
Introduction
Coronaviruses (CoVs) are enveloped, non-segmented, 
positive-sense RNA viruses which belong to the family 
of Coronaviridae, the order Nidovirales, and the genus 
Coronavirus (1,2). The coronavirus subfamily is further 
divided into four genera: alpha, beta, gamma, and delta 
coronaviruses (3,4). Coronaviruses are a large family of 

viruses causing illnesses ranging from the common cold 
in adults to gastrointestinal illness in children (5). Since 
December 2019, an acute respiratory infection caused by 
a new type of coronavirus in Wuhan, China (later called 
COVID-19), which rapidly spread all over China and 
the world, has become a new global public health crisis 
(6,7). COVID-19 can cause symptoms including cough, 
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Abstract
Background: There is still no specific treatment strategy for COVID-19 other than supportive management. The potential 
biological benefits of ozone therapy include reduced tissue hypoxia, decreased hypercoagulability, modulated immune function 
by inhibiting inflammatory mediators, improved phagocytic function, and impaired viral replication. This study aimed to evaluate 
the effect of intravenous ozonated normal saline on patients with severe COVID-19 disease.
Methods: In this study, a single centralized randomized clinical trial was conducted on 80 hospitalized patients with severe 
COVID-19. The patients were selected by random allocation method and divided into two groups A and B. In group A (control 
group), patients were given standard drug treatment, and in group B (intervention group), patients received ozonated normal 
saline in addition to the standard drug treatment. In the intervention group, 400 mL of normal saline was weighed by 40 μg/
kg of body weight and was injected into patients within 15 to 30 minutes (80 to 120 drops per minute). This process was done 
daily every morning for a week. Primary and secondary outcomes of the disease included changes in the following items: 
length of hospital stay, inflammatory markers including C-reactive protein (CRP), clinical recovery, arterial blood oxygen status, 
improvement of blood disorders such as leukopenia and leukocytosis, duration of ventilator attachment, and rapid clearance of 
lung lesions on CT scans. The need for intensive care unit (ICU) hospitalization, the length of ICU stay, and the mortality rate in 
patients of the two groups was compared.
Results: According to the results of the initial outcome variable analysis, the probability of discharge of patients who received the 
normal ozonated saline intervention was 33% higher than patients who did not receive this intervention; however, this relationship 
was not statistically significant (HR = 0.67, 95%, CI = 0.42-1.06, P value = 0.089). The chance of ICU hospitalization in patients 
of the intervention group was three times more than that of the comparison group, but this relationship was not significant (odds 
ratio = 4.4 95% CI = 1.32-14.50, P value = 0.016). The use of ozonated normal saline was found to increase the risk of death by 
1.5 times but this relationship was not statistically significant (odds ratio = 1.5, 95% CI = .24-9.75, P value = 0.646). Ozonated 
normal saline had a significant effect on changes in respiration rate (in the intervention group the number of breaths was 
decreased) and the erythrocyte sedimentation rate (in the intervention group the erythrocyte sedimentation rate was increased); 
however, it had no significant effect on other indicators.
Conclusion: The present study showed that ozone therapy in hospitalized patients with severe COVID-19 could help improve 
some primary and secondary outcomes of the disease. Governments and health policymakers should make ozone therapy an 
available care service so that the need for advanced treatment facilities decreases; consequently, this measure may improve 
patient safety, prevent lung tissue destruction, and control cytokine storms in patients. Additionally, health decision-makers need 
to aim for the effective clinical improvement of patients, especially severe ones, and the reduction of their mortality. However, 
further large-scale multicenter studies with larger sample sizes considering drug side effects and other variables influencing the 
clinical course of COVID-19 can provide more information on the effectiveness and importance of ozone therapy.
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breathlessness, fever, fatigue, gastrointestinal symptoms, 
muscle aches, pneumonia, and even death (6). The 
manifestation of these symptoms primarily is related 
to cytokine storm induced by COVID-19 (7). In severe 
cases, cytokine storms trigger systemic inflammation 
with multi-organ failure and high mortality rates (8). 
Although some COVID-19 vaccines have been approved 
by the World Health Organization, due to the lack of 
vaccination of all population groups worldwide and the 
potential mutation in the virus causing new strains with 
higher transmission power and greater pathogenicity, 
there still exist challenges in treating COVID-19 (9,10). 
Since there are no approved definitive therapies for 
COVID-19, currently symptomatic treatment with general 
supportive and critical care is the available cure. Some 
of the introduced drugs such as chloroquine, lopinavir/
ritonavir combination, and sofosbuvir have been used 
globally across many countries; however, they have 
shown little to no effectivity (11). In the meantime, some 
complementary therapies may be effective along with 
other supportive therapies. Despite all these measures, the 
world is struggling with the high mortality of COVID-19. 
Scientists are exploring new multidisciplinary therapies 
to combat this disease (12).

