prognostic value in food allergy. For egg allergy, 1
study found that the main predictors were symptoms at
initial exposure and size of prick skin tests reactions.3 In
the case of cow’s milk allergy, James and Sampson found
that neither of these was predictive of tolerance. Instead,
the initial casein and b-lactoglobulin specific IgE were
lower and decreased significantly in patients who became
tolerant.4 A later study confirmed the finding that the
concentration of milk specific IgE (sIgE) was lower in the
group of children who became tolerant compared to those
with lasting allergy.5 Among peanut-allergic children, the
initial clinical reaction as well as the presence of
concomitant allergy to other foods were reported to be

Abbreviations used

DBPCFC: Double-blind, placebo-controlled food challenge

sIgE: Specific IgE
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prognostic factors.6 In that study, the initial peanut sIgE
level was not significantly different between those who
developed tolerance and those who did not. However,
peanut sIgE measured at the time of passing oral peanut
challenge was significantly lower in those who passed the
challenge. Recently, it has been shown that the presence of
IgE to certain sequential epitopes on different cow’s milk
proteins is associated with persistent cow’s milk allergy.7

However, it does not predict the time point of tolerance
development.
Unfortunately, no single factor has been consistently

found to be predictive of tolerance in all the various
studies. Also, different criteria were used to determine
who was food-allergic, with none of the studies relying on
positive double-blind, placebo-controlled food challenges
(DBPCFCs) as the inclusion criteria in all cases. The
DBPCFC is the ‘‘gold standard’’ for diagnosis of food
allergy, and up to 60% of cases that are thought to be food-
allergic prove otherwise when subjected to the DBPCFC.8

Another inconsistency between the studies is the different
durations of follow-up.
The measurement of food sIgE in children is widely

available, easily performed, and reproducible. The
Pharmacia CAP-System FEIA (Pharmacia Diagnostics
AB, Uppsala, Sweden) is an accurate and standardized
way of measuring allergen sIgE. The aim of our study was
to monitor food sIgE levels over time and to determine
whether this could be used as a predictor for determining
when patients develop clinical tolerance.

METHODS

Study population

Eighty-eight patients with hen’s egg and 49 patients with cow’s

milk allergy who had undergone 2 or more DBPCFCs to cow’s milk

or hen’s egg at our research unit were included in the study. Patients

were divided into 2 groups; (1) patients with at least 2 positive

DBPCFCs representing those who remained allergic, and (2) patients

with an initial positive DBPCFC followed by a negative one

representing those who became tolerant. DBPCFCs were performed

under physician supervision as previously described.9 As most of

these patients were recruited before the 95% predictive decision

points for clinical reactivity were established,10 challenges were

performed yearly for up to 10 years or until a final clinical decision

could be established as either ‘‘tolerant’’ or ‘‘persistent allergy.’’

Informed consent was obtained and the study was approved by the

Institutional Review Board.

sIgE measurement

sIgE to cow’s milk and hen’s egg were measured retrospectively

from stored serum samples using the Pharmacia CAP-System FEIA,

with a range of detection from < 0.35 to >100 kU/L. Serum was

obtained at the time of the food challenge and stored at �808C until

analyzed. It has been shown that IgE remains stable for decades when

stored frozen.11

Statistical methods

The primary outcome was ‘‘tolerance’’ or ‘‘persistent allergy’’ as

determined by DBPCFC to egg or milk. For comparison between

groups, we used theMann-Whitney test. Logistic regressionwas used
to evaluate the relationship with the decrease in sIgE levels between

the first and last challenge and also the time period between these two

challenges. The relative change in sIgE levels between the first and

last challenge was defined as X = ln(sIgE last challenge) � ln(sIgE

first challenge) and the time between these occasions was defined

as Z = ln(age at last challenge � age at first challenge), measured

in months. The model was then formulated as the probability of

becoming tolerant as a function of the relative change, X, and the

time, Z:

logitðOutgrownÞ ¼ aþ bXþ cZ

Odds ratios were estimated using the model and appropriate tests

and confidence intervals were generated according to Wald, using a

P value of .05 as significant. Computerized statistical analyses were

performed using SAS System V8.01.

