[bookmark: _GoBack]Using Ozone Therapy as an Option for Treatment of COVID-19 Patients: A scoping review
Running title: Ozone Therapy for COVID-19
Authors: Sakineh Hajebrahimi 1, Negar Taleschian-tabrizi1,2, Sepideh Karkon-Shayan3, Fariba Pashazadeh1, *Sarvin Radvar1,4, Ali Motamed-Sanaye3, Amirreza Tavassoli5
Affiliations:
· 1Research Center for Evidence-based- medicine, Iranian EBM Center: A JBI Center of Excellent, Tabriz University of Medical Sciences, Tabriz, Iran.
· 2Department of physical medicine and rehabilitation, faculty of medicine, Tabriz University of medical sciences, Tabriz, Iran. 
· 3Student Research Committee, Gonabad University of Medical Sciences, Gonabad, Iran.
· 4Student Research Committee, Tabriz University of Medical Sciences, Tabriz, Iran.
· 5 Doctor of Veterinary Medicine, Veterinary faculty, Tabriz University, Tabriz, Iran.

Corresponding Author: Sarvin Radvar
Tel:+989144048871 , email: sarvinrad2016@gmail.com 

On behalf of all Iranian authors I can confirm that we have only a clinical and academic job and have no political relations.

Abstract
Background: Recently, there has been a global demand toward finding new treatments to control the new pandemic of coronavirus (COVID-19). The aim of this systematic review was to study the effects of ozone therapy on COVID-19 patients, as well as reviewing the available supporting evidence.
Methods: Electronic databases including MEDLINE (via PubMed), EMBASE, Cochrane Library (CENTRAL), and TRIP, as well as clinical trial registries and preprint sources were searched for published evidence-based articles. In addition, a hand searching was conducted regarding the attained articles published until 6 April 2020 using MeSH and free text keywords with no language limitation. Articles were screened, categorized and extracted for the relative data, which are reported in a descriptive manner.
Results: Among 234 articles, 9 were selected to be reviewed for the inclusion criteria. No previously published original articles were found on the efficacy of ozone therapy on COVID-19. Five review studies on the potential role of systemic ozone therapy were found, in which it was concluded that ozone therapy is effective in controlling COVID-19 due to its antiviral, oxygenating, anti-inflammatory, oxidation balancing and immunomodulation effects. Three ongoing clinical trials were registered in China. Moreover, a preliminary report of an ongoing study in Italy on 46 patients (11 intubated and 35 non-intubated) indicated that 39 patients (84%) showed an improvement for the symptoms of the disease.
Conclusion:  Despite the promising hypothetical background, opinions of the expert arguing about the benefits of this method, and a preliminary report indicating the effectiveness of ozone therapy as a novel treatment option for COVID-19, there is still not enough evidence to prove it.  
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Background  
The novel Coronavirus disease (COVID-19) was first identified in December 2019 in Wuhan city, China and later became a large global outbreak rising a massive public health disaster through the whole globe (Lai, Shih, Ko, Tang, & Hsueh, 2020; Wu & McGoogan, 2020)  The virus is known to cause a severe acute respiratory syndrome. The SARS-CoV-2 is an enveloped non-segmented positive-sense RNA virus (Zhu et al., 2020). The virus is responsible for flu-like symptoms such as fever, dry cough, dyspnea and fatigue. Other reported symptoms include secretion of sputum, headache, hemoptysis, diarrhea, dyspnea, and lymphopenia, a well as gastrointestinal symptoms (Huang et al., 2020; Rothan & Byrareddy, 2020; Wang, Tang, & Wei, 2020). Pneumonia is the main manifestation of the illness which has a range from a small opacity with normal O2 saturation to significant lung injuries and hypoxemia due to severe acute respiratory syndrome, which can be life-threatening (Choi et al., 2020). Therefore, complementary oxygenation may be helpful to save lives.
As long as we don’t have any approved and efficient method for treatment of this new disease in hand, there will be a growing tendency to use novel methods.  In the mid-19th century Ozone therapy (O3) was approved in medical community (Elvis & Ekta, 2011). Ozone or triatomic oxygen (O3) acts as an oxidizing agent, which can inactivate bacteria, fungus and viruses, so it is used as a disinfectant, as well as a therapeutic agent (Azarpazhooh & Limeback, 2008; Elvis & Ekta, 2011). Water disinfection, treatment of various infectious diseases, wounds healing, and boosting immune system with minimal side effects are the well-known applications of ozone therapy (Viebahn-Hänsler, Leon-Fernandez, & Fahmy, 2017). Recent studies have shown that this method has a significant role in the treatment of pulmonary and vascular diseases (Allorto, 2019; Bernardino Clavo et al., 2018; Di Mauro et al., 2019). It also plays a role in the treatment of respiratory diseases by reacting with biological substrates and inducing signal transducers synthesis (Hernández, Calunga, Turrent, Menéndez, & Montenegro, 2005; Viebahn-Hänsler et al., 2017). It also increases the concentration of oxygenated hemoglobin and improves oxygenation process in tissues (PÚBLICA). These properties can be considered as an advantage of ozone therapy upon other treatment options for treatment of hypoxic conditions which are seen regularly in COVID-19 patients. The aim of this systematic review was to explore the available evidence for the role and importance of ozone therapy for COVID-19 patients.




