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Abstract

Introduction. The purpose of the work was to determine the antiviral and bactericidal action of the steam-water
mixture containing ozone created by the POS-1 apparatus on models of the transmissible gastroenteritis virus of
pigs of the coronavirus family and multi-resistant clinical strains of bacteria, as well as the selection of optimal
parameters for the supply of ozone in the composition of the gas mixture, which does not cause pathological
changes on the part of organs and body systems. Materials and methods. To create a gas mixture containing
ozone, the POS-1 apparatus created by the team of NMC Medinteh LLC was used. Virological studies were
conducted on the basis of the Institute of Epidemiology and Infectious Diseases named after L.V.
Gromashevsky. As a working material, models of the vector-borne gastroenteritis virus of pigs of the
coronavirus family were used. A series of bacteriological and experimental studies were performed on the basis
of the State Institution of the National Institute of Surgery and Transplantology named after A.A. Shalimov of
the National Academy of Medical Sciences of Ukraine. For bacteriological studies, polyresistant cultures at a
concentration of 108 CCU/ml were used. To study the effects of an ozone-containing mixture of gases on living
biological tissues, studies on white rats were performed in the experiment. Results. Virological studies have
shown that at an exposure of 20 minutes in contact with an extracellular virus, the infectious titer decreased by
100,000 times, and at an exposure of 30 minutes, complete deactivation of the virus occurred. Bacteriological
studies revealed a complete absence of culture growth after treatment with an ozone-containing mixture for 20
minutes. The results of swimming tests and behavioral reaction of white rats of the control and experimental
groups did not differ from each other. Histological studies of the tissues of the respiratory system, as well as the
spleen, thyroid gland, kidneys and adrenal glands did not reveal signs of pathological effects. Conclusions. 1.
The parameters of ozone generation and supply in the composition of the steam-water mixture of gases were
studied and optimally selected. 2. Studies of the effect of the ozone-containing mixture on the strain of the virus
of the coronavirus family, as well as bacteriological studies on multi-resistant clinical bacterial cultures confirm
the pronounced virocidal and bactericidal properties of the developed method. 3. The use of an ozone-containing
mixture does not cause any pathological changes on the part of the organs and systems of a living organism. 4.
The gas mixture can be used to prevent and treat infectious diseases of the respiratory system, both viral and
bacterial genesis.

Key words: steam-water ozone-containing mixture, polyetiological respiratory diseases, vector-borne
gastroenteritis virus of pigs, family of coronaviruses.

Introduction

In clinical practice, pneumonia is increasingly diagnosed, complicating the course of acute infectious
diseases of the respiratory system and occupying one of the first places in the structure of child mortality
(Bilichenko et al., 2016; Turchina et al., 2014). In 2017, pneumonia caused the deaths of 808,694 children under
5 years of age, accounting for 15.0% of all infant deaths worldwide (Chuchalin et al., 2014; Jakovlev, 2013).
According to WHO, about 450 million people in the world annually fall ill with pneumonia, while approximately
7 million cases of the disease are fatal (Rukovodstvo ..., 2012).

According to the State Statistics Service, the number of deaths due to pneumonia in Ukraine in 2018
increased by 23.87% compared to 2017 and amounted to 6101 patients. According to the same agency, in 2018,
36 deaths from acute respiratory diseases of the respiratory system were registered in Ukraine, 13 from
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influenza, 23 from viral pneumonia, 919 from bacterial pneumonia, as well as 5,095 from pneumonia, the
causative agent of which was not established (Statistical Bulletin ..., 2018).

The vitrocidal and bactericidal properties of the steam-water ozone-containing mixture of gases were
studied on models of the transmissible gastroenteritis virus of pigs of the coronavirus family and multi-resistant
clinical strains of bacterial cultures. During the experiment, physiological tests and behavioral reaction of
laboratory animals were analyzed, upon its completion, a series of histological studies of the organs of the
respiratory system and the main organs of the stress response were performed, which showed that ozone-
containing can be used to prevent and treat infectious diseases of the respiratory system organs, both viral and
bacterial genesis.

