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Abstract
Introduction: A total of 75% of children allergic to cow's milk protein and 70% of children allergic to egg white show
tolerance to processed milk or eggs. At the same time, it was found that these children represent a milder pheno-
type of allergy and outgrow it faster.
Aim: To evaluate the possibility of acquiring tolerance to heated cow's milk and egg in children with allergy to these
food products. 
Material and methods: The study included 26 children with IgE-mediated food allergy, aged 2.1-5.7 years. Children
studied were selected from 378 children diagnosed at the Department of Paediatric Allergology, Gastroenterology
and Nutrition of the Medical University of Lodz and in the Clinic of Allergology at the Maria Konopnicka Memorial
University Teaching Hospital No. 4 in Lodz based on suspected food allergy. Oral provocation was carried out for
over two consecutive days: the 1st day with heated allergen, the 2nd day with unheated food allergen. Among the
test methods, interview and evaluation of total IgE and specific IgE were also used. 
Results: Positive allergen provocation with heated allergen was obtained in 8 children (31%), negative in 18 chil-
dren (69%). Children with negative oral provocation were challenged with unheated food product. A positive result
was obtained in 13 children, revealing in this way the children with allergy to the raw product with simultaneous
tolerance to the heated product. A negative result of provocation was found in 3 children with a tolerance to both
the unprocessed and processed allergen. 
Conclusions: Most children with IgE-dependent allergy to cow's milk protein or egg white tolerate the heated prod-
ucts of these proteins. Evaluation of the acquisition of tolerance in children with food allergy, depending on diet,
requires further study.

Key words: cow’s milk allergy, egg allergy, tolerance.

Introduction

In view of recent research, allergy to food poses a prob-
lem of growing importance. This problem is not neces-
sarily supported by epidemiological data on the preva-
lence of food allergy, which has been estimated to be at
the relatively constant level of 2-8% of children worldwide
[1, 2], but by the study outcomes indicating the relation-
ship between food allergy and allergic diseases of the skin
or the respiratory tract [3-9]. On the other hand, the data
on prevalence of atopic dermatitis (AD) or asthma fre-
quently indicate its increasing tendency [10]. Taking into
consideration the fact that food allergy is often a base-
line for classical progression of allergy we can presume

that by affecting the course of food allergy we can also
affect the course of AD or asthma. We do not know
whether novel and still improving methods of food aller-
gy treatment or prophylaxis may translate into a decrease
in prevalence of other allergic diseases. 

To date methods of food allergy treatment have
involved the absolute elimination of harmful allergens [11].
Due to the results of observational studies carried out in
countries with different prophylactic recommendations for
food allergy, which revealed a higher prevalence of aller-
gy to peanuts in cases where their complete elimination
had been performed and a lower prevalence in cases
where they had been more often applied in the diet, the
researchers started thinking whether complete allergen



Postępy Dermatologii i Alergologii XXVIII; 2011/4278

elimination is a proper way of management [12-14]. More-
over, it has been shown that tolerance develops when both
very high as well as low doses of allergens occur, but not
without complete contact with an allergen [15].

Recent studies have suggested the possibility of using
another management strategy in food allergy than a strict
elimination diet [16, 17]. According to Allen there is no evi-

dence that an incidental intake of food delays the devel-
opment of tolerance, i.e. incidental episodes of exposure
to allergen do not cause a delay in acquiring tolerance to
a particular food allergen [18]. What is more, it has not
been confirmed that exposure to an allergen during an
oral challenge test resulting in an allergic reaction decreas-
es the chance to acquire tolerance. The statement that
the elimination of a previously tolerated allergen leads to
an allergic reaction after repeated exposure has encour-
aged researchers to carry out investigations on new trends
in food allergy therapy [19]. Moreover, oral immunother-
apy has been found to be effective at least in desensiti-
zation of children with IgE-dependent allergy [20], and
some children with allergy to cow's milk proteins or egg
tolerate these allergens in a processed form [21, 22]. 

Nearly 75% of children with allergy to cow's milk pro-
tein and 70% of children with allergy to egg white exhib-
it tolerance to these allergens in a processed form.
Processed allergens are obtained by subjecting these aller-
gen-containing products to high temperature (> 170°C).
The best way would be to combine them with a proper
base, e.g. flour. Heated allergens change their allergenic
properties [23]. At the same time it appeared that children
with tolerance to the processed allergens of cow's milk
protein and/or egg represent a milder phenotype of aller-
gy and outgrow it more quickly [21]. 