Objectives and Aims 
The objective of this scoping review was to provide a clear understanding of the current evidence on ozone therapy as a treatment option for COVID-19. Also, we glanced at having a brief review of the effects of ozone therapy on other viral infections, and respiratory diseases, as well as the possible mechanisms of actions and determining the necessity of further researches.
 Methods
Inclusion criteria 
All studies and primary reports assessing the effects of ozone therapy on COVID-19 were included in this review regardless of their study designs.
Due to the novelty of the project and the diminutive data available on the subject, no exclusion criteria were applied to avoid missing data and maximize comprehensiveness of the research.
Search Strategy 
The search process was done independently by two reviewers (F.P and S.R). The electronic databases including MEDLINE (via PubMed), EMBASE, Cochrane Library (CENTRAL), and TRIP were searched for evidence-based articles published until 6 April 2020. In addition, in order to ensure the comprehensiveness of the search of clinical trials (unpublished or ongoing), the databases of clinicaltrials.gov, Iranian clinical trial registry, Chinese clinical trial registry, Italian clinical trial registry, and clinicaltrialsregister.eu were searched. Furthermore, for retrieving unpublished articles, Google scholar was searched. The main keywords used for the review (Both MeSH or free-text) were ozone, ozone therapy, coronavirus, COVID-19, SARS-CoV-2, antiviral, and viral infection. No language limitation was applied and data published in languages other than English were translated using translation websites and software. 
In the first step of screening, we searched through the references of the selected papers. Preprint articles were searched via BioRxiv and Medrxiv. Hand searching was undertaken to ensure comprehensiveness of the search, and we searched google and attained scientific web pages to obtain further articles and information on this topic. In order to obtain the results of ongoing trials and webpage reports, e-mails were sent to the respective authors. 
Search results were assembled in EndNote X7 software, and duplicate references were removed. The first screening was performed over title and abstracts; and second screening was completed after reviewing full texts to include related articles.
Extraction of results 
All 234 obtained data from the initial search were screened for the title and abstract. After that, 72 studies were selected for further evaluation.  Also, relative studies were included considering the concept of review and settled scopes. The PRISMA flowchart of selection process is providing in figure 1.
Nine studies were observed for COVID-19 and ozone therapy including 5 hypothetical reviews with expert opinions indicating the potential effects of ozone therapy for the novel coronavirus. The data are presented in table1. Three ongoing clinical trials were registered in China and a preliminary report was observed in Italy. No original published article was found. Because of the novelty of the issue, relative scopes were also reviewed to ensure comprehensiveness of the results. Seven studies evaluating the role of ozone therapy in medicine, in addition to 3 clinical trials on respiratory diseases were included. Moreover, 11 studies were found which had recognized the ozone as a treatment for viral infections. 
Three ongoing clinical trials were found in China. These projects are trying to study the effect of ozonated Autohemotherapy, however, no results are released yet. The information on these trials is listed in Table 2. 
There were primary reports by SIOOT (Scientific Society of Ozone Oxygen Therapy) in Italian hospitals for the use of oxygen-ozone therapy in the treatment of COVID-19.  Based on the second SIOOT report on therapy applied to 46 patients with confirmed coronavirus, 39 out of 46 (84.7%) including 11 intubated and 35 non-intubated patients showed improvement in their clinical conditions. among these patients, the number of extubated patients was 6, 3 were currently intubated and 28 did not have a need for intubation. four intubated patients were reported to be dead due to bacterial over-infection, septic shock, pulmonary emboli, and myocarditis. Five patients were reported healed according to the two negative swabs taken from them (Luigi Valdenassi 2020; "PRIMO REPORT - OSSIGENO OZONO SIOOT NEI PAZIENTI RICOVERATI CON COVID-19
," 2020; "SECONDO REPORT - OSSIGENO OZONO SIOOT NEI PAZIENTI RICOVERATI CON COVID-19," 2020).