Ozone therapy is a complementary medicine in which 
ozone enters the body through oral, injectable, or dermal 
administration and helps cure various diseases. This 
gas has bactericidal, fungicidal, and growth-inhibitory 
properties (13). The therapeutic effect of ozone gas has 
been considered for many years and this method has 
been used in various ways to treat several diseases in 
many countries (14). One of the important effects of 
ozone is its antiseptic feature. Most bacteria, viruses, 
and fungi cannot replicate in the presence of ozone. 
Therefore, this gas has been considered for treating skin 
and intestinal infections with different methods (15).

Ozone therapy with antioxidant, antiviral, anti-
inflammatory, and oxygenation-improving properties 
is a potential treatment candidate for COVID-19 (16). 
The effective antimicrobial activity of ozone in reducing 
the virulence activity of viruses such as HPV, HIV, HBV, 
HCV, and VZV has been demonstrated in preclinical 
and clinical studies (17). Ozone therapy is also used to 
modulate biological responses and increase antioxidant 
capacity in patients with inflammatory and age-related 
diseases such as vascular diseases (stroke and heart and 
peripheral arteries disease), the treatment of type 1 and 
type 2 diabetes, and respiratory disorders such as asthma 
and chronic obstructive pulmonary disorder (COPD) 
(18). The current clinical trial has shown significant 
positive outcomes in COVID-19 patients.

Materials and Methods
Study design
This randomized, single-center, pilot study was 

conducted on 80 participants with COVID-19 confirmed 
by quantitative reverse transcription polymerase chain 
reaction (qRT-PCR). It was done without blinding and 
included placebo-controlled and parallel groups as well. 
The primary aim of this study was to evaluate the safety 
and efficacy of intravenous ozonized saline infusion in 
treating severe COVID-19 disease. 

Study population, grouping, and randomization
Patient selection was based on principles of the World 
Medical Association Declaration of Helsinki for Ethical 
Principles for medical research involving human subjects. 
The present study was carried out in the infectious diseases 
ward of Razi hospital in Ahvaz, which is the infectious 
diseases referral center in Khuzestan province and 
Ahvaz city in southwestern Iran. At the time of hospital 
admission, patients with symptoms such as sore throat, 
cough, fever, or chills were isolated in the emergency 
department. Chest CT was performed on patients and then 
a blood sample was taken from the patients for routine 
laboratory evaluation including a complete blood count 
and C-reactive protein (CRP). Patient inclusion criteria, 
also served as admission criteria, were as follows: severe 
cases of COVID-19 with chest CT changes in the form of 
peripheral, unilateral, or bilateral ground-glass opacity(s) 
in combination with any of the below: RR greater than 
24, O2 saturation less than 93%, BP less than 90/60, 
and decreased level of consciousness. The patients were 
admitted to the infectious diseases ward or intensive care 
unit (ICU) if ventilation and/or intubation were required. 
Then, samples for real-time PCR tests were obtained 
from the throat and nasopharynx in patients suspected 
of COVID-19 infection, and if positive, COVID-19 was 
confirmed and they were included in the study. Sample 
size calculations are not provided in this study due to its 
pilot nature. Eighty patients were included in the study 
according to the study criteria and were divided into the 
intervention and control groups by block randomization, 
the number of samples in each group was 40 patients. 
Patients participating in the study were randomly divided 
into groups A and B. The block randomization method 
was used for randomization, and the individuals were 
randomly divided into two groups based on the first four 
randomized trials (by a person who was not involved in 
the study process). For this purpose, six blocks of AABB, 
ABAB, ABBA, BAAB, BBAA, and BABA were considered. 
The blocks were arranged in a random order, and the 
patients were added to the chain in the same random 
order they had entered the trial. Due to the nature of the 
intervention, blinding was not possible.

Intervention procedure
A total of 80 patients with severe COVID-19 who 
participated in the study were randomly divided into 
two groups. The control group received standard of 



Janadliean et al

 Journal of Kerman University of Medical Sciences. Volume 30, Number 2, 202394

care (SOC) according to national COVID-19 guidelines 
including any of the following based on indication: 
Remdesivir (200 mg loading dose on day 1, followed 
by 100 mg daily for up to 5 additional days), favipiravir 
(1600 mg every 12 hours on the first day and then 600 
mg every 12 hours for 5 days), recombinant human 
interferon beta-1a subcutaneous injection for two weeks, 
intravenous bolus injection of dexamethasone 8 mg once 
daily or methylprednisolone 100 mg daily, co-amoxiclav 
1 g every 12 hours, and levofloxacin 750 mg/daily. In the 
intervention group, patients received SOC plus ozone 
therapy. The ozone therapy included 400 mL of normal 
saline by 40 μg/kg of patients’ body weight every morning 
for a week and 2–3 mL venous blood along with 5 mL 
ozone at 25 µg/mL along with SOC. The ozone/oxygen 
mixture was generated based on the Russian protocol using 
the Medozon ozone generator (Herrmann, Elsenfeld, 
Germany), which is automated and standardized for time, 
volume, and concentration.

