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Abstract

The aim of this study is to evaluate the effectiveness of rectal ozone (O3) in COVID-19 patients with severe pneumonia admitted
at Hospital Universitario Santa Cristina, Madrid. In a before-and-after study, four patients admitted with severe bilateral pneu-
monia due to COVID-19 were treated with rectal ozone and confirmed with (+) RT-PCR for SARS-CoV-2 and evaluated
afterwards. The analyzed outcome variables were as follows: (a) clinical improvement (O, saturation and O, supply); (b)
biochemical improvement (fibrinogen, D-dimer, urea, ferritin, LDH, IL-6, and CRP); (c) radiological improvement. The treat-
ment protocol consisted of 5 sessions (1 session/day) of intra-rectal ozone, applied in a volume of 100 mL and a concentration of
35 ug/mL. The Protocol was previously approved by the Hospital’s Health Care Ethics Committee (CEAS) (Report 15/4/2020)
for compassionate use in the face of this exceptional pandemic situation, and prior informed consent was obtained from the
patient/legal representative. The patients improved oxygen saturation, as observed by the lower number of desaturations and the
lower supply of O,. Biomarkers of inflammation decreased (fibrinogen, D-dimer, urea, ferritin, LDH, IL-6, and CRP). Finally,
the radiological signs of bilateral viral pneumonitis improved between 1 and 2 grades based on Taylor’s radiological scale. Rectal
ozone decreases O, supply and improves O, saturation, decreases inflammation biomarkers, and improves Taylor’s radiological
grade in patients with severe COVID-19 pneumonia. Rectal ozone is a safe, effective, cheap, and simple alternative capable of
acting on the SARS-CoV-2 virus, and it is presented as an adjunctive therapeutic option to consider in the management of severe
bilateral COVID-19 pneumonia.
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Introduction pandemic due to the new SARS-CoV-2 or COVID-19 virus

(https://www.who.int/es/dg/speeches/detail/who-director-
The World Health Organization (WHO) on March 11th, 2020  general-s-opening-remarks-at-the-media-briefing-on-covid-
has declared that we are in an exceptional situation of  19%2D%2D-11-march-2020).
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Management of SARS-CoV-2 virus disease or COVID-19
disease has no proven effective treatments to date. In fact, the
Spanish Ministry of Health, in the Technical document enti-
tled “Clinical Management of COVID-19: Hospital Care”
states that there is currently no evidence from controlled clin-
ical trials to recommend a specific treatment for the SARS-
CoV-2 infection in patients with suspected or confirmed
COVID-19. However, this information could change rapidly
due to the results of several ongoing clinical trials (https://
www.mscbs.gob.es/profesionales/saludPublica/ccayes/
alertasActual/nCov-China/documentos/Protocolo_manejo_
clinico ah COVID-19.pdf).

On the other hand, the pandemic situation means that there
is a real risk of saturation of the health system with the need to
reorganize it and a probable shortage of material and human
resources is expected (https://www.eldiario.es/sociedad/
coronavirus-sobrecarga-sanidad-Comunidad-Madrid 0
1004050083.html).

Currently, about 80 clinical trials are being carried out that
seek to define the best therapy for the management of SARS-
CoV-2 infection, of which only 3 are dedicated to the study of
ozone on this disease and its potential therapeutic use [1].
None of the clinical trials consider rectal ozone as a therapeu-
tic option for the management of COVID-19 infection.

The current treatment for COVID-19 is supporting, and
respiratory failure due to acute respiratory distress syndrome
(ARDS) is the main cause of mortality. A subgroup of patients
with severe COVID-19 could develop a hyperinflammation or
“cytokine storm” syndrome [2]. Early identification and treat-
ment of hyperinflammation using all existing therapies with
acceptable safety profiles is of paramount importance in order
to reduce mortality [3].

