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ABSTRACT

Objective: Ozone adjuvant in COVID-19 management showed conflicting results in prior studies. Here, we aimed
to comprehensively evaluate benefits and side effects of ozone as adjuvant therapy in COVID-19 patients.
Methods: Systematic searches were conducted in MEDLINE, ScienceDirect, Cochrane Library, Springer, medRxiv,
and ProQuest for articles investigating ozone as adjuvant therapy in COVID-19. Clinical and laboratory out-
comes, mortality, length of hospital stay, intensive care unit (ICU) admission, and adverse events were assessed.
Results: Thirteen studies were included in this review. Case-control studies, but not randomized controlled trials
(RCTs), showed a decrease in mortality following ozone therapy (OR = 0.24 (95% CI [0.07-0.761), p = 0.02, P
= 0%, fixed-effect). However, ozone therapy did not improve the length of hospital stay (SMD = -0.99 (95 %CI
—2.44 to 0.45), p = 0.18, I? = 84%, random-effects) and ICU admission (RR = 0.57 (95 %CI [0.05-6.71]), I =
73%, p = 0.65, random-effects). Consecutive case control studies suggested that ozone therapy significantly
improved levels of D-dimer (p = 0.0060), lactate dehydrogenase (LDH; p = 0.0209), C-reactive protein (CRP; p
= 0.0040) and interleukin (IL)-6 (p = 0.0048) as compared to standard therapy alone.

Conclusions: The beneficial effect of ozone in COVID-19 management seems to be limited to the improvements of
laboratory parameters among severe patients, including the reduction of IL-6, LDH, CRP, and D-dimer levels.
Meanwhile, other study endpoints, such as mortality, length of stay and ICU admission, were not improved
following ozone therapy, although it may partly be due to a shorter duration of viral clearance. Furthermore, no
serious adverse event was reported following ozone therapy, suggesting its high safety profile. (PROSPERO ID:
CRD42021278018)

1. Introduction

reported to WHO. As of 17 March 2022, a total of 10,925,055,390 vac-
cine doses have been administered [2]. A wide range of interventions,

At the end of December 2019, a novel coronavirus began to spread in
Wuhan, China. Since the outbreak, the 2019 Coronavirus Disease
(COVID-19) has brought major harm and challenges to>200 countries
and regions [1]. To date (i.e., 30 May 2022), there have been
526,182,662 confirmed cases of COVID-19, including 6,286,057 deaths,

including antiviral medications, immunomodulators, convalescent
plasma, and herbal medicinal therapy is being used to treat the disease
[3-5]. Due to many uncertainties around the management of COVID-19,
there has been lots of interest in the potential role of adjuvant therapies
that can complement the standard COVID-19 therapy. One of those
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previously explored adjuvant therapies for COVID-19 is ozone therapy
[6].

Ozone (03) is a gas composed of three atoms of oxygen, including a
stable pair (02) and a third, unstable, atom, which gives ozone its
beneficial effects on humans’ health. Common routes of ozone admin-
istration include ozonated autohemotherapy and rectal ozone insuffla-
tion [7]. Several studies showed that ozone could improve blood
circulation and oxygen delivery to ischemic tissue [8]. Thus, it may
contribute to overcoming hypercoagulation, a frequently observed pa-
thology in COVID-19 patients. Additionally, a hyperinflammatory
response is a hallmark of severe SARS-CoV-2 infection and cytokine
modulation is a key to avoid patients’ deterioration [9]. Remarkably,
ozone was able to modulate the release of anti-inflammatory cytokines,
reduce the activity of pro-inflammatory cytokines and it has a direct
antiviral effect [10-12], suggesting its potential benefits in COVID-19
management.

Several randomized controlled trials (RCTs) and observational
studies on ozone therapy in COVID-19 patients have recently been
published. However, at present, the application of ozone as adjuvant
therapy in COVID-19 remains debatable due to conflicting results in
prior studies, demanding further investigations. Therefore, in this sys-
tematic review and meta-analysis, we aim to comprehensively evaluate
the benefit and side effects of ozone as adjuvant therapy in COVID-19.

2. Methods

This systematic review and meta-analysis was conducted in compli-
ance with the 2020 Preferred Reporting Items for Systematic Review and
meta-analysis (PRISMA) guideline [13] and has been registered in the
PROSPERO database (https://www.crd.york.ac.uk/prospero/) with a
registration number of CRD42021278018.
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2.1. Eligibility criteria

The following study types were included in this review: randomized
controlled trials (RCTs), clinical trials, cohort studies, case-control
studies, and observational reports (case series and case reports). The
authors screened the title and abstract independently based on the
following criteria: (1) COVID-19 patients, regardless of their severity;
(2) the study involved ozone as adjuvant therapy; (3) eligible studies
should have reported at least one of our outcomes of interest; (4) studies
written in English. Our primary outcomes included mortality, clinical
outcome, length of hospital stay, and ICU admission. Our secondary
outcomes included laboratory outcomes and adverse events. We
excluded review articles, non-human studies, irrelevant articles, and
duplications.

2.2. Search strategy and selection of studies

Two authors (A.S.H. and S.R.D.) conducted a keyword search for
articles published in trial registries (ClinicalTrials.gov) and databases
(MEDLINE, ScienceDirect, Springer, ProQuest, and Cochrane Library)
on May 21st, 2022. Our search is limited to studies involving humans.
Extended manual search (e.g., in medRxiv) and bibliographical search
were also conducted from May 22nd, 2022, to May 25th, 2022, to obtain
additional data. The following keywords were used: “((COVID-19) OR
(Covid) OR (SARS-COV-2)) AND ((Ozone) OR (Autohemotherapy))”.
Detailed search strategies are available in Supplementary Materials. We
exported all studies retrieved from the electronic searches into the
Mendeley reference manager for duplication removal and screening
independently. Any disagreements between these two authors were
resolved by discussion with all authors until consensus was reached.
Excluded studies were described in the PRISMA flow diagram alongside

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. 1. PRISMA 2020 flow diagram for included studies *Consider, if feasible to do so, reporting the number of records identified from each database or register
searched (rather than the total number across all databases/registers). **If automation tools were used, indicate how many records were excluded by a human and

how many were excluded by automation tools.
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their reasons for exclusion (Fig. 1).
2.3. Data extraction

Two review authors (D.S.B. and LF.R.) independently extracted
relevant data from each selected study using a structured and stan-
dardized form. The following information was extracted: first authors’
names and publication year, study design, country of origin, sample size,
patient age, disease severity, administration technique of ozone therapy,
concurrent therapy, and outcome (clinical outcome, mortality, length of
hospital stay, intensive care unit (ICU) admission, laboratory outcome,
and adverse event).

2.4. Quality assessment

Two review authors (D.S.B and A.S.H) independently assessed the
risks of bias from each included studies using the Cochrane risk of bias
tool for randomized trials (RoB ver.2) [14], ROBINS-I for non-
randomized trials [15], Newcastle-Ottawa Scale (NOS) assessment tool
for case-control studies [16], and Joanna Briggs Institute (JBI) critical
appraisal checklist for case report and case series studies [17]. Any
discrepancies were resolved by discussion until consensus was reached.