The purpose of the study is to determine the antiviral and bactericidal effect of the steam-water mixture
containing ozone created by the POS-1 apparatus on models of the transmissible gastroenteritis virus of pigs of
the coronavirus family and multi-resistant clinical strains of bacteria, as well as the selection of optimal
parameters for the supply of ozone in the composition of the gas mixture, which does not cause pathological
changes on the part of organs and body systems.

Materials and methods

Procedure / Test protocol / Skill test trial / Measure / Instruments. For research, an apparatus for
obtaining a steam-water ozone-containing mixture POS-1, created by the team of NMC Medintekh LLC, Kyiv,
Ukraine, was used. The possibility of its application is confirmed by the "Conclusions of the state sanitary and
epidemiological examination" No. 12.2-18-2 / 10782 of 15.05.2020 and No. 12.2-18-1 /11376 of 22.05.2020.

The parameters of the developed device provide the possibility of formation of an ozone-containing
mixture of gases with a capacity of 7 liters per minute at an ozone concentration of 1.2 mg per liter (Fig. 1).

Fig. 1. Apparatus for the preparation of steam-water ozone-containing mixture POS-1.

The developed model consists of an ozone generator, a Bobrov flask for humidifying ozone and an
oxygen mask designed to additionally supply oxygen to the air in order to create a breathable mixture of gases.
The research program was developed by a team of authors and approved at a joint meeting.

Virological studies were carried out on the basis of the State Institution "Institute of Epidemiology and
Infectious Diseases named after L.V. Gromashevsky" of the National Academy of Medical Sciences of Ukraine.
As a working material, models of the transmissible gastroenteritis virus of pigs of the coronavirus family
(TMGS), which is an etiological agent of transmissible gastroenteritis of pigs (TGS) and is a highly contagious
intestinal disease, was used. The D52-5 (BRE79) virus strain has a high pathogenicity for pigs of all age groups
at the level of 5 passage in a transcountable monolayer culture of ST piglet testicle cells. The strain is presented
by Dr. Hubert Laude from the Laboratory of Molecular Virology and Immunology of the INRA Biotechnology
Center in Jodo-en-Josasi (France). He also proved the tropism of viruses of the gastrointestinal and respiratory
tracts.

Titration of infectivity of viral materials on cell cultures was carried out by two methods: 1) the method
of final dilutions according to GPA. The titer of infectivity was determined by the Kerber-Ashmarin method; 2)
by the method of negative colonies (S-sign) under 1.35% agar coating (Difco-Bacto), a tissue cytopathogenic
dose of TCD of 50 / ml was established. The titer of infectivity was determined in BOE / ml, the results were
calculated after 120 hours of cultivation at a temperature of + 38 ° C.
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A viral suspension at a dose of 1000 TCD 50 / ml was incubated with a lower concentration of CS50 at
various exposures, taking samples to determine the infectious titer of the virus. As a control, a viral suspension
was used, which was incubated under the same conditions without treatment by the POS-1 apparatus. A decrease
in the infectious titer of the virus by 1.5-2.0 1gTCD50 compared with the control indicated a virocidal effect of
the method of hyperbaric oxygenation with ozone.

To identify the direct destructive effect of the presented method on the extracellular virus, the following
group of studies was conducted, in which a strain of the transmissible gastroenteritis virus of pigs with an
infectious titer of 8.5 1g ID50 was used.

To determine the effect of the ozone-containing mixture (POS-1 apparatus) on the extracellular TGS
coronavirus, transmissible cell cultures of SPEV (transplantable culture of pig embryo kidney cells) and Vero
(transplantable culture of green monkey kidney cells) were used. The study was conducted as follows: a
suspension of TGS coronavirus at a dose of 1000 TCD50 / ml was treated with an ozone-containing mixture,
incubated at room temperature and samples of extracellular virus were taken after 5 min, 20 min and 30 min.
Then the infectious titer of the TGS virus was determined in the SPEV and Vero cultures.

The isolation of RNA was performed using the "Ribosorb" kit according to the manufacturer's
instructions (Ampli Sense, RF).