Presentation of results 
Different protocols are available to supply ozone including Major Autohemotherapy (MAH), Ozonized Saline Solution (O3SS), Extracorporeal Blood Oxygenation-Ozonation (EBOO), and a variant of the Minor Autohemotherapy (MiAH). It has been manifested that the clinical protocols should be defined in accordance with the standard dosage and procedures described in the Madrid Ozone Therapy Report (Martínez-Sánchez, 2020).
Mechanism of ozone as a treatment
Ozone is an important gas in nature with high water solubility. Ozone is harvested from three basic sources of energy including chemical electrolysis, electrical discharges, and UV light radiation. Based on scientific studies ozone has a high ability to oxidize substances. The biological basis of ozone therapy is the reaction of Ozone with proteins, amino acids, and unsaturated fatty acids, which are found in plasma and cell membranes. The four fundamental products of this action are ozonides, aldehydes, peroxides and hydrogen peroxides (Schwartz & Sánchez, 2012). The interaction of Ozone with unsaturated cell membrane fatty acids in the intestinal mucosa (rectal administration) or blood cells (in the extra-corporeal blood–ozone mixture, during Autohemotherapy) produces aldehyde and hydroxy-hydroperoxide (ozone-peroxide), which forms H2O2 and second aldehyde—4-hydroxynonenal (4-HNE). These substances act as second messengers and prompt a further adaptive response (Bocci, 2007; B. Clavo et al., 2019). If Ozone is used with specific therapeutic doses, it stimulates NrF2 and NF-κB  nuclear factors and balances the antioxidant system. In addition, Ozonides may suppress the cytokine storm. Ozone can also activate cellular and humoral immune systems, increase proliferation of immunocompetent cells and synthesize immunoglobulins, in addition to enhancing phagocytosis. It also stimulates signal transduction molecules via NrF2 and leads to an improvement in the function of the immune system (Giovanni Ricevuti, 2020; Jaramillo et al., 2020; Seidler et al., 2008). Activation of aerobic cycle (Krebs cycle, glycolysis, and oxidation of fatty acids) introduces it as an anti-hypoxic agent. In addition, it activates protein synthesis and boosts cell metabolism (ribosome and mitochondria) which is known as bioenergetic and biosynthetic agents. Ozone causes the synthesis of interleukin, leukotriene, prostaglandin, and immunoglobulin which have an important biological role in the treatment process (Erden, Demir, & Filibeli, 2010; Pivotto et al.; Saini, 2011). The main mechanisms behind ozone therapy are demonstrated in figure 2 (Pivotto et al.).
More focusing on Coronavirus, ozonized blood suppresses cytokine storm in the body and improves the oxygen circulation (Luigi Valdenassi 2020; Martínez-Sánchez, 2020; R. Rowen & Robins, 2020). Coronaviruses, including SARS-CoV-2, are rich in cysteine, which are known to be an essential factor for viral activity. It has been suggested that cysteine-rich novel corona virus can be susceptible to ozone therapy because of the high oxidation capability of the ozone (Eren, Saribek, Kalayci, & Yilmaz, 2020; R. Rowen & Robins, 2020), in addition, Sulfhydryl groups are vulnerable to oxidation. Because of the capacity of ozone to fully oxidize substances, Ozone therapy could be an inexpensive and safe modality for the elimination of SARS-CoV-2 (R. Rowen & Robins, 2020). Based on the mechanism of ozone therapy and according to the evidence, it seems that it can be considered as an effective complementary approach for the treatment of the new COVID-19 disease (Galoforo, Scassellati, & Bonvicini; Luigi Valdenassi 2020; Martínez-Sánchez, 2020; R. Rowen & Robins, 2020).