2.5. Statistical analysis

Primary analyses were carried out using the Review Manager version
5.4 (The Cochrane Collaboration). Pooled risk ratios (RRs) for dichoto-
mous outcomes were evaluated using the Mantel-Haenszel method.
Standardized mean differences (SMDs) of continuous outcomes were
pooled using the inverse variance method. The I test was used to
quantify heterogeneity between studies, with values I2 > 50% repre-
senting moderate-to-high heterogeneity. If the value of P statistics was
< 50% or the p-value was > 0.1, the fixed-effects model could be
applied; otherwise, the random-effects model would be used. Begg’s
funnel plots were performed for publication bias analysis, and if present,
the trim-and-fill method was used. All statistical analysis with a p-value
< 0.05 was considered statistically significant. Leave-one-out sensitivity
analysis was conducted to find the source of statistical heterogeneity and
demonstrate how each study affected the overall result.

3. Result
3.1. Study selection

From both the databases and manual research, 5574 and 170 records
were retrieved, respectively. Following the screening of titles and ab-
stracts, 25 potential articles were selected for review. After a full-text
review, 13 studies were included for narrative synthesis and meta-
analysis. The study selection process is summarized in the PRISMA flow
chart (Fig. 1). Three RCTs [23,25,26] were considered to be in high-
quality studies and an RCT [24] had some concerns according to
Cochrane’s Risk of Bias 2 (RoB2) assessment (Table S2). Robins-I
assessment determined that a clinical trial had a moderate risk of bias
[22] (Table S3). The quality assessment of case-control studies utilizing
the NOS critical appraisal checklist resulted in three high-quality
[18-20] and one medium-quality study [21] (Table S4). Moreover,
the quality of the case series was assessed using JBI and summarized in
Supplementary Materials [27-30] (Table $5-S6). Overall, none of the
included studies had a low quality.

3.2. Study characteristics

Thirteen studies were finally included, with a total of 241 COVID-19
patients belonging to the ozone as an adjuvant therapy group and 157
patients belonging to the standard therapy only as of the control group,
respectively. In this review, the majority were observational studies (4
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case-control studies, and 4 case-series) conducted in Spain [19,20,29],
Italy [18,28], Turkey [21], Egypt [27], and China [30]. In addition,
there is one clinical trial from India [22], and four RCTs conducted in
Italy [23,24], India [25] and Turkey [26]. Based on the administration
route, eight studies were conducted using major autohemotherapy
[18,19,21-23,25,28,29], two studies using rectal insufflation [19,27],
and one study using intravenous ozonated saline [22], one study using
ozone nebulization [26] and one study using the combination of minor
autohemotherapy and rectal insufflation [25]. Standard therapy consists
of corticosteroids, antivirals (lopinavir, ritonavir, remdesivir), antibi-
otics (such as azithromycin), and vitamin supplements (vitamin E,
vitamin C, vitamin D, and zinc) [18-30]. Clinical outcomes assessed
including the Italian Society of Emergency Medicine (SIMEU) phenotype
class, Taylor’s radiology scale, arterial oxygen saturation (SpO2), and
time to PCR COVID-19 negative. SIMEU phenotype class includes
phenotype 1 = fever and without respiratory failure; phenotype 2 =
fever but with ABG and/or Chest XR indicative of modest respiratory
insufficiency (PO2 > 60 mmHg in ambient air) and/or pulmonary
consolidation area; phenotype 3 = fever associated with moderate-
severe respiratory insufficiency (at triage PO2 < 60 mmHg in ambient
air) and/or bilateral pulmonary consolidation area at Chest XR;
phenotype 4 = respiratory failure with suspected ARDS (Adult Respi-
ratory Distress Syndrome); phenotype 5 = subjects suffering from ARDS
initially [18,23]. The mean value of the patient’s phenotype at baseline
will be compared with the average after receiving the intervention to
determine clinical improvement. Meanwhile, chest radiography
improvement was assessed based on the patient’s average score between
baseline compared to the average grade after receiving the intervention.
Taylor has proposed a Severity Scale for (SARS) Severe Acute Respira-
tory Infection, ranging from 1 to 5 degrees. Grade 1 = normal; Grade 2
= shows patchy atelectasis or hyper inflammation or thickening of the
bronchial wall; Grade 3 = focal alveolar consolidation but without
involving more than one segment or lobe; Grade 4 = multifocal
consolidation; Grade 5 = diffuse alveolar consolidation [19]. The
characteristics and outcomes summary for each study are presented in
Table 1 and Table 2.

3.3. Mortality

Mortality risk was examined in seven studies [18-21,23-25]: three
RCTs and four case-control studies with a total of 180 and 119 patients,
respectively. As shown in Fig. 2, four case-control studies consistently
showed that ozone therapy was associated with lower odds of mortality
than the conventional strategy (OR = 0.24 (95 %CI 0.07 to 0.76), p =
0.02, I2 = 0%, fixed-effect). Interestingly, leave-one-out sensitivity an-
alyses showed that the statistical significance was revoked if Colak et al.
[23] was omitted. A further subgroup analysis of evaluating only case-
control studies [19,20] with hospitalized, severe illness, patients also
showed an insignificant result (OR = 0.45 (95 %CI 0.07 to 2.76), p =
0.39, P = 0%, fixed-effect). Meanwhile, as shown in Fig. 3, in three
RCTs, ozone therapy was not associated with a reduction in mortality
risk (RR = 0.83 (95 %CI 0.23 to 3.01), p = 0.78, P= 0%, fixed-effect).
Neither statistical significance nor heterogeneity was revoked when
leave-one-out sensitivity analyses were performed. A subgroup analysis
to evaluate mortality among mild to moderate illness subgroups [23,25]
was performed but it also showed an insignificant result (RR = 0.59 (95
%CI0.13 to 2.64), p = 0.49, P = 0%, fixed-effect). At last, the funnel plot
did not indicate any publication bias (Figure S1).