Aim

The aim of the study was to evaluate the possibility
of acquiring tolerance to heated allergens of cow's milk
proteins and egg white in children with food allergy. 

Material and methods

Twenty-six children with IgE-dependent allergy aged
2.1-5.7 years participated in the study. The children were
selected from among 378 children diagnosed at the
Department of Paediatric Allergology, Gastroenterology
and Nutrition of the Medical University of Lodz and in the
Clinic of Allergology at the Maria Konopnicka Memorial
University Teaching Hospital No. 4 in Lodz because of the
suspicion of allergy to cow's milk protein and/or egg white
in the period from January 2005 to November 2009. It was
the first stage of the study (Fig. 1).

The eligibility criteria were as follows:
– cause-result relationship between onset of complaint

and intake of food containing allergens of cow’s 
milk protein and/or egg white confirmed by the pa r-
ent/patient,

– asIgE > 0.35 kU/l concentration against cow’s milk pro-
tein and/or egg white allergens,

– positive effect of elimination diet,
– parent’s/patient’s consent for participation in the study,
– history of the presence of such symptoms as urticaria,

rash, eczematous lesions on the skin, vasomotor oede-
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378 children with suspected allergy 
to cow’s milk proteins and/or egg white

326 children with suspected allergy 
to cow’s milk proteins and/or egg white

119 children sensitised to allergens 
of cow’s milk proteins and/or egg white

82 children with improvement 
after elimination diet

75 children who underwent 
oral challenge tests

30 children – a positive result of challenge, i.e. 30 children
with allergy to cow’s milk proteins or egg white

4 children – lack of consent

26 children with allergy to cow’s milk proteins or egg white 
who underwent oral challenge tests with food products 

containing heated allergens

52 children – lack of cooperation 
or lack of inclusion criteria

7 children – lack of cooperation

4 children – a questionable
result of challenge

41 children – a negative
result of challenge

Fig. 1. The first stage examination
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ma, itching, vomiting, abdominal pain, diarrhoea, wheez-
ing, cough, breathlessness, rhinitis, shock or fainting
after food consumption,

– repeatability of the following symptoms: urticaria, rash,
eczematous lesions on the skin, vasomotor oedema,
itching, vomiting, abdominal pain, diarrhoea, wheezing,
cough, breathlessness, rhinitis, shock or fainting which
are associated with the reported food consumption
while taking the history.

Exclusion criteria:
– cause-result relationship between onset of complaint

and intake of food containing allergens of cow’s milk
protein and/or egg white, and lack of asIgE > 0.35 kU/l
against allergens of these products,

– food allergy to other allergens (including flour) than milk
protein and/or egg white allergens, 

– concomitant diseases (besides food allergy) which might
affect the risk of allergy exacerbation or the course of
examination,

– patients in the active phase of disease, i.e. with infec-
tion, seasonal allergy, unstable asthma, or with exacer-
bated AD,

– lactose intolerance,
– medicaments taken such as oral steroids, β-blockers,

antihistamines, and inhaled drugs at the time prevent-
ing them from performing oral provocation tests.

Due to lack of cooperation or fulfilment of inclusion
and exclusion criteria, 52 children were excluded from the
study. Based on asIgE concentration in the serum, sensi-
tization to milk or egg allergens was diagnosed in 119 chil-
dren. An improvement after the elimination diet was
observed in 82 children. Seven children were lost; thus 
75 children participated in further studies. This group was
subjected to an open oral provocation test. A positive
result of the test was achieved in 30 children. Among 
30 children with food allergy confirmed by the oral provo-
cation test, 14 had allergy to egg white and 16 to milk pro-
tein. Four children discontinued participation in the study,
so 26 children were classified into the second stage of the
research. Six months after diagnosing cow’s milk or egg
protein allergy, the oral provocation test was performed
during two successive days: on the 1st day a heated
(processed) allergen was used, selecting in this way the
heated allergen-reactive children and those with toler-
ance to this allergen; on the 2nd day, the heated allergen-
tolerant children underwent the provocation test with
unheated food allergen, which selected the allergic chil-
dren and those with tolerance to unheated allergen.