RESULTS

Twenty-eight patients who had become tolerant to
hen’s egg and 60who had not were identified; for milk this
was 16 who had become tolerant and 33 who had not.
Table I shows the patient characteristics. Most of the
patients had atopic dermatitis as their first sign of food
allergy, with these symptoms usually presenting in
infancy. However, the diagnosis was confirmed with
DBPCFC much later, as seen from the median age of first
challenge. Five of the patients in the ‘‘persistent’’ egg
allergy group had never knowingly ingested egg prior to
the challenge; they had avoided egg because of a strong
family history of food allergy. This was also true for one
patient from the ‘‘tolerant’’ milk allergy group. There was
no significant difference in the number of patients who had
concomitant allergy to another food or the age of first and
last challenge. The sIgE at first challenge was significantly
less in the ‘‘tolerant’’ group when compared to the
‘‘persistent’’ group for egg allergy, with a similar trend
seen for milk allergy (P < .001 and P = .06, respectively;
Table I).

Application of the logistic model

The logistic model was applied separately for egg and
milk. For both, the relative change was negative; that is,
the sIgE levels decreased over time. For egg there was
a significant relationship between the decrease in sIgE
levels (P = .0014) and also an influence of the time
between the first and last challenge (P = .06) to the
probability of developing tolerance. For milk there was
also a significant relationship between the decrease in sIgE
levels (P = .0175) and the probability of developing
tolerance but no significant contribution with regard to
time (Table II). As can be seen from Table II and Figures 1
and 2, the slope of the relative change in sIgE levels is
steeper for egg compared to milk; ie, a greater decrease in
the sIgE concentration between the first and last challenge
for egg has a greater effect on the probability of becoming
clinically tolerant. The effect of the duration between the
first and last challenge almost reached statistical signifi-
cance for egg (P = .06) but not for milk (P = .27).
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TABLE I. Characteristics of egg- and milk-allergic patients

Egg allergy (n = 88) Milk allergy (n = 49)

‘‘Persistent’’

group (n = 60)

‘‘Tolerant’’

group (n = 28)

‘‘Persistent’’

group (n = 33)

‘‘Tolerant’’

group (n = 16)

Male sex (n) 33 (55.0%) 18 (64.3%) 25 (75.8%) 11 (68.8%)

Onset of food-induced

symptoms in infancy (n)

53 (88.3%)

(5 avoided from infancy)

24 (85.7%) 30 (90.9%) 13 (81.3%)

(1 avoided from infancy)

AD as initial symptom (n) 42 (70.0%) 22 (78.6%) 24 (72.7%) 8 (50.0%)

Median age at 1st challenge

(months, range)

42.6 (6.1-211.3) 35.0 (5.8-138.6) 34.7 (10.8-106.9) 34.2 (4.0-135.3)

Median age at last challenge

(months, range)

82.7 (21.3e266.3) 80.9 (31.9-220.9) 78.2 (35.6-177.6) 82.6 (26.0-183.1)

Presence of other food

allergies (n)

42 (70.0%) 20 (71.4%) 28 (84.8%) 11 (68.8%)

Initial food sIgE

(kU/L, range)

16.25 ( < 0.35->100.0)* 2.41 ( < 0.35->100.0) 29.1 (0.54->100.0) 4.63 (0.60->100.0)

AD, Atopic dermatitis; sIgE, specific immunoglobulin E.

There were no statistically significant differences between the ‘‘persistent’’ and ‘‘tolerant’’ groups for either egg and milk allergy except for initial sIgE

in the egg allergy group.