3.4. Length of hospital stay

Three case-control studies reported on the length of hospital stay
[18-20]. The meta-analysis of those studies (Fig. 4) concluded that
administering ozone as an adjuvant therapy did not have any significant
effect on the length of hospitalization as compared to the standard
therapy only (SMD = -0.99 (95 %CI —2.44 to 0.45), p = 0.18, P= 84%,



Table 1

A. Characteristics of the included studies B. Outcomes of the individual studies.

Reference Study design Country  Sample size Age, years Disease severity Dosage and administration
Mean + SD
Intervention  Control  Intervention Control Intervention Control
(n) (n)
Tascini et al. [18] Case-control Italy 9 9 57 £ 12 65+ 13 Hospitalized, moderate to critical =~ major autohemotherapy + standard therapy standard
study illness therapy
Fernandez-Cuadros et al. Case-control Spain 14 14 84.35 £ 9.5 83 + Hospitalized, severe illness ozonized rectal insufflation + standard therapy standard
[19] study 12.55 therapy
Hernandez et al. [20] Case-control Spain 9 9 64 +11 71+18 Hospitalized, severe illness major autohemotherapy + standard therapy standard
study therapy
Colak et al. [21] Case-control Turkey 37 18 58.03 + 64.7 + Hospitalized, mild to severe major autohemotherapy + standard therapy standard
study 16.3 10.4 illness therapy
Sharma et al. [22] Clinical trials India 10 NA 36.2 NA Hospitalized, moderate illness IV ozonide saline + standard therapy NA
Sozio et al. [23] Randomized controlled Italy 44 48 64.2 + 14.1 63.5 + Hospitalized, mild to moderate major autohemotherapy + standard therapy standard
trial 12.5 illness therapy
Araimo et al. [24] Randomized controlled Italy 14 14 63.3+12.1 60.1 + Hospitalized, mild to severe major autohemotherapy + standard therapy standard
trial 14.4 illness therapy
Shah et al. [25] Randomized controlled India 30 30 44 + 8.6 43.6 £9.7  Hospitalized, mild to moderate minor autohemotherapy and rectal insufflation + standard
trial illness standard therapy therapy
Dengiz et al. [26] Randomized controlled Turkey 15 15 51 + 16 51 + 16 Hospitalized, any illness severity ozone nebulization + standard therapy standard
trial therapy
Reference Clinical improvement All-cause mortalityN Length of Hospital Stay ICU Admission Laboratory outcome Any adverse eventsN
(%) (Mean + SD / Median) N (Mean =+ SD / Median) (%)
(%)
Intervention Control Intervention Control Intervention  Control Intervention  Control Intervention Control Intervention Control
Tascinietal. Baseline SIMEU 0 (0%) 2 (7%) 9.37 + 3.84 9.37 NA NA ® NA ® NA No adverse events No
[18] Baseline SIMEU Class: 2.53 £ 0.51 +5.38 0) adverse
Class: 2.87 + 0.78 After therapy events
After therapy SIMEU Class: 2.43 0)
SIMEU Class: 2.27 + 0.94
+0.83"
Fernandez- a. Radiology a. Radiology 1 (8.3%) 2 (16.6%) 28.58+ 35.67 + NA NA WBC (cells/mL) @ WBC (cells/ slight meteorism
Cuadros (Taylor’s Scale) (Taylor’s 16.97 21.04 o Before: 8602 + 3676 mL) and a feeling of
etal @ Before: grade Scale) o After: 7823 + 2568 o Before: bloating
[19] 4.78 + 0.42 @ Before: grade Lymphocytes (cells/ 6791 +
@ After: grade 3 4.25 + 0.75 mL) 3252
+ 0.78%* @ After: grade o Before: 985 + 484 o After: 6058
b. SpO2 (%) 3.75 £ 0.96 o After: 1278 + 583* + 1950
@ Before: Mean b. SpO2 (%) Fibrinogen (mg/dL) @ Lymphocytes
94.3 + 0.94 @ Before: Mean o Before: 713 + 112 (cells/mL)
@ After: Mean 92.96 + 0.42 o After: 572 + 163* o Before:
94.5 + 2.09 @ After: Mean D-Dimer (ng/mL) 1616 +
c. Oz Supply (L/ 929 +0.12 o Before: 3240 + 2484 2350
Min) c. Oz Supply (L/ o After: 1343 + 1320* o After: 1158
@ Before: Mean Min) Urea (mg/dL) + 503
7.1 +£6.31 @ Before: Mean o Before: 67 + 41 @ Fibrinogen
@ After: Mean 3.5 4.4 +£5.1 o After: 55 + 24 (mg/dL)
+ 2.3 @ After: Mean Ferritin ng/mL o Before: 602
5.04 + 6.1 o Before: 989 + 799 + 160
o After: 840 + 1060 o After: 528
LDH (U/L) + 149

o Before: 329 + 111
o After: 241 + 89*

@ D-Dimer (ng/
mL)

(continued on next page)
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Table 1 (continued)

Reference

Clinical improvement

All-cause mortalityN
(%)

Length of Hospital Stay
(Mean + SD / Median)

ICU Admission
N
(%)

Laboratory outcome
(Mean =+ SD / Median)

Any adverse eventsN

(%)

Intervention

Control

Intervention Control

Intervention  Control

Intervention

Control

Intervention

Control

Intervention

Control

Hernandez
etal
[20]

a.Time to clinical
improvement,
median [IQR],
days: 7 [6-10]*b.
Clinical
improvement at
day 14, n (%): 8
(89%)*c.Time to
PCR COVID-19
negative, mean =+
SD, days: 13.1 +
5.7

a. Time to
clinical
improvement,
median [IQR],
days: 28
[8-31]

b. Clinical

improvement
atday 14, n
(%): 3 (33%)
c. Time to PCR
COVID-19
negative, mean
=+ SD, days:
21.4+7.4

a. In-hospital
mortality:
1(11%)

hospital
mortality:
1 (11%)

a. In-hospital
mortality:
2 (22%)
b. 28-day b. 28-day
hospital
mortality:
2 (22%)

8 [7-12] 28
[8-31]

0 (0%)

0 (0%)

@ CRP (mg/L)
o Before: 8.9 + 6.14
o After: 2.46 + 3.78**
@ IL-6 (pg/ml)
o Before: 85.07 + 50.5
o After: 30.48 +
38.1%*

@ Time to a 2-fold
decreased CRP, median
[IQR], days: 3.5 [3-28]

@® Time to a 2-fold
decreased D-Dimer,
median [IQR], days: 4
[1-10]**

@ Time to a 2-fold
decreased Ferritin, me-
dian [IQR], days: 8
[5-10]*

@ Time to a 2-fold
decreased LDH, median
[IQR], days: 9 [7-9]*

o Before:
1153 + 595

o After: 853
+ 330*

@ Urea (mg/dL)

o Before: 73
+ 47

o After: 69 +
41

@ Ferritin ng/
mL
o Before: 861

+ 806
o After: 1028
+ 1219

@ LDH (U/L)

o Before: 262
+ 128

o After: 242
+ 84

@ CRP (mg/L)

o Before: 6.5
+ 6.6

o After: 1.91
+23

@ IL-6 (pg/ml)
o Before:

44.2 +£23.2
o After: 23.3
+17.3

@ Time to a 2-
fold decreased
CRP, median
[IQR], days:
13 [8-25]

@ Time to a 2-
fold decreased
D-Dimer, me-
dian [IQR],
days: 19.5
[10-28]*

@ Timetoa 2-
fold decreased
Ferritin, me-
dian [IQR],
days: 15
[10-25]%

@ Time to a 2-
fold decreased
LDH, median
[IQR], days:
25 [12-26]*

No adverse events ~ No

()]

adverse
events

)

(continued on next page)
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Table 1 (continued)