The reverse transcription reaction was performed using the kit "Revert Aid TM H Minus First Strandc
DNA Synthesis Kit" according to the manufacturer's instructions (Thermo Scientific, Lithuania).

The viral neutralization reaction was carried out in 96 Well Plates "Costar" (USA) by the H. Laude
method using the reference hyperimmune serum N6926 of the same author as a positive control.

The cell population was grown in dies on RPMI-1640 + 10% fetal serum at a temperature of +370 C in a
thermostat with CO2 supply.

A series of bacteriological and experimental studies were performed on the basis of the State Institution
of the National Institute of Surgery and Transplantology named after A.A. Shalimov of the National Academy of
Medical Sciences of Ukraine.

In two sets of five Petri dishes, cultures were placed in isolation: Escherichia coli, Klebsiella pneumaniae,
Pseudomonis aeroginosa, Stafilococcus aureus, Candida albicans in a concentration of 108 CEU / ml.

Petri dishes with bacterial cultures were divided into a comparison group and a study group. The bacterial
culture comparison group was left unsponsioned. The study group was placed in a laminar hermetic box of
microbiological safety SHLV-02 with the POS-1 apparatus connected to it to create conditions for hyperbaric
oxygenation (P = blood pressure + 0.2 mm Hg). The study group was treated with a steam-water ozone-
containing mixture of gases for 20 minutes with a maximum ozone concentration (0.16+£0.03) mg / m3 at a
pressure of (1.2+1) atm. The volume of the mixture obtained was (7+£0.4) 1 / min.

The experimental part of the work was carried out in compliance with measures of ethical and humane
treatment of animals in accordance with the provisions of the Council of Europe Convention on Biomedicine and
relevant laws of Ukraine, as well as agreed with the Commission on Medical Ethics of the National Institute of
Surgery and Transplantology named after A.A. Shalimov of the National Academy of Medical Sciences of
Ukraine.

Participants. To study the effects of an ozone-containing mixture of gases on living biological tissues in
the experiment, we performed studies on white rats, the essence of which is given below.

Laboratory animals were divided into 3 groups of 10 individuals each. The first group was a comparison
group, the second and third were experimental. Animals of the second group breathed an ozone-containing
mixture for 10 minutes, animals of the third - 20 minutes once a day for 5 days while staying in an airtight
container. After each procedure, the animals were given a load forced swimming test at the same time of day
(10:00 a.m. to 11:00 a.m.) for 5 consecutive days, both in the comparison and experimental groups, immediately
following the hyperbaric oxygenation procedure. After completing the swimming test, the "open field" test was
performed (Gostjuhina et al., 2018). The behavioral response of animals (motor activity, orientation in space,
hunger, reaction to external stimuli) was assessed subjectively during 10 minutes of observations. On day 6, the
animals were removed from the experiment by an intrapleural overdose of a 5.0% solution of sodium thiopental.

Data collection and analysis / Statistical analysis. The digital material presented in the work was
processed using the methods of variational statistics. Statistical assessment of the significance levels of
differences in the obtained numerical indicators was carried out using the Student's T-criterion using Microsoft
Excel and Microcal Origin programs. Differences at p <0.05 were considered reliable.

Results

When performing virological studies, the detection of RNA of the transmissible gastroenteritis virus of
pigs strain D52 was carried out by reverse polymerase chain reaction (RT-PCR). Cell cultures infected with the
virus were treated with a steam-water ozone-containing mixture. The results for determining the virocidal effect
of the gas mixture on the extracellular virus of transmissible gastroenteritis of pigs of the coronavirus family are
presented in Fig. 2 and Fig. 3.
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Fig. 2. Infectious titer of the TGS virus 100 ID50 in wells treated with ozone-containing mixture in SPEV
cell culture.
KVP is a control seeding of the virus without treatment.
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Fig. 3. Infectious titer of the TGS virus 100 ID50 in wells treated with ozone-containing mixture in Vero
cell culture. KVP is a control seeding of the virus without treatment.

