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Abstract

The high incidence of children with recurrent episodes of acute obstructive bronchitis is a widespread problem. Correct identification of chil-
dren at risk of developing bronchial asthma at school age may improve treatment and prevention approaches to this pathology, but the ability
to identify these children remains limited. The purpose of the study was to determine the effectiveness of recombinant interferon alpha-2f in
children with recurrent episodes of acute obstructive bronchitis in the course of treatment based on the assessment of cytokine profile. The
study examined 59 children of the main group with recurrent episodes of acute obstructive bronchitis and 30 children of the comparison group
who suffered from acute bronchitis, aged 2-8 years, who were in the hospital. The results of laboratory studies were compared with the data of
30 healthy children. In children with recurrent episodes of acute obstructive bronchitis, the content of serum interferon-y and interleukin-4 was
significantly reduced compared to healthy children, after treatment with recombinant human interferon alpha-2p, the content of interferon-y and
interleukin-4 in children significantly increased. The content of interleukin-14 in children with recurrent episodes of acute obstructive bronchitis
was significantly higher than in healthy children, after immunomodulatory therapy with recombinant interferon alpha-2p, interleukin-4 normalized
to its level in healthy children. It was found that children with recurrent episodes of acute obstructive bronchitis have an imbalance of cytokines,
the effectiveness of recombinant human interferon alpha-2f therapy, which normalized the levels of the studied cytokines in the serum.
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Introduction

Along with the high incidence of acute respiratory diseases
(ARD), children who are often ill have a high incidence of
acute obstructive bronchitis (AOB), which, according to
various researchers, occurs in 10.0-30.0% of children with
ARD, which significantly complicates treatment of such
children in an outpatient setting. In addition, many patients
in this group require inpatient treatment, which in turn is
not only economically unprofitable for the state but also a
stressful situation for both the child and their parents [1,
2]. As a determining factor in the development of recurrent
episodes of AOB in children, bronchial hyperreactivity can
be caused by various mechanisms: genetically determined,
acquired due to chronic exposure to pollutants, viruses,
bacteria, or due to impaired neuroendocrine regulation
[3-7]. Despite the variety of factors that lead to recurrent
episodes of AOB, the actual mechanisms of bronchial ob-
struction are well studied. Infectious factors are crucial in
the development of the disease. The development of chronic
inflammation is possible in early childhood under the influ-
ence of viruses on immature tissue structures. Against the
background of ARD, bacterial inflammation often joins and
the reproduction of microorganisms leads to further pro-
gression of inflammation conditioned by self-damage to the
structure of the bronchus and due to activation of enzymes
of inflamed cells [8].

The purpose of the study was to determine the effectiveness
of recombinant interferon alpha-2f in children with recurrent
episodes of AOB in the course of treatment based on the as-
sessment of cytokine profile. The study hypothesis is to deter-
mine whether this immunomodulatory therapy can address

the cytokine imbalance observed in these children and con-
sequently improve treatment and prevention approaches for
bronchial asthma at school age.

Objectives:

1. To determine whether recombinant interferon alpha-2f
is effective in improving the cytokine profile of children
with recurrent episodes of AOB.

2. To compare the cytokine profile of children with recur-
rent episodes of AOB to healthy children and those with
acute bronchitis.

3. To investigate whether there is an imbalance of cytokines
in children with recurrent episodes of AOB.

4. To evaluate the potential of recombinant interferon
alpha-2f therapy in addressing the cytokine imbalance
observed in children with recurrent episodes of AOB.

5. To provide insights into the identification, treatment, and
prevention of bronchial asthma in children based on the
assessment of cytokine profile.

Materials and methods

Study participants

The study examined 59 children of the main group aged
2-8 years, with recurrent episodes of AOB (I-AOB), who
were hospitalized in the pulmonology and allergy depart-
ment of the municipal non-profit enterprise of the Lviv
Regional Council ‘Lviv Regional Children’s Clinical Hospital
“OKHMATDYT”’. To compare the obtained data of children
with recurrent episodes of AOB, a group of 30 children aged
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2-8 years, suffering from acute bronchitis (AB) was selected
no more than 1-2 times a year, which was a comparison group
(II-ABC). Examination of this group of children was also con-
ducted on the premises of the pulmonology and allergology
department according to the same methodology as the exam-
ination of children in the main group. Verification of the diag-
nosis was carried out based on complaints from parents of
sick children, anamnesis data, objective symptoms, and re-
sults of laboratory and clinical research methods, which were
performed by the Order of the Ministry of Health of Ukraine
No. 18 ‘On approval of Protocols for medical care for chil-
dren in the specialty “children’s pulmonology™’ [9].