Reference Clinical improvement All-cause mortalityN Length of Hospital Stay ICU Admission Laboratory outcome Any adverse eventsN
(%) (Mean + SD / Median) N (Mean =+ SD / Median) (%)
(%)
Intervention Control Intervention Control Intervention  Control Intervention  Control Intervention Control Intervention Control
Colak et al. NA NA 2 (5.4%) 5 (27.8%) NA NA 6 (16.2%) 4 NA NA No adverse events ~ No
[21] (22.2%) 0) adverse
events
0)
Sharma Average time to NA 0 NA 9.7 days NA NA NA IL6before:113.17 NA Pain at the site of NA
etal recovery on 8- +80after:17.12 injection = 4/10
[22] point ordinal scale +21**CRPbefore:65.24 (40%)Transiently
(1-3) = 5.7 days. +48.28after:7.02 raised LFT =8/10
Moreover, at day +3.82**D- (80%)
8, all patients dimerbefore:695 Headache=1/10
improved from +704after:232 (10%)Dilutional
moderate to mild +158*LDHbefore:624.40 Hyponatremia=
category. +309after:422.62 1/10 (10%)
+108*SP0O2/
FiO2before:299.45
+113after:467.61+2*
Sozio et al. @ Chest @ Chest 2 (4.2%) 2 (4.7%) 10 9 6 (12.5%) 3 Baseline: Baseline: NR NR
[23] radiological radiological [6.75-15] [6.5-13] (6.8%) @® PaO,/ FiO, (319.3 + @ PaO,/ FiO,
improvement improvement 65.0) (3347 £
=10 (38.5%) =2(11.8%) @ D-dimer (ng/mL) 451 84.2)
@ SIMEU class @ SIMEU class [344-740] @ D-dimer (ng/
baseline: 2.3 + baseline: 2.3 + @ IL-6 (pg/ml) (30.0 mL) (558
0.4 0.5 [19.5-81.0] [357-904]
@ SIMEU class @ SIMEU class @ CRP (mg/L) 48.0 @ IL-6 (pg/ml)
after therapy: after therapy: [18.2-87.8] 30.5
2.0 [1.0-3.0] 2.0 [1.0-3.0] @® LDH (U/L) 531 £ 162 [10.4-64.3]
After therapy @ CRP (mg/L)
@ Pa0,/ FiO, (300.7 + 42.0
115.9)** [13.1-71.2]
@ D-dimer (ng/mL) (529 @ LDH (U/L)
[397-1180]) 525 + 216
® IL-6 (pg/ml) (4.0 After therapy
[2.0-19.0] @® PaO,/ FiO,
@ CRP (mg/L) 9.2 (261.7 +
[1.9-24.9]** 127.4)*
@® LDH (U/L) 478 + 180* @ D-dimer (ng/
mL) (643
[418-994])
@ IL-6 (pg/ml)
7.0 [3.0-16.3]
@ CRP (mg/L)
3.2[1.6-11.5]
@ LDH (U/L)
489 + 168
Araimo NA NA 1 (7.1%) 1(7.1%) NA NA 1(7.1%) 1 Baseline: Baseline: No adverse events  diarrhea
etal (7.1%) @ AST 41.93+23 @ AST 29.71 (30%)
[24] @ ALT 56.07+46 +11
After therapy: @ ALT 36.64
@ AST 39.45+25.4 +33.1
@® ALT 101.9+88 After therapy
@ AST 65.29
+68.3

(continued on next page)
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Table 1 (continued)

Reference Clinical improvement All-cause mortalityN Length of Hospital Stay ICU Admission Laboratory outcome Any adverse eventsN
(%) (Mean =+ SD / Median) N (Mean =+ SD / Median) (%)
(%)
Intervention Control Intervention Control Intervention  Control Intervention  Control Intervention Control Intervention Control
@ ALT
130.7+142*
Shah et al. @® RT-PCR = @® RT-PCR = 0 (0%) 2 (15.4%) 8 days 9 days 0 (0%) 3(10%)  Baseline: Baseline: No adverse events  No
[25] Day 5:77%Day 10  Day 5 : 53%Day @ Sp02:96.4 + 2.78 @ Sp02: 94 + adverse
: 100%* 10 :70% @® CRP (mg/L) 0.98 £ 4.55 events
0.68 @ CRP (mg/L)
@ LDH (U/L) 944.0 + 1.00 + 0.59
910.10 @ LDH (U/L)
@ AST 33 + 13.46 956.67 +
@ ALT 37 +16 989.1
After therapy @ AST 33
@® Sp02:97 £1.8 +21.84
@® CRP (mg/L) 0.85 + @ ALT 37 £
0.36 28.94
@ LDH (U/L) 752.6 + After therapy
416.39 @ Sp02: 97 +
@ AST 27.13 +£19.49 1.5
@ ALT 39.06 +21.41* @® CRP (mg/L)
1.05 + 0.38
@ LDH (U/L)
669.2 +
763.29
@ AST 25.76 +
9.74
@ ALT 27.88
+10.58*
Dengizetal @ RT-PCR = @ RT-PCR = NA NA 18.73 21.2 NA NA Baseline: Baseline: NR NR
[26] After therapy: After therapy: +2.91** +1.97 @ CRP (mg/dL) 3.11 @® CRP(mg/dL)
Negative = 14/15 Negative =3/15 +3.09 2.76+2.96
(93%)** (20%) @® LDH (U/L) 237.6+71 @ LDH (U/L)
@ D-dimer (mg/mL) 0.47 254.434+90
+0.22 @ D-dimer (mg/
After therapy mL) 0.92
@® CRP (mg/L) 3.07+4.47 +0.78
@® LDH (U/L) 2344119 After therapy
@ D-dimer (mg/mL) 0.56 @ CRP (mg/L)
+0.48 2.75+2.86
@ LDH (U/L)
266+127
@ D-dimer (mg/
mL) 0.99+0.8

NR, not reported; SD, standard deviation; NA, Not Available; CRP, c-reactive protein; LDH, lactate dehydrogenase; WBC, white blood cells; IL, Interleukin; AST, aspartate aminotransferase; ALT, alanine transaminase ; LFT,

