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INTRODUCTION
Over the last decade the ideas about the normal concentra-
tion of vitamin D in human blood has changed. In 2011 the 
new classification of vitamin D-status in human organism 
was introduced, under which vitamin D deficit shall be 
established at the level of 25(ОН)D in the blood serum 
below 50 nmole/l, or below 20 ng/ml, vitamin D deficiency 
shall be diagnosed at the level of 25(ОН)D between 50-75 
nmole/l, or 21-30 ng/ml, while the level of 25(ОН)D from 
75 to 150 nmole/l, or 31-85 ng/ml shall be considered to 
be within the norm [1]. According to the results of some 
scientific research, the best and most desirable level of 
25(OH)D in the blood serum of human body shall be 
considered that of 36-48 ng/ml [2]. 

 According to the results of large-scale studies, it has been 
established that hypovitaminosis D is characteristic of many 
residents of different countries of the world and is a wide-
spread problem among adults and children [3, 4, 5].

In particular, there are numerous scientific researches con-
firming involvement of vitamin D in the immune processes of 
human body [6, 7]. It has been proven that hypovitaminosis 
D constitutes one of the factors causing not just development 
of the pathology of the musculo-skeletal system, but many 
diseases of other bodies and systems [8, 9, 10, 11].

It is known that development of such diseases as bronchi-
al asthma, atopic dermatitis and allergic rhinitis takes place 
during pathological processes occurring in the immune 
system. According to the conclusions of scientific research-
es, it has been established that the key role in the allergic 
inflammation is played by ІL-4, ІL-5, ІL-10, and ІL-13 [12]. 
It is considered that ІL-4 is the main cytokine ensuring 
switching of В-lymphocytes to IgE synthesis, while IL-10 
is its synergist. It is also known that IgG is the main class 
of antibodies, actively involved in the organism protection 
against bacteria, viruses and toxins, its intensified release 
by plasma cells starts only after repeated interaction with 
antigen. IgG includes several subpopulations: IgG1, IgG2, 
IgG3, and IgG4, and the latter, in its turn, participates in 
the allergic inflammation processes [13]. Due to this, in 
laboratory study of patients with allergic diseases attention 
should be paid to the level of the above cytokines and 
immunoglobulin in the patient blood.

Currently, many countries of the world regulate taking of 
vitamin D medications by people of different age categories. 
In 2012 the scientific and practical conference in Warsaw, 
where scientists from different countries of the world 
participated, approved recommended doses of vitamin 
D medications for the residents of Central Europe [14]. 
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According to these recommendations, there are preventive 
doses of vitamin D, that are taken on a daily basis through-
out a year, but for summer months, with normal levels of 
25(ОН)D in the blood serum; marginal ones that will not 
lead to any side-effects when vitamin D medications are 
taken; treatment doses used in case of established vitamin 
D deficit and in case of different somatic diseases, including 
allergic diseases, since it is considered that hypovitaminosis 
D cna be one of the factors contributing to the development 
of allergic pathology [15, 16, 17, 18, 19, 20].  

Over the recent years statistical research on the spread of 
allergic diseases among children and adults has testified to 
their rise throughout the world. That urges to do further 
studies in order to substantiate and develop prophylactic 
and treatment measures for this category of patients. Re-
search of the clinical and laboratory efficiency of applying 
vitamin D medications in different dosage in children with 
allergic diseases are promising as far as development of a 
long-term treatment scheme with inclusion of this medi-
cation to the basic therapy for this category of patients is 
concerned.

THE AIM 
To study the dynamics of the level of 25(ОН)D, ІL-4, ІL-
10, and IgG in the blood serum of children with allergic 
diseases and to study the clinical effect of the application of 
vitamin D3 in different dosage for this category of patients.

MATERIALS AND METHODS 
The study has been done in compliance with the provi-
sions of the Declaration of Helsinki of the World Medical 
Association on the ethical principles for medical research 
involving human subjects (as of 2008), with the consent of 
the biotic commission (protocol of the meeting No. 76 as of 
December 25, 2013). The research has been performed on 
the basis of the written consent of the parents or guardians 
of each examined child to the research. 