Research process

The results of laboratory tests were compared with data from
30 healthy children who were examined during expeditions
of employees of the state institution Institute of Hereditary
Pathology of the National Academy of Medical Sciences of
Ukraine in ecologically clean areas of Lvivska Oblast and
who, accordingly, were included in the control group of
healthy children (II-HC). All patients underwent venous
blood sampling for examination (4-5 ml) in the morning, on
an empty stomach, and in a test tube without preservatives.
The coagulation time in vitro did not exceed 30 minutes at a
temperature of 2-25°C. After centrifugation for 10-15 min-
utes at 1500 rpm serum was collected, placed in sterile tubes
and frozen (at -18°C) until the analysis procedure. Following
the requirements of bioethics ‘On laboratory research of bio-
logical material’, the parents of each child signed written con-
sent for the study of biomaterial.

All children underwent a general clinical examination,
which included a study of primary medical records, history
taking, paediatrician examination, chest X-ray, determin-
ation of O, saturation, and laboratory tests (clinical blood
test, urine, and biochemical blood test). The levels of IL-1f,
IL-4, IFN-y in the serum of the subjects were determined by
solid-phase enzyme-linked immunosorbent assay using the
enzyme-linked immunosorbent assay ‘Multiscan’ using test
systems produced by Vector-Best ZAO (Novosibirsk, Russia)
according to the instructions. The study was performed in
the acute period of the disease (on the 1-4th day of hospi-
talization and after 3 weeks). The clinical part of the study
was performed on the premises of the pulmonology and al-
lergy department of the municipal non-profit enterprise Lviv
Regional Children’s Clinical Hospital ‘OKHMATDYT’, la-
boratory tests were performed at the state institution Institute
of Hereditary Pathology of the National Academy of Medical
Sciences of Ukraine. The results were statistically processed
on a personal computer using Microsoft Excel 7.0 software
suite, calculating the values of the arithmetic mean (M), the
arithmetic mean error (m), the Student’s # test (¢) and the de-
gree of probability (P). Differences at P < 0.01 and P < 0.05
were considered statistically significant.

Results

Serum cytokines are used to measure the blood levels in chil-
dren with recurrent episodes of AOB, because they are bio-
markers of inflammation and immune response. Cytokines
are signalling molecules that play a crucial role in regulating
the immune response, inflammation, and tissue repair. In
particular, interferon-y and interleukin-4 are cytokines that
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are involved in the immune response against viral infections,
which are a common cause of AOB in children.

The distribution of surveyed children by age and gender are
presented in Table 1. Analysis of the data in Table 1 indicates
that the comparative groups of children had no differences in
the distribution by age and gender. The three groups of chil-
dren had approximately the same number of boys and girls,
aged 2-8.

Comparative analysis of the examined children with re-
current episodes of AOB and children with AB, who formed
a comparison group according to clinical and radiological
examination, and laboratory parameters, is presented in
Table 2.

The general condition of children with recurrent episodes
of AOB at the time of examination was assessed as mod-
erate and severe. The condition of the children who made up
the comparison group during the examination was assessed
as satisfactory and moderate. Clinical manifestations of
hypooxygenation were recorded in most children with recur-
rent episodes of AOB: pallor of the skin (g = 0.66 vs. 0.20 in
the comparison group), decreased saturation (g = 0.61 vs. 0.00
in the comparison group), frequency of which probably dif-
fered from the data of the comparison group (Table 2). There
was also a significantly higher frequency (g = 0.92 vs. 0.13 in
the comparison group) of auscultatory changes in the lungs in
the examined children with recurrent episodes of AOB (such
as dry wheezing, shortness of breath, impaired breathing,
etc.) compared to children in the AB group. The frequency of
box percussion sound above the lungs in children of the main
group with repeated episodes of AOB (¢ = 0.86 vs. 0.00 in the
comparison group) was also high, which is conditioned by the
presence of bronchial obstruction syndrome in these children,
which is characterized by inflammatory changes in bronchi
and narrowing of their lumen due to spasm.

