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Abstracts
Cow's milk protein allergy is a topical issue in paediatrics, especially in children
in the first three years of life. The choice of therapeutic approach (specific oral
tolerance induction or elimination) is a key point and in each case has an
individual probability of the development of complete tolerance to a dietary
product.
The aim of the study was to determine the probability of the development of
cow's milk protein tolerance in young children by specific oral desensitization.
Materials and methods.
In the course of the study, 27 factors that may influence the development of cow's
milk protein tolerance by specific oral desensitization in young children were
analysed. All children had clinical manifestations of cow's milk protein allergy,
relevant laboratory criteria, and a positive oral milk challenge test. Observation of
children and assessment of tolerance development was conducted during a threeyear observation.
Results. The logistic regression identified nine factors that influence the tolerance
development in children with cow's milk protein allergy. Four factors among them
reduce the probability of developing oral tolerance by oral desensitization: milkspecific IgE, total IgE, casein, cat serum albumin. At the same time, the other five
factors are predictors of tolerance development: skin test to milk, β-lactoglobulin,
α-lactalbumin, bovine serum albumin, dog serum albumin. Four clinical examples
of calculation of the personified probability of oral tolerance development to
cow's milk proteins by oral desensitization are presented.

14

O. Matsyura

Conclusions. Independent predictors that reduce the likelihood of the formation
of tolerance to milk during treatment by specific oral desensitization, found: skin
test for milk, casein, β-lactoglobulin, α-lactalbumin, bovine serum albumin. The
proposed model for calculating the probability of developing tolerance to milk can
be recommended for widespread use in practical medicine.
Keywords: cow’s milk protein allergy, probability, specific oral tolerance
induction, diagnosis, risk factors

Introduction
Cow's milk protein allergy (CMPA) is a topical issue in paediatrics [1]. To date,
there are two treatment options for CMPA: elimination diet and specific oral
tolerance induction (SOTI) [7, 11]. Elimination is used much more often in
practice, but it leads to depleted nutrition and patients often lag in physical
development [3, 8, 12]. SOTI allows to provide a full dietary complex but requires
some knowledge, doctor’s qualifications, and it is the prerogative of the allergist
[2, 6]. The task of SOTI is to physiologically allow the child's body to absorb
more than 4 g of protein without symptoms, which in turn is a criterion for the use
of a liberal diet [5, 10]. In general, there are three degrees of tolerance formation,
which consists in asymptomatic consumption of a certain amount of protein,
where 0 – 0.99 means no tolerance; 1 – 3.99 g – partial tolerance; more than 4 g –
complete tolerance [4, 9].
The aim of the study was to determine the probability of the development of
cow's milk protein tolerance in young children by specific oral desensitization.
Materials and methods.
According to the literature and our own observations, we selected 27
factors that could affect the development of cow's milk protein tolerance by
specific oral desensitization in young children with allergies. All children had
clinical manifestations of cow's milk protein allergy, appropriate laboratory
criteria, and a positive oral milk challenge test. Observation of children and
assessment of tolerance development was conducted during a three-year
observation.
The calculations were performed with the SPSS Statistics 23 software.
The probability of complete cow's milk protein tolerance by specific oral
desensitization (m), depending on the factors we selected, was calculated by
formula 1:
1
m=
* 100%
(1)
1+е-R
where e = 2.72 ... is the basis of natural logarithms,
R is the value calculated by formula 2:
R = K +  1 v 1 +  2 v 2 + ...  n v n ,
(2)
where K is a constant,
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 1 is coefficients for each factor,
vі is the value of factors.
Theoretically, m can take values from 0% (impossible event) to 100%
(event always occurs). The range that divides the probability into high and low is
50%.
Nine factors were selected in the course of our study by logistic regression
with progressive selection, which in combination affect the tolerance development
to cow's milk proteins by specific oral desensitization in children with allergies, as
shown in Table 1.
Table 1.
The results of regression coefficients for the development of cow's milk protein
tolerance in children by specific oral desensitization
Conventional signs Regression coefficient
S. No
Factors
(і)
1
2
3
4
5
6
7
8
9
10