Infectious titer shown in the figures Fig. 2 and Fig. 3 is the degree of dilution of the virus, in which
healthy cells die. Numerical values along the ordinate axis are logarithms of the dilution degree, each logarithm
corresponds to the dilution of the virus by 10,000 times, ID50 is the semilethal concentration of the virus
suspension, the exposure time in the ozone-containing vapor-water mixture of gases is represented along the
abscissa axis.

According to the results of the study, it was found that the ozone containing the steam-water mixture
produced by the POS-1 apparatus reduces the infectious titer of the TGS virus of the coronavirus family,
depending on the exposure time, respectively, by 4.0; 5.0 and 7.0 1g ID50 in cell cultures SPEV and Vero, in
other words - at exposure to 20 min in contact with extracellular virus, the infectious titer decreased by 100,000
times, and at an exposure of 30 minutes - complete deactivation of the virus occurred. The obtained results prove
the presence of a pronounced virocidal effect of the use of a steam-water ozone-containing mixture of gases on
the virus of transmissible gastroenteritis of pigs strain D52.

The results for determining the bactericidal capabilities of the proposed method are presented in Table 1.

Table 1. Concentration of polyresestent clinical strains of bacterial agents in the control group and the
observation group

M/O Control, (CCA/ml) Observations, (CSA/ml)
Escherichia coli 10° no growth
Klebsiella pneumoniae 10° less than 10°
Pseudomonas aeruginosa 10° no growth
Stafilococcus aureus 10° no growth
Candida albicans 10° less than 10*
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The performed bacteriological studies confirmed further culture growth in the control group and a
complete absence of growth in the observation group after treatment with a steam-water ozone-containing
mixture for 20 minutes in samples with Escherichia Coli, Pseudomonis aeroginosa, Stafilococcus aureus, as well
as a significant decrease in the titer of Klebsiella pneumoniae (less than 103 CYU / ml) and Candida albicans
(less than 104 CEU / ml), which is evidence of a pronounced bactericidal effect of the developed method.

The results of swimming tests and a comparison of the behavioral response of white rats of the control
and experimental (after breathing with a gas mixture for 10-20 minutes) groups did not differ from each other.

Biological material for histological studies after the removal of animals from the experiment was
represented by tissues of the larynx, trachea, extrapulmonary bronchi, lungs, liver, spleen, thyroid gland, kidneys
and adrenal glands. No changes in the structure and parenchyma of the above organs of laboratory animals of all
three groups were detected.

Discussion

Pneumonia, as a complication, is caused by a number of pathogens, including viruses, bacteria and fungal
lesions of the respiratory system. The most frequent causative agents of acute respiratory diseases include
various viruses, as well as bacteria, such as: Streptococcus pneumoniae, Haemophilus influenzae, B-hemolytic
streptococci of group A, Streptococcus pyogenes, Staphylococcus aureus (Volchegorsky et al., 2000).

However, since 2020, due to the development of the SARS-COVID-19 pandemic, the main cause of
pneumonia and mortality are various strains of this coronavirus, which have claimed hundreds of thousands of
lives.

Given the expansion of the pandemic, the mutagenicity of the virus, as well as the likelihood of repeated
waves, the authors developed a method for the prevention and treatment of viral and bacterial diseases of the
respiratory system using hyperbaric oxygenation with a vapor-water ozone-containing mixture.

Due to its high reactogenic ability, ozone actively reacts with various biological objects, including viruses
and bacteria. The main target of its oxidative action is the membrane structures of cells, in which double carbon
bonds in polyunsaturated fatty acid molecules are destroyed to form organic peroxides and ozonides
(Volkhovskaya & Kolesova, 2015; Fundiur, et al., 2021; Yaroshenko, 2019). With the introduction of minimal
doses of ozone into the body, there is an activation of metabolic processes, which is accompanied by an increase
in the content of dissolved oxygen in the blood (Kuril’chik et al. 2016).

