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ABSTRACT:

Coronavirus disease 2019 represents a serious chal-
lenge for modern society worldwide because of the con-
siderable and unfavourable consequences of the pandemic
in terms of human health, economics and social life. In the
present concise survey, some essential peculiarities of
ozone as disinfecting and therapeutic means under the con-
ditions of COVID-19 pandemic as reflected in the recent
literature are described. Particularttention is paid to mod-
ern hospital disinfection means and methods. Ozone exerts
antiviral activity through the inhibition of viral replication
and direct inactivation of viruses by interfering with the
virus replication phase and attacking capsid proteins.
Ozone therapy is very inexpensive and may safely exploit
the critical vulnerability in COVID-19.
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INTRODUCTION

Since March 2019, coronavirus disease 2019 has rep-
resented a serious challenge for modern society worldwide
because of the considerable and unfavourable consequences
of the pandemic in terms of human health, economics and
social life. Recent intensive international research uninter-
ruptedly reveals a series of important characteristics of
COVID-19 pandemic and identifies the peculiarities of its
prevention and patients’ management.

Peculiarities of ozone as disinfection means

Ozone is a highly oxidizing gas easily generated
from atmospheric oxygen with inexpensive equipment. It
is commonly used for the disinfection of municipal water,
foods, and surfaces [1]. It has unique biological properties
and can be used as a gas at recommended levels with moni-
toring and if dispersed in water [2]. Ozone can be used in
the disinfection of environments contaminated by viruses
[3]. Its maximum antiviral efficacy requires a short period
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of high humidity (>90% relative humidity) after the attain-
ment of peak ozone gas concentration (20-25 ppm, 39-49
mg/m?) [4]. Gaseous ozone can be an effective disinfect-
ant that successfully inactivates viruses such us influenza
A HINI1, MERS-CoV, SARS-CoV-1 or even SARS-CoV-2
in aerosols or fomites [5]. Low ozone exposures around 0.1-
0.4 mg/L min achieve about 4 logio of aerosol inactivation.

Ozone gas can be harmful to personnel when inhaled,
and, therefore, its air levels should be monitored according
to federal regulations [6].

According to the findings in the scientific literature
available, ozone inactivates viruses by attacking capsid
proteins [7]. A decontamination method using ozone to in-
activate SARS-CoV-2 as well as practical recommendations
to implement a simple disinfection box system using in-
expensive and readily available components used for res-
pirators are proposed.

Ozone is a disinfectant featured with high bacteri-
cidal effect, and since the ozone disinfection has the ca-
pacity of decolouring and deodorizing, the wastewater af-
ter treatment becomes bright and transparent without odour
[8]. As the molecule structure of ozone is unstable, strong
oxidative atomic oxygen produced by the decomposition
of ozone molecule would quickly decompose microorgan-
isms, such as bacteria and viruses, in wastewater. Although
ozone disinfection could improve the water quality in
shorter time with higher efficiency, the operation costs of
ozone preparation are high [9]. The by-products, which are
produced through the chemical reaction with bromide and
iodide, are hazardous to human health [10]. Using appro-
priate generators at appropriate ozone concentrations,
ozone helps to decontaminate public transport, hotel room,
cruise liner cabins, offices, etc. [4].

Aqueous solutions of ozone are in use as disinfect-
ants in many commercial situations such as waste water treat-
ment [11]. Ozone is considered a highly effective disinfect-
ant for virus control [12].
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It is a natural compound, is easily generated in situ
from oxygen or air, and breaks down to oxygen with a half-
life of about 20+10 min depending on the environment
[13]. As a gas ozone penetrates all areas within a room,
much more efficiently than manually applied liquid sprays
and aerosols [14]. Its ability to corrode certain materials,
e.g. natural rubber, on prolonged exposure and its poten-
tial toxicity to humans are its only significant disadvan-
tages.

