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Unusual setting of medical care

Pneumonia caused by coronavirus originated in Wuhan, China in late 2019 and has spread around the world,
becoming a pandemic. Many patients deteriorate rapidly and require intubation and mechanical ventilation,
which is causing the collapse of healthcare systems in many countries. Coronavirus infection is associated with
extensive lung inflammation and microvascular thrombosis, which can result in hypoxia. It can also cause se-
vere and lasting harm in other organs, including the heart and kidneys. At present, there is no proven and ef-
ficacious treatment for this new disease. Consequently, there is a growing tendency to use novel methods.
Ozone therapy consists of administration of a mixture of oxygen and ozone (a molecule consisting of 3 oxy-
gen atoms). The potential benefits of this therapy include reduced tissue hypoxia, decreased hypercoagulabil-
ity, renal and heart protection, modulated immune function, improved phagocytic function, and impaired viral
replication.

We report rapidly improved hypoxia with associated decreases in inflammatory markers and D-dimer imme-
diately after 1-4 sessions of oxygen-ozone (0,~0,) therapy in 3 patients with COVID-19 pneumonia who pre-
sented with respiratory failure. Invasive mechanical ventilation was not required in these 3 patients. All pa-
tients were discharged home on days 3-4 after 0,~O, therapy.

0,-0, therapy appears to be an effective therapy for COVID-19 patients with severe respiratory failure. Large
controlled clinical trials are required to study the efficacy and safety of using 0,-O, therapy compared with the
standard supportive case in patients with COVID-19 in terms of the need for invasive ventilation and length of
hospital and intensive care unit stays.

COVID-19 ¢ Ozone ¢ SARS Virus
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Background

Ozone (0,) is a gas composed of 3 atoms of oxygen, including a
stable pair (0,) and a third, unstable, atom, which gives ozone
its beneficial effects. Medical ozone generators produce 1-5%
ozone gas in 95-99% oxygen from pure oxygen. For medical
purposes, concentrations of 10-70 pg/mL are commonly used.
Ozone therapy can be administered systemically by adding it
to a sample of a patient’s own blood and then reinfusing it, in
what is termed “ozonated autohemotherapy.” When blood is
exposed to this gas mixture (0,-0,), oxygen equilibrates with
the extracellular and intraerythrocytic water before becoming
bound to hemoglobin until it is fully oxygenated; in contrast,
ozone, which is about 10 times more soluble than oxygen, al-
lows its immediate reaction with any soluble compounds and
biomolecules present in biological fluids, readily dissolves in
water, and reacts instantaneously with several biomolecules
such as ascorbic acid, urate, free cysteine, glutathione mole-
cules, and albumin thiol groups, and then disappears. The com-
pounds generated during the reactions (reactive oxygen spe-
cies and lipid ozonation products) are the “ozone messengers”
and are responsible for its biological and therapeutic effects.

0,-0, therapy has many beneficial effects, including inactiva-
tion of microorganisms such as viruses, modulation of the im-
mune system, improvement of microcirculation, anti-inflamma-
tory action stimulation of oxygen metabolism, and promotion
of tissue oxygenation.

Case Reports

Three patients presenting with severe COVID-19 pneumo-
nia had marked and rapid clinical improvement after 0,-0,
therapy. Informed consent was obtained from all 3 patients.
Ozonated autohemotherapy involved intravenous infusion of
ozonated autologous whole blood. Initially, 200 mL of autol-
ogous whole blood was drawn from the antecubital vein into
a standard plastic disposable blood collection bag (certified
SANO, bag) containing 35 mL of anticoagulant citrate dex-
trose solution. The blood was then enriched with 200 mL of
gas mixture 0,0, with an ozone concentration of 40 pg/mL
obtained using an Ozonobaric P Sedecal device, which is an
ozone generator with CE0120 certificate type llb. The ozon-
ized blood was then slowly reinfused into the same vein over
a period of approximately 10 min.