We have examined 153 children with allergic diseases, 
aged 3-16. As of the date of examination the children did 
not have any acute respiratory infections and chronic infec-
tion sites that could influence the results of the laboratory 
studies. There were 69 patients with bronchial asthma 69 
(46.9% ± 4.2%), 18 patients (11.2% ± 2.6%) had atopic der-
matitis, 12 patients (7.0% ± 2.1%) had allergic rhinitis. There 
were 28 children with combined forms of allergic diseases 
(bronchial asthma and atopic dermatitis) (18.2% ± 3.2%),  
26 patients (16.8% ± 3.1%) had both bronchial asthma and 
allergic rhinitis. Among all 123 clinical cases of bronchial 
asthma 11 cases (8.9% ± 2.8%) were the cases of persistent 
bronchial asthma of mild degree of severity, 89 (72.4% ± 
4.3%) – persistent bronchial asthma of moderate degree of 
severity, and 23 (18.7% ± 2.3%) –  of persistent bronchial 
asthma of grave degree of severity. Out of 46 clinical cases 
of atopic dermatitis – 12 (26.1% ± 3.8%) were of mild form, 
25 (54.3% ± 2.5%) – of moderate severity, and 9 (19.6% 
± 4.3%) – of grave form of disease under the SCORAD 

index. Among 38 clinical cases of allergic rhinitis 26 cases 
(68.4% ± 3.6%) were the cases of round-the-year form, and 
12 (31.6% ± 2.6%) – of the seasonal form.  

Determination of the level of 25(ОН)D in the blood se-
rum was used as the indicator of sufficiency of vitamin D in 
the child organism. The level of 25(ОН)D was determined 
using the electrochemiluminescence method at the Eleksys 
2010 analysor (Roche Diaggnostics, Germany) under the 
Сobas system test at the SI ‘D. F. Chebotariov Institute of 
Gerontology of the National Academy of Medical Sciences 
of Ukraine’.

The level of ІL-4, ІL-10, and IgG was assessed using sets 
of reagents for enzyme-linked immunoassay in the immu-
nology laboratory of SI ‘Institute of Urology of the National 
Academy of Medical Sciences of Ukraine’. 

During statistical analysis the median (mean) (Me) was 
used as the central trend measure, while lower and upper 
quartiles were used for dispersion (Q1 and Q3). To compare 
quantitative indicators between two groups of children 
with allergic diseases the Wilcockson indicator (W) was 
used, through determination of the criterion of Wilcock-
son signed ranks (Z), the difference was significant at  
P < 0.05; in case of multi-time contrasting of the selection 
of children with allergic diseases after their treatment with 
cholecalciferol in different doses the Friedman criterion 
was applied (λ2), the difference was significant at Р < 0.05. 
The relationship between the level of 25(ОН)D in the blood 
serum and the level of allergic inflammation cytokines 
(ІL-4, ІL-10) in the blood of children with allergic diseases 
was studied using the correlation method, through deter-
mination of the Spearman’s rank correlation coefficient (φ). 

RESULTS 
As the result of the data obtained, the average level of 
25-hydroxycalciferol in children with allergic diseases 
made up 20.59 ng/ml (Me = 20.59; Q1 = 16.63; Q3 = 27.15)

After prescription of vitamin D3 medication in the dose 
2,000 IU daily over 2 months to children with allergic dis-
eases, the mean level of 25(ОН)D in the blood serum of 
patients after cholecalciferol intake made up 35.87 ng/ml  
(Me = 35,87; Q1 = 25,73; Q3 = 41,56). 

With the beginning of the sunny season the intake of 
vitamin D3 medications was terminated. After the summer 
period the mean rate of 25(OH)D in the blood serum was 
35.13 ng/ml (Me = 35.13; Q1 = 33.34; Q3 = 43.88). 

