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Introduction. Ozone therapy can be used as a monotherapy or as an adjunctive treatment to standard COVID-19 treatment 
protocols. Current evidence indicates that this approach may improve clinical outcomes, paraclinical markers, and reduce 
radiological signs of inflammation, with no side effects.

Material and methods. The study included 100 consecutive patients aged 18 and older with COVID-19, admitted to the 
Intensive Care Unit at the Institute of Emergency Medicine. Patients were randomly divided into two groups: 50 patients 
underwent treatment according to the National Clinical Protocol along with major ozonated autohemotherapy (the study 
group), while the other 50 patients were treated only according to the National Clinical Protocol (the control group).

Results. Although the initial oxygenation index (PaO2/FiO2) values were similar in both study groups, a dynamic anal-
ysis revealed a clear efficacy of ozone therapy. By the end of the first-week treatment, the mean oxygenation index in 
the ozone-treated group was significantly higher than in the standard treatment group: 296.8±105.1 mm Hg versus 
232.8±110.6 mm Hg (p<0.01). The use of oxygen therapy (70.0% vs. 78.0%), non-invasive ventilation (70.0% vs. 76.0%), 
and invasive mechanical ventilation (22.0% vs. 38.0%) tended to be lower in the ozone group, though this difference was 
not statistically significant (p>0.05). Both treatment groups showed a significant clinical improvement, with 54.0% of 
COVID-19 patients in the ozone group and 50.0% in the conventional treatment group achieving a two-point reduction in 
clinical severity score (p>0.05).

Conclusions. The mean oxygenation index significantly increased in the study patient group (246.86±30.3 mm Hg on day 
1 and 296.75±105.1 mm Hg on day 7 of treatment; p<0.01) and remained unchanged in the control group (235.86±33.4 
mm Hg on day 1 and 232.82±110.6 mm Hg on day 7 of treatment; p>0.05). Although the mortality rate was lower among 
COVID-19 patients treated with ozone therapy (24.0%) compared to those receiving standard treatment (34.0%), this dif-
ference did not achieve any statistical significance.
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K e y  m e s s a g e s

What is not known yet about the issue addressed in the sub-
mitted manuscript 
A therapeutic approach based on symptomatic support remains a 
sine qua non condition to prevent the SARS-CoV-2 pandemic and 
its complications. Despite the slow emergence of an ideal antiviral 
treatment, various other effective therapeutic options have gained 
substantial scientific and practical interest, showing promising 
potential to reduce the damage caused by SARS-CoV-2. In this con-
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text, oxygen-ozone therapy has been recognized as a highly effec-
tive adjunctive treatment that can effectively counteract the effects 
of COVID-19, leading to improvements in clinical symptoms, para-
clinical markers, and radiological parameters in patients.
The research hypothesis
This study aims to evaluate the clinical and paraclinical effective-
ness of combining conventional ozone therapy treatment (major 
ozone autohemotherapy) in SARS-CoV-2 infected patients, in com-
parison to a conventional treatment alone. 
The novelty added to the scientific literature in the field
This study is scientifically significant as it evaluates the impact 
of ozone therapy on inflammation and respiratory parameters in 
COVID-19 patients. These factors are critical for clinical outcomes 
and survival rates, offering potential ways to improve patient re-
covery.

Introduction
Today, the COVID-19 pandemic continues to have a 

significant impact worldwide, as the global scientific com-
munity remains focused on discovering new therapeutic 
approaches, identifying mortality predictors, and imple-
menting these findings into clinical practice. The goal is to 
achieve better clinical outcomes, manage symptoms effec-
tively, and reduce both critical complications and overall 
mortality rates [1].

Ozone therapy is a promising complementary treatment 
with a wide range of therapeutic applications [2]. A system-
atic review of the literature indicates that ozone therapy can 
be used as a monotherapy or as a complementary treatment 
to standard protocols for COVID-19 patients. The scientific 
evidence suggests that this therapy has contributed to im-
provements in clinical symptoms, paraclinical markers, and 
radiological signs of inflammation, all without significant 
side effects [3].

Oxygen-ozone therapy, due to its antioxidant, anti-in-
flammatory, and antithrombotic properties, may play a cru-
cial role in combating hyperinflammation, immunodeficien-
cy, hypercoagulability, and poor response to conventional 
therapies induced by COVID-19. Based on the studies pub-
lished so far, researchers suggest that oxygen-ozone treat-
ment might be a promising adjunctive therapy for mild to 
severe cases of SARS-CoV-2 infection [4, 5].

Despite encouraging preliminary results from clinical 
studies and expert opinions, there is still not enough evi-
dence to prove that ozone therapy is a viable treatment for 
COVID-19 [1, 5]. Therefore, to confirm ozone therapy as a 
feasible complementary treatment for COVID-19, to guide 
further clinical applications, and to assess its effect on the 
progression of SARS-CoV-2 infection, randomized con-
trolled trials are needed [6].