Case 1

A 49-year-old man (body mass index [BMI] 31 kg/m?) present-
ed to the Emergency Department (ED) with abdominal discom-
fort for 1 week and progressive shortness of breath during the
previous day. On examination, the abdomen was soft and lax,

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Hernandez A. et al.:
Potential role of oxygen—ozone therapy...
© Am J Case Rep, 2020; 21: €925849

el

Figure 1. Chest computed tomography on admission, showing
bilateral infiltrates.

with no distension noted. Chest auscultation revealed bilat-
eral crackles with reduced air entry. A computed tomography
(CT) of the chest-abdomen revealed bilateral lung infiltrates
compatible with COVID-19 pneumonia (Figure 1). Laboratory
tests showed increased levels of ferritin (1609 ng/mL), D-dimer
(1900 ng/dL), C-reactive protein (CRP, 17.3 mg/dL), and lactate
dehydrogenase (LDH, 536 IU/L). Real-time polymerase chain
reaction (RT-PCR) analysis from a nasopharyngeal swab sam-
ple was positive for viral ribonucleic acid (RNA). The patient
was admitted to the Intensive Care Unit (ICU), with clearly
improved conditions and was discharged to the general ward
after 24 h. Unfortunately, the patient experienced worsening
hypoxemia and respiratory distress during the next 24 hours.
The PaO,/FiO, ratio was 235. He was put on a non-rebreather
face mask with oxygen on FiO, of 0.8, but noninvasive ventila-
tion (NIV) was not required. An X-ray showed diffuse bilateral
infiltrates. Two sessions of ozone autohemotherapy were ad-
ministered daily for 3 days, with 12 hours between each ses-
sion, which was followed by rapid improvement in respirato-
ry rate and increased PaO,/FiO, ratio, with decreased FiO, to
0.31% (3 L) after only 1 day. Figure 2 shows the X-ray before
and after only 2 sessions of ozone therapy. Figures 3 and 4 il-
lustrate the trend of changes in ferritin and D-dimer levels be-
fore and after 0,0, therapy. The patient was discharged to
home on day 4 after ozone therapy.

Case 2

A 61-year-old male patient (BMI 29 kg/m?), with a background
of hypertension, presented to the ED with a week of fever
(>39°C) and progressive shortness of breath over the last 48
hours. On examination, chest auscultation showed crackles
with reduced air entry over the right hemithorax. A CT of the
chest-abdomen revealed right upper infiltrates compatible
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Figure 2. Chest X-ray before (A) and after only 2 sessions of oxygen—ozone therapy (B).
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Figure 3. Ferritin levels dropped from >2000 ng/mL to 246 ng/mL after start of ozone therapy.
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Figure 4. D-dimer levels dropped from 1900 ng/mL to 323 ng/mL after start of ozone therapy.

with COVID-19 pneumonia. High levels of ferritin (2200 ng/
mL), D-dimer (3660 ng/mL), CRP (10 mg/dL), and LDH (816
IU/L) were reported. Baseline Pa02/FiO2 was 253. Oxygen at
a FiO2 of 0.6 was provided via face mask to the patient in the
general ward. NIV was not required. Two sessions of ozone au-
tohemotherapy were administered over a period of 24 hours
for 2 days, which was followed by decreased Fi0, 0.31% (3 L)
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with improved Pa0, to 90 mmHg, and decreased levels of lab-
oratory markers. Figures 5 and 6 show the trend of changes
in the LDH and CRP levels before and after O,-0, therapy. The
patient received 4 sessions of 0,-0, therapy in total and was
discharged to home on day 3 after ozone therapy.
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Figure 5. Lactate dehydrogenase levels dropped from 816 U/L to 469 U/L after start of ozone therapy.

12 1

10 -

| —@— PCR (protein C reactive) |

8 \
; I

\

—

08/04/202009:14 09/04/2020 09:05

10/04/2020 08:46

1 1/04/2I020 08:45 13/ 04/2I020 08:59 29/04/2020 10:36

Figure 6. C-reactive protein levels dropped immediately after start of ozone therapy.