Ozone therapy and viral infections
The disinfectant effect of ozone on viruses, bacteria, spores, and fungus has been studied (Ding et al., 2019; Sankaran, Khanal, Pometto III, & van Leeuwen, 2008). Hudson et al. evaluated the decontaminating effect of ozone on 12 different viruses via a mobile apparatus. Influenza H3N2, HSV (herpes simplex virus type 1), rhinovirus types 1A and 14, Adenovirus types 3 and 11, Sindbis virus (SINV), yellow fever virus (YFV), vesicular stomatitis virus (VSV), poliovirus (PV, vaccine strain), and vaccinia virus (VV) were tested on different surfaces and biological fluids. The results showed that the inactivation was occurred by at least 3 logs of 10. Short periods of high humidity (>90% relative humidity) with peak ozone gas concentration (20–25 ppm) provided the optimum antiviral activity (J. B. Hudson, Sharma, & Vimalanathan, 2009). They also confirmed that exposure with ozone can inactivate Norovirus from surfaces, which was confirmed by quantitative reverse transcriptase real-time polymerase chain reaction. The amount of decrease in the contamination load was calculated to be 103 or even undetectable (J. Hudson, Sharma, & Petric, 2007). Maler and Chu studied the disinfectant capacity of ozone in combination with ultraviolet (UV) treatment in cryostat on the Polyoma virus. There was a significant reduction in the number of viruses and viable cells (Maier & Chu, 2016). 
In addition to surface decontamination, there are some studies evaluating the therapeutic effects of systemic ozone therapy for viral diseases. Ozone could affect both enveloped [herpes simplex virus type-1 strain McIntyre (HSV-1), vaccinia strain Elstree (VAC), vesicular stomatitis virus strain Indiana (VSV), influenza A strain (H1N1) A/WS/33], and non-enveloped [human adenovirus type2 (Ad2)] viruses (Galoforo et al.; Luigi Valdenassi 2020). In vitro studies examined ozone-treated serum for potential inactivation capability of HIV and cytotoxic products.  Ozone could inactivate HIV-1 in a dose-dependent trend (Wells, Latino, Gavalchin, & Poiesz, 1991). Antiviral mechanisms include disruption of viral particles, reverse transcriptase inactivation, disability to bind with the receptors of target cells; all without apparent cytotoxicity (Carpendale & Freeberg, 1991; Wells et al., 1991).
Rowen et al. administered combinations of ozone for five patients with Ebola hemorrhagic fever. “Direct intravenous ozone” gas was infused at 55 mcg/cc in a volume between 20-40 cc. “Rectal ozone” was also administered at a concentration of 36 mcg/cc with a volume between 150-350 cc. “Ozone water” was made by bubbling ozone gas at approximately 70 mcg/cc into the water and was taken orally for 15 minutes at the volume of 300-500 cc. All patients experienced full remission of symptoms within 2-4 days. Possible antiviral mechanisms were oxidation of SH groups to S-S which inactivated viral entry, binding with lipid envelope, oxidizing viral surface glycoproteins, and stimulating immune system. Despite that Ozone therapy is considered a safe and inexpensive method, the effectiveness of it must be confirmed using future trials (R. J. Rowen, Robins, Carew, Kamara, & Jalloh, 2016)
 Ozone therapy and respiratory system	
Ozone cannot be inhaled directly because of its toxicity and irritancy properties; however, it can be administered via systemic circulation for lung diseases. Here are three clinical trials, which studied the effect of ozone therapy on different respiratory diseases.
Asthma 
Hernandez et al. (2005) recruited 113 asthmatic patients and divided them into three groups. Two groups were treated by three cycles of major ozone Autohemotherapy (MAHT) each comprised 12 sessions using an ozone dose of 4 mg (20 mg/mL per mL of blood and 200 mL of volume) in the first group or 8 mg in the second group. The third group received 3 cycles of rectal ozone insufflations (RI) in 20 sessions using a dose of 10 mg (50 mg/mL and 200 mL of gas volume) ozone. Functional vital capacity (FVC) was increased significantly (2.34 vs. 2.99 L) in MAHT (8 mg) group while no significant changes were observed in other groups. Improvement in symptoms such as dyspnea, wheezing and medication was observed respectively with MAHT (8 mg), RI (10 mg), and MAHT (4 mg). In addition, IgE and HLA-DR were decreased (anti-inflammatory indicators), while increments in antioxidant agents of glutathione pathways were achieved with all treatments but more prominent in MAHT (8 mg). These findings indicated immunomodulation and effects on oxidative stress regulation of ozone therapy (Hernández et al., 2005).
Chronic obstructive pulmonary disease (COPD)
Fifty patients affected by moderate/ severe COPD were enrolled in a clinical trial. Half of the patients received major ozonated autohemotherapy and the other half were entered as the control group. The protocol was as follows: 225mL of blood was vacuumed from an antecubital vein into a sterile glass bottle citrated with a ratio of 9:1. Then a volume of 225 mL of O3 with the concentration of 20 micrograms/mL was added and mixed for five minutes and re-infused in about 15-20 minutes. The only observed complication was facial flushing in 3% of patients. Significant improvements were seen in the 6-minute walking test and dyspnea was observed in the ozone therapy group; however, there were no significant differences in pulmonary function tests and resting arterial gas (Borrelli & Bocci, 2014).
Pulmonary emphysema
Colunga et al. published a trial in Spanish language in which they have studied the effect of ozone therapy on pulmonary emphysema and spirometry parameters. Sixty-four patients were randomly assigned to treatment with rectal ozone therapy, ozone therapy, or control (no treatment) groups. At the baseline, intervention group had significantly lower values of forced expiratory volume in the first second (fEV1) and fEV1/forced vital capacity. However, at the end of the treatment period, these parameters were similar in the three groups with no difference in other spirometry parameters (Calunga, Paz, Menéndez, Martínez, & Hernández, 2011).