In addition, a high frequency of radiological signs of ob-
structive bronchitis, such as compaction of the lung roots,
thinning of the pulmonary pattern in the lateral lungs and
thickening in the medial (g = 0.75 vs. 0.30 in children with
AB). Changes in the blood test of children of the main group,
such as eosinophilia (¢ = 0.53 vs. 0.13 in the comparison
group) and lymphocytosis (g = 0.58 vs. 0.27 in the comparison
group) were registered. Notably, cases of reduced oxygen sat-
uration and percussion changes over the lungs in children with
acute bronchitis were not registered at all (Table 2). Thus, the
analysis of the results of the clinical examination and a set
of clinical data found that in the anamnesis of sick children,
there were at least 3—4 recurrent episodes of AOB per year,
they were most often bothered by dry frequent cough, short-
ness of breath, fever, runny nose, and dry wheezing. At the
next stage of the analysis of serum cytokines in children with

Table 1. Distribution of surveyed children by age and gender

Groups of Quan- Age Gender
children tity, 7

2-5 years  6-8 years Boys Girls

n % n % n % n Y%
I-AOB 59 39 66.0 20 34.0 34 58.0 25 420
II-ABC 30 18 60.0 12 40.0 16 53.0 14 47.0
HI-HC 30 19 63.0 11 37.0 17 S56.5 13 435
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recurrent episodes of AOB in comparison with similar indica-
tors in children with AB and healthy children. The results of
the study on the content of interferon-y, interleukin-1f, and
interleukin-4 in the serum of children with recurrent episodes
of AOB and children with AB in comparison with data from
healthy children in the control group are presented in Table 3.

Serum interferon-y content was significantly reduced in
both children with recurrent episodes of AOB (7.116 = 0.323
pg/ml) and in children with AB (8.114 = 0.218 pg/ml) com-
pared with healthy children (9.086 = 0.219 pg/ml), signifi-
cantly differing in the frequency of pathological signs. The
study results showed that in children with recurrent episodes
of AOB, there are significant disorders in the cytokine system
(Table 3), which differed significantly from those of chil-
dren with acute bronchitis in arithmetic mean and frequency
of pathological signs, especially in content in the blood of
interleukin-4. Thus, it was found that in patients of the first
group during hospitalization, the content of proinflammatory
interleukin-1 was significantly increased (3.396 = 0.274
pg/ml) in comparison with the second and third groups of
children (2.930 = 0.329 pg/ml) and (2.742 = 0.280 pg/ml),
respectively, indicating the rapid development of a systemic
inflammatory response in children with recurrent episodes
of AOB [10]. The concentration of anti-inflammatory inter-
leukin-4 was reduced 3 times in children with recurrent epi-
sodes of AOB (1.329 = 0.232 pg/ml) and only two times
in children with AB (1.894 = 0.222 pg/ml) compared with
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healthy children (4.018 + 0.411 pg/ml). Similar changes in
cytokine status were observed by other researchers in peri-
odontitis [11].

The follow-up revealed that the parents of 35 children fol-
lowed the recommendation and that the children received a
5-day course of recombinant interferon alpha-2f at age doses
rectally. And the parents of 24 children did not follow the
recommendations and, accordingly, these children did not re-
ceive therapy with recombinant interferon alpha-2p. Three
weeks after discharge from the hospital, all children were
invited for a re-examination by a physician with a blood
sample. Therefore, 3 weeks after administration of recom-
binant interferon alpha-2f3, the serum levels of interferon-vy,
interleukin-1p, and interleukin-4 were re-determined. The
results of the study of serum cytokines in children with re-
current episodes of AOB in the dynamics of treatment with re-
combinant interferon alpha-2f3 and without it in comparison
with data from healthy children are presented in Table 4.

The content of serum interferon-y in children with recur-
rent episodes of AOB before treatment with recombinant
interferon alpha-2f was significantly reduced (6.937 = 0.362
pg/ml and 7.126 = 0.294 pg/ml) in almost all children com-
pared with its content in healthy children (9.086 = 0.219 pg/
ml). After treatment with recombinant interferon alpha-2f,
the content of interferon-y significantly increased, reaching
the value of healthy children (8.765 = 0.250 pg/ml) in 77.0%
of subjects, while in children who did not receive Laferobion,

Table 2. Comparative analysis of the clinical condition of children with recurrent episodes of AOB with these children in the comparison group with AB