Study methods

a) A history based on the questionnaire concerned: the
type and amount of suspected food, the time between
the product ingestion and the onset of symptoms, fre-
quency and type of symptoms (eczema not subsiding
after applying emollients, tongue itching, lip swelling,
itching, skin erythema or swelling, wheezing, cough,

breathlessness, rhinitis, conjunctival itching and red-
dening, vomiting, diarrhoea, abdominal pain associat-
ed with food ingestion), repeatability of symptoms, the
time of last ailment appearance after food intake, drugs
taken, and possibility of cross-reactions. 

b) tIgE: total serum IgE level was determined by using 
the electrochemiluminescence method with Roche
reagents (Roche Diagnostics, Mannheim). 

c) asIgE: antigen-specific antibodies (asIgE) were deter-
mined with the UniCAP 100 method (Pharmacia Diag-
nostics AB, Uppsala, Sweden) for the following aller-
gens: milk, egg, fish, wheat flour and rye flour, peanut,
hazelnut, walnut, soy, cocoa, apple, peach, orange, cel-
ery, carrot, potato, and tomato. The level of detection
was 0.35 kU/l. Class I: 0.35-0.69 IU/l, class II: 0.7-3.49
IU/l, class III: 3.5-17.49 IU/l, class IV: 17.5-51.9 IU/l, class
V: 52-99 IU/l, class VI: > 99 IU/l.

d) Open oral challenge tests: the trials were carried out
according to the EAACI recommendations, after a min-
imum 2-week elimination diet, in a stable phase of the
disease, at least 6 weeks after the last exacerbation,
and in an ambulatory setting [24]. The examinations
were done by experienced medical and nursing staff.
A trained dietician prepared food samples. Native forms
of samples were applied, and types of food were based
on the patients’ medical history and asIgE results.
Before application of each sample, administration of
antihistamines was discontinued for 2 weeks. Also,
inhaled drugs and theophylline were avoided for 48 h
prior to the challenge. Systemic glucocorticosteroids
(GCs) were contraindicated, while topical GCs for skin
lesions were tapered to the minimum dose and kept
constant throughout the challenge procedure. The
patients were observed for at least 4 h after comple-
tion of the final challenge. The food provocation results
were scored as negative or positive according to the
scale: mild, moderate or severe [25-27]. The patient was
asked not to eat anything 2 h before the provocation
test. The total dose of the food containing cow’s milk
or egg allergens was 300 ml and was given every 15
min in 6 portions: 0.2 ml, 0.6 ml, 2 ml, 6 ml, 20 ml,
60 ml, and 200 ml. When the provocation score was
negative, a single total food sample containing cow’s
milk or egg allergens was given on the next day.  

e) Oral challenge tests with heated allergens: oral chal-
lenge tests with heated milk protein allergens were 
performed by using: a cake baked at > 170°C for 30 min
containing 1 cup of milk for 1 cup of flour, or waffles
baked at 260°C for 3 min. Oral challenge tests with egg
allergens were performed by using a cake baked in the
proportion of 1 egg to 1 cup of flour. The products were
administered every 20 min in equal portions.  

Statistical analysis

The statistical analysis was performed using the
Mann-Whitney test and Fisher’s exact test.

Tolerance to heated cow's milk and egg in children with allergy to this food
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Results

Among 26 children with food allergy, 14 had allergy to
cow’s milk protein, and 12 to egg white. Table 1 presents
the characteristics of the children examined. Atopic 
dermatitis symptoms were found in 18 children (69.2%).
Exacerbation of skin lesions after the oral challenge was
observed in 7 of them including 5 children (19.2%) with late
reactions and 2 children (7.7%) with mixed reactions. 
Various types of eczema, e.g. urticarial roseola-like erup-
tion, occurred in 11 children (42.3%), loose stools in 
10 (38.5%), vomiting in 5 (19.2%), snuffles in 7 (26.9%), 
and wheezing in 9 children (34.6%). In 12 children (46.2%)
the family history concerning allergic diseases was posi-
tive. The symptoms considered as the first manifestation
of allergy occurred on average in the 6th month of life; 
the period of their occurrence ranged from 1 to 24 months.
The first symptoms of allergy to milk protein were observed
on average in the 3rd month of life, in the case of egg aller-
gy in the 10th month of life. Mean values of tIgE and asIgE
levels in the population studied are shown in Table 1.