Several studies (from Cuba, Italy, Germany, Russia, and
Spain) and years of experience have shown that ozone (O3) is
capable of modulating inflammation and pain, in addition to
having demonstrated a bactericidal, fungicidal, virucidal, and
antiparasitic effect [4, 5]. These antimicrobial properties have
made ozone recognized as a disinfectant so effective that it is
used in many water purification plants worldwide [4]. In this
context, in a recent review, Fernandez-Cuadros et al. reason-
ably considered that ozone has a place in the management of
the present SARS-CoV-2 pandemic, due to its virucidal, im-
munomodulatory, stimulating cellular and humoral immunity
properties, and as a facilitator of O, transport in hypoxemic
tissues [6].

In the SARS-CoV-2 infection, three evolutionary stages
are recognized (early infection (stage 1), normoxic and hyp-
oxic lung phase (Stage 2a and b), and systemic
hyperinflammation or cytokine storm (stage 3)), with charac-
teristic signs and clinical symptoms [6]. In this scenario,
Fernandez-Cuadros et al. consider that at least 4 biological
properties of O; could allow its use as adjuvant therapy in
the different phases of SARS-CoV-2 infection. Ozone could

inactivate the virus by direct (O3) or indirect oxidation (ROS
(reactive oxygen species) and LOPs (lipid oxidative prod-
ucts)) and could stimulate the cellular and humoral immune
system being useful in the early COVID-19 infection phase
(stage 1 and 2a). Ozone improves gas exchange, reduces in-
flammation, and modulates the antioxidant system, making it
useful in the hyper inflammation or cytokine storm phase, and
in the hypoxemia and / or multi-organ failure phase (stage 2b
and stage 3) [6] (Table 1).

The objective of this article is to show the preliminary
results on the effectiveness of rectal O; in a small series of
COVID-19 patients with severe bilateral pneumonia admitted
at the Santa Cristina University Hospital in Madrid, Spain.

Material and Methods

A prospective quasi-experimental before-and-after study was
performed. The study included 4 severe COVID-19 patients
admitted at the Santa Cristina University Hospital, with clin-
ical symptoms and RT-PCR (reverse transcriptase polymerase
chain reaction) positive for SARS-CoV-2 (severe acute respi-
ratory syndrome coronavirus 2). The study was conducted
from April to May 2020, and the Hospital’s Health Care
Ethics Committee (CEAS Report 15/4/2020) authorized the
study and ozone treatment for compassionate use.

Inclusion criteria were the following: (1) man or woman,
from 18 to 87 years old; (2) with positive detection of new
coronavirus nucleic acid (RT-PCR SARS-CoV-2; (3) diag-
nosed with moderate-severe pneumonia (SpO, <93% or
Pa0O,/Fi0, <300 mmHg), with fever or moderate/severe re-
spiratory symptoms; (4) confirmation of lung lesions with
chest X-ray (according to Taylor’s scale) [7]; (5) hospitalized
patients with fever and moderate or severe respiratory symp-
toms; (6) the participant/legal representative must be willing
to be given informed consent to participate in the trial.

Exclusion criteria were the following: (1) pregnancy or
lactation; (2) G-6PD (glucose 6-phosphate dehydrogenase)
deficiency (favism) rare in Spain; (3) Patients who have not
participated in other clinical studies.

In the initial evaluation, the objectives of the treatment, the
procedure, the indications, and the contraindications were ex-
plained to the patients and/or legal representative; the initial
biochemical evaluation (leucocytes and lymphocytes count,
ferritin, D-Dimer, fibrinogen, procalcitonin, CRP, and IL-6)
and the initial radiography of the chest were performed; and
informed consent was signed.