Wastewater surveillance is an ideal, non-invasive,
cost-effective, and an early warning epidemiological ap-
proach to detect the genetic material of COVID-19 identi-
fied by means of reverse transcriptase amplification, nucleic
acid sequence-based amplification, helicase dependent am-
plification, loop-mediated isothermal amplification,
recombinase polymerase amplification, high throughput
screening, and biosensor assays [15]. Modern disinfectants
include ozone, ultraviolet radiations, chlorine dioxide,
hypochlorites, and hydrogen peroxide.

Hospital disinfection means and methods during
COVID-19 pandemic

Hospitals are important sources of pollutants re-
sulted from diagnostic, laboratory and research activities
as well as medicine excretion by patients, which include
active component of drugs and metabolite, chemicals,
residues of pharmaceuticals, radioactive markers, iodinated
contrast media, etc. [8]. The discharge of hospital wastes
and wastewater, especially those without appropriate treat-
ment, exposes the public in danger of infection. Under
COVID-19 pandemic context, it is of great significance to
reduce the health risks to the public and environment. In
China, liquid chlorine, sodium hypochlorite, chlorine di-
oxide, ozone, and ultraviolet irradiation disinfection are
commonly used for hospital wastewater disinfection. Hy-
drogen peroxide vapour, chlorine dioxide, ozone and ul-
traviolet radiation could be applied to reduce viral load
present in aerosols with appropriate precautions to avoid
inadvertent exposure to personnel to these antimicrobials
[6]. The most promising methods for disinfection of dis-
posable masks during the COVID-19 pandemic are those
that use hydrogen peroxide vapour, ultraviolet radiation,
moist heat, dry heat and ozone gas [16].

The effects of various biocides such as ozone,
alcohols, povidone iodine, quaternary ammonium com-
pounds, hydrogen peroxide, sodium hypochlorite, peroxy-
acetic acid, chlorine dioxide, ultraviolet light, metals, and
plant-based antimicrobials when used for elimination or re-
duction of coronaviruses such as COVID-19 from fomites,
skin, oral/masal mucosa, air, and food contact surfaces are
studied [17].

Simple barrier hand hygiene measures and respira-
tory measures through the use of anti-projection or surgical
masks are effective measures for preventing the transmis-
sion of SARS-CoV-2 [18]. Strict infection prevention and
control measures, including patient isolation, hand hygiene,
personal protective equipment that is doffed on exiting the
patient room, and environmental cleaning, should be im-
plemented to prevent COVID-19 spread [19]. Environmen-
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tal testing demonstrates that COVID-19 patients contami-
nate the patient area (11 of 26 tests; 42.31%), but contami-
nation of general ward areas is minimal (1 of 30 tests; 3.33%),
and the virus is detected after cleaning on one item only (1
of 25 items; 4.00% of the cases) [19].

The results from recently published studies indicate
that in small chambers, 10-20 mg ozone/m? applied for 10
to 50 min are sufficient to significantly reduce the COVID-
19 load of personal protection equipment, while in large
rooms, 30 to 50 mg ozone/m? are needed for treatments of
20-30 min [20]. Maximum antiviral ozone activity is
achieved at high humidity.

Clinical applications of ozone and oxygen-ozone
therapy in patients with COVID-19 disease

The first step in COVID-19 viral entry is the bind-
ing of the viral trimeric spike protein to the human receptor
angiotensin-converting enzyme 2, which is a type I mem-
brane protein expressed in the lungs [21]. COVID-19 causes
clusters of severe respiratory illness with a serious infec-
tion of the lower respiratory tract followed by bronchitis,
pneumonia and fibrosis [22].

Ozone therapy has been used in medicine since
World War 1. It exerts several effects, including modulat-
ing the immune system, enhancing circulation, destroying
microorganisms including bacteria and viruses, and enhanc-
ing oxygen delivery and consumption by the body [23].

The results from the analysis of 13 out of 280 pa-
pers focused on ozone therapy in COVID-19 pandemic that
have been published from January 2011 to July 2020 and
retrieved from PubMed and Scopus databases demonstrate
that ozone exerts antiviral activity through the inhibition
of viral replication and direct inactivation of viruses by in-
terfering with the virus replication phase [24]. This feature
is linked to its ability to oxidize cysteine residues through
the formation of disulphide bridges present in the struc-
tures of the virus itself in high quantities. Combined treat-
ment with ozone and antivirals shows reduced inflamma-
tion and lung damage and seems useful in stimulating im-
munity and providing protection from acute coronary syn-
dromes and ischaemia reperfusion damage, thus suggest-
ing a new methodology of immune therapy.