In this context, the purpose of the study is to assess the 
clinical efficacy of ozone treatment (major ozonated auto-
hemotherapy) in patients with SARS-CoV-2.

Material and methods
The present study was carried out at the Valeriu Ghereg 

Anesthesiology and Resuscitation Department No.1 of Nico-
lae Testemițanu State University of Medicine and Pharmacy, 
Republic of Moldova.

To assess the efficacy of ozone therapy (major ozonized 
autohemotherapy – MAH) in patients with SARS-CoV-2, 
a prospective, randomized clinical study was conducted. 
This research evaluated the clinical features of COVID-19 
patients based on their treatment regimen (either conven-
tional treatment alone or conventional treatment combined 
with ozone therapy).

The study included patients aged 18 and older with 
COVID-19 who were admitted to the Intensive Care Unit 
(ICU) of the Emergency Medicine Institute (IMU) from July 
2020 to February 2021. The author identified the patients 
for the study at the time of their admission to IMU. All pa-
tients admitted during the reference period who met the 
inclusion criteria were enrolled in the study. 

To improve the accuracy of sample size calculation and 
increase precision, the Chi-squared power test was used. 
The data analysis focused on testing the hypothesis that 
ozone therapy is related to survival, using the following pa-
rameters:
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2021. The author identified the patients for the study at the time of their admission to IMU. All 

patients admitted during the reference period who met the inclusion criteria were enrolled in the 

study.  

To improve the accuracy of sample size calculation and increase precision, the Chi-squared 

power test was used. The data analysis focused on testing the hypothesis that ozone therapy is 

related to survival, using the following parameters: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑠𝑠𝑠𝑠𝑠𝑠𝐸𝐸 (𝑤𝑤)  =  0.3 
𝑆𝑆𝑠𝑠𝑆𝑆𝑆𝑆𝑠𝑠𝐸𝐸𝑠𝑠𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸 𝑙𝑙𝐸𝐸𝑙𝑙𝐸𝐸𝑙𝑙 =  0.05 

𝑃𝑃𝑃𝑃𝑤𝑤𝐸𝐸𝑃𝑃 =  0.8 
𝐷𝐷𝐸𝐸 =  1 

𝑇𝑇𝑃𝑃𝐸𝐸𝑆𝑆𝑙𝑙 𝑠𝑠𝑆𝑆𝑠𝑠𝑠𝑠𝑙𝑙𝐸𝐸 𝑠𝑠𝑠𝑠𝑠𝑠𝐸𝐸 =  87 [682]. 
For a 95.0% confidence interval, the required sample size was calculated to include at least 

87 patients. The representative study sample involved 100 patients for a 5% margin of error, thus, 

exceeding the minimum threshold of 88 patients. The patients were randomly divided into two 

groups with a 1:1 ratio: 50 COVID-19 patients were treated based on the National Clinical Protocol 

combined with ozone therapy (major ozonated autohemotherapy) in the COVID-19 ICU of IMU 

(main study group), and 50 COVID-19 patients received only the conventional treatment as outlined 

in the National Clinical Protocol in the COVID-19 ICU of IMU (control group). 

The study was conducted in several stages: 

Stage 1: Patients included in the study underwent clinical and paraclinical assessments 

(including laboratory and instrumental diagnostic methods). 

Stage 2: Statistical processing of the results obtained. 

Stage 3: Evaluation of the main indicators characterizing the study groups. Comparative 

assessment of clinical features, biochemical and imaging indicators depending on the treatment 

method. Improving the treatment algorithm for COVID-19 patients.  

Stage 4: Data presentation. 

Inclusion in the study required written informed consent from each patient for the 

investigations, treatment, collection of relevant clinical data, and outcome assessment.9 

To provide greater research accuracy, a set of inclusion and exclusion criteria was used to 

define the study parameters and thus focusing on a specific representative group. 

Inclusion criteria for the study were as following: 

 Patients diagnosed with COVID-19 based on WHO guidelines and confirmed by real-

time reverse transcription polymerase chain reaction (RT-PCR) for SARS-CoV-2 RNA 

from nasopharyngeal swabs (a molecular biology technique). 

For a 95.0% confidence interval, the required sample 
size was calculated to include at least 87 patients. The rep-
resentative study sample involved 100 patients for a 5% 
margin of error, thus, exceeding the minimum threshold of 
88 patients. The patients were randomly divided into two 
groups with a 1:1 ratio: 50 COVID-19 patients were treat-
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ed based on the National Clinical Protocol combined with 
ozone therapy (major ozonated autohemotherapy) in the 
COVID-19 ICU of IMU (main study group), and 50 COVID-19 
patients received only the conventional treatment as out-
lined in the National Clinical Protocol in the COVID-19 ICU 
of IMU (control group).