Evaluation of primary and secondary outcome variables
The present study looked at a variety of outcome variables 
correlated to the prognosis of COVID-19. The primary 
outcome measures were: 
1. Duration of hospitalization
2. Changes in oxygenation index (SpO2)
3. Changes in inflammatory markers including CRP

Additionally, secondary outcome variables were included:
1. Requirement of admission to ICU
2. Duration of hospital admission
3. Rapid clearance of lung lesions on CT scan
4. Clinical status (expressed in percentage) of subjects 

reporting each severity, rating on a 6-point ordinal 
scale:

•	 Death (1)
•	 Hospitalized, requiring invasive mechanical ventilation 

or extracorporeal membrane oxygenation (2)
•	 Hospitalized, requiring non-invasive ventilation or 

high-flow oxygen devices (3)
•	 Hospitalized, requiring supplemental oxygen (4)
•	 Hospitalized, not requiring supplemental oxygen (5)
•	 Not hospitalized (6)

5. Case fatality rate: The primary and secondary 
outcomes of the disease were checked twice a week 
and all patients were followed up for two weeks after 
the end of the procedure, in terms of general health, 
by referring to the clinic or by phone.

Data analysis
Demographic and basic information including age and 
other characteristics were analyzed using descriptive 
statistics including frequency and percentage, and mean 
and standard deviation. Survival analysis, Cox regression, 
and Kaplan-Meier diagram were used to evaluate the 

initial outcome of the length of hospital stay. Logistic 
regression was used to compare the two groups in terms 
of the need for ICU hospitalization. To report the case 
fatality rate, the number of deaths was divided by the 
number of patients, and logistic regression was used to 
compare the death rate in the two groups. The generalized 
estimating equation was used to compare white blood 
cell (WBC) and erythrocyte sedimentation rate (ESR) 
in the two groups due to repetition in measurements. 
All analyses were conducted using Stata version 13.1 
(StataCorp., College Station, Texas 77845 USA).

Results 
Eighty patients were included in the study divided into 
two groups (40 patients in each) by random allocation. 
No patient was excluded from the study according to 
the inclusion and exclusion criteria. The mean age of 
the men and women in the standard therapy group was 
56.31 ( ± 14.01) and 54.85 ( ± 12.54), respectively, while in 
the intervention group, it was 53.31 ( ± 14.33) and 53.39 
( ± 16.41). In terms of background disease, 16 patients in 
the intervention group (ozone therapy + standard drug 
treatment) and 10 patients in the control group (standard 
drug treatment) had a history of diabetes. Figure 1 shows 
the flow of patients in the study and Table 1 shows the 
characteristics of patients including age, sex, background 
disease, and chest CT score.

According to Table 1, the variables of diabetes and blood 
pressure have an imbalance between the two groups, and 
these variables can be controlled as possible distorted 
variables.

According to the results of the initial outcome variable 
analysis, the probability of discharge of patients who 
received normal ozonated saline intervention is 33% 
higher than patients who did not receive this intervention, 
but this relationship was not statistically significant 
(HR = 0.67, 95% CI = 0.42-1.06, P value = 0.089). The 
relationship is partially non-significant and is likely to 
increase as the sample size increases. Reanalysis using 
the bootstrap method made the relationship significant 
(HR = 0.67, 95% CI = 0.49-0.92, P value = 0.014).

Table 1. Demographic and clinical data of patients in the two groups at the 
beginning of the study

Control (n = 40) Intervention (n = 40)

Age 55.325 (12.87292428) 53.4 (15.36529556)

Gender 27 (68%) 23 (57%)

Background 
disease

No 16 (40%) 17 (43%)

Diabetes 10 (25%) 16 (40%)

BP 10 (25%) 4 (10%)

Other 1 (3%) 0 (0%)

Diabetes + BP 3 (8%) 3 (8%)

Chest CT 
score

10.25 (3.102934922) 9.35 (2.337541992)
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Kaplan-Meier diagram in Figure 2 showed that with 
control over variables of diabetes and blood pressure, 
the duration of treatment in the intervention group 
remained non-significant (blood pressure: HR = 0.67, 
95% CI = 0.42-1.06, P value = 0.08, diabetes: HR = 0.66, 
95% CI = 0.41-1.05, P value = 0.093). The chance of 
hospitalization in the ICU for patients in the intervention 
group was three times more than that of the control 
group, which was not statistically significant (odds 
ratio = 4.4, 95% CI = 1.32-14.50, P value = 0.016). Analysis 
of the relationship between death and ozone therapy by 
logistic regression method showed that using ozonated 
normal saline increases the risk of death by 1.5 times, 
but this relationship is not statistically significant (odds 
ratio = 1.5, 95% CI = .24-9.75, P value = 0.646). Repeated 
measure analysis by examining the effect of ozonated 
normal saline on changes in respiratory rate (RR), 
lymphocyte, hemoglobin, and platelets count, ESR, alanine 
aminotransferase (ALT), and aspartate aminotransferase 
(AST) showed that treatment in intervention group had 
a significant effect on changes in RR. Ozone-containing 
normal saline treatment reduced the number of breaths, 
and had a significant effect on the ESR (in the intervention 
group the ESR was increased) and had no significant 
effect on other variables (Table 2). 

Discussion
The results of the present study showed that the 

Figure 1. CONSORT flow chart of the trial events.