Clinical manifestations

Frequency of clinical and laboratory manifestations in groups of children

1I-AOB 1I-ABC

n=59 q n=30 q
Pale skin 39 0.66" 6 0.20
Decreased saturation 36 0.61" - -
Auscultatory changes 54 0.92° 4 0.13
Box percussion sound 51 0.86" - -
Radiological signs of bronchitis 44 0.75" 9 0.30
Leukocytosis 16 0.27 10 0.33
Eosinophilia 31 0.53" 4 0.13
Lymphocytosis 34 0.58 8 0.27

‘Probable difference between the data of children with recurrent episodes of AOB and children of the comparison group, P < 0.01.
“"Probable difference between the data of children with recurrent episodes of AOB and children of the comparison group, P < 0.05; g is the frequency of

deviation of the parameter from the norm or from the reference value.

Table 3. The content of interferon-y, interleukin-1p, and interleukin-4 in the serum of children with recurrent episodes of AOB and AB in comparison

with data from healthy children, (M + m)

Indicator Groups of children:
-AOB, 7 = 59 I-ABC, 7 = 30 I-HC, 7 = 30
M £ m, (pg/ml) q M £ m, (pg/ml) q M £ m, (pg/ml) q
Interferon-y 7.116 = 0.323" 0.92%" 8.114 = 0.218 0.27" 9.086 = 0.219 0.03
Interleukin-1p3 3.396 + 0.274" 0.76~" 2.930 = 0.329 0.33 2.742 = 0.280 0.27
Interleukin-4 1.329 + 0.232%" 1.0%" 1.894 = 0.222" 0.63" 4.018 = 0.411 0.33

‘Probable difference between the data of children with bronchitis and healthy children, P < 0.01.
“Probable difference between the data of children with recurrent episodes of AOB and AB, P, < 0.01.
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Table 4. Content of interferon-y, interleukin-1p, and interleukin-4 in the serum of children with recurrent episodes of AOB in the dynamics of treatment with Laferobion and without it in comparison with data

from healthy children (M + m)

Indicators

Groups of children

Interleukin-4

Interleukin-1f

Interferon-y

1.0
0.63
1.0

1.228 = 0.26"

77"
40

3.432 +0.332 0.

15

0.23""
0.88

0.9

6.937 = 0.362°

35

After treatment with Laferobion, 7 = 35

Before treatment, n

Children with recurrent episodes of AOB, 2 = 59

2.986 = 0.408™
1.656 = 0.24"

0.

2.503 +0.398™

8.765 = 0.250™

7%

0.

3.297 = 0.348"
2.953 +0.339
2.542 = 0.380

7.128 = 0.294"

24

After treatment without Laferobion, N

Before treatment, 7

0.927
0.37

2.079 = 0.282"
4.018 = 0.411

0.54™
0.27

0.717
0.03

7.711 = 0.290™""
9.086 = 0.219

=24

Healthy control, 7 = 30

‘Probable difference between the data of children with bronchitis and healthy children, P < 0.01.

“"Probable difference between the data of children with bronchitis in the dynamics of treatment with Laferobion, P < 0.01.

“Probable difference between the data of children with bronchitis who received Laferobion and those who did not take it, P < 0.01.
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the content of interferon-y in the dynamics of treatment re-
mained significantly reduced in almost all children (before
treatment — 7.128 = 0.294 pg/ml; after treatment — 7.711
+ 0.290 pg/ml, with its content in healthy children — 9.086
+ 0.219 pg/ml). Similar data were obtained in the study of
blood levels of interleukin-1f and interleukin-4 in the exam-
ined children (Table 4). Notably, the data on the content of
interferon-y and interleukin-4 in the blood of children treated
with recombinant human interferon alpha-2f and those who
were not treated in the follow-up differed significantly (P <
0.01) (Table 4).

Discussion

Given all the above, the question arises as to the possibility
of implementing an adequate cellular-type immune response
in children with recurrent episodes of AOB, as such chil-
dren mostly belong to the group of frequently ill children.
According to the existing view, one of the key roles in the
immune response, including regulatory, is assigned to the
cytokine system [12]. Interferon-y (IFN-y) is a cytokine, a
strong mediator of the immune response [13]. It belongs to
type II interferons and plays an important role in preventing
the development of infection, produced by T-lymphocytes and
NK-cells (cells — natural killers) [11]. Interferon-y is an acti-
vator of macrophage differentiation and a pro-inflammatory
activator of innate immunity [6]. It has a number of pro- and
anti-inflammatory properties [14-16]. Interleukin-1f (IL-1p)
is a polypeptide proinflammatory cytokine with a molecular
weight of 15 kD, which plays a leading role in the processes of
acute and chronic inflammation, both local and systemic. It is
secreted mainly by macrophages, T-lymphocytes, fibroblasts,
and endotheliocytes [17, 18].