The study was conducted in several stages:
Stage 1: Patients included in the study underwent clini-

cal and paraclinical assessments (including laboratory and 
instrumental diagnostic methods).

Stage 2: Statistical processing of the results obtained.
Stage 3: Evaluation of the main indicators characterizing 

the study groups. Comparative assessment of clinical fea-
tures, biochemical and imaging indicators depending on the 
treatment method. Improving the treatment algorithm for 
COVID-19 patients. 

Stage 4: Data presentation.
Inclusion in the study required written informed con-

sent from each patient for the investigations, treatment, col-
lection of relevant clinical data, and outcome assessment.9

To provide greater research accuracy, a set of inclusion 
and exclusion criteria was used to define the study param-
eters and thus focusing on a specific representative group.

Inclusion criteria for the study were as following:
 ◾ Patients diagnosed with COVID-19 based on WHO 
guidelines and confirmed by real-time reverse tran-
scription polymerase chain reaction (RT-PCR) for 
SARS-CoV-2 RNA from nasopharyngeal swabs (a mo-
lecular biology technique).

 ◾ Patients with COVID-19 aged ≥18 years.
 ◾ Patients with COVID-19 who have a mildly reduced 
oxygenation index (PaO2/FiO2 >200-≤300 mmHg) and 
SpO2 levels between 88-96%.

 ◾ Patients with COVID-19 with radiologically confirmed 
pneumonia and a Brixia score within 6-10 points.

 ◾ Patients without contraindications for systemic ozone 
therapy.

 ◾ Patients who have read and signed the informed con-
sent for participation in the study.

Exclusion criteria for the study included:
 ◾ Patients under 18 years old.
 ◾ Patients with multiple organ failure syndrome.
 ◾ Pregnant women, postpartum women, and breast-
feeding women.

 ◾ Patients on immunosuppressive therapy.
 ◾ Individuals undergoing mechanical ventilation at the 
time of study enrollment.

 ◾ Patients with contraindications for systemic ozone 
therapy.

 ◾ Patients who refused to participate in the study.
The cases were randomized using block randomization 

procedures. According to the estimated sample size, 100 
consecutive patients (who were not excluded) were select-
ed for analysis and allocated to one of two groups: (a) the 
experimental group or (b) the control group. The study is 
based on the hypothesis that early systemic oxygen-ozone 
therapy may be effective in improving disease progression 

and/or partially improving the onset of “cytokine storm” 
syndrome, at least partially, having a significant impact on 
patient prognosis.

Upon confirming eligibility, patients with COVID-19 
were fully informed about the study’s purpose, objectives, 
the benefits and risks associated with the research and the 
treatment, the expected outcomes, as well as the practical 
applications of the study.

Standard medical care and monitoring for all COVID-19 
patients were administered in accordance with national and 
institutional protocols for inpatient and outpatient manage-
ment of this patient population.

The study protocol was approved by the Research Ethics 
Committee of Nicolae Testemițanu State University of Medi-
cine and Pharmacy (Minutes No. 1 dated 20.07.2020).

All patients included in the study were examined using 
the following research methods:

Clinical methods. Clinical, biochemical, and imaging 
indicators were assessed, as well as rates of invasive and 
non-invasive mechanical ventilation, mortality rates, and 
length of hospital stay. Data were collected from medical re-
cords, including initial and follow-up visits, as well as clin-
ical, instrumental, and laboratory investigations conducted 
both during and after treatment. The data were then ana-
lyzed comparatively, assessing changes over time between 
the two study groups.

Treatment methods. The standard treatment for pa-
tients infected with SARS-CoV-2 in ICU followed the guide-
lines set forth in the National Clinical Protocol, Provisional 
Editions III and IV [7, 8], and the Practical Guide for Manag-
ing Severe Complications from COVID-19 [9]. 

Ozone therapy included:
 ◾ Conventional or standard treatment.
 ◾ MAH – the intravenous infusion of ozonated autolo-
gous whole blood under strict aseptic and antiseptic 
conditions. Specifically, 80-120 ml of venous blood 
mixed with 10 ml of 3.13% sodium citrate solution 
(as an anticoagulant) was enriched with a gas mix-
ture of oxygen and ozone at a 1:1 ratio, with an ozone 
concentration of 40 µgN/mL. The mixture was thor-
oughly agitated for 5 minutes. Following ozonation, 
the blood was reinfused into the same vein over ap-
proximately 10-15 minutes. This procedure was re-
peated 7 times, with one session every 24 hours for 
7 consequent days [10]. The ozone was generated by 
the Medozon Herrman medical device.

All ozone therapy methods used in patients with 
COVID-19 comply with the recommendations of the World 
Federation of Oxygen and Ozone Therapy (WFOT Review of 
Evidence-Based Ozone Therapy) and international guide-
lines (The International Scientific Committee of Ozone 
Therapy “Madrid Declaration on Ozone Therapy”) and are 
included into the ozone generator software [5].