Figure 2. Kaplan-Meier diagram comparing the length of treatment in the 
two groups.

Table 2. Evaluation of the effect of ozone therapy on laboratory parameters

Variable Regression coefficient Lower Upper P value

RR -2.27 -1.01 -3.54 0.000

Lymphocyte count 271.83 834.38 -290.72 0.344

Hemoglobin -.72 .15 -1.60 0.106

Platelets 18.66 57.12 -19.80 0.342

AST .27 13.26 -12.71 0.967

ALT -1.26 80.17 -17.37 0.878

ESR 43.21 85.15 1.26 0.043

RR, respiratory rate, ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; ESR, erythrocyte sedimentation rate. 
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combination of ozone therapy + standard drug treatment 
increases the likelihood of patient discharge and reduces 
the duration of treatment, the number of breaths/minute, 
hemoglobin, and ALT compared to standard drug therapy 
alone in patients with the severe COVID-19. While the 
chance of ICU hospitalization, risk of death, lymphocyte 
count, platelets, ESR, and AST in the combination therapy 
group increases compared to the group with standard drug 
treatment, the difference is not statistically significant.

There are few reports declaring that ozone therapy 
is used to treat COVID-19. These reports/studies 
suggest the potential role of ozone in COVID-19. Also, 
good clinical trials are designed to assess the possible 
concentration of ozone, possible ways of administration, 
safety, disease stage in which ozone should be prescribed, 
contraindications, concomitant administration of 
antioxidants, etc (19).

In the present study, ozone therapy was compared with 
standard treatment in patients with severe COVID-19 
in terms of clinical efficacy. Since various variables such 
as patient discharge, duration of treatment, number 
of breaths, hemoglobin, and ALT in the combination 
treatment group have been improved compared to the 
standard drug treatment group, the results are promising.

There is no specific treatment for COVID-19, but 
the fight against coronavirus using antiviral drugs and 
symptomatic therapies continues around the world. The 
development of alternative therapies to reduce COVID-19 
mortality continues (20). In addition, ozone therapy, 
known for its high oxidizing properties, is a method that 
has been used safely in many countries against infectious, 
immunological, and vascular diseases for many years. 
Some of the findings of the present study are consistent 
with recent clinical trial studies that describe the potential 
biological benefits of ozone therapy for COVID-19 (21).

Shah et al conducted a case study to evaluate the safety 
and effectiveness of ozone therapy as an adjuvant with 
standard treatment on 60 patients with mild or moderate 
COVID-19 in two groups of control (30 patients) and 
treatment (30 patients). Patients in the control group 
received standard drug therapy, while patients in the other 
group, in addition to standard drug therapy, received 
ozone therapy consisting of 40 μg/mL ozone at a dose of 
about 150 mL twice a day with a rectal injection and 2-3 
ml intravenous injection. They received 5 mL of ozone 
with 25 μg/mL of partial autoimmune therapy once daily. 
The results showed that ozone therapy combined with 
standard drug therapy reduced clinical recovery time, 
mortality, or virus clearance time in patients with mild 
to moderate COVID-19 compared to patients receiving 
standard drug treatment only. Also, in the study by 
Shah et al, they indicated that the SpO2 level in patients 
increased significantly following ozone therapy compared 
to baseline, which may be the cause of the improvement 
in shortness of breath. Only the ALT and respiration rate 

changed significantly in the current trial, as opposed to the 
Shah et al study where the majority of the inflammatory 
indices were significantly improved. Also, considering the 
above-said study, ozone therapy has reduced mortality, 
while in our study, ozone therapy has increased mortality. 
The difference in the status of the participants in terms of 
disease and the type of ozone therapy method are other 
reasons for the difference between some of the results of 
this study and our study (22).

Alberto Hernández et al conducted a study on 18 patients 
with severe COVID-19 pneumonia, in two groups of 
control and treatment (9 patients in each group), in Spain 
to determine the effect of using ozonated blood on their 
clinical improvement. Patients in the standard clinical 
treatment control group received oxygen support therapy, 
hydroxychloroquine, lopinavir/ritonavir, corticosteroids, 
and antibiotics (including azithromycin). Patients in the 
ozone therapy group received blood with ozone twice 
daily for four days, including the day of admission. Each 
treatment session consisted of administering 200 mL of 
whole autologous blood enriched with 200 mL of the 
oxygen-ozone mixture at a concentration of 40 μg/mL 
ozone. The results revealed that ozone therapy caused 
a shorter recovery time of clinical improvement and 
clinical outcomes compared with standard drug therapy 
(days [6–10] vs 28 days [8–31], P = 0.04). Comparing 
ozone therapy with standard drug therapy, the following 
variables’ levels were reduced by twice as much in half 
the time: CRP (3.5 days vs. 13 days, p = 0.008), ferritin (8 
days vs. 15 days, P = 0.016), D-dimer (4 days vs. 19.5 days, 
p = 0.009), and lactate dehydrogenase (9 days vs. 25 days, 
P = 0.01). Therefore, the results of this study are consistent 
with our study (23).