liver function test ; ICU, intensive care unit; NEWS, national early warning score; SIMEU, Italian society of emergency medicine; RT-PCR, reverse transcription polymerase chain reaction * p<0.05 o p<0.001
SD, standard deviation; IV, intravenous ; NA, Not Available
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Table 2
A. Characteristics of the included studies B. Outcomes of the individual studies
Reference Study Country  Sample Age, yMean =+ SD or Median Disease severity Intervention
design size (IQR)
Hendawy et al. [27]  case series Egypt 2 50 (min-max: 40-60) Hospitalized, severe illness Ozonized rectal insufflation +standard
therapy
Franzini et al. [28] case series Italy 50 75 +11.4 Hospitalized, severe illness Major autohemotherapy + standard
therapy
Hernandez et al. case series Spain 3 61 (min-max: 49-64) Hospitalized, severe illness Major autohemotherapy + standard
[29] therapy
Wu et al. [30] case series China 4 60 (54.5-70.5) Hospitalized, mild to severe Major autohemotherapy + standard
illness therapy
Reference Clinical improvement All-cause Length of Laboratory outcome(Mean + SD / Median) Any adverse
Baseline Outcome mortalityN (%) Hospital Stay Baseline Outcome eventsN (%)
(Mean =+ SD)
Hendawy et al. e Temp. 38 oc e 2h: Sa02 96% (FiO2 0 (0%) N/A N/A N/A 0 (0%)
[27] e RR 50x/min 90%)
e HR 120x/min e 4h: HR 95x/min
e Sa02 60% room air, e 24 h: RR 28x/min, HR
90% (FiO2 90%) 90x/min, Sa02 94%
(FiO2 60%)
e 48 h: RR 28x/min, HR
94x/min, Sa02 94%
(FiO2 50%)
e 96h: RR 16x/min, HR
84x/min, Sa02 95%
(FiO2 28%)
o Temp. 38-38.5 °C o 4h: Sa02 95% room
e RR 30x/min air, RR 17x/min, HR
e HR 110x/min 94x/min
e Sa02 85% room air,
95% (simple mask
51/min)
Franzini et al. o Temp.: 37.7-38.7 °C o Temp.: 36-36.5 °C 2 (4%) 22.13 + 3.44 @ Fasting glucose @ Fasting glucose NR
[28] e HR(x/min): 90-100 e HR (x/min): 70-75 (mg/dL): 200-250 (mg/dL): 120-150
o Sa02: 80-85% e Sa02: 90-95%* @ ALT (IU/L): 90- @ ALT (IU/L): 40-
100 50*
@ Creatinine (mg/ @ Creatinine (mg/
dL): 1.5-3 dL): 1.0-1.3
@ WBC (n/pl): @® WBC (n/pD): >
3000-4000 5500
@® CRP (mg/dL): 10- @® CRP (mg/dL): <
15 5%
@ IL-6 (IU/L): 25- @® IL-6 (IU/L): <
660 100%**
@ LDH (IU/L): 300- @® LDH (IU/L): <
350 300%
@® PCT (ng/ml): < @® PCT (ng/ml): <
0.5 0.05*
@ Lowering of D-dimer 50.617% + 21.904
from baseline
Hernandez e P/F ratio 235 e P/F ratio N/A 0 (0%) 3.67 £ 0.58 @ Ferritin 1609 ng/ @ Ferritin 7d: 246 0 (0%)
etal [29] e Fi020.8 e Fi02 0.31 ml ng/ml
@ D-dimer 1900 ng/ @ D-dimer 7d: 323
dl ng/ml
@ CRP 17.3 mg/dl ® CRP N/A
@ LDH 536 1U/1 @ LDH N/A
e P/F ration 253 e P/F ratio 290 @ Ferritin 2200 ng/ @ Ferritin N/A
e Fi02 0.6 e Fi02 0.31 ml @® D-dimer N/A
@ D-dimer 3660 ng/ @® CRP 5d: >0 mg/
dl dL
@ CRP 10 mg/dl @ LDH 5d: 469 1U/1
@ LDH 816 1U/1
e P/F ration 243 e P/F ratio N/A @ Ferritin 656 ng/ @ Ferritin N/A
e Fi02 0.8 e FiO2 N/A ml @ D dimer 6d: >100
@ D-dimer 657 ng/ ng/ml
dl ® CRP 6d: >0 mg/
@ CRP 5 mg/dl dL
@ LDH 452 1U/1 @ LDH N/A
Wu et al. [30] P/F ratio: 80 P/F ratio: 362 0 (0%) 22 + 7.87 NA NA 0%
P/F ratio: 423 P/F ratio: 405 NA NA
P/F ratio: 410 P/F ratio: 306 NA NA
P/F ratio: 575 P/F ratio: 412 NA NA

N/A: not available; SD, standard deviation; RR, respiratory rate; HR, Heart rate; CRP, c-reactive protein; LDH, lactate dehydrogenase; WBC, white blood cells; IL,

Interleukin; PCT, pro-calcitonin; ALT, alanine transaminase; LFT, liver function test; * p<0.05; - p<0.001
SD, standard deviation; IQR: inter-quartile range
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Ozone Therapy  Standard Therapy Odds Ratio Odds Ratio

Study or Subgroup Events  Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fernandez-Cuadros et al 2021 1 14 2 14 150% 0.46(0.04,5.77) —
Hemandez et al 2021 1 9 2 9 144% 0.44[0.03,5.93) —
Tascini etal 2020 0 9 2 9 192% 0.16([0.01,3.81]
Golak et al 2021 2 37 5 18 51.4%  0.15(0.03,0.86] ——
Total (95% CI) 69 50 100.0% 0.24 [0.07,0.76] ’
Total events 4 1

ity: Chi*= = = R= I t t {
Heterogeneity: Chi*=0.81,df=3 (P=0.85); F=0% 0.001 01 10 1000

Testfor overall effect: Z= 2.41 (P=0.02)

Favours Ozone Favours Standard Therapy

Fig. 2. Forest plot on risk mortality comparing ozone as an adjuvant therapy with standard therapy in case-control studies.

Ozone Therapy Standard Therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Araimo etal 2020 1 14 0 14 102% 3.00[0.13,67.91)]
Shah etal 2021 0 30 2 30 509% 0.20[0.01, 4.00] i
Sozio etal 2021 2 44 2 48 38.9% 1.09[016,7.42)
Total (95% CI) 88 92 100.0% 0.83[0.23, 3.01] T
Total events 3 4

Heterogeneity: Chi*= 160, df=2 (P =0.45), F= 0%
Test for overall effect Z=0.28 (P=0.78)

0.001 0.1 10 1000
Favours Ozone Favours Standard Therapy

Fig. 3. Forest plot on risk mortality comparing ozone as an adjuvant therapy with standard therapy in randomized controlled trials.

Ozone Therapy Conventional Therapy Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Fernandez-Cuadros etal 2021 2858 16.97 14 3567 21.04 14 365% -0.36 [1.11,0.39]
Hemandez et al 2021 875 1.45 9 2375 6.61 3 288% -2.99[-4.42,-1.55] —s—
Tascini etal 2020 9.37 384 9 9.37 5.38 9 347% 0.00(0.92,0.92]
Total (95% CI) 32 32 100.0% -0.99 [-2.44, 0.45)
Heterogeneity. Tau®= 1.34; Chi*= 12,57, df= 2 (P = 0.002); = 84% 50 % 3 3 0

Testfor overall effect Z=1.35(P=0.18)

Favours Ozone Favours Standard Therapy

Fig. 4. Forest plot on length of hospital stay comparing ozone as an adjuvant therapy with standard therapy.

random-effects). Consistently, the statistical insignificance and hetero-
geneity remained when leave-one-out sensitivity analyses were per-
formed. A subgroup analysis showed that in hospitalized, severe illness
patients [19,20], ozone improved the length of hospitalization (SMD =
-1.62 (95 %CI —4.17 to 0.97), p = 0.22, P= 90%, random-effects). No
publication bias was detected from the funnel plot (Figure S2).