Interleukin-4 (IL-4) is a multifunctional anti-inflamma-
tory cytokine of the interleukin group, which regulates the
growth and differentiation of B-lymphocytes, the processes
of biosynthesis, and the secretion of antibodies [19, 20]. It
is produced by activated T lymphocytes (Th2 cells or type II
T-helpers), mast cells, eosinophils, and basophils and plays an
important role as a mediator and modulator of the immune
and inflammatory response, having an immunosuppressive ef-
fect [21-23].

The cytokine network is a system that acts as a harmonious
complex, capable of self-regulation, in which there is constant
cooperation. The impact on any part of the cytokine network
inevitably affects the functions of its other components [24,
25]. The state of the body’s immune system depends on the
balance of cytokine regulation. Synergism or antagonism in
the process of cytokine interaction, depending on the situ-
ation, can lead to a predominance of cellular or humoral
type of immune response. With the strengthening of cellular
immunity, the humoral link will lead to normalization, thus
achieving a functional balance between the immune system
[26-28].

Analysis of the literature suggests that reduced levels of
interleukin-4 stimulate the humoral (Th2) and inhibit the cel-
lular (Th1) immune response. The data obtained indicate that
the chronicity of the disease is accompanied by the activation
of the Th2 type, which is associated with the synthesis of anti-
bodies and the development of immunopathological mani-
festations [27, 29, 30]. The study showed that children with
recurrent episodes of AOB have a more pronounced cytokine
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profile imbalance than children with AB, caused by the im-
paired regulatory function of the immune system to therapy,
according to the protocol for the treatment of AOB in such
children (59 people) during convalescence, recombinant inter-
feron alpha-2f (rectal suppositories) was administered on an
outpatient basis in age-appropriate doses, twice daily, for §
days [9].

According to the literature, recurrent ARD in children can
cause hyperproduction of immunoglobulin E(IgE), decreased
interferon-y synthesis, which can lead to the development of
bronchial hyperreactivity and sensitization of the child to
non-infectious allergens [2, 31, 32].

Conclusion

Often, bronchial obstruction can be the first manifestation
of various respiratory diseases and determines both the se-
verity of the underlying disease and its prognosis. Bronchial
obstruction that occurs against the background of ARD in
children of the first three years of life is characterized by
various diffuse bronchial lesions and is a predictor of a high
risk of recurrent bronchial obstruction in subsequent episodes
of ARDs and the development of bronchial hyperreactivity
in pre-school and school age, which occurs in 15.0-30.0%
of cases.

In children with recurrent episodes of AOB, the content of
serum interferon-y and interleukin-4 was significantly reduced
compared to healthy children, after treatment with recom-
binant human interferon alpha-2f, the content of interferon-y
and interleukin-4 in children significantly increased, reaching
the content in healthy children. The content of interleukin-1f
in children with recurrent episodes of AOB was significantly
higher than in healthy children, after immunomodulatory
therapy with recombinant interferon alpha-2f interleukin-4
levels returned to normal in healthy children.

Based on the assessment of the cytokine profile, identifying
children at risk of developing bronchial asthma at school age
may improve treatment and prevention approaches to this
pathology. The study’s findings support the potential of re-
combinant interferon alpha-2f3 therapy in addressing cyto-
kine imbalances observed in children with recurrent episodes
of AOB and have implications for improving treatment and
prevention approaches for bronchial asthma in children.

Ethical Approval

All procedures performed in studies involving human parti-
cipants were in accordance with the ethical standards of the
institutional and national research committee and with the
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. All participants (parents of sick
children) provided their written informed consent to partici-
pate in this study.

Conflict of Interests

The authors declare no competing interest.

Data Availability

The data that support the findings of this study are available
on request from the corresponding author.

315

Author Contributions

T.K., N.L., D.K., V.D., and O.T. conceived and designed the
work, performed the experiments, collected clinical data, per-
formed the statistical analysis, and wrote the manuscript. All
authors approved the final version of the article.