*P < .001.
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Comparison between children <4 years and
>4 years old at time of first challenge

The total group of children was then poststratified into
two age groups, those below and those above 4 years of
age at their first visit. The logistic model was applied to
each strata. For egg, the significant relationship with the

TABLE II. Estimated coefficients from logistic regression

for egg and milk, with stratification by age at first

challenge

Estimate SE v2
P

value

Total

(n)

‘‘Tolerant’’

(n)

Egg, all ages 88 28

Intercept 1.06114 1.3059 0.66 .4165

ln(Time) �0.75515 0.4040 3.49 .0616

ln(Change) �0.78567 0.2461 10.19 .0014

Milk, all ages 49 16

Intercept 0.675711 1.7663 0.15 .7021

ln(Time) �0.54553 0.4945 1.22 .2700

ln(Change) �0.60485 0.2546 5.64 .0175

Egg, < 4 years 55 21

Intercept 1.599274 1.6357 0.96 .3282

ln(Time) �0.81333 0.4979 2.67 .1024

ln(Change) �0.73404 0.2807 6.84 .0089

Egg, >4 years 33 7

Intercept 0.577023 2.4038 0.06 .8103

ln(Time) �0.79303 0.7502 1.12 .2905

ln(Change) �0.88888 0.5214 2.91 .0882

Milk, < 4 years 37 11

Intercept �0.79262 2.2959 0.12 .7299

ln(Time) �0.26435 0.6226 0.18 .6711

ln(Change) �0.91243 0.3924 5.41 .0200

Milk, >4 years 12 5

Intercept 3.302088 3.2565 1.03 .3106

ln(Time) �1.06514 0.9325 1.30 .2534

ln(Change) �0.15053 0.4150 0.13 .7168

SE, standard error.
decrease in sIgE antibody levels remained (P = .0089) for
the age group below 4 years, although for the children
above 4 years the relationship became weaker (P = .088).
The relationship with the time between challenges became
weaker for both age groups (Table II). For milk, the slope
for the relative change of sIgE became steeper for the
children below 4 years of age (P = .02) compared to the
results for all children (Fig 3, b). For the children older
than 4 years, no relationship was seen with the decrease in
sIgE or with the time between the challenges (Table II).
This was probably due to the fact that only 12 patients
were in that group and out of those only 5 became tolerant.

Using the logistic models, we developed estimates for
the probability of a child developing tolerance based on
the decrease in sIgE levels and time. For a child with egg
allergy below the age of 4 years at the first challenge, the
probability of the child developing tolerance was .52 for
a decrease of 50%, .65 for a decrease of 75%, .78 for

FIG 1. The relationship between developing tolerance in egg

allergy and the relative change in sIgE antibody concentration and

time.
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a decrease of 90%, and .95 for a decrease of 99% in sIgE
levels over 12 months (Fig 3; Table III). However, if
a decrease of 90% in egg sIgE did not occur over a 12-
month period, but over 5-year period, the probability of
developing tolerance was less (.49; Fig 3). Using the same
assumptions for milk, the probability of developing
tolerance was .31 for a decrease of 50%, .45 for a decrease
of 70%, .66 for a decrease of 90%, and .94 for a decreases
of 99% in sIgE levels over 12 months. In the same way as
for hen’s egg, a decrease of 90% inmilk sIgE over a 5-year
period gave a lower probability for developing clinical
tolerance (.56; Fig 3).

DISCUSSION

In this study, we have shown that there is a relationship
between the degree of decrease in food sIgE antibody
concentrations over time and the likelihood of developing
tolerance. A greater decrease in sIgE levels over a shorter
period of time was indicative of a greater likelihood of
developing tolerance. Of greater practical relevance to the
clinician, we were able to develop estimates for the
likelihood of developing tolerance based on the degree of
decrease in food sIgE over a 12-month period (Table III).
Levels of food sIgE that could predict clinical reactivity to
egg and milk with greater than 95% certainty have been
previously established and confirmed prospectively.10,12

Our estimates used in conjunction with these decision
levels could reduce the number of DBPCFCs performed.
For example, a patient below the age of 4 years with egg
allergy could have an initial egg sIgE level of 10 kU/L, the
95% positive predictive value for clinical reactivity being
7 kU/L. If a repeated measurement a year later fell to 1 kU/
L (a decrease of 90%), the clinician could be confident
(based on our model) that the patient had at least a 78%
chance of passing the food challenge at that point. If the
repeat measurement was 5 kU/L (a decrease of 50%), the
likelihood of passing the challenge would fall to 52%. The
clinician may then recommend delaying a repeat food

FIG 2. The relationship between developing tolerance in milk

allergy and the relative change in sIgE antibody concentration and

time.
challenge until the egg sIgE levels fell further, thereby
eliminating the discomfort, expense, risks, and time
wasted should the second challenge fail.