Twenty-six children with allergy to milk protein and
allergy to egg were subjected to the oral challenge test
with food containing heated allergens of cow’s milk or
egg proteins. The schema of the examination is present-
ed in Figure 2. A positive result of provocation was
achieved in 8 (31%) and a negative one in 18 children
(69%). Among 8 children with allergy to heated allergen,
3 had allergy to egg white and 5 to cow’s milk protein,
whereas among 18 children with tolerance to heated aller-
gen, there were 9 children in both groups. A strict elimi-
nation diet, i.e. avoidance of all foods containing milk or
egg protein allergens, was recommended to the children
with a positive result of provocation, i.e. with allergy to
heated allergen. On the other hand, the children in whom
the result of the provocation was negative underwent
oral challenge with food containing unheated milk or egg
protein allergens, according to the EAACI standards. 
A positive result of challenge was achieved in 13 children,
detecting in this way the children with allergy to unheat-

ed allergen and concomitant tolerance to heated aller-
gen. A negative result of provocation was observed in 
3 children, which was considered as an effect of tolerance
to both unheated and heated allergen. In 2 children the
result of provocation was questionable. 

In the course of oral positive challenge procedures,
the following symptoms were observed: skin lesions (AD
exacerbation, etching, roseola-like eruption, urticaria,
vasomotor oedema) in 18 children; digestion tract symp-
toms (abdominal pain, nausea, vomiting, diarrhoea) in 
7 children; respiratory symptoms (sneezing, rhinitis, con-
junctival reddening and itching, throat irritation, cough)
in 14 children; and lower respiratory tract symptoms
(wheezing) in 1 child (Table 2). Although allergic symp-
toms after oral challenge occurred more frequently in the
group of heated allergen-reactive children as compared
to unheated allergen-reactive children, the differences
were not statistically significant (p > 0.05).

While classifying the severity of the allergic reactions
which were observed following the oral challenge, both
children with allergy to heated allergen as well as chil-
dren with allergy to unheated allergen were found to have
a similar severity, most often of moderate intensity 
(p > 0.05) (Table 2).

Mean concentration of asIgE in the group of children
with allergy to heated allergen was 13.5 IU/ml (1.3-59 IU/
ml), in children with tolerance to heated allergen it was
5.2 IU/ml (0.7-34.2 IU/ml), and in those with tolerance 
to both heated and unheated allergen it was 1.5 IU/ml
(0.2-2.9 IU/ml) (Table 3). 

Discussion

Eggs and milk are basic food products in the every-
day diet of a child. At the same time allergens contained

Children with allergy 
to heated allergen

N = 8 (31%)

Children with allergy 
to unheated allergen 

N = 13

Children with 
questionable result

N = 2

Children with tolerance to unheated allergen, 
i.e. children who have acquired tolerance

N = 3

Fig. 2. The second stage examination

Children with food allergy who underwent oral challenge tests
with food products containing heated cow’s milk protein 

or egg white allergens, N = 26 (100%)

Children with tolerance 
to heated allergen 

N = 18 (69%)

Table 1. Characteristics of the patients studied

Analysed variable Children with food allergy

Number 26

Age (mean ± SD) [years] 2.8 ±2.4 (2.1-5.7)

Sex – boys, n (%) 63

Atopic diseases in the family [%] 46.2

Exclusive breast-feeding for at 70
least 4 months [%]

Age of first symptoms appearance – 6.5 (1-24)
mean months (range)

tIgE (mean ± SD) [IU/ml] 196.9 ±142.8

sIgE (mean ± SD) [IU/ml] 7.2 ±12.6 (0.7-59)
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in them are the most frequent cause of food allergies
occurring in children. The majority of children with aller-
gy to cow's milk protein and egg white acquire tolerance
with time: so about 50% of children with egg allergy
acquire tolerance during 3 years and approximately 66%
within 5 years [28, 29]. A total of 71% of children have
been found to develop milk allergy at the age of 3 years,
50% at the age of 6 years, and 28% after 9 years [30].
According to the contemporary standards of food allergy
management of these children, it is necessary to use an
elimination diet and monitor the state of acquiring toler-
ance every 6-12 months. Each negative result of the per-
formed double-blind placebo-controlled food challenge
(DBPCFC) needs the open verification method. It appears
that some of the children with egg allergy and a negative
DBPCFC result, in which egg is used as a lyophilisate or
in a cooked form, reacts to raw egg white in the diet [31,

32]. Thus, attention has been paid to the fact that some
children with food allergy demonstrate a different sensi-
tivity to different forms of the same allergen.