Ozone improves blood circulation and oxygen delivery to damaged tissues, accelerates metabolism,
improves overall well-being in patients, activates geroprotective systems, provides an increase in the
effectiveness of therapy and a decrease in drug load (Bejnarovich et al., 2016). The results of the studies indicate
that the use of low doses (0.6 pg) of ozone is accompanied by a minimally initiating effect on lipid peroxidation
in the blood with a predominant protective antioxidant effect both at the systemic level (blood) and at the cellular
level (erythrocytes). The use of higher doses of 0zone (2.0 and 8.0 pg), also stimulating superoxide dismutase, is
accompanied by a decrease in the effect of O3 on redox processes in the body (Solov'eva et al., 2017).

It should be noted that a factor reducing the effectiveness of ozone treatment is its molecular instability,
as well as a decrease in the clinically effective concentration in the solutions used for a short period of time
(Leljanov & Listratenkov, 2013).

However, given the direct effect of ozone on the biological membranes of pathogenic agents, as well as
its stimulating properties on organs and complexes of body tissues, ozone therapy is a promising method worthy
of solving the problems of increasing the effectiveness of treatment of viral and bacterial diseases of the
respiratory system, which is especially important in the context of the COVID-19 pandemic (Ruszel, &
Piecewicz-Szczesna, 2020; Nebelyuk, 2021; Kozishkurt, 2019; Radziejowska, 2018; Divocha et al., 2021;
Zhukov, & Zukow, 2020; Habchak, & Stasiv, 2021).

We have carried out studies on the use of steam-water ozone-containing mixture of gases as a prevention
of contamination and further spread of infectious agents in the organs of the respiratory system. In addition,
outdated ideas about the damaging effects of ozone in high concentrations on the human respiratory tract are one
of the factors constraining the clinical use of ozone. The proposed intervention model (i.e., exercises using body
weight and accessories, together with nutritional and psychological interventions online) effectively reduced
body fat and improved health-related physical fitness parameters in overweight or obese females after 12 weeks
(Aragjo et al., 2021).

VD deficiency/insufficiency is widely spread both in elite wrestlers and the control individuals.
Monitoring of VD level in elite athletes with subsequent correction is necessary. VD deficiency/insufficiency in
athletes correlates with high morbidity with URTI and could be associated with OS (Kerimov et al., 2019).
Females of the experimental group had significant positive changes according to the majority of indicators:
economization of myocardium activity, oxygen transportation opportunities of an organism, aerobic
opportunities of an organism, physical working capacity. It was also determined more significant positive
changes: vital capacity, strength, flexibility, coordination. It is confirmed the expediency of systematic
application of the breathing exercises with a full breath and interval hypoxia. It is expedient to perform breathing
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exercises on the classes of the subject "Physical culture" with the students suffer from cardiological diseases
(Kopeikina et al., 2018; Hashimoto et al., 2021; Campoi et al., 2019; Permadi, & Putra, 2018; Bala, et al., 2018).

Respiratory gymnastics for students with cardiological diseases. Research reported negative trend values
in anthropometric variables and variables of cardiorespiratory fitness as predictors of cardiovascular risk both in
schoolchildren of urban and rural sectors. Research should be focused on school populations, since values were
found in the variables evaluated that suggest a predisposition for chronic Noncommunicable diseases (NCDs);
metabolic syndrome and cardiovascular risk (Cresp et al., 2017; Popadynets et al. 2020; Babelyuk et al., 2017a;
Babelyuk et al., 2017b; Ruzhylo et al., 2021).

Conclusions

1. Experimentally studied and optimally selected parameters of synthesis and supply of moistened ozone
in the composition of the steam-water mixture of gases produced by the apparatus POS-1.

2. Studies of the effect of ozone-containing mixture on the strain of the gastroenteritis virus of pigs of the
coronavirus family, as well as bacteriological studies on multi-resistant clinical bacterial cultures confirm the
pronounced virocidal and bactericidal properties of the developed method.

3. The procedure of hyperbaric oxygenation with a vapor-water ozone-containing mixture does not cause
any pathological changes on the part of the organs and systems of a living organism, as well as the development
of stress reactions, which proves the safety of using the technique.

4. Steam-water mixture containing ozone can be used for the prevention and treatment of infectious
diseases of the respiratory system, both viral and bacterial genesis, as well as disinfection of instruments,
medical material, clothing and open premises.
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