Three RCT studies reported the length of hospital stay outcome
[23,25,26]. However, among these studies, only Dengiz et al [26]
demonstrated a significant improvement of the length of hospital stay
among patients who received ozone therapy. This study reported the
length of stay (mean =+ SD) of the ozone group vs. standard therapy as
18.73 + 2.9 days vs 21.2 + 1.97 days (p = 0.001). Meanwhile, Sozio
et al. [23] reported that the length of stay (median [IQR]) of the ozone
group vs. standard therapy was 10 [IQR: 6.75-15] days vs. 9 [IQR:
6.5-13] days (p = 0.182) and in that of Shah et al. [25], the mean length
of stay duration was 8 days vs. 9 days (p > 0.05).

3.5. ICU admission

Three RCTs were reported upon the ICU admission [23-25]. As
shown in Fig. 5, the overall effect of the intervention (i.e., ozone ther-
apy) on ICU admission was insignificant (RR = 0.57 (95 %CI
[0.05-6.711), P = 73%, p = 0.65, random-effects). The statistical
insignificance and heterogeneity remained when leave-one-out sensi-
tivity analyses were performed. A subgroup analysis of mild to moderate
hospitalized patients [23,25] showed that ozone did not favor either
group in reducing the risk of ICU admission (RR = 0.32 (95 %CI 0.00 to
30.88), p = 0.63, PP = 87%, random-effects). The funnel plot did not
indicate any publication bias (Figure S3).

3.6. Clinical outcomes

Eight studies reported clinical outcomes, and different parameters
were used, such as SIMEU class, and chest radiography scoring using
Taylor’s score [18-20,22,23,25,27,28] (Table 1B). Based on the case-
control studies, there was a significant decrease in SIMEU Class

Ozone Therapy Standard Therapy Risk Ratio Risk Ratio

Study or Subgroup  Events  Total  Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Araimo et al, 2020 1 14 1 14 30.0% 1.00[0.07,14.45)
Shah et al, 2021 0 30 10 30 29.1% 0.05[0.00, 0.78) e
Sozio etal, 2021 6 44 3 48 40.9% 2.18[0.58, 8.20]
Total (95% CI) 88 92 100.0% 0.57 [0.05, 6.71)
Total events 7 14

- - CCRiE= - - RE= I t t t |
Heterogeneity: Tau®= 343, Chi*=7.38,df= 2 (P=0.02), F=73% 0.001 01 1 10 1000

Testfor overall effect Z= 0.45 (P = 0.65)

Favours Ozone Favours Standard Therapy

Fig. 5. Forest plot on ICU admission comparing ozone as an adjuvant therapy with standard therapy.
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phenotypes after the intervention in ozone therapy (2.87 + 0.78 vs. 2.27
+ 0.83, p < 0.001), but not in the standard therapy group (2.53 + 0.51
vs. 2.43 + 0.93, p = 0.522). In addition, 53% of patients in the ozone
therapy arm showed clinical improvements, compared to 33% of pa-
tients in the standard therapy arm [18]. In addition, the ozone-treated
patients showed a shorter time to clinical improvement compared to
the patients treated with standard therapy only (median [IQR]),7 days
[IQR: 6-10] vs 28 days [IQR: 8-31], p = 0.04). Moreover, there was a
trend of reduction of time required to be negative for COVID-19 by PCR
test [mean + SD; 13.1 4 5.7 days vs. 21.4 &+ 7.4 days, p = 0.05) [20].

There was also a significant improvement in Taylor’s score, from a
4.78 to a 3 grade (p = 0.0001), meanwhile, patients in the standard
therapy also experienced an improvement but it was an insignificant
4.25 to a 3.75 (p = 0.3145) [19]. In line with the results of the case-
control studies, the RCTs also displayed a significant reduction in time
required to be negative for COVID-19 by PCR test in the ozone adjuvant
group as compared to standard therapy. On the tenth day, 100% of
patients in the ozone adjuvant group were negative, as compared to 70%
of patients in the standard therapy group (p = 0.01) [25]. However, an
RCT conducted by Sozio et al. [23] reported that after three days of
ozone administration, there was no significant difference in chest radi-
ography improvement compared to the standard therapy group (10
(38.5%) vs 2 (11.8%), (p = 0.119)).

In a case series study conducted by Hendawy et al. [27], two patients
with severe illness’ oxygen saturation improved after administration of
high dose rectal insufflation (SpO2: 85% on room air and 95% with O2
face mask 5 L/min) to (SpO2 became 94-97% on room air) and (SaO2
60% room air, 90% (FiO2 90%) to Sa02 94% (FiO2 60% after 24 h),
while another case series in severe COVID-19 reported SaO2 improve-
ment after administration of ozone therapy (p < 0.05) [28] (Table 2B).

3.7. Laboratory outcomes

Seven studies reported the laboratory outcomes following ozone
therapy [19,20,22-25,28] (Table 1B). One case-control study [19] re-
ported that after the ozone adjuvant therapy, there was a significant
reduction in D-Dimer (3240 + 2484 to 1343 + 1320 ng/mL; p =
0.0060), LDH (329 + 111 to 241 + 89 U/L; p = 0.0209), CRP (8.9 +
6.14 to 2.46 + 3.78 mg/mL; p = 0.0040) and IL-6 (85.07 + 50.5 to
30.48 + 38.1 pg/mL; p = 0.0048). Meanwhile, improvements in the
laboratory parameters, including inflammatory markers, were also seen
after the standard therapy, although they did not reach statistical sig-
nificance, except for D-Dimer. Following the standard COVID-19 treat-
ment, D-Dimer lowered significantly from 1153 + 595 to 853 + 330 ng/
mL (p = 0.0251) and there was a declining trend of LDH, CRP and IL-6,
from 262 + 128 to 242 + 84 U/L (p = 0.0570), 6.5 + 6.6 to 1.91 + 2.3
mg/mL (p = 0.0525) and 44.2 + 23.2 to 23.3 + 17.3 pg/mL (p =
0.2365), respectively [19]. In addition, compared to the standard ther-
apy, ozone adjuvant was also associated with a shorter time for reaching
a two-times reduction of CRP (3.5 days [IQR: 3-28] vs. 13 days [IQR:
8-25]; p = 0.008), D-dimer (4 days [IQR: 1-10] vs. 19.5 days [IQR:
10-28]; p = 0.009), and LDH (9 days [IQR: 7-9] vs. 25 days [IQR:
12-26]; p = 0.01) [20]. Another study reported a decrease in some in-
flammatory markers between baseline compared to after receiving
ozone intervention, such as D-Dimer (695 + 704 vs 232 + 158, p =
0.002), and LDH (624.40 + 309 vs 422.62 + 108, p = 0.049) [22]. As
reported in RCTs [23], ozone adjuvant administration resulted in a
significantly lower LDH than the baseline (531 + 162 vs. 478 + 180; p
= 0.012), while the LDH reduction in the standard therapy group failed
to reach a statistical significance (525 + 216 vs. 489 + 168; p = 0.891).
Similarly, CRP level was also reduced at the end of both the ozone
therapy (48.0 [IQR: 18.2-87.8] vs. 9.2 [IQR: 1.9-24.9]; p < 0.001) and
the standard therapy (42.0 [IQR: 13.1-71.2] vs. 3.2 [IQR: 1.6-11.5]; p
< 0.001). On the contrary, neither ozone adjuvant nor standard therapy
showed a significant reduction of D-Dimer (p = 0.446 and p = 0.211,
respectively) and IL-6 (p = 0.107 and p = 0.341, respectively) [23].
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Moreover, the RCT conducted by Shah et al. [25] reported no significant
difference between the beginning and the end of the study for both CRP
and LDH in the ozone therapy group and standard therapy group (p >
0.05 and p > 0.05, respectively), although numerical reduction of
21.29% for CRP and 30% for LDH were noted [25]. Meanwhile, AST
levels did not increase significantly from baseline after intervention in
the ozone adjuvant group (41.93 + 23.83 vs. 39.45 + 25.48, p = 0.81)
and standard therapy group (29.71 + 11.33 vs 65.29 + 68.38, p = 0.08).
However, there was a significantly increased ALT level from baseline in
the standard therapy group after intervention (36.64 + 33.18 vs. 130.7
+ 142.9, p = 0.03), which did not occur in the ozone adjuvant group
(56.07 + 46.04 vs. 101.9 + 88.7, p = 0.14) [24]. Additionally, Dengiz
et al. [26] reported no significant difference between the beginning and
the end of the study for LDH, and D-Dimer in the ozone therapy group
and standard therapy group (p = 0.419 and p = 0.710), respectively.
One case series [ 28] of severely ill patients showed a significant decrease
of inflammatory markers after an intervention with ozone adjuvant
therapy, in which the CRP decreased 48.15% (covariance = 9576.177, p
= 0.0167), and IL-6 decreased 86.17% (covariance = 9113.337, p =
0.0275) (Table 2B).