After the end of summer children with allergic diseases 
were prescribed higher doses of cholecalciferol – 4,000 
IU daily during the disease remission and 5,000 IU daily 
during the acute period, with a 2-month course, combined 
with basic therapeutic measures applied over the period of 
remission and acute condition. After vitamin D3 intake the 
mean level of 25-hydroxycalciferol made up 46,35 ng/ml  
(Me = 46,35; Q1 = 43,45; Q3 = 53,25). 

In the contrasting of the initial level of 25(ОН)D in the 
blood serum of patients after administration of 2,000 IU of 
vitamin D3 over 2 months, after summer and after the intake 
of cholecalciferol in higher doses (4,000–5,000 IU) over 2 
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months, a significant difference between the figures by the 
Friedman criterion was established (λ2 = 41.211; P < 0.05).

In the examination of the children under observation 
acute allergic disease was traced in 83 (54.3 ±4.2 %), and 
remission – in 70 (45.7 ± 4.2 %) of children. 

Below are the results of determination of immunological in-
dicators in the blood of children with allergic diseases over the 
period of acute disease. Thus, initial level of ІL-4 was 192.5 pg/ml  
(Me = 192.5; Q1 = 81.6; Q3 = 257.6), after cholecalciferol admin-
istration in the dose of 2,000 IU over 2 months – 131.8 pg/ml  
(Me = 131.8; Q1 = 82.1; Q3 = 205.5); after the summer period – 
130.0 pg/ml (Me = 130.0; Q1 = 79.1; Q3 = 175.6), after vitamin D3 
medication administration in the dose of 4,000–5,000 IU over 
2 months – 121.9 pg/ml (Me = 121.9; Q1 = 70.0; Q3 = 143.9).  
In the contrasting of IL-4 figures a significant difference was 
established between them (P < 0.05) (Fig. 2). 

The initial level of IL-10 in children with allergic diseases in 
the acute period was 61.6 pg/ml (Me = 61.6; Q1 = 53.4; Q3 = 77.9),  
after intake of vitamin D3 medication in the dose of 2,000 
IU daily over 2 months – 47.7 pg/ml (Me = 47.7; Q1 = 40.4;  
Q3 = 54.9), after summer – 45.7 pg/ml (Me = 45.7;  
Q1 = 38.2; Q3 = 53.8), after cholecalciferol administration 
in the dose of 4,000–5,000 IU – 35.4 pg/ml (Me = 35.4; 
Q1 = 30.2; Q3 = 44.5). In the contrasting of IL-10 figures  
a significant difference was established between them  
(P < 0.05) (Fig. 3). 

The initial IgG level over the acute period made up 28.1 g/l  
(Me = 28.1; Q1 = 15.1; Q3 = 31.1), after administration 
of vitamin D3 medication in the dose of 2,000 IU over  
2 months – 27.6 g/l (Me = 27.6; Q1 = 11.1; Q3 = 32.2), after 
summer – 21.7 g/l (Me = 21.7; Q1 = 14.7; Q3 = 27.8), after 
cholecalciferol administration in the dose of 4,000–5,000 
IU over 2 months – 10.2 g/l (Me = 10.2; Q1 = 9.4; Q3 = 14.4). 
In the contrasting of IgG levels in children with allergic 
diseases a downward trend could be traced (Fig. 6).

Fig. 1. Dynamics of the 25(ОН)D level in the blood serum of children with 
allergic diseases depending on the administration of vitamin D3 medication 
and the season of the year, a significant difference as contrasted with the 
initial level, p<0.05

Fig. 2. Dynamics of ІL-4 in children with allergic diseases in the acute period
Notes: * - significant difference as contrasted with the initial level, p<0.05
** - significant difference as contrasted with the initial level, after 2,000 IU 
and after summer, p<0.05.

