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Dear Editor,

The Coronavirus outbreak that started in Wuhan is still ongoing and as of Feb 15, 2021, more 
than 120 million people worldwide have been affected by the disease. Although there is no clear 
explanation yet for the treatment, scientists are discussing many treatment methods. Vaccine 
was produced but there is still debate and confusion about the results of vaccine studies and 
drug research on the disease continues worldwide. Recently, the appearance of different muta-
tions related to Coronavirus has raised global public concerns, and the vaccine-drug debate has 
gained momentum again. The high viral load and oxidative stress that occurs in the disease are 
valuable for the pathogenesis and prognosis of the disease.

Ozone therapy, initially applied in medicine by an empirical approach, has now reached a 
new level; most of the biological mechanisms of ozone action have been clarified, which refer 
to antimicrobial and antioxidant effects, immunoregulation and epigenetic modification. There 
are previous clinical studies in the literature showing that ozone therapy has antiviral and anti-
oxidant properties1-3.

The effective role of ozone therapy in COVID-19 patients is worth investigating and clinical 
trials have the potential to offer new treatment options. Ozone is an energy-rich and highly un-
stable form of oxygen4. It has proved to be quite effective against Gram-negative and Gram-posi-
tive bacteria, viruses, and fungi5. Ozone’s action is two-fold but simultaneous; it generates direct 
molecular-level reactions in the medium in which it is released and indirectly destroys bacteria 
by the production of free radicals6. It is generally accepted that oxidation due to ozone starts the 
destruction of cell walls and cytoplasmic membranes of microorganisms; after the membrane is 
damaged, permeability increases, and ozone molecule can easily enter into the cell7.

Viruses may be susceptible to ozone, but this susceptibility is variable to lipid-coated en-
capsulated viruses which have been found to be the most sensitive, and coronavirus is one of 
them. The envelopes of coronaviruses are rich in cysteine, and their residues have to be intact 
for viral activity. Cysteine contains a thiol or sulfhydryl group (-SH); many viruses, includ-
ing Coronavirus, need these reduced sulfhydryl groups for cell fusion and entry8. Sulfhydryl 
groups are vulnerable to oxidation and are, therefore, sensitive to ozone due to their oxidizing 
powers. Peroxides created by the application of ozone oxidize cysteines and show long-term 
antiviral effects that may serve to further reduce the viral load9. Thus, the structural integrity 
of the virus becomes impaired. Once their capsid is removed, the virions cannot continue or 
reproduce. Ozone provides unique therapeutic possibilities by disrupting the creation of vi-
ruses. Ozone has an immunomodulation function on the immune system through the second 
messenger activation of various transcription factors in the cytoplasm. These are inducible 
hypoxia factor type 1 alpha (FHI-Alpha), nuclear factor kappa B (NF-kB), transcription factor 
Nrf2. These factors will trigger through the release of proteins all the beneficial mechanisms 
attributed to ozone10. Ozone can be a major contributor to the treatment of COVID-19 patients 
with its ability to induce the release and modulation of interferons and certain cytokines (IL-4, 
IL-6, IL-10, TNF) that reduce inflammation. Benefiting from the immunomodulatory effect of 
ozone therapy against cytokine storm in COVID-19 patients can be used as an option or helper 
to the routine therapy methods. 
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In ozone therapy, lower doses lead to placebo effect, and higher doses lead to toxicity11. 
Because of this, accurate adjustment of ozone doses is very important. Moderate oxidative 
stress activates nuclear factor-erythroid 2-associated factor-2 (Nrf-2). Nrf-2, on the other hand, 
triggers the transcription of antioxidant response elements (ARE). However, severe oxidative 
stress, nuclear transcription factor kappa (NFkB) click by activating an inflammatory response 
and, ultimately, cyclooxygenase (COX)-2, prostaglandin (PG) E2 and leads to tissue damage by 
increasing the production of cytokines12. The key point in ozone therapy is the adjustment of 
oxidative stress levels.