The proposed technique, according to the Madrid
International Ozone Therapy Declaration, was to administer
intra rectally a volume of 100 mL of rectal ozone, at a con-
centration of 35 pug/mL for 5 to 10 days, according to the
severity of the patients.
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Table 1 Severity of SARS-CoV-2 infection by stages, signs, symptoms, potential therapies, and ozone therapy proposal according to properties/
evolution of COVID-19 disease[6]
STATE STATE 1 STATE 2 STATE 3
(Early infection) (2a [without hypoxia]; 2b [with hypoxia]) (Systemic hiper
(Pulmonar phase) inflammation)
Phase of viral response
Severity
Phase of host hiperresponse (cytokine storm
——
Mild general symptoms Disnea, Hypoxia (PaO,/FiO, <300mmHg) SARS, MOFS,
Symptoms | (fever, dry cough, diarrhea, Shock, Cardiac
headache) Failure
Lymphopenia, increase  in | Abnormal radiologic thorax image Increased
prothrombine time, mild D- | Elevated Transaminases markers of
Signs dimer and LDH increase Normal or low Procalcitonin Inflammation
(LDH, CRP, IL-
“ 6, Ferritin),
elevation of
w» e troponin and NT-
et ﬁ proBNP
I u
Remdesivir, chloroquine, hidroxicloroquine, convalescent serum transfussion
Favors immune response Inmunosupression: Corticosteroids, human
immunoglobulin, inhibitors of IL-1, IL-6,
Potential 1L-2, inhibitors of JAK.
Therapies Ozone (03) as viral inhibitor | Ozone (03) as cellular | Ozone (03) as  immunomodulator
[virucidal]. and humoral stimulator | (decreases IL-1, IL-6, TNF-a, stimulates IL-
[stimulating ~ NFAT-cell | 10). O3 blocks NF-Kf pathway and
and AP-1 pathway]. stimulates Nrf2 pathway. [Useful in cytokine
storm].
Ozone (03) might favor O, delivery and red
blood permeability (hypoxemia). [Useful in
multiorgan failure].

SARS severe acute respiratory syndrome, MOFS multiorganic failure syndrome, CRP C-reactive protein, LDH lactate dehydrogenase, N7T-proBNP N-
terminal pro-brain natriuretic peptide, /L interleukin, NFAT cell nuclear factor activated T-cell, JAK Janus kinase, NF-x/3 nuclear factor-(3. AP-1

activated protein-1, Nrf2 nuclear erythroid factor 2

The supplies needed to perform the technique were as fol-
lows: (a) OZONOSAN «-PLUS ® (Ozone Generator); (b)
rectal probe, and (c) two silicone syringes of 50-mL capacity.

For administration, the patient was placed in the supine or
lateral decubitus position with the lower limbs flexed, depending
on their collaboration, two 50-mL syringes of Ozone were load-
ed with the corresponding concentration (35 pg/mL), and were
slowly injected rectally through a 14-French rectal tube, after
lubrication with medical gel-type solution. The insufflation time
will be a few minutes, at an administration rate of 1 mL/s.

After five to ten sessions of the ozone protocol (O3), the
final evaluation was performed; clinical and biochemical anal-
ysis and chest radiographies were performed and evaluated;
and adverse effects (if any) were recorded.
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Since COVID-19 produces an acute and severe respiratory
infection, with the lungs being the main target organs affected,
chest radiography was the instrument used to grade severity
and to confirm diagnosis. Taylor has proposed a severity scale
for severe acute respiratory infection, ranging from 1 to 5
degrees. Grade 1 is considered normal. Grade 2 shows patchy
atelectasis or hyper inflammation or thickening of the bron-
chial wall. Grade 3 includes focal alveolar consolidation but
without involving more than one segment or lobe. Grade 4
shows multifocal consolidation and grade 5 includes diffuse
alveolar consolidation [7].

Statistical analysis was performed using SPSS® version
20.0. Frequencies and percentages were used to evaluate qual-
itative variables, while for the evaluation of quantitative
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variables, means and standard deviation were used. The
Mann-Whitney U test was the tool used to evaluate a change
before-and-after treatment in quantitative variables. The level
of significance was 95% (p < 0.05).

Results

Mean age of patients were 66.5 +25.7 years (range from 37 to
87 years). The male to female ratio was 1:1. The mean number
of sessions was 6.75+2.3 (range from 5 to 10 sessions)
(Table 2).