3.8. Adverse events

Two studies reported minor adverse events following ozone therapy
as an adjuvant support treatment [19,22]. The administration of intra-
venous ozonized saline in clinical trials conducted by Sharma et al. [22]
showed several adverse events, such as pain at the site of injection (4/10
[40%]), an increase in AST/ALT (8/10 [80%]), headache (1/10 [10%])
and dilutional mild hyponatremia (1/10 [10%]) (Table 1B). In rectal
insufflation administration, three studies reported no major adverse
events (e.g., respiratory failure, severe transaminitis, or death related to
adverse events) [19,25,27]. A case-control study by Fernandez-Cuadros
etal [19] reported that following a mean of 7.83 + 2.4 sessions of rectal
ozone treatment (150 ml of ozone at 35 g/mL, total dose 5.25 mg),
symptoms of bloating and slight meteorism complained, although they
resolved spontaneously [19]. All studies using ozonated autohemo-
therapy did not report any adverse events [18,20,21,23-25,28-30].
Additionally, in the three case-series, all participants did not experience
any adverse events (0%) [27,29,30] (Table 2B).

4. Discussion

Studies on adjuvant therapy for COVID-19 are interesting because
ozone, due to its biological plausibility, is considered one of the candi-
date agents to improve clinical outcomes [7]. Recently, ozone was
shown to have a therapeutic potential in viral diseases, including
COVID-19 [30]. In our meta-analysis, case-control studies reported that
ozone therapy was associated with lower odds of mortality than the
standard therapy [18-21]. Meanwhile, RCTs showed a trend towards a
decrease in mortality associated to ozone therapy, although not statis-
tically significant [23-25]. Therefore, such different results require
prudent interpretation. Additionally, the meta-analysis of case-control
studies revealed that the length of stay was not significantly different
between ozone and control groups. However, an RCT by Dengiz et al.
[26] reported that ozone significantly improved the length of stay.
Noteworthily, the participants included in this RCT were any hospital-
ized patients regardless of the disease severity and no stratification was
performed, in contrast to the other two RCTs [23,25] which only
included mild to moderate hospitalized patients. Additionally, Dengiz
et al. [26] administered ozone through nebulization, whereas in Sozio
et al. [23] and Shah et al. [25], ozone was administered through major
autohemotherapy and minor autohemotherapy in combination with
rectal insufflation, respectively. Regarding the ICU admission risk, only
RCTs were employed for the analysis and the result showed no associ-
ation between ozone and ICU admission risk improvement.

Observational (real-world) studies tend to have confounders that are
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difficult to control. For instance, patients may receive different standard
therapies which may influence the outcomes. To the best of our
knowledge, no (completed or ongoing) study utilizes ozone as mono-
therapy for COVID-19. Thus, all patients in this meta-analysis reportedly
received standard COVID-19 therapies, including corticosteroids and
antivirals [18-30]. Additionally, there was a notable difference in the
disease severity between the included case-control studies and RCTs. In
the case-control studies, most patients were severely ill, whereas the
majority of RCT patients were in mild and moderate conditions. Corti-
costeroid was effective in reducing mortality in severe COVID-19
infection, but not in mild and moderate infection [32]. Thus, the
administration of corticosteroids on top of the ozone therapy could
potentially obscure the effects of ozone against COVID-19, especially in
mortality endpoint. It is also important to note that the small sample size
could affect the findings of included studies.

Some studies reported clinical improvements after ozone interven-
tion. The observed clinical improvement seems to be associated with the
disease severity and is correlated with the mechanism of action of ozone
in COVID-19 [33]. In mild and moderate conditions, the ozone adjuvant
group showed a reduction in time required to be negative for COVID-19
by PCR test as compared to standard therapy [25]. In addition, there was
a significant improvement in symptoms, such as cough and breathless-
ness, in the ozone group as compared to the standard therapy [25].
However, there was no difference in the chest radiography of the ozone
group as compared to the standard therapy group [23]. Meanwhile, in
severe COVID-19, ozone adjuvant therapy also improved the chest
radiograph [19] and lowered inflammatory markers [19,20].

With respect to the mechanism of action, ozone has the potential to
be a virucidal agent, as ozone could oxidize cysteine and tryptophan
residues in the spike glycoprotein of COVID-19 viral particle, and induce
nuclear factor erythroid 2-related factor 2 (Nrf2), blocking the fusion of
SARS-CoV2 S protein with the ACE2 receptor [33]. Ozone-mediated
generation of Nitric Oxide (NO) also inhibits fusion by inhibiting the
palmitoylation of the spike protein [28]. The presence of oxidants pro-
duced by ozone also oxidizes viral capsid, leading to damage of viral
particles [22]. Meanwhile, in severe COVID-19, the presence of chest
radiograph improvement could be related to the immune-modulating
property of ozone, for example through the reduction of inflammation
and the modulation of the antioxidant system. Ozone can increase Os
delivery to tissues by increasing the erythrocyte 2,3-diphosphoglycerate
(2,3-DPG) level and inducing the production of vasodilators such as NO
and prostacyclin [33]. Moreover, ozone can inhibit the inflammasome
pathway (NF-kf pathway), which plays a role in cytokine storm by
inducing the production of pro-inflammatory cytokines (TNFa, IFNy,
IL1B, IL6, and IL8) and induction of release and modulation of interferon
and anti-inflammatory cytokines (IL-4, IL-6, IL-10, TNFa) [22,33].