A study by Araimo et al evaluated the use of ozone 
therapy as an adjuvant in the initial control of disease 
progression in patients with COVID-19 pneumonia, in 
which 152 patients were randomly assigned to two groups 
of control and treatment (76 patients in each group). 
Patients in the control group received standard drug 
therapy including antiviral drugs with lopinavir/ritonavir 
50/200 mg (2 tablets recommended) or azithromycin 500 
mg/d plus hydroxychloroquine 200 mg/day. If serum 
interleukin-6 (IL-6) levels increased or respiratory 
function deteriorated, tocilizumab 8 mg/kg IV (maximum 
800 mg dose) was administered twice 12 hours apart. 
Patients in the treatment group received ozonated blood 
at a concentration of 30 µg/mL). In this study, in terms of 
the effect of ozone therapy on inflammatory markers and 
hematology, the results showed that according to analysis 
before and after the intervention, the blood lymphocyte 
count on the seventh day after the intervention compared 
with baseline in the group receiving ozone therapy + 
standard drug has been significantly improved. The level 
of CRP decreased in both groups but this decrease was 
significant only in the ozone therapy + standard drug 
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treatment group. Ozone therapy also slightly reduced the 
need for a ventilator but the alteration was not statistically 
significant. In our study, similar to this study, ozone 
therapy reduced the need for ventilators and improved 
lymphocytes, while in terms of mortality, our study 
showed that ozone increases mortality (19).

A study by Çolak et al in 2021 was conducted on 55 
patients admitted to a training hospital in Turkey with 
mild and severe COVID-19 infection to indicate the 
effectiveness of ozone therapy on the mortality rate of 
COVID-19 patients. Patients were randomly divided 
into two groups: control (18 patients) and treatment (37 
patients). Patients in the standard treatment group were 
given hydroxychloroquine (400 mg on day one and 200 
mg on days two through four), enoxaparin, favipiravir, and 
antibiotics if a secondary bacterial infection was noticed. 
Patients in the experimental group, however, also received 
ozone therapy (in the form of major autohemotherapy) 
throughout seven sessions (one session per day), 
which included preparing a patient blood sample. The 
results reported the need for ICU hospitalization in 6 
of 37 patients (16.2%) in the group treated with ozone 
therapy + standard drug treatment, while 4 out of 18 
patients (22.2%) in the standard drug treatment group 
required ICU hospitalization, exhibiting a statistically 
non-significant difference (P = 0.7). Also, the mortality 
rate was lower in the ozone-treated group (P = 0.03). In 
general, their results showed that the ozone therapy group 
had a lower risk of mortality (P = 0.034) while concerning 
our study, ozone therapy increased mortality. One of the 
reasons for the discrepancy between the results of these 
studies may be the difference in the type of ozone therapy. 
In our study, ozonated normal saline was used, but in the 
mentioned study ozonated blood was used. 

Ozone therapy plays an important role in the 
treatment of severe COVID-19 pneumonia through 
several biological mechanisms. When human blood is 
exposed to a mixture of oxygen and ozone, oxygen binds 
to extracellular water before binding to hemoglobin 
until it is fully oxygenated; in contrast, ozone, which is 
more soluble than oxygen, dissolves easily in water and 
reacts with biomolecules such as amino acids (especially 
cysteine, tryptophan, methionine, phenylalanine, and 
tyrosine) and lipids (especially unsaturated fatty acids 
in membranes) (24,25). Compounds formed during 
reactions, including reactive oxygen species and fat 
products (LOPs), represent “ozone messengers” and 
are responsible for their biological and therapeutic 
effects; therefore, ozone can be considered a supportive 
drug that produces biochemical messengers (17). The 
specific potential use of ozone against coronavirus and 
the efficacy of ozone against pathogens are well known. 
Ozone appears to be the best available agent for water 
disinfection, although the virus activity in the presence 
of ozone in the body at the dose used in this study is 

unknown (26). It has been declared that ozone can 
act as a signal molecule in the body; it is produced by 
human neutrophils and is essential for the formation 
of antibodies that are involved in the natural humoral 
response to infection (27). Ozone can also release and 
modulate the stimulatory factors IFN-γ and TNF-α 
and clonal stimulating factors; it can also modulate and 
stimulate phagocytic function, which may have a very 
positive effect on COVID-19 infection (28). On the other 
hand, previous studies have shown that ozone can inhibit 
the proliferation of SARS and MERS coronaviruses. The 
SARS-CoV-2 receptors, also known as ACE2 cellular 
receptors, are known as SARS-CoV-2 receptors, can be 
regulated and blocked by managing Nrf2, in addition 
to being blocked by particular monoclonal antibodies 
(29). Ozone is capable of rapidly activating Nrf2 and this 
appears to be an important physiological mechanism 
to prevent COVID-19 from binding to this receptor. In 
addition, S proteins are responsible for receptor binding 
and membrane fusion. These proteins consist of a highly 
protected membrane domain including three parts: 
a tryptophan N-rich domain, a central domain, and a 
cysteine-rich C-terminal domain. Both the cysteine-
rich domain and the tryptophan-rich domain are 
essential for fusion. Cysteine and tryptophan are both 
sensitive to oxidation (30). Ozone metabolites have been 
hypothesized to oxidize cysteine residues, making it 
difficult for the virus to enter the host cell and prevent 
the virus from replicating. Ozone is an antiviral drug 
that appears to have a low antiviral activity by inhibiting 
virus replication and activity. Ozone is not a substitute 
for antiviral drugs, but viral activity is reduced by 
combining ozone therapy and antiviral drugs (31). 
The combination of ozone therapy and antiviral drugs 
reduces inflammation and lung damage and helps 
increase the host’s immunity to infection. It can also 
activate the cellular and humoral immune systems 
and reduce inflammatory processes/apoptosis. Recent 
studies have shown the effectiveness of ozone therapy 
in the early stages of viral diseases before the need for 
invasive ventilation. However, in serious or critical 
situations, the effectiveness of ozone therapy is not very 
successful (13). Ozone therapy is very cheap, reliable, 
safe, and known for many years and does not cause 
resistance; therefore, it may be used for vulnerabilities of 
many viruses including SARS-CoV-2 (32).