In systemic ozone applications, reactive oxygen compounds and lipid peroxidation prod-
ucts formed after interaction with plasma trigger different mechanisms in many cells. Activa-
tion of the pentose phosphate pathway as a result of erythrocytes encounter with ozone caus-
es the acceleration of glycolysis, an increase in 2,3 diphosphoglycerate values causes a right 
shift in the oxyhemoglobin curve, which allows easier release of oxygen to hypoxic tissues7,11. 
This condition is critical for the improvement of hypoxia and increased oxygen saturation in 
COVID-19 patients. Ozone has biological properties that indicate that it may play a possible 
role in the treatment of SARS-CoV-2 or may be part of the treatment for a particular group 
of patients. Coronaviruses have rich cysteine in spike-shaped proteins that are characteristic 
of the viral surface and can be easily damaged by ozone. Rich cysteine residues in viral mem-
brane proteins mediate virus binding and entry into the host cell. This cysteine appears to be 
functionally important for the production and maintenance of the virus. Coronavirus may be-
come ineffective as a result of denaturation of cysteine-rich spike protein with ozone. Ozone 
therapy has been shown to be an effective and safe treatment. Ozone, in addition to being 
the best immunomodulator that exists in the inflammatory response, can damage these cys-
teine residues. Given the characteristics of the disease, ozone may be an effective treatment 
option for COVID-19. Applying ozone therapy to the appropriate patient population could 
reduce mortality and be important for pandemic control. The present paper is to encourage 
scientific argumentation but the correctness of the theory needs confirmation via conduction 
of appropriate in vitro and in vivo studies.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Rowen RJ. Ozone and oxidation therapies as a solution to the emerging crisis in infectious disease manage-
ment: a review of current knowledge and experience. Med Gas Res 2019; 9: 232-237. 

  2)	 Garber GE, Cameron DW, Hawley-Foss N, Greenway D, Shannon ME. The use of ozone-treated blood in 
the therapy of HIV infection and immune disease: a pilot study of safety and efficacy. AIDS 1991; 5: 981-
984. 

  3)	 Ucar F, Taslipinar MY, Alp BF, Aydin I, Aydin FN, Agilli M, Toygar M, Ozkan E, Macit E, Oztosun M, Cayci T, 
Ozcan A. The effects of N-acetylcysteine and ozone therapy on oxidative stress and inflammation in acet-
aminophen-induced nephrotoxicity model. Ren Fail 2013; 35: 640-647.

  4)	 Johansson E, Claesson R, van Dijken JW. Antibacterial effect of ozone on cariogenic bacterial species. J Dent 
2009; 37: 449-453.

  5)	 Greene AK, Few BK, Serafini JC. A comparison of ozonation and chlorination for the disinfection of stainless 
steel surfaces. J Dairy Sci 1993; 76: 3617-3620.

  6)	 Castillo A, Galindo-Moreno P, Avila G, Valderrama M, Liébana J, Baca P. In vitro reduction of mutans strep-
tococci by means of ozone gas application. Quintessence Int 2008; 39: 827-831.

  7)	 Baehni PC, Takeuchi Y. Anti-plaque agents in the prevention of biofilm-associated oral diseases Oral Dis 
2003; 9: 23-29.

  8)	 Ikenna MG, Belouzard S, Gary R. Whittaker. SARS-coronavirus spike S2 domain flanked by cysteine residues 
C822 and C833 is important for activation of membrane fusion. Virology 2009; 393: 265-271.



M. Şahin, F. Eryilmaz, H.H. Keser Şahin

2472

  9)	 Dussault PH, George AD, Trullinger TK. Peroxides as oxidative enzyme inhibitors: mechanism-based inhibi-
tion of a cysteine protease by an amino acid ozonide. Bioorg Med Chem Lett 1999; 9: 3255-3258. 

10)	 Galiè M, Covi V, Tabaracci G, Malatesta M. The role of Nrf2 in the antioxidant cellular response to medical 
ozone exposure. Int J Mol Sci 2019; 20: 4009.

11)	 Bocci V. Ozone as janus: this controversial gas can be either toxic or medically useful. Mediators Inflamm 
2004; 13: 3-11.

12)	 Sagai M, Bocci V. Mechanisms of action involved in ozone therapy: is healing induced via a mild oxidative 
stress? Med Gas Res 2011; 1: 29.

M. Şahin1, F. Eryilmaz2, H.H. Keser Şahin3

1Department of Medical Biochemistry, Hitit University Erol Olçok Training and Research Hospital,
Çorum, Turkey

2Department of Neurosurgery, Hitit University Erol Olçok Training and Research Hospital,
Çorum, Turkey

3Department of Pathology, Hitit University Faculty of Medicine,
Çorum, Turkey 