The SARS-CoV-2 infection could induce a cytokine storm, in which
the expression of inflammatory cytokines, mainly IL-6 and tumor ne-
crosis factor-o (TNF-a), results in an uncontrolled inflammatory
response [34,35]. Thus, it is important to analyze the effect of COVID-19
therapy on the level of inflammatory markers. Nevertheless, because the
available data were limited, we were not able to conduct a meta-analysis
on the laboratory outcomes. Qualitatively, there were conflicting results
on inflammatory markers which also seem to be influenced by differ-
ences in the disease severity of each study. All studies investigating
severely ill patients reported that there was a significant decrease in
inflammatory markers, such as IL-6, CRP, and D-Dimer [19,20], whereas
in mild to moderate illness, there was no difference in the level of in-
flammatory markers following the administration of ozone therapy as
compared to the standard therapy [23,25]. These results indicate that
the effect of ozone on inflammatory markers is more prominent in
severely ill patients than in mildly to moderately ill patients [33]. Dif-
ferences in laboratory outcomes could also arise due to differences in
concomitant therapies given to the patients. Sozio et al. [23] revealed
that steroids were given more frequently to patients treated with stan-
dard therapy than to ozone-treated patients, although this was not
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allowed in the study protocol [23]. Steroids (i.e., glucocorticoids) are
non-specific cytokine inhibitors, inhibiting immune cells such as T-cells
and neutrophils. Glucocorticoids also work as an inhibitor of the pro-
duction of major inflammatory molecules [36].

There are five routes of administering ozone discussed in this review:
major autohemotherapy, intravenous ozonated saline, ozone nebuliza-
tion, rectal insufflation, and a combination of rectal insufflation with
minor autohemotherapy. Major autohemotherapy consists of extracor-
poreal mixing of 50-225 ml of the patient’s venous blood with an 02/03
mixture at concentrations of 15-70 g mL [27], whereas minor autohe-
motherapy, uses 2-3 ml of venous blood together with 5 ml of Ozone at
25 Apg/ml [25]. In the saline injection method, the ozone-oxygen
mixture was bubbled in the saline at 5mcg/ml concentration at 500
ml/min flow of oxygen for 20 min this achieved 2 pgN/ mL dose of ozone
at intravenous administration of the solution, then 200 ml ozonated
saline was then immediately administered intravenously [22]. Dengiz
et al. [26] used a self-designed prototype nebulization device for the
ozone administration which consisted of three sessions applied for 10
min at intervals of 5 min daily for 5 days. In each session; 0.2 ppm ozone
gas was given as cold vapor using lung disinfection technique inhalation
devices. Meanwhile, rectal O3 insufflation is done by introducing 02/03
gas mixture into the colon. O3 therapy was used safely with a dose range
from 0.2 to 79 mg kg — 1 body weight, a concentration between 10 and
50 g, and a volume up to 300 ml [37]. Major autohemotherapy and
intravenous ozonated saline can deliver 100% ozone, which is more
effective than rectal insufflation administration which delivers 95-96%
ozone [33]. Nevertheless, rectal insufflation is the choice in pediatrics
and the elderly because it is considered easier to do and relatively non-
invasive without going through involvement in venous extraction,
venous oxygenation, and reinfusion. In addition, rectal insufflation is
well tolerated and allows scaling doses [38]. A study by Hendawy et al.
[27] found that high-volume insufflation with the target of filling the
whole colon with gas (but as tolerated by the patients and X-ray guided)
improves the patient’s oxygenation faster than small volume in-
sufflations. This is probably due to the larger surface area used for O3
absorption [27]. This opens up opportunities for dose adjustments and
the optimal number of times to administer rectal ozone therapy to
COVID-19 patients because improvements begin to appear when ozone
is given at high doses after several repetitions with X-ray monitoring.

In general, although ozone therapy did not cause major adverse
events, some literature reported the presence of minor adverse events
[19,22]. Most of the reported adverse events were related to the
administration route, technique, and concentration of ozone adminis-
tered. On rectal O3 insufflation, it was reported that the patient only had
bloating and slight meteorism, which improved spontaneously [19].
Other studies have also revealed the possibility of rectal insufflation
causing changes in the normal flora of the gut, which could be corrected
by probiotic supplementation [27]. Interestingly, there was no adverse
event reported in autohemotherapy. This is in line with a previous sys-
tematic review by Wen et al. which utilized ozone autohemotherapy for
chronic wounds, in which they found no reports of adverse effects
associated with ozone autohemotherapy [39]. In intravenous ozonated
saline administration, there were several reported adverse events,
including pain at the site of injection, temporary increase in AST/ALT,
headache, and mild dilutional hyponatremia. An increase in AST/ALT
could be due to antiviral, ozone, or their combination [22]. Nonetheless,
the use of ozone as adjuvant therapy for COVID-19 needs careful
consideration, especially regarding the dosage, route selection, and
monitoring. In addition, patients with glucose-6-phosphate dehydroge-
nase (G6PD) deficiency are not advised to receive ozone therapy due to
acute hemolysis on ozone exposure [40] and the lack of studies on ozone
in pregnancy makes the therapy in this special population inadvisable
[40].

Finally, this meta-analysis has several limitations. First, the included
studies were predominantly observational studies and only three out of
twelve studies were RCTs. Second, the included RCTs had a low number
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of participants and one of three RCTs was open-label [24]. The small
sample size makes the trial to be underpower to detect small, but clin-
ically significant, differences in mortality. Moreover, the open-label
design could lead to a higher selection bias. Third, we could not pro-
vide any recommendation regarding the application method of ozone
due to differences in dosage and route of administration across included
studies. At last, further well-powered studies with more extensive
adjustment of confounders, as well as larger double-blind RCTs, are
warranted to address some limitations of our current meta-analysis.

5. Conclusion

Overall, our systematic review and meta-analysis concluded that the
observed benefit of ozone as COVID-19 adjuvant therapy was limited to
the improvements of laboratory parameters. In severe illness, ozone
improved inflammatory markers, such as IL-6, LDH, D-Dimer, and CRP.
Although the meta-analysis of case-control studies revealed a significant
mortality risk reduction, especially in those with severe illness, the meta-
analysis of (small-sampled) RCTs did not show statistically significant
associations between ozone and mortality risk reduction, as well as ICU
admission and length of hospital stay. However, ozone therapy could
potentially be associated with a shorter time for being COVID-19 PCR-
negative. Regarding the side effects following ozone adjuvant therapy,
no major safety concern was reported regarding the use of ozone as
COVID-19 adjuvant therapy, but some minor adverse reactions (e.g., the
elevation of transaminase enzymes, gastrointestinal disturbance, and
pain at the injection site) were documented.
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