Discussion
This systematic review assessed the role and importance of ozone therapy for COVID-19. Based on extracted studies, it was found that dyspnea and respiratory distress are the main complications of the new outbreak of coronavirus (43). It can be stated that ozone therapy is a suitable approach in the treatment of COVID-19 patients due to its pathophysiological characteristics (Eren et al., 2020; Galoforo et al.; Giovanni Ricevuti, 2020; Luigi Valdenassi 2020; Martínez-Sánchez, 2020; R. Rowen & Robins, 2020). Studies show that ozone therapy can be effective by 4 main routes: A. virus inactivation B. Modification of oxidative stress, resulting in a balance in the oxidative-cellular state, reduction of inflammation, and apoptosis process C. Increasing blood flow and tissue oxygenation to vital organs, and D. improving immune response by stimulation of gamma-IFN production and pro-inflammatory cytokines (16, 19, 29, 31)
There were several studies showing the effect of ozone therapy on infectious diseases. Ozone is known as a disinfectant and therapeutic substance in medicine (Allorto, 2019).
A number of studies indicated the ozone’s importance in the treatment of Respiratory illnesses such as COPD, lung fibrosis, pulmonary inflammation, and other lung diseases (Bocci, 2007; Hernández et al., 2005).
The efficiency of ozone therapy in diabetic wounds, asthma, heart disease, cancer, and antibiotic-resistant diseases like MRSA and HIV has been demonstrated previously. Side effects of ozone include the probability of interference with the endothelial production via the increase of NO which leads to stimulation of antioxidant enzymes. However, there is not enough evidence supporting this opinion. In addition, it may cause transmission disorder due to increase NO levels (Bocci, 2007; Elvis & Ekta, 2011; Smith, Wilson, Gandhi, Vatsia, & Khan, 2017).
According to the pandemic outbreak and lack of a definitive treatment for COVID-19, ozone therapy can be considered as a high-performance complementary treatment.
In this scoping systematic review, we considered data from the ozone therapy process in COVID-19, lack of sufficient evidence and theoretical contents of studies may be limiting factors of our results, therefore, more clinical trials are suggested to clarify this matter.
Conclusion 
According to the evidence it is postulated that the ozone therapy is potentially effective in the treatment of the novel coronavirus (SARS-CoV2) due to the mechanism of ozone therapy and the pathogenesis of the COVID-19.  However, there is not sufficient evidence to endorse the efficacy of ozone therapy on the new coronavirus outbreak.
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	Table 1. Characteristics of published articles on COVID-19