Clinical assessment. Fever was defined as an armpit 
temperature of ≥37.5°C [2]. Clinical improvement was char-
acterized by a two-point reduction on a 6-point severity 
scale [11] (while comparing the patient’s condition on the 
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first day in the ICU), either upon transfer from the ICU to the 
COVID-19 ward, at discharge, or at the time of death:

6 points = death
5 points = hospitalization for invasive mechanical ven-

tilation 
4 points = hospitalization for non-invasive ventilation or 

high-flow oxygen therapy
3 points = hospitalization for oxygen therapy (excluding 

high-flow oxygen therapy or non-invasive ventilation)
2 points = hospitalization with no need for oxygen therapy
1 point = while the patient being transferred to the 

COVID-19 ward, met the discharge criteria, or discharged 
from the hospital alive.

Table 1. Standard Treatments for SARS-CoV-2 Infected Patients in the ICU
1. Oxygen therapy • Facial mask

• High-Flow Nasal Cannula (HFNC)
• Non-Invasive Ventilation (NIV)
• Mechanical Ventilation (MV)

2. Glucocorticoids Methylprednisolone: Administer 
0.75 to 2 mg/kg/day (based on the 
CRP level at admission, divided into 
two doses as determined by the 
attending physician).

3. Anticoagulants Enoxaparin: Administer 4000 IU 
(40 mg) subcutaneously twice daily.

4. Antibiotic Therapy:
• Initiation criteria:
* suspected bacterial 

superinfection in the second 
week of disease;

* prior glucocorticoid therapy 
before ICU admission;

* elevated procalcitonin levels 
>0.5 ng/ml;

* sensitivity results from bacterial 
cultures.

Antibiotic options included 
macrolides, second- and third-
generation cephalosporins, and 
carbapenems. 
Doses and treatment length were 
customized based on the attending 
physician’s decision.

5. Complementary therapy • H2 Receptor antagonists:
* Famotidine 20 mg, twice/day

• Vitamin therapy:
* Ascorbic acid 500 mg x 3 

times/day
* Vitamin D3 8-10 drops daily

• Pentoxifylline 400 mg, once daily
6. Infusion therapy: Fluid intake restriction, by main-

taining a mean arterial pressure 
above 60 mmHg, the urinary out-
put greater than 0.5 ml/kg/h, with 
no increase in nitrogen retention 
by-products, as well as the hemato-
crit level at 30%.

Note: ICU- intensive care unit; HFNC- High-Flow Nasal Cannula; NIV- 
Non-Invasive Ventilation; MV- Mechanical Ventilation; CRP- C-reactive 
protein; Enoxaparin 4000IU- Anti Xa IU/0,4 ml.

The discharge criteria showed a clinical recovery, includ-
ing fever management, respiratory rate of <24 breaths per 
minute, oxygen saturation >94% on FiO2 of 0.21%, and no 
cough for at least 72 hours [11].

One study objective was to measure the time to clinical 
improvement within 28 days, defined as the time (in days) 
from study randomization to the day of a 2-point decline on 
a 6-point ordinal scale (from 1 = discharge to 6 = death) or 
discharge from hospital alive, whichever occurred first [11].

Decisions regarding invasive mechanical ventilation and 
non-invasive ventilation were made based on clinical stan-
dards and the medical consultant’s assessment.

Biochemical methods. Hematological tests were con-
ducted, including a complete blood count (CBC), counts of 
lymphocytes and neutrophils, the neutrophil-to-lymphocyte 
ratio (NLR), and platelet count. Biochemical assessments 
included procalcitonin (PCT), C-reactive protein (CRP), cre-
atinine, urea, electrolytes (sodium and potassium), total bil-
irubin, aspartate aminotransferase (AST), creatine kinase 
(CK), fibrinogen, and D-dimers. These tests were performed 
using the HumaStar 300SR Mindray BS-240Pro automat-
ic biochemical analyzer in the Biochemistry Laboratory at 
IMU [12].

D-dimer levels were measured using an immunofluo-
rescence assay and reported in fibrinogen-equivalent units 
(μg/ml) [12].

The following biochemical test values were used for nor-
mal reference: D-dimers – <0.5 mg/mL, CRP – 0.8-3.0 mg/L, 
PCT – <0.5 ng/mL, and leukocytes – 4-10^9/L. Lymphocyto-
penia was characterized by a lymphocyte count <1500 cells 
per cubic millimeter of blood. Thrombocytopenia was iden-
tified as a platelet count <150,000 cells per cubic millimeter 
of blood.

X-ray imaging test. A chest X-ray was conducted using 
the SHIMADZU Mobile Art Evolution portable radiography 
unit. To assess the severity of COVID-19 pneumonia and 
guide the selection of appropriate ventilation support, the 
Brixia score was employed. This score offers a feasible and 
efficient semi-quantitative evaluation of COVID-19 severity, 
using an 18-point scale to classify lung involvement based 
on the type and extent of pulmonary abnormalities [13].