The results of the present study showed that ozone as 
an adjuvant can be effective in increasing the likelihood 
of discharge, reducing the duration of treatment, the 
number of breaths, hemoglobin, and ALT, and increasing 
the number of lymphocytes in patients with severe 
COVID-19. One of the limitations of the present study is 
that it was performed in a single center and the number of 
patients was small. Other limitations of the present study 
are that the side effects of the drug and other important 
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factors in COVID-19 disease were not looked at.

Conclusion 
The present study showed that the use of ozone therapy 
for hospitalized patients with severe COVID-19 can help 
improve a number of primary and secondary outcomes of 
the disease. Ozone therapy may be effective in improving 
the patient’s clinical condition, preventing lung tissue 
damage, controlling cytokine storms in patients (especially 
severe COVID-19 patients), and reducing their mortality. 
However, further large-scale multicenter studies with 
larger sample sizes evaluating drug side effects and other 
variables influencing the clinical course of COVID-19 
can provide more information on the effectiveness and 
importance of ozone therapy.

Acknowledgments 
This article was extracted from the final thesis of Dr. Amir Janadliean 
for his course on infectious diseases & tropical medicine residency 
with registration number OG-9911.

Authors’ Contribution
Conceptualization: Amir Janadliean, Shokrollah Salmanzadeh.
Data curation: Saeid Bitaraf.
Formal analysis: Saeid Bitaraf.
Funding acquisition: Amir Janadliean, Shokrollah Salmanzadeh, 
Roohangiz Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, 
Saeid Bitaraf.
Investigation: Amir Janadliean, Shokrollah Salmanzadeh, 
Roohangiz Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, 
Saeid Bitaraf.
Methodology: Saeid Bitaraf.
Project administration: Shokrollah Salmanzadeh.
Resources: Amir Janadliean, Shokrollah Salmanzadeh, Roohangiz 
Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, Saeid Bitaraf.
Supervision: Amir Janadliean, Shokrollah Salmanzadeh, Roohangiz 
Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, Saeid Bitaraf.
Validation: Amir Janadliean, Shokrollah Salmanzadeh, Roohangiz 
Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, Saeid Bitaraf.
Visualization: Amir Janadliean, Shokrollah Salmanzadeh, 
Roohangiz Nashibi, Seyed Mohammad Alavi, Sasan Moogahi, 
Saeid Bitaraf.
Writing – original draft: Amir Janadliean, Shokrollah Salmanzadeh, 
Saeid Bitaraf.
Writing – review & editing: Amir Janadliean, Shokrollah 
Salmanzadeh, Roohangiz Nashibi, Seyed Mohammad Alavi, Sasan 
Moogahi, Saeid Bitaraf.

Competing Interests
The authors declare that there is no conflict of interest. 

Ethical Approval
The study was approved by the Ethics Committee of Ahvaz 
Jundishapur University of Medical Sciences (IR.AJUMS.
REC.1399.363). Written informed consent was received from 
patients. The study was listed in the Iranian Registry of Clinical 
Trials (identifier: IRCT20200730048253N1; https://www.irct.ir/).

Funding
This study was supported by Ahvaz Jundishapur University of 
Medical Sciences, Ahvaz, Iran.

References
1. Pal M, Berhanu G, Desalegn C, Kandi V. Severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2): an update. 
Cureus. 2020;12(3):e7423. doi: 10.7759/cureus.7423.

2. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
coronavirus disease-2019 (COVID-19): the epidemic and the 
challenges. Int J Antimicrob Agents. 2020;55(3):105924. doi: 
10.1016/j.ijantimicag.2020.105924.

3. Ahmad T, Rodriguez-Morales AJ. Emergence of COVID-19 
(formerly 2019-novel coronavirus): a new threat from 
China. Revista Panamericana de Enfermedades Infecciosas. 
2019;2(2):37-8.