References

1. Zaykov SV, Grishylo PV, Grishylo FP. Experience of bacterial lysates
application in treatment of respiratory diseases. Asth Allerg 2013,
3, 66-71. https://www.semanticscholar.org/paper/Experience-of-
bacterial-lysates-application-in-of-Zaykov-Grishylo/5244cc936f2
9baac00acb69c38e9e¢7ea9180d341

2. Ren CL, Esther CR, Debley JS, Sockrider M, Yilmaz O, et al. Official
American thoracic society clinical practice guidelines: diagnostic
evaluation of infants with recurrent or persistent wheezing. Am |
Respir Crit Care Med 2016, 194, 356-73. http//:doi.org.10.1164/
rcem.201604-0694ST

3. Ribeiroa JD, Fischer GB. Chronic obstructive pulmonary diseases
in children. | Pediatr 2015, 91, 11-25. http://dx.doi.org/10.1016/j.
jped.2015.06.003

4. Cutrera R, Baraldi E, Indinnimeo L, del Giudice MM, Piacentini G,
Scaglione F, et al. Management of acute respiratory diseases in the
pediatric population: the role of oral corticosteroids. Ital | Pediatr
2017, 43, 31. http//:doi.org.10.1186/s13052-017-0348-x

5. Ostergaard MS, Kjergaard ], Kristensen MM, Reventlow S,
Poulsen A, Isaeva E, et al. Recurrent lower respiratory illnesses
among young children in rural Kyrgyzstan: overuse of antibiotics
and possible underdiagnosis of asthma. A qualitative FRESH
AIR study. Primary Care Respir Med 2018, 28, 13. http//:doi.
0rg.10.1038/s41533-018-0082-x

6. Krisnawati DI, Liu Y-C, Lee Y-J, Wang Y-T, Chen C-L, Tseng P-C,
et al. Blockade effects of anti-interferon- (IFN-) y autoantibodies
on IFN-y-regulated antimicrobial immunity. | Immunol Res 2019,
1629258, 1-12. http//:doi.org.10.1155/2019/1629258

7. Mahashur A, Thomas PK, Mehta P, Nivangune K, Muchhala S,
Jain RP. In-depth review of current evidence. Lung India 2019, 36,
422-33. http//:doi.org.10.4103/lungindia.lungindia_39_19

8. Yang J, Kim EK, Park HJ, McDowell A, Kim Y-K. The impact of
bacteria-derived ultrafine dust particles on pulmonary diseases.
Exp Mol Med 2020, 52, 338-47. http//:doi.org.10.1038/s12276-
019-0367-3

9. Order of the Ministry of Health of Ukraine No. 18. On approval
of Protocols for medical care for children in the specialty children’s
pulmonology. 2005. https://zakon.rada.gov.ua/rada/show/v0018282-
05?lang=en#Text

10. Al-Shamrani A, Bagais K, Alenazi A, Algwaiee M, Al-Harbi AS.
Wheezing in children: approaches to diagnosis and management.
Int | Pediatr Adolesc Med 2019, 2, 68-73. http//:doi.org.10.1016/j.
{jpam.2019.02.003

11. Kak G, Raza M, Tiwar BK. Interferon-gamma (IFN-y): exploring
its implications in infectious diseases. Biomol Conc 2018, 9, 64-79.
http//:doi.org.10.1515/bmc-2018-0007

12. Toffe IV, Khrabrova EP, Lyashenko EY. Study of the concentration of
immunoregulatory serum cytokines in autoimmune thyroopathies.
Ukr | Clin Lab Med 2013, 2, 143-6.

13. Castro E Cardoso AP, Gongcalves RM, Serre K, Oliveira MJ.
Interferon-gamma at the crossroads of tumor immune surveillance
or evasion. Front Immun 2018, 9, 847. http//:doi.org.10.3389/
fimmu.2018.00847

14. Pollard KM, Cauvi DM, Toomey CB, Morris KV, Konoe DH.
Interferon-y and systemic autoimmunity. Discov Med 2013, 16,
123-31. https://pubmed.ncbi.nlm.nih.gov/239984438/.

15. MaH, Li Y, Tang L, Peng X, Jiang L, Wan J, et al. Impact of childhood
wheezing on lung function in adulthood: a meta-analysis. PLoS One
2018, 1, 1-7. http//:doi.org.10.1371/journal.pone.0192390

16. Kercsmar CM, Mcdowell KM. Wheezing in older children: asthma.
Kendig’s Dis of the Resp Tract in Child 2019, 9, 686-721.