We present the preliminary results of a small series of pa-
tients admitted with severe COVID-19 pneumonia, confirmed
with (+) RT-PCR (reverse transcriptase polymerase chain re-
action) of SARS-CoV-2, in addition to compatible clinical and
radiological signs (bilateral pneumonitis), who received stan-
dard pharmacological treatment (hydroxychloroquine,
lopinavir/ritonavir, and azithromycin), corticotherapy in de-
scending regimen and oxygen therapy, and monoclonal anti-
bodies (anakinra (anti IL-1) in one patient and tocilizumab
(anti IL-6) in two patients), who despite this, persisted with
dyspnea, requiring high flow O, supply. After 5 sessions of
rectal ozone treatment (100 mL of ozone at 35 pg/mL), clin-
ical, biochemical, and radiological improvement was ob-
served. After rectal insufflation, no side effect was observed,
except slight meteorism and a feeling of bloating, which sub-
sided spontaneously (Table 3).

In an overall view, clinical variables (O, saturation and O,
supply) improved in all patients. Patients did not desaturate

Table 2 Baseline

characteristics of severe Variables Value

COVID-19 patients (n =

4) Age (years) 66.25
Male (%) 50
Ratio male/female 1:1
Number of ozone sessions 6.75
O, Saturation (%) 89.0
Taylor’s radiological grade 4
Leucocytes (10 x 3 puL) 6.67
Lymphocytes (10 x 3 pL) 1.65
Fibrinogen (mg/dL) 550.7
D-Dimer (ng/mL) 1965
Urea (mg/dL) 472
Ferritin (ng/mL) 555.8
LDH (U/L) 253
Procalcitonin (ng/mL) 0.05
CRP (mg/dL) 1.1
IL-6 (pg/mL) 43.7

(O, saturation<93%) O, saturation changed from 89 to
97.5% and even reduced O, supply (Table 3).

In an overall view, biochemical variables of inflammation
and leucocyte and lymphocyte count improved in all patients.
Leucocytes decreased from 6.67 x 10° to 5.89 x 10°> mL; lym-
phocytes diminished from 1.65x 10° to 1.6 x 10° mL.
Procalcitonin decreased from 0.05 to 0.047 mg/mL.
Fibrinogen ameliorated from 550.7 to 430.5 mg/mL. D-
Dimer lowered from 1965 to 585.5 U/L. Urea improved
slightly its value from 42.2 to 42.7 mg/L. Ferritin decreased
its value from 555.8 to 343.6 mg/L. LDL ameliorated from
253 to 210 U/L. CRP diminished values from 1.1 to 0.85 mg/
mL. IL-6 improved from 43.7 to 8.2 pg/mL (Table 3, Figs. 1
and 2).

According to Taylor’s scale, patients improved from a 4 to
a 3 scale (Table 3).

A resume of the four treated patients is presented according
to clinical biochemical and radiological variables.

First case Fifty-seven-year-old man, who after standard treat-
ment already completed (hydroxychloroquine, lopinavir/rito-
navir, and azithromycin), one cycle of descending corticoste-
roid therapy (methylprednisolone), and 26 days of hospital
admission, persisted with ventilatory support (reservoir mask
at a concentration of 100%) saturating 90%. The radiological
diagnosis he presented was grade 5 bilateral viral pneumonitis
(according to the Taylor’s scale) [7], and he had biochemical
signs of inflammation. Given the clinical severity, compas-
sionate treatment with rectal O; was authorized. After 5 ses-
sions, evident clinical improvement was observed, decreasing

Table 3 Change of outcome variables after ozone protocol (n=4)
Variables Before After P
Clinical variable
O, saturation (%) 89.0 97.5 0.002
Biochemical variable
Leucocytes (10 x 3 uL) 6.67 5.89 0.32
Lymphocytes (10 x 3 uL) 1.65 1.6 0.49
Fibrinogen (mg/dL) 550.7 430,5 0.25
D-Dimer (ng/mL) 1965 585.5 0.17
Urea (mg/dL) 472 47,7 0.8
Ferritin (ng/mL) 555.8 343.6 0.09
LDH (U/L) 253 210 0.27
Procalcitonin (ng/mL) 0.05 0.047 0.71
CRP (mg/dL) 1.1 0.85 0.26
IL-6 (pg/mL) 43.7 8.2 0.33
Radiological variable
Taylor’s radiological scale 4 3 0.07