Statistical data processing methods. The primary 
study data were introduced into an electronic database and 
processed using functions and modules from SPSS version 
16.0 for Windows (SPSS Inc., Belmont, CA, USA, 2008) and 
Microsoft Office Excel 2019 on a personal computer. Both 
descriptive and inferential statistical procedures were ap-
plied. Pearson’s χ² test, Yates’ correction, or Fisher’s exact 
test were used to compare categorical variables. The t-test 
or non-parametric tests were applied to assess the statis-
tical significance of mean differences between the study 
groups: one-way analysis of variance (ANOVA) was con-
ducted, followed by post-hoc tests to explore multiple mean 
differences among the study groups; the correlation analy-
sis was performed to determine the strength and direction 
of statistical associations. A bilateral p-value <0.05 was con-
sidered statistically significant.

Results and discussions
Additionally, to conventional treatment, ozone therapy 

has been proposed as an adjunctive treatment for SARS-
CoV-2 infection, due to its therapeutic effects, including 
antioxidant, anti-inflammatory, antithrombotic, antiviral, 
and immunomodulatory properties. Oxygen-ozone therapy 
could play a crucial role in fighting off hyperinflammation, 
immunodeficiency, hypercoagulability, and inadequate re-
sponse to treatments caused by COVID-19. Research find-
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ings suggest that ozone therapy could be a promising com-
plementary treatment for SARS-CoV-2 infection, including 
both mild and severe cases [4, 11].

The study compared 50 ICU patients with COVID-19 
who received both conventional treatment and ozone ther-
apy (SG) with another 50 ICU patients treated exclusively 
with conventional methods (CG). The gender distribution 
was similar across both groups: the study group consisted 
of 22 men (44.0%) and 28 women (56.0%), while the con-
trol group had 23 men (46.0%) and 27 women (54.0%).

The mean age of patients was similar in both study 
groups: 58.08±9.9 years (ranging 28-73 years old) in SG and 
62.36±11.6 years (ranging 34-84 years old) in CG.

The mean time from symptoms onset to ICU admis-
sion was also similar between the study groups: 6.86±4.3 
days in COVID- 19 patients who underwent ozone therapy 
and 7.94±3.8 days in those receiving standard treatment 
(p>0.05).

The mean values for clinical assessments, PaO2/FiO2 ra-
tio, blood parameters, NLR, CRP, PCT, urea (mmol/L), and the 
Brixia score were similar in both study groups. Several stud-
ies found that the mean overall hospital stay length was also 
similar between patients treated with ozone and those re-
ceiving standard treatment (p>0.05): 8 days vs. 28 days [11], 
9.37±3.84 days vs. 9.37±5.38 days [14], and 8 days vs. 9 days 
[15]. The average hospital stay (17.80±8.9 days in the SG and 
17.06±10.6 days in the CG, p>0.05) was not significantly dif-
ferent between the study groups. Similarly, the average ICU 
stay (8.56±5.3 days in the SG and 10.22±9.0 days in the CG, 
p>0.05) showed only a slight shorter-term trend in the SG.

Mortality rates among COVID-19 patients have varied 
significantly, from 3.6% to 26.0%, depending on the study 
sample and disease severity. Previous research has report-
ed a range of mortality rates for patients requiring ICU ad-
mission, including 16%, 38%, 62%, 67%, and 78% [16, 17].

In the current study, the mortality rate for COVID-19 
patients treated with ozone therapy in the ICU was nota-
bly lower, ranging from 12% to 24.0%, compared to 17% 
to 34.0% for those receiving conventional treatment. How-
ever, this difference did not reach a statistical significance 
(p>0.05). Similar findings have been reported in other pro-
spective cohort and case-control studies: one study report-
ed 11.0% mortality for patients treated with conventional 
therapy and ozone therapy vs. 22% for those receiving con-
ventional therapy alone (p>0.05) [11, 18], while another 
study registered 0% mortality for those treated with both 
approaches compared to 7% for those treated convention-
ally alone (p>0.05) [14].

The use of oxygen therapy (35 - 70.0% of COVID-19 
patients treated with ozone vs. 39 - 78.0% of patients 
treated conventionally, p>0.05), non-invasive ventilation 
(35 - 70.0% of patients treated with ozone vs. 38 - 76.0% 
treated conventionally, p>0.05), and invasive mechanical 
ventilation (11 - 22.0% of patients treated with ozone vs. 
19 - 38.0% treated conventionally, p>0.05) indicated a de-
creasing trend in patients from the primary group, though it 
did not reach statistical significance.