202 1890300 /g uo 1senb Aq €9€0¥ | 2/0L€/€/€ 1 2/3I1011./190/W00 dNo"dlWapede)/:sdiy wody papeojumod


https://www.semanticscholar.org/paper/Experience-of-bacterial-lysates-application-in-of-Zaykov-Grishylo/5244cc936f29baac00acb69c38e9e7ea9180d341
https://www.semanticscholar.org/paper/Experience-of-bacterial-lysates-application-in-of-Zaykov-Grishylo/5244cc936f29baac00acb69c38e9e7ea9180d341
https://www.semanticscholar.org/paper/Experience-of-bacterial-lysates-application-in-of-Zaykov-Grishylo/5244cc936f29baac00acb69c38e9e7ea9180d341
http//:doi.org.10.1164/rccm.201604-0694ST
http//:doi.org.10.1164/rccm.201604-0694ST
http://dx.doi.org/10.1016/j.jped.2015.06.003
http://dx.doi.org/10.1016/j.jped.2015.06.003
http//:doi.org.10.1186/s13052-017-0348-x
http//:doi.org.10.1038/s41533-018-0082-x
http//:doi.org.10.1038/s41533-018-0082-x
http//:doi.org.10.1155/2019/1629258
http//:doi.org.10.4103/lungindia.lungindia_39_19
http//:doi.org.10.1038/s12276-019-0367-3
http//:doi.org.10.1038/s12276-019-0367-3
https://zakon.rada.gov.ua/rada/show/v0018282-05?lang=en#Text
https://zakon.rada.gov.ua/rada/show/v0018282-05?lang=en#Text
http//:doi.org.10.1016/j.ijpam.2019.02.003
http//:doi.org.10.1016/j.ijpam.2019.02.003
http//:doi.org.10.1515/bmc-2018-0007
http//:doi.org.10.3389/fimmu.2018.00847
http//:doi.org.10.3389/fimmu.2018.00847
https://pubmed.ncbi.nlm.nih.gov/23998448/
http//:doi.org.10.1371/journal.pone.0192390

316

17.

18.

19.

20.

21.

22.

23.

24.

25.

Samigullina LI, Tamindarova RR. Proinflammatory cytokines
TNF-a and IL-1f in the regulation of bone tissue metabolism and
their role in the pathogenesis of chronic periodontitis. Mod Probl
Sci Educ 2014, 1, 1-5. https://science-education.ru/en/article/
view?id=13354

de Koning HD, Schalkwijk J, Stoffels M, Jongekrijg J, Jacobs JEM,
Verwiel E, et al. The role of interleukin-1 beta in the pathophys-
iology of Schnitzler’s syndrome. Arthr Res Ther 2015, 17, 187.
https://doi.org/10.1186/s13075-015-0696-0

Nappo G, Handle F, Santer FR, McNeill RV, Seed RI, Collins AT,
et al. The immunosuppressive cytokine interleukin-4 increases
the clonogenic potential of prostate stem-like cells by activa-
tion of STAT6 signalling. Oncogenesis 2017, 6, e342e342.-e342.
http//:doi.org.10.1038/oncsis.2017.23

Junttila IS. Tuning the cytokine responses: an update on interleukin
(IL)-4 and IL-13 receptor complexe. Front Immun 2018, 9, 888.
http//:doi.org.10.3389/fimmu.2018.00888

Gadani SP, Cronk JC, Norris GT, Kipnis J. Interleukin-4: a cytokine
to remember. | Immun 2012, 189, 4213-9. http//:doi.org.10.4049/
jimmunol.1202246

Chatterjee P, Chiasson VL, Bounds KR, Mitchell BM. Regula-
tion of the anti-inflammatory cytokines interleukin-4 and inter-
leukin-10 during pregnancy. Front Immun 2014, 5, 253. http//:doi.
0rg.10.3389/fimmu.2014.00253

Akdis M, Aab A, Altunbulakli C, Azkur K, Costa RA, Crameri R,
et al. Interleukins (from IL-1 to IL-38), interferons, transforming
growth factor b, and TNF-a: receptors, functions, and roles in
diseases. | Aller Clin Immun 2016, 138, 984-1010. http//:doi.
0rg.10.1016/.jaci.2016.06.033

Schaad B, Esposito S, Razi H. Diagnosis and management of recur-
rent respiratory tract infections in children: a practical guide. Arch
Ped Inf Dis 2016, 4, e31039.