It has been shown that high temperature obtained in
the process of baking changes the allergenicity of some
proteins, mostly through loss of conformational epitopes
[33]. Moreover, not only sensitivity to temperature and
the process of digestion but also interaction with other
food components, the so-called “effect of food matrix”,
have been found to be a significant element in acquiring
tolerance to food [23]. The main allergens of milk protein
sensitizing patients with cow's milk allergy are β-lac-
toglobulin, α-lactoalbumin, bovine serum albumin, and
casein. β-Lactoglobulin and bovine serum albumin are
heat-labile, while α-lactoalbumin and casein are heat-sta-
ble [21]. On the other hand, ovoalbumin (Gal d I), ovomu-
coid (Gal d III), ovotransferrin (Gal d II), and lysozyme 

Tolerance to heated cow's milk and egg in children with allergy to this food

Table 2. Symptoms after oral challenge tests in heated allergen-reactive and unheated allergen-reactive children

Heated allergen-reactive children Unheated allergen-reactive children Value of p

Number (%) 8 (31) 13 (50)

Severity of symptoms mean (range) 2 (1-3) 2 (1-3) > 0.05

Symptoms during the challenge test (%)

Skin 7 (87.5) 11 (84.6) > 0.05

UA 6 (75) 8 (61.5) > 0.05

LA 1 (12.5) 0 > 0.05

AT 3 (37.5) 4 (30.7) > 0.05

UA – upper airway, LA – lower airway, AT – alimentary tract

Table 3. Mean sIgE concentration according to type of tolerance to food allergen

sIgE (mean ± SD) [IU/ml] sIgE range [IU/ml]

Children with allergy to heated allergens of 

Cow’s milk protein or egg white (n = 8) 13.5 ±19.2a 1.3-59

Cow’s milk protein (n = 5) 12.8 ±4.5d 9.2-17.9

Egg white (n = 3) 13.9 ±25.2e 1.3-59

Children with tolerance to heated allergens of 

Cow’s milk protein or egg white (n = 18) 5.2 ±8.5b 0.7-34.2

Cow’s milk protein (n = 9) 6.01 ±11.4 0.7-34.2

Egg white (n = 9) 4.48 ±0.7 3.3-5.3

Children with tolerance to heated and unheated allergens of 

Cow’s milk protein or egg white (n = 3) 1.5 ±1.1c 0.2-2.9

Cow’s milk protein (n = 2) 1.55 ±1.9 0.2-2.9

Egg white (n = 1) 1.5

ap > 0.05 (children with allergy to heated cow’s milk protein or egg white allergens vs. children with tolerance to heated allergens), bp = 0.049 (children with 
allergy to heated cow’s milk or egg white allergens vs. children with tolerance to heated and unheated allergens), cp > 0.05 (children with tolerance to heated
cow’s milk protein or egg white allergens vs. children with tolerance to heated and unheated allergens), dp > 0.05 (children with allergy to heated cow’s milk pro-
tein allergens vs children with tolerance to heated allergens), ep > 0.05 (children with allergy to heated egg white vs children with tolerance to heated allergens)
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(Gal d IV) are essential constituents of egg white. 
Ovomucoid is relatively thermostable, while ovoalbumin,
ovotransferrin, and lysozyme are heat-labile. It is com-
monly known that cow's milk and egg allergens belong-
ing to the so-called 8 main food allergens are ther-
mostable. However, a reduction in the IgE bond to
ovomucoid subjected to denaturation has been demon-
strated [32]. That is why patients with egg allergy more
quickly acquire tolerance to cooked than raw egg [34].

It has been so far suggested that “outgrowing food
allergy” is possible by strict elimination of food products,
and repeated exposure even to a small amount of aller-
gen may initiate allergy development, at the same time
delaying the development of tolerance [35], although
these data have not been precisely documented. Recent
studies indicate that a strict elimination diet is not always
respected, and in spite of this fact the patients with aller-
gy are able to outgrow it [18]. Allen suggests that certain
exposure to egg allergens not only enables acquisition of
tolerance but also may accelerate it [18]. 