The mean durations for oxygen therapy (8.20±5.4 days 
for ozone-treated patients vs. 9.77±8.7 days for conven-
tionally treated patients, p>0.05), non-invasive ventilation 
(6.06±3.9 days for ozone-treated patients vs. 6.29±6.8 days 
for conventionally treated patients, p>0.05), and invasive 
mechanical ventilation (6.82±5.5 days for ozone-treated pa-
tients vs. 7.47±6.8 days for conventionally treated patients, 
p>0.05) also showed a non-significant decreasing trend in 
the ozone-treated group.

The treatment led to significant clinical improvements in 
both study groups. The average clinical improvement score 
decreased notably, from 3.66±0.5 points on day 1 to 2.52±1.6 
points on day 7 (p<0.001) in the ozone therapy group (SG), 
and from 3.70±0.5 points on day 1 to 2.84±1.8 points on day 
7 (p<0.001) in the conventional therapy group (CG). Clinical 
improvement, characterized by a decrease of two or more 
points in the score, was seen in 27 (54.0%) of COVID-19 pa-
tients treated with ozone and in 25 (50.0%) of those treated 
with conventional methods (p>0.05) (Table 1).

A research study revealed that, within 10 days of ozone 
treatment, there was a significant reduction in inflammato-
ry and thromboembolic markers (PCR and D-dimers) with 
p-values ranging from <0.05 to <0.001, and a significant im-
provement in major respiratory indices (SpO2/FiO2 ratio). 
By day 10, all patients showed significant resolution of bi-
lateral interstitial infiltrates [18].

In this study, the average oxygenation index – PaO2/
FiO2 – increased significantly in the ozone therapy group 
(from 246.86±30.3 mm Hg on day 1 to 296.75±105.1 mm 
Hg on day 7 of treatment; p<0.01), whereas no change was 
observed in the control group (from 235.86±33.4 mm Hg 
on day 1 to 232.82±110.6 mm Hg on day 7; p>0.05). De-
spite similar initial values of the oxygenation index in both 
groups, the dynamic analysis demonstrated a clear efficacy 
of ozone treatment. At the end of the first week, the mean 
oxygenation index was significantly higher in the ozone 
therapy group compared to the standard treatment group: 
296.8±105.1 mm Hg vs. 232.8±110.6 mm Hg (p<0.01). Ad-
ditionally, the median absolute difference between the ox-
ygenation index on the 7th day of ozone treatment and its 
initial value was positive – 53.5 (IQR -19.7 to 106) mm Hg, 
while the control group showed a negative difference of -19 
(IQR -85.2 to 56.5) mm Hg (p<0.05). Thus, combined ozone 
therapy treatment showed a more positive trend in the oxy-
genation index compared to standard treatment.

On the 7th day of treatment, COVID-19 patients from the 
SG showed a trend towards increased frequencies of normal 
PaO2/FiO2 ratios (21 - 43.8% and 14 - 28.0% of cases, re-
spectively; p>0.05) and milder ARDS (PaO2/FiO2 >200-≤300 
mmHg) (18 - 37.5% and 15 - 30.0% of cases, respectively; 
p>0.05). In contrast, patients with COVID-19 from the CG 
experienced a statistically significant increase in worsening 
ARDS (≤200 mmHg) (21 - 42.0% and 9 - 18.8% of cases, re-
spectively; p<0.05). There was also an increasing trend in 
oxygenation impairment from moderate (15 - 30.0% and 7 - 
14.6% of cases, respectively; p>0.05) to severe (6 - 12.0% and 
2 - 4.2% of cases, respectively; p>0.05) in patients from CG. 
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Table 1. Clinical, laboratory, and imaging parameters (X±SD) for COVID-19 patients on day 1 and day 7 of treatment, within both study groups