Zha Z, Bucher F, Nejatfard A, Zheng T, Zhang H, Yea K, et al.
Interferon-y is a master checkpoint regulator of cytokine-induced

26.

27.

28.

29.

30.

31.

32.

Kenzhetaeva et al.

differentiation. Proc Natl Acad Sci USA 2017, 114, E6867-74.
http//:doi.org.10.1073/pnas.1706915114

Miyaki E, Hiraga N, Imamura M, Uchida T, Kan H, Tsuge M, et
al. Interferon alpha treatment stimulates interferon gamma expres-
sion in type I NKT cells and enhances their antiviral effect against
hepatitis C virus. PLoS One 2017, 1, 1-12. http//:doi.org.10.1371/
journal.pone.0172412

Lee SH, Kwon JY, Kim S-Y, Jung K, Cho M-L. Interferon-gamma
regulates inflammatory cell death by targeting necroptosis in exper-
imental autoimmune arthritis. Sci Rep 2017, 7, 10133. http//:doi.
org.10.1038/s41598-017-09767-0

Baimbetov AK, Bizhanov KA, Abzaliyev KB, Bairamov BA,
Yakupova IA. Prediction of arrhythmia recurrence after atrial fi-
brillation ablation in patients with normal anatomy of the left
atrium. Int | Clin Pract 2021, 75, e14083. http//:doi.org.10.1111/
ijcp.14083

Khamchiyev KM, Suleimenova FM, Sagimova GK, Adaibayev KT,
Suchshenko AF, Serkesh YM. Morphological, immunophysiological
and clinical features of respiration and blood circulation under
the influence of combined stress in the Covid-19 conditions.
Syst Rev Pharm 2020, 11, 370-4. https://dx.doi.org/10.31838/
51p.2020.12.59

Shandaulov AK, Khamchiev KM, Astanin AA, Ibraeva SS,
Khasenova KM. Influence of high altitude hypoxia on the hemo-
dynamics of the small circle of blood circulation and indicators of
red blood of rats. Syst Rev Pharm 2020, 11, 284-8. https://dx.doi.
org/10.5530/srp.2019.2.04

Shandaulov AK, Mazhbich BIL. Postural changes in the pulmonary
hemodynamics of rats under high-altitude conditions. Fiziol Zh
SSSR Im I M Sechenova 1991, 77, 89-96. https://pubmed.ncbi.nlm.
nih.gov/1652501/

Gorbas VA, Smiyan OI, Kurhanska VO. Changes in the colon mi-
croflora of school-age children with bronchial asthma. New Armen
Med ] 2015, 9, 45-7.

202 1890300 /g uo 1senb Aq €9€0¥ | 2/0L€/€/€ 1 2/3I1011./190/W00 dNo"dlWapede)/:sdiy wody papeojumod


https://science-education.ru/en/article/view?id=13354
https://science-education.ru/en/article/view?id=13354
http//:doi.org.10.1186/s13075-015-0696-0
http//:doi.org.10.1038/oncsis.2017.23
http//:doi.org.10.3389/fimmu.2018.00888
http//:doi.org.10.4049/jimmunol.1202246
http//:doi.org.10.4049/jimmunol.1202246
http//:doi.org.10.3389/fimmu.2014.00253
http//:doi.org.10.3389/fimmu.2014.00253
http//:doi.org.10.1016/j.jaci.2016.06.033
http//:doi.org.10.1016/j.jaci.2016.06.033
http//:doi.org.10.1073/pnas.1706915114
http//:doi.org.10.1371/journal.pone.0172412
http//:doi.org.10.1371/journal.pone.0172412
http//:doi.org.10.1038/s41598-017-09767-0
http//:doi.org.10.1038/s41598-017-09767-0
http//:doi.org.10.1111/ijcp.14083
http//:doi.org.10.1111/ijcp.14083
http//:doi.org.10.31838/srp.2020.12.59
http//:doi.org.10.31838/srp.2020.12.59
http//:doi.org.10.5530/srp.2020.2.44
http//:doi.org.10.5530/srp.2020.2.44
https://pubmed.ncbi.nlm.nih.gov/1652501/
https://pubmed.ncbi.nlm.nih.gov/1652501/