LDH lactate dehydrogenase, CRP C-
reactive protein, /L interleukin

LDH lactate dehydrogenase, CRP C-reactive protein, /L interleukin, p
Mann-Whitney U test
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Biochemical change after rectal O3
m Before m After
6.67
5.89
165 16
11 085
0.05 0.047 u
Leucocytes Limphocytes Procalcitonin CRP

Fig. 1 Change of leucocytes, lymphocytes, procalcitonin, and C-reactive
protein after ozone protocol. O; ozone, CRP C-reactive protein

dyspnea and respiratory rate, starting to use O, through nasal
glasses (4 L flow), and presenting increasingly better satura-
tion levels. Inflammation markers decreased (fibrinogen from
582 t0 496 mg/dL, D-dimer from 626 to 347 ng/mL; urea from
54 to 39 mg/dL, LDH from 281 to 263 U/L, ferritin from 645
to 343 ng/mL, IL-6 from 22.91 to 6.81 pg/mL, and CRP from
0.6 to 0.2 mg/dL) and the radiological grade improved from 5
to 3 (according to the Taylor’s scale) [7] (Fig. 3a).

Second case Eighty-seven-year-old man, who after standard
treatment already completed (hydroxychloroquine,
azithromycin, meropenem due to bacterial infection and two
cycles of descending corticosteroid therapy (methylpredniso-
lone)), including tocilizumab (IL-6 inhibitor), persisted with
dyspnea after 31 days of admission, requiring O, by nasal
glasses (4 L flow) and frequent episodes of desaturation of
up to 87%. The radiological diagnosis that he showed was
bilateral viral pneumonitis grade 5 (according to the Taylor’s
scale) [7], and he had elevated inflammation markers. Given
the clinical severity, compassionate treatment with rectal O3
was authorized. After 5 sessions, evident clinical improve-
ment was observed, reducing dyspnea and respiratory rate,
ceasing to present desaturation episodes. With the exception
of IL-6, all other inflammation markers ameliorated

Biochemical change after rectal O3

m Before M After

1965

343.6 253 210

47.247.7 43.7 8.2

D-Dimer Urea Ferritin LDH IL-6

Fibrinogen

Fig. 2 Change of fibrinogen, D-dimer, urea, ferritin, LDH, and IL-6 after
rectal ozone. O3 ozone, LDH lactate dehydrogenase, IL-6 interleukin 6
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(fibrinogen from 760 to 386 mg/dL, D-dimer from 4844 to
1496 ng/mL; urea from 59 to 57 mg/dL, LDH from 276 to
233 U/L, ferritin from 1222 to 343 ng/mL, IL-6 from 10.53 to
12.02 pg/mL, and CRP from 18.8 to 1.6 mg/dL) and the ra-
diological grade decreased from 5 to 3 (according to the
Taylor’s scale) [7] (Fig. 3b).