Moreover, it has been shown that 75% of children with
allergy to cow's milk protein or to egg white tolerate heat-
ed milk and egg products, but they do not tolerate “raw
milk and egg” [21, 22]. The results of the author's own
studies in which tolerance to processed milk and egg aller-
gens was found in 69% of children with diagnosed aller-
gy to these foods are in accordance with the above-men-
tioned findings. Although a potential weakness of the
present study is its small sample that does not allow us
to draw conclusions concerning the change in the man-
agement of the child with food allergy, the outcomes
encourage us to continue the research. 

Literature data indicate lower values of reactions to
skin prick tests, as well as lower asIgE and higher IgG4
levels in children with tolerance to heated allergens of
milk and egg which are found in their diet [21, 22]. Though
the analysis of asIgE levels in the group of children exam-
ined did not reveal statistically significant differences
according to the type of allergy, the highest asIgE levels
were detected in children with allergy to heated allergen,
lower in those with tolerance to heated allergen and the
lowest in those with tolerance to heated and unheated
allergen.

What is more, the severity of allergy has been found
not to be associated with the degree of keeping to the
recommended elimination diet [18]. The analysis of our
studies has not shown any differences in severity of an
allergic reaction during oral provocation tests between
the heated allergen-reactive and unheated allergen-reac-
tive children. However, it has been revealed that in
unheated allergen-reactive children there were symptoms
which were considered to be severe; no such symptoms
were observed in children with allergy to unheated aller-
gen, who tolerated heated allergens. The outcomes of our
observations seem to be in compliance with the findings
of other authors who emphasize a milder course of aller-

gy in children with tolerance to heated allergens, which
may indicate a more favourable phenotype of allergy. 

Shreffler has demonstrated that children with heat-
ed allergen tolerance have a higher level of allergen-spe-
cific regulatory T lymphocytes (FOXP3) and a weaker reac-
tivity of basophils to milk allergens than those with allergy
to heated allergens [36]. Changes in immune markers in
allergic children during the ingestion of heated allergens
are similar to the changes observed during oral
immunotherapy, which suggests that this method of man-
agement may be useful in quick acquisition of tolerance. 

Although the results of research on this subject are
still scarce, in the guidelines for the management of egg
allergy, the British Society for Allergy and Clinical
Immunology has included the information that an attempt
to use a well-cooked egg as a cake ingredient can be
made individually mainly in the period of tolerance acqui-
sition. Moreover, products containing eggs were divided
into “well-cooked, undercooked, and raw” [37]. 

The results of studies on tolerance to milk products
subjected to high temperature do not allow for their prac-
tical application yet because, among other things, a rel-
atively small population has been examined until now.
Furthermore, it cannot be excluded that the observed
effect depends on the applied dose; 2.6 g of proteins is
used in the challenge test with a heated product, while
a dose of 8 g is used in the traditional challenge with
unheated product. All the same, the mean dose inducing
symptoms of allergy to milk protein in the traditional
provocation test has been found to be 0.4 g, so it is sig-
nificantly lower than the total dose in the provocation
with a heated product [21].

The study by Nowak-Węgrzyn indicates the presence
of 2 types of IgE-mediated allergy to cow’s milk protein:
type I – children with “transient” allergy; and type II – chil-
dren with persistent allergy [21]. If further studies con-
firm these two types of allergy, the management of chil-
dren with milk or egg allergy could be changed and could
liberalize the strict elimination diet by introducing heat-
ed allergens into it. Undoubtedly, such a change would
improve the quality of life of patients and their families. 

Moreover, it should be emphasised that although high
temperature decreases protein allergenicity it does not
completely eliminate it. Thus the only method evaluat-
ing tolerance to heated or unheated allergen is an oral
provocation test, which should always be performed
under a physician’s supervision in a fully protected treat-
ment room. 

Recent research suggests the possibility of modifying
the current management strategy in the case of food aller-
gy, namely, changing the elimination diet into one using
heated products, which may considerably improve the
quality of life of patients with allergy to cow’s milk pro-
tein or egg white. However, it is still not known whether
such management will decrease the frequency of allergy
to milk or egg [13, 36, 38]. Furthermore, an attempt to



Postępy Dermatologii i Alergologii XXVIII; 2011/4 283

answer the question whether the ingestion of heated
allergens may accelerate the induction of tolerance to
their unheated forms requires further studies. 