4. Zhou Z, Qiu Y, Ge X. The taxonomy, host range and 
pathogenicity of coronaviruses and other viruses in the 
Nidovirales order. Anim Dis. 2021;1(1):5. doi: 10.1186/
s44149-021-00005-9.

5. Zimmermann P, Curtis N. Coronavirus infections in children 
including COVID-19: an overview of the epidemiology, 
clinical features, diagnosis, treatment and prevention options 
in children. Pediatr Infect Dis J. 2020;39(5):355-68. doi: 
10.1097/inf.0000000000002660.

6. Zhang X, Cai H, Hu J, Lian J, Gu J, Zhang S, et al. 
Epidemiological, clinical characteristics of cases of SARS-
CoV-2 infection with abnormal imaging findings. Int J Infect 
Dis. 2020;94:81-7. doi: 10.1016/j.ijid.2020.03.040.

7. Hu B, Huang S, Yin L. The cytokine storm and COVID-19. J 
Med Virol. 2021;93(1):250-6. doi: 10.1002/jmv.26232.

8. Huang Q, Wu X, Zheng X, Luo S, Xu S, Weng J. Targeting 
inflammation and cytokine storm in COVID-19. Pharmacol 
Res. 2020;159:105051. doi: 10.1016/j.phrs.2020.105051.

9. Harvey WT, Carabelli AM, Jackson B, Gupta RK, Thomson EC, 
Harrison EM, et al. SARS-CoV-2 variants, spike mutations and 
immune escape. Nat Rev Microbiol. 2021;19(7):409-24. doi: 
10.1038/s41579-021-00573-0.

10. Kulus J, Kulus M, Stefańska K, Sobolewski J, Piotrowska-
Kempisty H, Mozdziak P, et al. SARS-CoV-2 genetic variability 
and non-specific immunity associated with the use of different 
BCG strains-a molecular and clinical approach. Vaccines 
(Basel). 2021;9(6):639. doi: 10.3390/vaccines9060639.

11. Mobinizadeh MR, Arab-Zozani M. Safety and effectiveness of 
favipiravir for novel coronavirus (COVID-19): a rapid review 
of available evidence. Health Technology Assessment in 
Action. 2020;4(1):e5862. doi: 10.18502/htaa.v4i1.5862.

12. Jean SS, Lee PI, Hsueh PR. Treatment options for COVID-19: 
the reality and challenges. J Microbiol Immunol Infect. 
2020;53(3):436-43. doi: 10.1016/j.jmii.2020.03.034.

13. Cattel F, Giordano S, Bertiond C, Lupia T, Corcione S, 
Scaldaferri M, et al. Ozone therapy in COVID-19: a narrative 
review. Virus Res. 2021;291:198207. doi: 10.1016/j.
virusres.2020.198207.

14. Elvis AM, Ekta JS. Ozone therapy: a clinical review. J Nat Sci 
Biol Med. 2011;2(1):66-70. doi: 10.4103/0976-9668.82319.

15. Remondino M, Valdenassi L. Different uses of ozone: 
environmental and corporate sustainability. Literature review 
and case study. Sustainability. 2018;10(12):4783. doi: 
10.3390/su10124783.

16. Wang T, Xiang Q, Bian J. Promising gas therapies for severe 
COVID-19. J Intensive Med. 2021;1(2):99-102. doi: 10.1016/j.
jointm.2021.05.001.

17. Bocci V. The clinical application of ozonetherapy. In: Bocci 
V, ed. OZONE: A New Medical Drug. Dordrecht: Springer; 
2011. p. 97-232. doi: 10.1007/978-90-481-9234-2_9.

18. Juchniewicz H, Lubkowska A. Oxygen-ozone (O2-O3) 
therapy in peripheral arterial disease (PAD): a review study. 
Ther Clin Risk Manag. 2020;16:579-94. doi: 10.2147/tcrm.

https://www.irct.ir/
https://doi.org/10.7759/cureus.7423
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://doi.org/10.1186/s44149-021-00005-9
https://doi.org/10.1186/s44149-021-00005-9
https://doi.org/10.1097/inf.0000000000002660
https://doi.org/10.1016/j.ijid.2020.03.040
https://doi.org/10.1002/jmv.26232
https://doi.org/10.1016/j.phrs.2020.105051
https://doi.org/10.1038/s41579-021-00573-0
https://doi.org/10.3390/vaccines9060639
https://doi.org/10.18502/htaa.v4i1.5862
https://doi.org/10.1016/j.jmii.2020.03.034
https://doi.org/10.1016/j.virusres.2020.198207
https://doi.org/10.1016/j.virusres.2020.198207
https://doi.org/10.4103/0976-9668.82319
https://doi.org/10.3390/su10124783
https://doi.org/10.1016/j.jointm.2021.05.001
https://doi.org/10.1016/j.jointm.2021.05.001
https://doi.org/10.1007/978-90-481-9234-2_9
https://doi.org/10.2147/tcrm.s255247


Journal of Kerman University of Medical Sciences. Volume 30, Number 2, 2023 99

Ozone therapy for severe COVID-19 disease

s255247.
19. Araimo F, Imperiale C, Tordiglione P, Ceccarelli G, Borrazzo C, 

Alessandri F, et al. Ozone as adjuvant support in the treatment 
of COVID-19: a preliminary report of probiozovid trial. J Med 
Virol. 2021;93(4):2210-20. doi: 10.1002/jmv.26636.