Fig. 3. Dynamics of ІL-10 in children with allergic diseases in the acute 
period, * - significant difference as contrasted with the initial level, after 
2,000 IU and after summer, p<0.05
Notes: * - significant difference as contrasted with the initial level, p<0.05
** - significant difference as contrasted with the initial level, after 2,000 
IU and after summer, p<0.05.
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Below are the results of determination of immunological 
indicators in the blood of children with allergic diseases in 
the period of disease remission. The initial level of IL-4 in 
the period of disease remission in children with allergic dis-
eases made up 42.8 pg/ml (Me = 42.8; Q1 = 25.6; Q3 = 111.2),  
after cholecalciferol administration in the dose of 2,000 IU 
daily over 2 months – 42.2 pg/ml (Me = 42.2; Q1 = 28; Q3 
= 93), after the summer period – 31.3 pg/ml (Me = 31.3;  

Q1 = 24.5; Q3 = 86.3), after intake of vitamin D3 medication 
in the dose of 4,000–5,000 IU daily over 2 months – 30.9 
pg/ml (Me = 30.9; Q1 = 20.1; Q3 = 68), a trend to decrease 
in the level of IL-4 in the blood of children in the period 
of disease remission could be traced (Fig. 4). 

The initial level of IL-10 in children with allergic diseases made 
up 47.3 pg/ml (Me = 47.3; Q1 = 24.9; Q3 = 62.2), after administra-
tion of vitamin D3 medication in the dose of 2,000 IU daily over  
2 months – 37.0 pg/ml (Me = 37; Q1 = 24.4; Q3 = 59.9), after the 
summer period – 33.8 pg/ml (Me = 33.8; Q1 = 16.1; Q3 = 54.7), af-
ter administration of 4,000–5,000 IU of cholecalciferol a day with-
in a 2-month course – 31.1 pg/ml (Me = 31.1; Q1 = 10.9; Q3 = 50).  
In the contrasting of IL-10 figures a significant difference be-
tween them was established (Р < 0.05) (Fig. 5). 

The initial level of IgG in the period of remission consti-
tuted 9.7 g/l (Me = 9.7; Q1 = 8.1; Q3 = 20.1); after admin-
istration of vitamin D3 medication in the dose of 2,000 IU 
over 2 months – 16.0 g/l (Me = 16.0; Q1 = 9.7; Q3 = 33.2 g/l);  
after summer – 15.8 g/l (Me = 15.8; Q1 = 12; Q3 = 31.4); after 
administration of cholecalciferol in the dose of 4,000–5,000 
IU over 2 months – 10.4 g/l (Me = 10.4; Q1 = 9; Q3 = 12.5). 
In the contrasting of IgG figures a significant difference 
between them was established (Р < 0.05) (Fig. 6). 

Fig. 4. Dynamics of the ІL-4 level in children with allergic diseases in the 
remission period.  

Fig. 5. Dynamics of ІL-10 in children with allergic diseases in the period 
of disease remission 
Notes: * - significant difference as contrasted with the initial level, p<0.05
** - significant difference as contrasted with the initial level, after 2,000 
IU and after summer, p<0.05

Fig. 6. Dynamics of IgG in children with allergic diseases in the acute period 
and in the period of disease remission.
Notes: * - significant difference as contrasted with the initial level, p<0.05.
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In case of individual contrasting of the dynamics of the 
level of 25(ОН)D in each child and the dynamics of IL-4, 
IL-10 in the blood against cholecalciferol arrival in the 
body from an endogenic and exogenic source in different 
periods of the disease, it was established that if the level of 
25(ОН)D in the blood serum goes up, the level of ІL-4 and 
IL-10 goes down. Since for each child the fluctuations of 
IL-4, IL-10 and 25(ОН)D were within the individual range, 
calculation of the correlation factor was made in accor-
dance with each child’s indicator, in particular, Spearman’s 
rank correlation coefficient varied (0.7 ≤ φ ≤ 1), which fact 
testifies to a strong reverse correlation relationship.

In the course of the study, in order to maintain normal 
25(ОН)D level in the blood serum in children with allergic 
diseases after cholecalciferol prescription in higher doses, 
children with allergic diseases were recommended to 
continue intake of vitamin D3 medication in the preventive 
dose – 1,000 IU daily over the year, but for summer months. 
All patients were kept under our observation over 1.5 years.