Third case Eighty-four-year-old woman, who after standard
treatment already completed (hydroxychloroquine, lopinavir/
ritonavir, ciprofloxacin due to bacterial infection, linezolid
due to MRSA [+4] in sputum, fluconazole due to candida [+]
in sputum, amikacin due to Klebsiella [+] in sputum,
trimethoprim/sulfamethoxazole due to E. coli BLEE [+], and
a cycle of corticotherapy (methylprednisolone) with descend-
ing regimen), after 39 days of admission, persisted with dys-
pnea, requiring O, through nasal glasses (4 L flow) and fluc-
tuating episodes of desaturation up to 90%. The radiological
diagnosis that she showed was bilateral viral pneumonitis
grade 4 (according to the Taylor’s scale) [7], and elevated
inflammation markers. Given the clinical severity, compas-
sionate treatment with rectal O3 was authorized. After 5
sessions, evident clinical improvement was observed, de-
creasing dyspnea and respiratory rate, without presenting
episodes of desaturation, saturating up to 98% with O, (4 L
flow). Inflammation markers, except for urea, decreased
significantly (fibrinogen from 619 to 590 mg/dL, D-
dimer from 2303 to 398 ng/mL, urea from 49 to 61 mg/
dL, LDH from 327 to 195 U/L, ferritin from 302 to 152 ng/
mL, IL-6 from 136.1 to 9.28 pg/mL, and CRP from 2.3 to
1.6 mg/dL). Likewise, the patient presented radiological
improvement, going from grade 4 to 3 (according to the
Taylor’s scale) [7] (Fig. 3c).

Fourth case Thirty-seven-year-old woman, who after standard
treatment already completed (hydroxychloroquine,
azithromycin, a cycle of corticotherapy (methylprednisolone)
with descending regimen; and anakinra (anti IL-1)), after
10 days of admission, persisted with dyspnea, and fluctuating
episodes of desaturation up to 90%. The radiological diagno-
sis that she showed was unilateral viral pneumonitis grade 3
(according to the Taylor’s scale) [7], and elevated IL-6
markers. Given the clinical symptoms, compassionate treat-
ment with rectal O3 was authorized. After 5 sessions, evident
clinical improvement was observed, decreasing dyspnea and
respiratory rate, without presenting episodes of desaturation,
saturating up to 99% without O,. Inflammation markers were
on normal range. IL-6 was the only variable that decreased
after ozone protocol, the other variables increased slightly
(fibrinogen from 242 to 250 mg/dL, D-dimer from 87 to
101 ng/mL; urea from 27 to 26 mg/dL, LDH from 128 to
149 U/L, ferritin from 54.5 to 60.5 ng/mL, IL-6 from 5.32 to
5.02 pg/mL, and CRP was 0 mg/dL and remained in 0 mg/
dL). Likewise, the patient presented radiological
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Fig. 3 a First case: 57-year-old male with severe COVID-19 pneumonia,
radiological grade 5 (Taylor scale) before treatment improved to grade 3
after it. O, saturation and O, supply after 5 rectal ozone sessions are
observed. b Second case: 87-year-old male with severe COVID-19 pneu-
monia, radiological grade 5 (Taylor scale) before treatment improved to
grade 3 after it. O, saturation and O, supply after 5 rectal ozone sessions

improvement, going from grade 3 to 2 (according to the
Taylor’s scale) [7].

Discussion

To the best of authors” knowledge, this is the first report in the
literature on the effectiveness of rectal ozone in patients with
severe COVID-19 pneumonia treated in this new SARS-CoV-
2 pandemic. Rectal ozone improved clinical, biochemical, and
radiological symptoms in the preliminary results in a small
series of patients.

are observed. ¢ Third case: 84-year-old female with severe COVID-19
pneumonia, radiological grade 4 (Taylor scale) before treatment im-
proved to grade 3 after it. O, saturation and O, supply after 5 rectal ozone
sessions is observed. T° temperature, Y years, GN nasal glasses, Sat
saturation, Masc Reserv reservoir mask, Concentr concentration

To date, from more than 80 studies that try to find effective
therapeutic alternatives for the management of SARS-CoV-2
pandemic and COVID-19 infection, only three studies consid-
er ozone, and all of them apply to autohemotherapy as biolog-
ically effective therapy [1]. As far as we are concerned, there
are no studies that postulate rectal ozone as a useful alternative
in the management of COVID-19 pneumonia [6]. The impor-
tance of the study subsides in the unpublished and innovative
protocol.

Our study group has previously identified up to 4 proper-
ties that would be biologically useful to cope with the com-
plications derived from this COVID-19 infection (viral repli-
cation, oxidative stress, hyperinflammation or cytokine storm
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and hypoxia) [6]. The study protocol of these properties has
been recently published, given the pandemic situation, due to
the relevance of the study for the management of SARS-CoV-
2 infection and pneumonia due to COVID-19 [6] (Table 1).