Skin test to milk, papule in mm
Milk-specific IgЕ, IU/ml
Total IgЕ, IU/ml
Casein, kUa/L
α-lactalbumin, kUa/L
β-lactoglobulin, kUa/L
Bovine serum albumin, kUa/L
Cat (Felis domisticus) serum albumin,
kUa/L
Dog (Canis familiaris) serum albumin,
kUa/L
0 constant

V1
V2
V3
V4
V5
V6
V7

2.02
-0.16
-0.01
-5.00
1.29
3.58
0.94

V8

-8.01

V9

4.22
29.15

Note: Nagelkerke – 0.99; threshold – 50%; sensitivity – 100%; specificity –
100%; accuracy – 100%.
The probability of the calculated model coefficients (p) is 0.045. The
Nagelkerke R square is 0.99, i.e. 99.0% of the variance in the tolerance
development to cow's milk proteins in children by specific oral desensitization can
be explained by the factors included in the regression model.

Results
Four clinical examples are presented to demonstrate the reliability of the
model and its practical application.
Clinical example No.1
Boy, aged 26 months. A child suffers from combined symptoms of food
allergy from 18 months of age, which manifest themselves in the form of skin
signs (oedema) and respiratory ones (shortness of breath and dry cough).
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During the oral challenge test, he consumed 35 ml of cow's milk
(equivalent to 0.455 g of protein) at the beginning of the study. There are the
following analysed indicators: skin test to milk –10.80 mm papule; milk-specific
IgE – 18 IU/ml; total IgE – 239 IU/ml; casein – 12.44 kUa/L; β-lactoglobulin –
1.9 kUa/L; α-lactalbumin – 0.46 kUa/L; bovine serum albumin – 2.15 kUa/L; cat
serum albumin – 2.4 kUa/L; dog serum albumin – 1.3 kUa/L.
Substituting the data in equation 1, we obtain the following:
R = 2.02*10.80 – 0.16*18 – 0.01*239 – 5.00*12.44 +
1.29*1.9 + 3.58*0.46 + 0.94*2.15 – 8.01*2.4 + 4.22*1.3 + 29.15 =
21.816 – 2.88 – 2.39 – 62.2 + 2.451 + 1.6468 + 2.021 – 19.224 +
5.486 + 29.15 = -24.1
1
m=
* 100% =
0.01%
1+2.7224.1
Therefore, according to these calculations, such a child is less likely to
develop oral tolerance to cow's milk proteins by oral desensitization, as the rate is
below 50%.
In comparison with the database, the boy reached only partial milk
tolerance during the observation – after 12 months he tolerated 2.184 g and 3.705
g of protein after 36 months. Thus, our prediction is valid.
Clinical example No.2
A 13-month-old boy has been suffering from gastrointestinal allergies in
the form of vomiting and diarrhoea for the past 4 months.
During the oral challenge test, he consumed 64 ml of cow's milk
(equivalent to 0.832 g of protein) at the beginning of the study.
There are the following analysed indicators: skin test to milk – 5.80 mm
papule; milk-specific IgE – 3.24 IU/ml; total IgE – 80 IU/ml; casein – 2.1 kUa/L;
β-lactoglobulin – 0 kUa/L; α-lactalbumin – 2.6 kUa/L; bovine serum albumin –
3.1 kUa/L; cat serum albumin – 3.2 kUa/L; with serum albumin – 2.1 kUa/L.
Substituting the data in equation 1, we obtain the following:
R = 2.02*5.80 – 0.16*3.24 – 0.01*80 – 5.00*2.1 + 1.29*0 +
3.58*2.6 + 0.94*3.1 – 8.01*3.2 + 4.22*2.1 + 29.15 = 11.716 –
0.5184 – 0.8 – 10.5 + 0 + 9.308 + 2.914 – 25.632 + 8.862 + 29.15 =
24.50
1
m=
* 100%
=99.9%
1+2.72-24.50
Therefore, according to these calculations, such a child is highly likely to