Parameters
Study Group

p
Control Group p p

(Day 1)
p
(Day 7)Day 1 Day 7 Day 1 Day 7

PaO2/FiO2 (mm Hg) 246,86±30,3 296,75±105,1 <0,01 235,86±33,4 232,82±110,6 NS NS <0,01
PCR (mg/L) 75,17±53,9 44,88±53,2 <0,01 82,52±59,9 44,85±57,9 <0,001 NS NS
PCT (ng/mL) 0,18±0,3 0,17±0,3 NS 0,13±0,1 0,14±0,2 NS NS NS
Brixia Score (points) 8,30±1,6 7,48±4,0 NS 8,38±1,3 9,44±4,1 NS NS <0,05
D-Dimers (µg/mL) 0,98±0,8 2,58±2,9 <0,01 1,98±2,5 2,97±2,9 <0,05 <0,01 NS
Fibrinogen (g/L) 4,36±0,8 3,60±1,2 <0,01 4,36±1,1 4,57±2,9 NS NS <0,05
Leucocytes (x109/L) 10,09±5,2 9,80±4,1 NS 9,25±4,5 11,79±7,9 <0,01 NS NS
Neutrophiles (%) 71,68±13,3 72,08±12,8 NS 71,84±10,6 74,04±11,5 NS NS NS
Lymphocytes (%) 10,42±6,5 11,77±7,3 NS 11,88±7,1 11,30±6,9 NS NS NS
RNL 11,78±13,2 9,85±7,4 NS 9,02±5,9 10,74±9,0 NS NS NS
Monocyte s (x109/L) 5,48±3,3 6,6±3,9 NS 5,66±3,0 5,58±3,7 NS NS NS
ESR (mm/h) 26,22±15,9 28,65±16,6 NS 26,14±15,4 32,58±16,2 <0,05 NS NS
Platelets (x109/L) 241,58±91,1 284,21±101,0 <0,01 219,84±80,0 276,48±112,3 <0,001 NS NS
Hemoglobin (g/L) 128,78±14,6 119,85±17,1 <0,001 127,24±16,5 119,94±18,2 <0,01 NS NS
Albumin (g/L) 36,52±4,1 31,77±4,1 <0,001 34,80±5,7 30,68±4,3 <0,001 NS NS
Urea (mmol/L) 7,41±3,4 7,32±2,9 NS 8,06±5,6 9,34±7,7 <0,05 NS NS
Creatinine (mmol/l) 100,92±53,9 92,42±28,3 NS 107,66±63,1 99,88±75,5 NS NS NS
ALAT (U/l) 52,34±61,8 68,58±53,2 <0,05 48,04±33,2 67,64±58,8 <0,01 NS NS
ASAT (U/l) 46,52±35,3 42,50±40,3 NS 51,82±39,6 42,84±33,1 NS NS NS
Clinical assessment (points) 3,66±0,5 2,52±1,6 <0,001 3,70±0,5 2,84±1,8 <0,001 NS NS
Note: SD – standard deviation; PaO2/FiO2 – partial pressure of oxygen/fraction of inspired oxygen; CRP – C-reactive protein; PCT – procalcitonin; N/L 
ratio – neutrophil-to-lymphocyte ratio; VSH – erythrocyte sedimentation rate; ALT – alanine aminotransferase; AST – aspartate aminotransferase; NS – not 
significant. Data are presented as mean values and standard deviation. Differences in mean values were assessed using the paired t-test or Wilcoxon test.

The average Brixia score was similar between the two 
groups on day 1 (8.30±1.6 points in SG and 8.38±1.3 points 
in CG; p>0.05). By day 7, a decreasing trend in the Brixia 
score was reported towards in SG (7.48±4.0 points; p>0.05), 
while the CG showed an increasing trend (9.44±4.1 points; 
p>0.05). However, these changes did not achieve any statis-
tical significance.

A reduced Brixia score in the main cohort was record-
ed in 50% of cases compared to 42% in the control group 
(p>0.05). Notably, patients treated with ozone showed a 
statistically significant improvement in radiological pulmo-
nary findings by the 7th day compared to the control group. 
On the 7th day of treatment, the average Brixia score was 
significantly higher in the ozone treatment group (p<0.05). 
The median absolute change in the Brixia score was 0.5 
(IQR – 2.0-3.0) points, compared to 0 (IQR – 4.0-2.0) points 
in the control group (p<0.05).

Increased levels of D-dimers, C-reactive protein (CRP), 
ferritin, and interleukin-6 (IL-6) serve as prognostic indi-
cators for patients with COVID-19. These parameters have 
been associated to an unfavorable prognosis in several stud-
ies [10, 19].

In both study groups, there was a statistically signifi-
cant decrease in the mean hemoglobin levels (128.78±14.6 
g/L on day 1 and 119.85±17.1 g/L on day 7, p<0.001 in the 
study group; 127.24±16.5 g/L on day 1 and 119.94±18.2 
g/L on day 7, p<0.01 in the CG) as well as in PCR values 
(75.17±53.9 mg/L on day 1 and 44.88±53.2 mg/L on day 7, 
p<0.01 in the SG; 82.52±59.9 mg/L on day 1 and 44.85±57.9 
mg/L on day 7, p<0.001 in the CG).

In the SG group, there was a decreasing trend in 
the mean leukocyte count (10.09±5.2x10^9/L on day 
1 and 9.80±4.1x10^9/L on day 7, p>0.05), whereas in 
the CG, a statistically significant increase was reported 
(9.25±4.5x10^9/L on day 1 and 11.79±7.9x10^9/L on day 
7, p<0.01). A similar pattern was seen in the mean urea lev-
els: a tendency to decrease in the SG (7.41±3.4 mmol/L on 
day 1 and 7.32±2.9 mmol/L on day 7, p>0.05) and a statis-
tically significant rise in the CG (8.06±5.6 mmol/L on day 1 
and 9.34±7.7 mmol/L on day 7, p<0.05).