In the course of the study the therapeutic effect of admin-
istration of vitamin D3 medication in children with allergic 
diseases could be traced, which fact is proven by the reduced 
number of acute allergic disease episodes and their severity 
over the year, reduced duration of acute condition, frequency 
of hospitalization due to the main disease over the year, re-
duced number of cases of acute respiratory infections over the 
year. In children with atopic dermatitis, when cholecalciferol 
was administered, reduced areas of skin lesion during the 
acute condition could be traced, as well as quick restoration 
of the skin cover in the period of reconvalescence, reduced 
number of secondary elements and skin dryness. Besides that, 
improved course of the main disease was also accompanied 
by improved general condition of patients, manifested in in-
creased physical and mental activity, reduced manifestation 
of quick fatigue and weakness, reduced number of headache 
and dizziness episodes, improved appetite and sleep. The re-
sults of the clinical picture of patients are provided in table 1. 
It should be pointed out that a better manifested therapeutic 
effect could be traced when vitamin D3 was administered in 
higher doses (4,000-5,000 IU) during 2 months in children 
with allergic diseases.

DISCUSSION
Taking into account due level of 25(ОН)D in human blood 
serum and the results of the initial level of 25-hydroxycalcif-
erol in children with allergic diseases, significant vitamin D 

deficiency in the organisms of patients of this category has 
been traced. Thus, it may be considered that children with 
allergic diseases are prone to develop hypovitaminosis D. 

In order to achieve normal level of 25(ОН)D in the blood 
serum of patients, all children with allergic diseases regard-
less of their age were prescribed vitamin D3 medication in 
the dose of 2,000 IU daily over 2 months. After that, on 
assessment of the organism provision with vitamin D in 
children with allergic diseases, normal level of 25(ОН)
D in the blood serum of patients was established. After 
two months of cholecalciferol intake the clinical effect in 
children with allergic diseases was difficult to assess due 
to short period of observation.

After the summer period the 25(ОН)D level in the blood 
serum of children under examination remained almost the 
same. Taking into account the data on vitamin D metabolism, 
it may be assumed that vitamin D arriving to the body due 
to the medication intake before summer, over the summer 
period (3 months) should have left the organism, and the 
level of 25(ОН)D in the blood serum of patients after summer 
should have gone back to its initial value. Obvious is the fact 
that synthesis of vitamin under the effect of solar UV-radia-
tion can keep 25(ОН)D in the blood serum of children at an 
adequate level after vitamin D3 medication is administered. It 
should be indicated that no considerable improvement in the 
clinical course of allergic diseases could be traced.

In order to achieve the best possible level of 25(ОН)D in 
the blood serum (36-48 ng/ml) of all patients and to raise 
the therapeutic effect for children with allergic diseases, 
higher doses of cholecalciferol were prescribed – 4,000 
IU a day during remission of the disease and 5,000 IU a 
day during the period of acute disease in the course of 2 
months, together with the basic treatment activities carried 
out in the periods of remission and acute disease. Higher 
doses of cholecalciferol were prescribed due to the recom-
mendations on vitamin D medication administration in the 
residents of Central Europe. After that in no children the 
level of 25(ОН)D in the blood serum was established as 
higher than the normal value (> 80 ng/ml), and no clinical 
signs of hypervitaminosis D were identified, also the best 
possible level of 25(ОН)D in the blood serum of patients 
was achieved. Thus, it may be considered that prescription 
of higher doses of cholecalciferol within the above course 
for children with allergic diseases is safe.

Laboratory data related to provision of children with 
allergic diseases with vitamin D in the period of admin-
istration of its preparation in different doses shows that 

Table I. The course of allergic diseases before and after long-term administration of vitamin D3 in the complex of treatment and rehabilitation activities in children
Feature Prior to vitamin D3 administration After vitamin D3 administration

Frequency of acute periods over the year 10–12 times 5–7 times

Frequency of acute periods over the year with 
hospitalization 5–10 times 3–7 times

ARI over the year 7–8 times 4–5 times

Duration of acute periods 10–14 days 8–6 days

Intoxication Present Almost non-available 
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cholecalciferol intake leads to increased level of 25(ОН)D 
in the blood serum of patients, and the higher the vitamin 
D3 medication dose, the higher the level of 25-hydroxical-
ciferol in the blood of patients.