The oxygen-ozone therapy can restore the right im-
mune response by stimulating signal transduction mol-
ecules via nuclear factor erythroid 2-related factor and thus
enhancing the nuclear transduction via specific microribo-
nucleic acids restoring the normal antioxidant and immuno-
stimulating reaction [25].

The ozone therapy could be easily deployed world-
wide, even in very poor countries. With few conventional
treatments for viral pneumonia, this epidemic could pro-
vide impetus to study ozone therapy very ethically under
the auspices of an institution’s review board in treating,
with ozone therapy, seriously ill patients, who might oth-
erwise expire [23].

Ozonated autohemotherapy induces a significant
change of the serum concentrations of the cytokines
interleukin-8, interleukin-12 and monocyte chemoattrac-
tant protein in gouty patients suggesting that modulating
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the inflammatory process is one of the underlying thera-
peutic mechanisms of this treatment [26].

Ozone therapy stabilizes hepatic metabolism, and fi-
brinogen and prothrombin plasma levels tend to normalize
in infected patients, suggesting an improvement of the he-
patic protein synthesis [23]. Numerous investigations dem-
onstrate that ozone prevents oxidative damage to some or-
gans such as the heart [27].

Ozone exerts its antiviral actions, and ozone therapy
demonstrates usefulness in influenza and novel viruses
[28]. Following ozone exposure, the alveolar parenchyma
responds with the activation of genes involved in immuno-
activation [29]. Processes such as cell chemotaxis, leuko-
cyte chemotaxis, and granulocyte chemotaxis, responses to
cytokines such as cytokine receptor binding, and inflam-
mation are significantly triggered.

Biochemical and pharmacological ozone character-
istics provide reasons for considering this molecule useful
in the treatment of several viral infections, e.g. of COVID-
19 [30].

Hyperbaric oxygen therapy, packed red blood cell
transfusions and erythropoiesis-stimulating agent therapy
are currently available, routinely utilized in the treatment
of other conditions and thus could be tried among COVID-
19 patients with severe respiratory pathology [31].

Ozone may exert its antiviral actions, and ozone
therapy demonstrates its usefulness in influenza and novel
viruses [28]. In two severe cases with COVID 19, this
therapy promotes recovery of clinical condition and im-
provement of chest computed tomography images, as well
as shortens the duration of viral shedding and length of
hospital stay.

The beneficial effects of the systemic oxygen-ozone
therapy in patients with early-phase SARS COV-2 disease
before worsening, up to the need of tracheal intubation, are
evaluated within an Italian multicentre study [32]. This
type of treatment is effective, positively influencing the di-
sease evolution, and/or mitigates the onset of the cytokine
storm syndrome, at least partially.

Being new immunotherapy and an inexpensive and
safe modality, ozone therapy has its rationality in the treat-
ment of COVID-19 patients [33]. Since SARS-CoV-19 is rich
in cysteine, which residues must be intact for viral activity
and sulfhydryl groups are vulnerable to oxidation, this
therapy may exploit the critical vulnerability of SARS-CoV-
19 [33].

The analysis of 74 peer-reviewed original articles
dealing with systemic ozone therapy in COVID-19 focuses
mainly on ozone as a modulator of the nuclear factor kappa
B/nuclear factor erythroid 2-related factor pathways and
interleukin-6 and interleukin-1a expression [34]. This
therapy ensures the homeostasis of the free radical and anti-
oxidant balance. These molecular mechanisms support the
cytoprotective effects of ozone therapy against tissue and
organ damage in many inflammatory diseases, including
viral infections and, especially, COVID-19 [35]. The poten-
tial cytoprotective role of ozone therapy in the manage-
ment of organ damage induced by COVID-19 merits fur-
ther research.
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Two simple, low-cost adjuvant therapies to admin-
ister without side effects which are useful for the treatment
of acute severe COVID-19 infection, are extensively re-
viewed [36]. The first is ozone whose effectiveness has been
demonstrated in multiple studies, and the second is intra-
venously administered vitamin C which plays a key role
in lung injury due to COVID-19 infection by reducing the
pulmonary inflammation.