20. Hafeez A, Ahmad S, Siddqui SA, Ahmad M, Mishra S. A 
review of COVID-19 (coronavirus disease-2019) diagnosis, 
treatments and prevention. Eurasian J Med Oncol. 
2020;4(2):116-25. doi: 10.14744/ejmo.2020.90853.

21. Çolak Ş, Genç Yavuz B, Yavuz M, Özçelik B, Öner M, 
Özgültekin A, et al. Effectiveness of ozone therapy in addition 
to conventional treatment on mortality in patients with 
COVID-19. Int J Clin Pract. 2021;75(8):e14321. doi: 10.1111/
ijcp.14321.

22. Shah M, Captain J, Vaidya V, Kulkarni A, Valsangkar K, Nair 
PMK, et al. Safety and efficacy of ozone therapy in mild to 
moderate COVID-19 patients: a phase 1/11 randomized 
control trial (SEOT study). Int Immunopharmacol. 
2021;91:107301. doi: 10.1016/j.intimp.2020.107301.

23. Hernández A, Viñals M, Pablos A, Vilás F, Papadakos PJ, 
Wijeysundera DN, et al. Ozone therapy for patients with 
COVID-19 pneumonia: preliminary report of a prospective 
case-control study. Int Immunopharmacol. 2021;90:107261. 
doi: 10.1016/j.intimp.2020.107261.

24. Hernández A, Viñals M, Isidoro T, Vilás F. Potential role of 
oxygen-ozone therapy in treatment of COVID-19 pneumonia. 
Am J Case Rep. 2020;21:e925849. doi: 10.12659/ajcr.925849.

25. Ricevuti G, Franzini M, Valdenassi L. Oxygen-ozone 
immunoceutical therapy in COVID-19 outbreak: facts 

and figures. Ozone Ther. 2020;5(1):9014. doi: 10.4081/
ozone.2020.9014.

26. Blanco A, Ojembarrena FB, Clavo B, Negro C. Ozone potential 
to fight against SAR-COV-2 pandemic: facts and research 
needs. Environ Sci Pollut Res Int. 2021;28(13):16517-31. doi: 
10.1007/s11356-020-12036-9.

27. Al-Hegelan M, Tighe RM, Castillo C, Hollingsworth JW. 
Ambient ozone and pulmonary innate immunity. Immunol 
Res. 2011;49(1-3):173-91. doi: 10.1007/s12026-010-8180-z.

28. Fernández-Cuadros ME, Albaladejo-Florín MJ, Peña-Lora 
D, Álava-Rabasa S, Pérez-Moro OS. Ozone (O3) and 
SARS-CoV-2: physiological bases and their therapeutic 
possibilities according to COVID-19 evolutionary 
stage. SN Compr Clin Med. 2020;2(8):1094-102. doi: 
10.1007/s42399-020-00328-7.

29. Ni W, Yang X, Yang D, Bao J, Li R, Xiao Y, et al. Role of 
angiotensin-converting enzyme 2 (ACE2) in COVID-19. Crit 
Care. 2020;24(1):422. doi: 10.1186/s13054-020-03120-0.

30. Bousquet J, Cristol JP, Czarlewski W, Anto JM, Martineau A, 
Haahtela T, et al. Nrf2-interacting nutrients and COVID-19: 
time for research to develop adaptation strategies. Clin Transl 
Allergy. 2020;10(1):58. doi: 10.1186/s13601-020-00362-7.

31. Eren E, Saribek F, Kalayci Z, Yilmaz N. How to cripple SARS-
CoV-2 virus with ozone treatment thiol groups in viruses and 
SARS-CoV-2. 2020. doi: 10.13140/rg.2.2.30726.40004. 

32. Ranaldi GT, Villani ER, Franza L, Motola G. Ozonetherapy: 
a multirole weapon, topical pathway against SARS-CoV-2. 
2020. https://osf.io/preprints/frenxiv/n2dup/download.

© 2023 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.2147/tcrm.s255247
https://doi.org/10.1002/jmv.26636
https://doi.org/10.14744/ejmo.2020.90853
https://doi.org/10.1111/ijcp.14321
https://doi.org/10.1111/ijcp.14321
https://doi.org/10.1016/j.intimp.2020.107301
https://doi.org/10.1016/j.intimp.2020.107261
https://doi.org/10.12659/ajcr.925849
https://doi.org/10.4081/ozone.2020.9014
https://doi.org/10.4081/ozone.2020.9014
https://doi.org/10.1007/s11356-020-12036-9
https://doi.org/10.1007/s12026-010-8180-z
https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1186/s13054-020-03120-0
https://doi.org/10.1186/s13601-020-00362-7
https://doi.org/10.13140/rg.2.2.30726.40004
https://osf.io/preprints/frenxiv/n2dup/download
https://creativecommons.org/licenses/by/4.0/