The latest results of investigations justify further eval-
uation of new methods in the treatment of food allergy.
It is not known whether new therapeutic methods will
prove effective and safe for all patients. Apparently, there
will be patients for whom an elimination diet will be the
only therapeutic option. Besides, when choosing a defi-
nite therapeutic method we should not forget about
observational investigations which indicate that tolerance
develops after the period of allergen avoidance, as well
as about a lack of possibility of predicting which patient
will severely react to a product tolerated by another
patient, e.g. a product subjected to thermal processing. 

Conclusions

1. About 70% of children with IgE-dependent allergy to
cow’s milk protein or egg white tolerate these allergens
after their thermal processing, which allows us to widen
the elimination diet. 

2. The clinical course of allergy to milk and/or egg may be
associated with the possibility of acquiring tolerance
to heated allergens. 

3. Evaluation of acquisition of tolerance to heated aller-
gens in children with milk or egg allergy requires fur-
ther studies.

References

1. Sampson HA, Burks AW, Mechanisms of food allergy. Ann
Rev Nutr1996; 16: 161-77.

2. Bjornsson E, Janson C, Plaschke P, et al. Prevalence of sensi-
tization to food allergens in adult Swedes. Ann Allergy Ast-
ma Immunol 1996; 77: 327-32.

3. Simpson AB, Yousef E, Hossain J. Association between peanut
allergy and asthma morbidity. J Pediatr 2010; 156: 777-81.

4. Penard-Morand C, Raherison C, Kopferschmitt C, et al. Pre-
valence of food allergy and its relationship to astma and aller-
gic rhinitis in schoolchildren. Allergy 2005; 60: 1165-71.

5. Kusunoki T, Morimoto T, Nishikomori R, et al. Allergic status
of schoolchildren with food allergy to eggs, milk or wheat in
infancy. Pediatr Allergy Immunol 2009; 20: 642-7.

6. Schroeder A, Kumar R, Pongracic JA, et al. Food allergy is asso-
ciated with an increased risk of asthma. Clin Exp Allergy
2009; 39: 261-70.

7. Ostblom E, Lilja G, Pershagen G, et al. Phenotypes of food
hypersensitivity and development of allergic diseases during
the first 8 years of life. Clin Exp Allergy 2008; 38: 1325-32. 

8. Kjaer HF, Eller E, Andersen KE, et al. The association betwe-
en early sensitization patterns and subsequent allergic dise-
ase. The DARC birth cohort study. Pediatr Allergy Immunol
2009; 20: 726-34.

9. Jarmillo R, Massing M, Sicherer S, et al. High-level sensitiza-
tion to foods is associated with asthma ER visits and current
asthma in the US: results from NHANES 2005-2006. J Aller-
gy Clin Immunol 2009; 123: 2-419. 

10. Samoliński B, Tomaszewska A, Raciborski F, et al. Prevalen-
ce of allergic diseases in Poland – ECAP study. XXVIII Con-

gress of the European Academy of Allergy and Clinical Immu-
nology; Warszawa, 6-10.06.2009.

11. Sampson HA. Update on food allergy. J Allergy Clin Immunol
2004; 113: 805-19.

12. Du Toit G, Katz Y, Sasieni P, et al. Early consumption of
peanuts in infancy is associated with a low prevalence of
peanut allergy. J Allergy Clin Immunol 2008; 122: 984-91. 

13. Lack G. Epidemiologic risks for food allergy. J Allergy Clin
Immunol 2008; 121: 1331-6. 

14. Allen CW. Food allergy: is strict avoidance the only answer?
Pediatr Allergy Immunol 2009; 20: 415-22. 

15. Chehade M, Mayer L. Oral tolerance and its relation to food
hypersensitivities. J Allergy Clin Immunol 2005; 115: 3-12.

16. Kim JS, Sicherer S. Should avoidance of foods be strict in pre-
vention and treatment of food allergy? Curr Opin Allergy Clin
Immunol 2010; 10: 252-7.

17. Prescott SL, Bouygue GR, Videky D, Fiocchi A. Avoidance or
exposure to foods in prevention and treatment of food aller-
gy? Curr Opin Allergy Clin Immunol 2010; 10: 258-66.

18. Allen CW, Kemp AS, Campbell DE. Dietary advice, dietary
adherence and the acquisition of tolerance in egg-allergic
children: a 5-yr follow-up. Pediatr Allergy Immunol 2009; 20:
213-8. 