Mean platelet values increased significantly in pa-
tients in SG (241.58±91.1x10^9/L on day 1 and 
284.21±101.0x10^9/L on day 7, p<0.01) and in patients in CG 
(219.84±80.0x10^9/L on day 1 and 276.48±112.3x10^9/L 
on day 7, p<0.001). D-dimer levels also showed a statistical-
ly significant increase in both groups: in the MG (0.98±0.8 
µg/mL on day 1 and 2.58±2.9 µg/mL on day 7, p<0.01) and 
in the CG (1.98±2.5 µg/mL on day 1 and 2.97±2.9 µg/mL on 
day 7, p<0.05).

Fibrinogen plays a crucial role in blood coagulation and 
is also considered an indicator of the severity of inflamma-
tion. Data analysis showed that in ozone -treated patients, fi-
brinogen levels decreased significantly by day 7, with values 
of 3.6 (IQR 2.7-4.2) g/L compared to 4.3 (IQR 3.9-4.8) g/L at 
the time of enrollment (p<0.001). In contrast, no significant 
change in plasma fibrinogen concentration was observed in 
the control group, with levels of 4.6 (IQR 3.6-4.7) g/L on day 
7 and 4.4 (IQR 3.9-4.6) g/L on day 1 (p>0.05). On day 7, the 
mean fibrinogen value was significantly lower in the ozone 
treatment group: 3.8 (IQR 2.7-4.2) g/L compared to 4.0 
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(IQR 3.6-4.7) g/L in the control group (p<0.05). Additional-
ly, the median absolute difference between initial and final 
fibrinogen concentrations was significantly greater in the 
ozone-treated group: 0.55 (IQR 0.07-1.52) g/L compared to 
0.25 (IQR -0.7-0.7) g/L in the control group (p<0.05).

These findings are consistent with a case-control study 
showing a significant reduction in fibrinogen levels in pa-
tients with COVID-19 and severe bilateral pneumonia 
(n=14) who received both conventional treatment and 
ozone therapy (713±112 mg/dL and 572±163 mg/dL, re-
spectively; p<0.05). In contrast, patients treated with only 
conventional methods had fibrinogen levels of 602±160 
mg/dL and 528±149 mg/dL, respectively (p>0.05) [20].

The study’s strengths include its prospective and ran-
domized design. Nevertheless, several limitations should be 
mentioned: a) the small sample size, b) the relatively short 
follow-up duration, c) inclusion of only patients not requir-
ing mechanical ventilation, d) the study was conducted at 
a single healthcare center, e) it was not a blinded study in 
terms of treatment provided, f) a slightly younger age of the 
main study group undergoing ozone autohemotherapy, and 
g) the inability to calculate patients’ BMI due to pandemic 
conditions.

Thus, the evidence from specialized literature and the 
current study results indicate that ozone therapy has clin-
ical benefits for COVID-19 patients. Ozone therapy shows 
promise as an adjunctive treatment for those infected with 
SARS-CoV-2. The mechanisms of action of ozone therapy 
support its combined use with other treatments. Addition-
ally, multiple clinical studies have also reported positive 
outcomes. Systemic oxygen-ozone therapy is particularly 
important at the disease’s onset and before the condition 
worsens to the point of requiring mechanical ventilation. It 
also helps modulate laboratory biomarkers, which are cru-
cial for assessing risk and prognosis in COVID-19 patients.

The lack of statistically significant differences in the cur-
rent study parameters may be due to the small sample size 
and the study’s unicentric design.

Conclusions
Ozone therapy restrains the progression of the SARS-

CoV-2 infection and its complications, promotes the re-
covery of the clinical condition due to its several beneficial 
properties such as immunomodulatory, antioxidant, anti-in-
flammatory, and cytoprotective effects. Our study demon-
strated that the mortality rate among COVID-19 patients 
treated with ozone in the ICU was lower compared to those 
receiving conventional treatment. The impact of ozone ther-
apy on oxygen metabolism resulted in a statistically signif-
icant increase in the mean oxygenation index by reactivat-
ing the intracellular and extracellular antioxidant systems, 
effectively countering long-term oxidative stress in various 
inflammatory and degenerative processes. If administered 
early in the course of the disease, ozone therapy can prevent 
the progression to ARDS and help alleviate the severe ef-
fects of COVID-19 on lung tissues. Ozone therapy improves 
blood flow, facilitates oxygen transport in hypoxemic tis-

sues, and reduces blood clotting phenomena in COVID-19 
patients. So, under this therapy, COVID-19 patients showed 
improved blood circulation and oxygen delivery to ischemic 
tissue and optimized overall metabolism leading to a trend 
toward milder ARDS.

 Our research study showed a decreasing trend in use of 
oxygen therapy, non-invasive ventilation, and invasive me-
chanical ventilation with ozone therapy, specifically  major 
ozonized autohemotherapy in COVID-19 patients. Despite 
encouraging preliminary data from ongoing clinical trials, 
as well as expert opinion, there is still insufficient evidence 
to confirm that ozone therapy is a viable treatment option 
for patients with COVID-19
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