develop oral tolerance to cow's milk proteins by oral desensitization.
In comparison with the database, during the observation, the boy reached
complete milk tolerance after 12 months and tolerated 4.095 g of protein, and
after 36 months reached complete tolerance – 6.006 g of protein.
Thus, the prediction is valid.
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Clinical example No.3
An 18-month-old girl has been suffering from skin allergies in the form of
urticaria since the age of 3 months.
During the oral challenge test, she consumed 110 ml of cow's milk
(equivalent to 1.43 g of protein) at the beginning of the study.
There are the following analysed indicators: skin test to milk –6.70 mm
papule; milk-specific IgE – 4.24 IU/ml; total IgE – 92 IU/ml; casein – 6.14 kUa/L;
β-lactoglobulin – 2.68 kUa/L; α-lactalbumin – 2.2 kUa/L; bovine serum albumin –
0.9 kUa/L; cat serum albumin – 0.41 kUa/L; dog serum albumin – 1.8 kUa/L.
Substituting the data in equation 1, we obtain the following:
R = 2.02*6.70 – 0.16*4.24 – 0.01*92 – 5.00*6.14 + 1.29*2.68
+ 3.58*2.2 + 0.94*0.9 – 8.01*0.41 + 4.22*1.8 + 29.15 = 13.534 –
0.6784 – 0.92 – 30.7 + 3.4572 + 7.876 + 0.846 – 3.2841 + 7.596 +
29.15 = 26.88
1
m=
* 100%
=99.9%
1+2.72-26.88
Therefore, according to these calculations, such a child is highly likely to
develop oral tolerance to cow's milk proteins by oral desensitization.
In comparison with the database, the girl reached only partial milk
tolerance during the observation and after 12 months tolerated 3.302 g of protein,
and after 36 months reached complete tolerance – 6.006 g of protein. Thus, the
prediction is valid.
Clinical example No.4
A 13-month-old girl has been suffering from gastrointestinal allergies in
the form of vomiting and diarrhoea for the last 4 months.
During the oral challenge test, she consumed 124 ml of cow's milk
(equivalent to 1.612 g of protein) at the beginning of the study.
There are the following analysed indicators: skin test to milk –4.70 mm
papule; milk-specific IgE – 3.15 IU/ml; total IgE – 24 IU/ml; casein – 0.44 kUa/L;
β-lactoglobulin – 0.89 kUa/L; α-lactalbumin – 1.1 kUa/L; bovine serum albumin –
2.6 kUa/L; cat serum albumin – 2.3 kUa/L; dog serum albumin – 0.1 kUa/L.
Substituting the data in equation 1, we obtain the following:
R = 2.02*4.70 – 0.16*3.15 – 0.01*24 – 5.00*0.44 + 1.29*0.89
+ 3.58*1.1 + 0.94*2.6 – 8.01*2.3 + 4.22*0.1 + 29.15 = 9.49 – 0.504
– 0.24 – 2.2 + 1.1481 + 3.938 + 2.444 – 18.423 + 0.422 + 29.15 =
25.23
1
m=
* 100%
=99.9%
1+2.72-25.23
In comparison with the database, during the observation, the girl reached
complete milk tolerance after 12 months and tolerated 4.29 g of protein, and after
36 months reached complete tolerance – 6.006 g of protein. Thus, the prediction is
valid.
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Conclusions
1. The following independent predictors, which reduce the probability of milk
tolerance development in the treatment by specific oral desensitization, have been
identified: skin test to milk, casein, β-lactoglobulin, α-lactalbumin, bovine serum
albumin.
2. The proposed model for calculating the probability of milk tolerance
development can be recommended for extensive use in applied medicine.
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