Case 3

A 64-year-old woman (BMI 20 kg/m?) presented to the ED
with progressive shortness of breath over 3 days. She was
diagnosed with COVID pneumonia. Laboratory tests showed
high levels of ferritin (656 ng/mL), D-dimer (657 ng/dL), CRP
(5 mg/dL), and LDH (452 IU/L). RT-PCR analysis from a naso-
pharyngeal swab sample was positive for viral RNA. Baseline
Pa0,/Fi0, was 243. Oxygen at an FiO2 of 0.8 was provided via
face mask in the general ward. NIV was not required. 0,-0,
therapy was commenced immediately after admission to the
ward, which was followed by rapid clinical and laboratory recov-
ery profiles similar to those of the previous 2 cases. Figures 7
and 8 show the trend of changes in D-dimer and CRP before
and after 0,-0, therapy. The patient received 6 sessions of
0,-0, therapy in total, and was discharged to home on day 4
after ozone therapy.

Discussion

We report successful use of ozone therapy in 3 patients with
COVID-19 pneumonia in terms of precluding the need for in-
vasive ventilation and early discharge to home after 4-6 ses-
sions of ozonated autohemotherapy.
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There is no currently available effective treatment for COVID-19
pneumonia. The pathogenesis of the virus is not fully under-
stood, but the pathological picture in the lungs varies sig-
nificantly in terms of diffuse alveolar damage and microcir-
culopathy leading to life-threatening hypoxia [1]. Ozone has
multiple beneficial properties that could be useful in treatment
of COVID-19 pneumonia.

Ozone can deliver sufficient energy and oxygen to the tissues
through activating the pentose phosphate pathway, elevat-
ing 2,3-diphosphoglyceric acid content in erythrocytes, and
stimulating erythrocyte oxygen metabolism [2]. Furthermore,
it improves the rheology and capillary action of the blood [3],
which has been reported to be helpful for patients with isch-
emic vascular diseases [4-7]. Additionally, ozone has an anti-
platelet effect and increases release of some prostacyclins such
as PGl,, which are beneficial for patients with microthrombo-
sis [8]. All of these effects can help decrease the hypercoag-
ulation phenomena observed in COVID-19 patients. Another
important role played by ozone in COVID-19 is its immuno-
modulatory effects. The inflammatory response is a hallmark
of severe infection, and cytokine modulation is key to avoid
patient deterioration. Ozone has potent anti-inflammatory
properties through modulation of the NLRP3 inflammasome,
which plays a crucial role in the initiation and persistence of
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Figure 7. D-Dimer levels dropped from 657 ng/mL to >100 ng/mL after start of ozone therapy.
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Figure 8. C-reactive protein levels dropped immediately after start of ozone therapy.

inflammation in various diseases [9]. Ozone can also confer
renal protection; the rate of kidney damage in COVID patients
is significant, and ozone modulates the accumulation of neu-
trophils locally, the expression of interleukin (IL)-6, tumor ne-
crosis factor (TNF)-a, and albumin modified by ischemia in
the kidneys, and increases local antioxidant capacity [10,11].

The effectiveness of ozone against pathogens is well known.
Ozone can induce the release and modulation of interferons
(IFNs) and related cytokines, such as IL-2, IFN-y, and TNF, and
colony-stimulating factors [12,13], and can also modulate and
stimulate phagocytic function [14,15], which can have a very
positive effect in COVID-19 infection. Angiotensin-converting
enzyme 2 (ACE-2) is an entry receptor for COVID [16]; the vi-
rus’s spike protein attaches to an ACE-2 receptor on the cell
surface, mediating virus fusion with and entry into the host
cell [17]. This receptor can be blocked by control of the nuclear
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factor erythroid 2-related factor 2 (Nrf2), which regulates and
blocks the activity of this receptor [18]. Because ozone causes
rapid Nrf2 activation [19], it seems very likely that this is an
important physiological mechanism in blocking endogenous
COVID-19 reduplication by preventing contact with this receptor.

Conclusions

0,-0, therapy appears to be effective in COVID-19 patients
with severe respiratory failure; however, it is not yet an ap-
proved therapeutic technique. Large controlled clinical trials
are required to study the efficacy and safety of using 0,-O,
therapy compared with standard supportive care in patients
with COVID-19 in terms of the need for invasive ventilation
and length of hospital and ICU stays.
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