Another important characteristic of ozone therapy
against COVID-19 infection is shown by the contrast abil-
ity toward severe hypoxemia, typical of this virus [30].

As there are no ‘vaccines or specific pharmaceutical
treatments available’ in the management of COVID-19, the
International Scientific Committee of Ozone Therapy of-
fers a contribution to fight the coronavirus proposing the
potential use of ozone therapy as a complementary therapy,
exclusively based on scientific data available [4].

Systemic ozone therapy can be ‘potentially’ useful
in SARS-CoV-2 [4]. The rationale of action is proven clini-
cally in other viral infections and is highly effective. The
mechanism of action is by: i) the induction of adaptation to
oxidative stress, hence a re-equilibration of the cellular re-
dox state; ii) the induction of interferon-gamma and
proinflammatory cytokines; iii) the increase of blood flow
and tissue oxygenation to vital organs and iv) it has the
potential to act as an auto-vaccine when administered in
the form of minor autohemotherapy.

The recommended routes of administration are the
following: major autohemotherapy, ozonized saline solu-
tion, extracorporeal blood oxygenation-ozonation, and a
variant of the minor autohemotherapy [4]. The clinical pro-
tocol should adhere to the standard doses and procedures as
defined in the Madrid Declaration of Ozone Therapy. It is a
complementary therapy because while the infected patient
continues to be treated with allopathic medicine, at the same
time, the patient receives the treatment proposed herewith.

Ozone therapy could be used in the treatment of
COVID-19 in two therapeutic categories:

1) Disinfection: i) contaminated environments (hos-
pitals, transport, vehicles, all surfaces where the virus may
have been deposited etc.) and ii) in aqueous solutions such
as disinfection of drinking water, waste water treatment, laun-
dry facilities, and food processing [13].

2) Potential systemic application as complementary
medicine in order to i) improve the health status of the pa-
tients and reduce the viral load [36] and ii) in the form of
ozonated water mouthwash to reduce the incidence of ven-
tilator-associated pneumonia in patients connected to me-
chanical ventilation [37].

Rectal ozone decreases oxygen supply, improves
oxygen saturation and decreases inflammation biomarkers
in patients with severe bilateral COVID-19 pneumonia [38].
It represents a safe, effective, cheap, and simple adjunctive
therapeutic option capable of acting on the SARS-CoV-2
virus. Rectal ozone insufflation inactivates the virus by di-
rect or indirect oxidation and stimulates the cellular and
humoral immune systems, being useful in the early
COVID-19 infection phase [39]. Ozone improves gas ex-
change and modulates the antioxidant system, so it is use-
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ful in the hyper inflammation or ‘cytokine storm’ as well
as in the hypoxemia and/or multiorgan failure phase.

The application of oxygen-ozone mixture as an oxy-
gen-ozone-immunoceutical therapy in 50 elderly hospital-
ized COVID-19 patients with acute respiratory disease syn-
drome leads to fast recovery due to reduction of inflamma-
tory and thromboembolic markers such as C-reactive pro-
tein, interleukin-6 and D-dimer and improvement of major
respiratory indexes and blood gas parameters after rela-
tively short dispensed forced ventilation [40].

Ozone therapy is very inexpensive and safe, with-
out resistance and thus may safely exploit the critical vul-

nerability in many viruses, including SARS-CoV-2 (COVID-
19) [33]. It should be administered after careful patient’s
examinations as a measure of precaution to avoid eventual
adverse effects of ozone.

CONCLUSION

This systematic review allows us to draw the con-
clusion that further interdisciplinary research could provide
additional evidence of the benefits of ozone as an effec-
tive and inexpensive disinfecting and therapeutic means
in the continuous fight against COVID-19 in our united
world.
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