19. Barbi E, Gerarduzzi T, Longo G, Ventura A. Fatal allergy as 
a possible consequence of long-term elimination diet. Aller-
gy 2004; 59: 668-9.

20. Morisset M, Moneret-Vautrin DA, Guenard L, et al. Oral desen-
sitization in children with milk and egg allergies obtains reco-
very in a significant proportion of cases. A randomized stu-
dy in 60 children with cow's milk allergy and 90 children with
egg allergy. Eur Ann Allergy Clin Immunol 2007; 39: 12-9.

21. Nowak-Wegrzyn A, Bloom KA, Sicherer SH, et al. Tolerance to
extensively heated milk in children with cow's milk allergy. 
J Allergy Clin Immunol 2008; 122: 342-7.

22. Lemon-Mulé H, Sampson HA, Sicherer SH, et al. Immunolo-
gic changes in children with egg allergy ingesting extensive-
ly heated egg. J Allergy Clin Immunol 2008; 122: 977-83.

23. Nowak-Wegrzyn A, Fiocchi A. Rare, medium, or well done?
The effect of heating and food matrix on food protein aller-
genicity. Curr Opin Allergy Clin Immunol 2009; 9: 234-7.

24. Bindslev-Jensen C, Ballmer-Weber BK, Bengtsson U, et al.
Standardization of food challenges in patients with imme-
diate reactions to foods-position paper from the European
Academy of Allergology and Clinical Immunology. Allergy
2004; 59: 690-7. 

25. Sampson HA, Anaphylaxis and emergency treatment. Pedia-
trics 2003; 111: 1601-8.

26. Benhamou AH, Zamora SA, Eigenmann PA. Correlation betwe-
en specific immunoglobulin E levels and the severity of reac-
tions in egg allergic patients. Pediatr Allergy Immunol 2008;
19: 173-9.

27. Ring J, Behrendt H. Anaphylaxis and anaphylactoid reactions.
Classification and pathophysiology. Clin Rev Allergy Immu-
nol 1999; 17: 387-99.

28. Bock SA. Prospective appraisal of complaints of adverse reac-
tions to foods in children during the first 3 years of life. Pedia-
trics 1987; 79: 683-8.

29. Boyano-Martínez T, García-Ara C, Díaz-Pena JM, et al. Pre-
diction of tolerance on the basis of quantification of egg whi-
te-specific IgE antibodies in children with egg allergy. J Aller-
gy Clin Immunol 2002; 110: 304-9.

30. The Annual meeting of the European Academy of Allergolo-
gy and Clinical Immunology, EAACI 98. Allergy 1998, 53 (43
Suppl): 5-236. 

Tolerance to heated cow's milk and egg in children with allergy to this food



Postępy Dermatologii i Alergologii XXVIII; 2011/4284

Aneta Krogulska, Jakub Białek, Krystyna Wąsowska-Królikowska

31. Eigenmann PA. Anaphylactic reactions to raw eggs after nega-
tive challenges with cooked eggs. J Allergy Clin Immunol 2000;
105: 587-8.

32. Urisu A, Ando H, Morita Y, et al. Allergenic activity of heated
and ovomucoid-depleted egg white. J Allergy Clin Immunol
1997; 100: 171-6.

33. Thomas K, Herouet-Guicheney C, Ladics G, et al. Evaluating
the effect of food processing on the potential human aller-
genicity of novel proteins: international workshop report.
Food Chem Toxicol 2007; 45: 1116-22.

34. Cooke SK, Sampson HA. Allergenic properties of ovomucoid
in man. J Immunol 1997; 159: 2026-32.

35. Wood RA. The natural history of food allergy. Pediatrics 2003;
111: 1631-7. 

36. Shreffler WG, Wanich N, Moloney M, et al. Association of
allergen-specific regulatory T cells with the onset of clinical
tolerance to milk protein. J Allergy Clin Immunol 2009; 123:
43-52.e7.

37. Clark AT, Skypala I, Leech SC, et al. British society for Allergy
and Clinical Immunology. British Society for Allergy and Cli-
nical Immunology guidelines for the management of egg
allergy. Clin Exp Allergy 2010; 40: 1116-29.

38. Skripak JM. Mammalian milk allergy: avoidance strategies
and oral desensitization. Curr Opin Allergy Clin Immunol
2009; 9: 259-64.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