We also were able to show that poststratification into
two age groups, greater and less than 4 years of age at the
initial challenge, gave different predictive patterns for egg
andmilk.We chose the age of 4 years as the cutoff because

FIG 3. The relationship between developing tolerance and the

relative change in sIgE antibody concentration and time for (a)

hen’s egg and age below 4 years and (b) cow’s milk and age below

4 years at challenge.

TABLE III. Probability of developing tolerance for egg

and milk allergy based on the decrease in respective

food sIgE levels over 12 months

Decrease in sIgE

over 12 months (%)

Probability of

developing tolerance

Egg allergy Milk allergy

50 .52 .31

75 .65 .45

90 .78 .66

99 .95 .94

sIgE, specific immunoglobulin E.

Data for children diagnosed before age 4 years.
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patients diagnosed below this age were more likely to
develop clinical tolerance. It would be important to
develop estimates for patients below and above this age as
the outcome is different for each group. For children
diagnosed before 4 years of age, the slope in our model
was steeper; that is, a similar decrease in sIgE resulted in
a greater likelihood of developing tolerance compared to
those older than 4 years. However, it should be noted that
we had fewer patients in the older age group for both egg
and milk, and more patients would be needed to make the
appropriate statistical estimates.

For food allergy, other factors have been reported to be
of prognostic significance in many studies. These include
age at presentation, symptoms at diagnosis, concomitant
allergy to other foods, and initial food sIgE. Of these, none
were significantly different in our study between the
‘‘persistent’’ and ‘‘tolerant’’ groups except for initial sIgE
levels in egg-allergic patients. This has been seen in
studies of cow’s milk allergy.4,13 However, reports in
egg3,14,15 and peanut allergy are conflicting.6 For milk
allergy, IgE binding to certain linear epitopes seem to
predict persistence of allergy.16-18 Our laboratory is
pursuing this further to see if it is predictive of persistence
in a larger cohort of patients and in other foods. However,
it cannot predict the time point when tolerance has
developed.

In this study, we included only patients whose initial
diagnosis and final evaluation of tolerance development
was established by DBPCFC, eliminating the problem of
uncertain diagnoses. Also, we were able to include the
duration between challenges into our statistical model.
This has been a shortcoming in previous studies, where the
length of follow-up varied, making comparison between
studies difficult. The rate of decline of food sIgE is also
affected by time. In our model, we standardized our
estimates to a 12-month period, which is the average
length of time between measurements of sIgE in clinical
practice. The clinician can measure sIgE levels over a 12-
month period and apply our model to estimate the prob-
ability of the child developing tolerance. It was intriguing
to note that the likelihood of developing tolerance to egg
was influenced by time, but this was less so for milk. It is
tempting to postulate that this could be due to differences
in the level of maturity of the gastrointestinal tract or
immune system in handling the two different antigens.

In should be noted that the model proposed applies to
patients with IgE-mediated milk and egg allergy only.
About 40% to 50% of milk allergy is noneIgE-
mediated,19 and prognostic factors in these patients are
poorly understood. Also, the majority of our patients had
atopic dermatitis, a population in which IgE levels are
greater compared to patients without atopic dermatitis.
Further studies are needed to determine if our estimates
apply to patients without atopic dermatitis. More impor-
tantly, prospective studies are required, both by us and
other investigators, to see if our model will hold up to
scrutiny in a larger cohort of patients.
In summary, we have used a simple, standardized,
reproducible and objective test, the measurement of food
sIgE by Pharmacia CAP System FEIA, to construct
a model for predicting the likelihood of developing
clinical tolerance in individuals with milk and egg allergy.
The confirmation of this model, and subsequent applica-
tion in clinical practice, would aid clinicians in the timing
of food challenges and in providing prognostic informa-
tion for patients and their families.
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