	authors
	Year
	country
	Aims and purpose
	Type of study
	Key findings

	Galoforo et al.(Galoforo et al.)

	2020
	Italy
	Indicate the potential effects of ozone as a COVID-19 treatment 
	Review article- expert opinion
	Noticeable Effect of ozone on virus and immune system

	Rowen, RJ
Robins, H(R. Rowen & Robins, 2020)
	2020
	USA
	Predicting the position of ozone therapy for COVID-19
	Review article- expert opinion
	1)Ozone -therapy as low-cost solution
2) ozone oxides cysteine rich virus

	Luigi Valdenassi , et al(Luigi Valdenassi 2020)
	2020
	Italy
	Demonstrate the potential effect of ozone on COVID-19
	Review article- expert opinion
	Ozone as immune modulator
And improve oxygen circulation

	Adriana Schwartz   et al.(Martínez-Sánchez, 2020)
	2020
	Spain

	Investigating the potential effect of ozone therapy for COVID-19
	Review- expert opinion
	Guides to use ozone as COVID-19 treatment

	Eren, Esin et al.(Eren et al., 2020)
	2020
	Turkey
	Potential effect of ozone on SARS-COV-2
	Review- expert opinion
	Ozone react with thiol groups in covid-19





	Table 2. Characteristics of registered clinical trials

	Registration NO.
	Title
	Author (year)
	Setting 
	Study design
	Primary Purpose
	Recruitment Status

	ChiCTR2000030165 
	Clinical study for ozonated autohemotherapy in the treatment of Novel Coronavirus Pneumonia (COVID-19)
	Yu Hongzhi 
	Tianjin, China 
	Non-randomized controlled trial
	Chest CT
Whole blood cell analysis
Recovery rate
Oxygenation index
Inflammatory response index

	Recruiting

	ChiCTR2000030102 
	A multicenter randomized controlled trial for ozone autohemotherapy in the treatment of novel coronavirus pneumonia (COVID-19)
	Xiaoguang Tong 
	Tianjin, China 
	RCT (phase 0)
	· Chest imaging
· RNA test of COVID-19
· Time to remission/disappearance of primary symptoms
· Completely antipyretic time
· 
Incidence of medical complications during hospitalization
· Blood oxygen saturation
· Time to 2019-nCoV RT-PCR negativity
	Recruiting

	ChiCTR2000030006 
	A randomized controlled trial for the efficacy of ozonated autohemotherapy in the treatment of Novel Coronavirus Pneumonia (COVID-19)
	Chen Xiangdong 
	China, Wuhan
	RCT
	· Recovery rate
	Recruiting
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Figure 2. The main mechanism behind ozone treatment                                                                                                                              Obtained from Clinical Uses and Molecular Aspects of Ozone Therapy by Pivotto AP et al.
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