To exclude the effect of the disease period on the level of 
immunological indicators in the blood of each patient they 
were measured over the same period of disease (remission 
or acute condition). To achieve this goal, children with 
allergic diseases were divided into two groups: children 
examined in the period of acute condition and children 
whose level of immunological indicators was measured 
in the period of remission.

It is known that IL-4 and IL-10 are cytokines of the 
immune system, that actively participate in the allergic in-
flammation processes, and then their increase in the blood 
of patients can be traced. Taking into account the results 
obtained, it may be assumed that vitamin D is involved in 
the decrease of allergic inflammation over the period of 
acute BA, allergic rhinitis and atopic dermatitis, since sig-
nificant reduction in the level of IL-4, IL-10 and the trend 
to IgG decrease in the blood of children in the period of 
acute disease could be traced if vitamin D3 was adminis-
tered in different doses. If the IgG – IgG4 subpopulation 
is considered to be involved in the allergic inflammation, 
it may be assumed that the level of total IgG decreases as 
the result of this faction.

It may also be assumed that vitamin D reduces organism 
sensibilization in the period of remission of the allergic 
disease, which fact is confirmed by the trend to reduced 
level of ІL-4, significant decrease of ІL-10 and IgG content 
in the blood of children in the period of disease remission, 
if cholecalciferol is administered in different doses. In the 
contrasting of the indicators of the dynamics in the level 
of 25(ОН)D and ІL-4, ІL-10 in the blood of every child a 
strong reverse correlation relationship was traced between 
the level of 25(ОН)D and allergic inflammation cytokines 
(the higher the level of 25(ОН)D, the lower the level of ІL-4 
and ІL-10), which also confirms involvement of vitamin 
D in allergic inflammation decrease in different disease 
periods (acute condition, remission).

After the clinical effect was assessed in the period of 
cholecalciferol administration in different doses in chil-
dren with allergic diseases, considerable improvement in 
the course of the disease was traced. This data proves the 
need for long-term administration of vitamin D3 medica-
tion in this category of patients. The commencement of 
improved course of the main disease and the best possible 
level of 25(ОН)D in the blood serum of patients could be 
traced after cholecalciferol prescription in higher doses 
(4,000-5,000 IU). It should be considered that short-term 
courses of treatment with vitamin D3 in higher doses at 
the controlled level of 25(ОН)D in the blood serum of 
patients should be included in the long-term cholecalciferol 
administration in children with allergic diseases. Reduced 
pathological symptoms that are not patogmonic for an 
allergic disease but may accompany it and characterize 
the overall condition of patients also point to the positive 
clinical effect of vitamin D. Also, reduced number of acute 

respiratory disease episodes, which often trigger the devel-
opment of acute allergic disease, over the year in children 
with allergic diseases should be pointed out, which fact 
also proves the need for cholecalciferol administration in 
this category of patients.

CONCLUSIONS 
Thus, the results of the research show that vitamin D is 
involved in the immune system processes aimed at reduced 
allergic inflammation in the period of acute disease and 
disease remission, since significant reduction or a trend to 
reduced level of immunological indicators ІL-4, ІL-10, and 
IgG in the blood serum of children with allergic diseases 
in the period of disease remission and acute disease in case 
of their treatment with vitamin D3 have been traced The 
reverse correlation has been established between the level 
of 25(ОН)D and ІL4, IL-10 in the blood serum of patients. 
Taking into account the data obtained, we consider that 
while in the treatment of children with bronchial asthma, 
allergic rhinitis and atopic dermatitis the complex therapy 
should include vitamin D3 medications with a long course 
of treatment in different doses, including higher doses, at 
the controlled level of 25(ОН)D in the blood serum of pa-
tients. That will contribute to improved course of the main 
disease and reduced manifestations of asthenoneurotic 
syndrome. The results of the research testify to the need 
for further scientific research into possible administration 
of vitamin D3 in the treatment and prevention of allergic 
diseases in children.
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