The clinical improvement observed in the small series of
patients confirms that the properties that we had reasonably
postulated are effective in managing the complications of this
infection (SARS-CoV-2) [6], and they come in line with
ozone properties suggested by Martinez-Sanchez [8], Conti
[9], and Marini [10].

Our observations come in line with reports on clinical cases
observed in China, Italy, and Spain [11-15]. All cases were
treated by ozone autohemotherapy, and none of cases were
treated by rectal ozone therapy.

In Italy, improvement has been reported in 39 patients in a
first report, and after 71 patients (in a second report), treated
with ozone via autohemotherapy in the management of pa-
tients with COVID-19 pneumonia [11, 12]. The authors have
reported improvement in the general clinical situation, tem-
perature normalization, decreased CRP, improved O, satura-
tion and decreased O, support [11, 12].

A report of a clinical case in China showed in a 49-year-old
patient with severe pneumonia and admitted to the ICU (inten-
sive care unit), after 5 sessions of ozone by autohemotherapy,
clinical improvement evident from the outset, the effect of
ozone therapy on tissue oxygenation (evaluated by arterial
blood gas) lasted approximately 9 h, and the patient was suc-
cessfully extubated and transferred to Internal Medicine Ward.
A significant decrease in D-dimer, fibrinogen, and CRP was
observed, in addition to a decrease in IL-6 and negative PCR of
SARS-CoV-2 obtained by nasal swab [13].

In China, in another preliminary report from two severe
COVID-19 patients treated by 7 sessions of autohemotherapy,
Zheng et al. have stated that both patients remitted clinical
symptoms, and abnormal laboratory and radiological signs.
Moreover, patients were discharged with negative RT-PCR
testing for SARS-CoV-2. These two cases were matched
and compared with two other subjects that were not treated
by ozone. Since all four patients followed the Chinese
Guidelines for COVID-19 management, it is expected that
ozone therapy is responsible for the good effects observed in
the ozone autohemotherapy cases [14].

In Spain, Dr. Alberto Hernandez has published the case
of a 49-year-old patient with severe pneumonia who need-
ed mechanical ventilation with an ICU admission, and in
whom ozone (autohemotherapy) was prescribed as a last
resort. The patient showed immediate improvement, to the
point that after 2 sessions he did not require ICU admis-
sion, and after 5 sessions the need for O, supply de-
creased markedly [15]. Other clinical cases treated by
the same author are pending publication. Hernandez
et al. have emphasized that the clinical improvement is
due to the immunomodulatory, oxygenating and
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antioxidant role of ozone via autohemotherapy in this pa-
tient [15].

As a summary, the experience in patients with COVID-19
treated in Italy, China, and Spain refers to ozone applied under
the autohemotherapy technique [11-15]. To date, we are not
aware of the existence of any study that has treated patients
with COVID-19 with rectal ozone. The number of sessions in
autohemotherapy (57 sessions) [11-15] was similar to rectal
ozone sessions applied in this study (6.75 sessions on
average).

The Ethics Committee of Santa Cristina Hospital (CEAS)
that approved our study, although it recognized that there is
controversy about ozone therapy, because there are no nation-
al laws or regulations that specifically refer to ozone therapy,
but, taking into account the principles of bioethics (non-
maleficence, beneficence, justice, and autonomy of the
patient) and considering that the proposed technique (rectal
ozone therapy) is cheap, simple to apply, and does not require
excessive human or material resources, they considered rea-
sonable its use in patients diagnosed with COVID-19, taking
into account the 4 biological properties proposed by
Fernandez-Cuadros et al., that could act on the pathophysiol-
ogy of COVID-19 disease and on the SARS-CoV-2 virus [6]
(Table 1). In addition, ozone therapy is part of the Hospital
Services portfolio, and has been used for 10 years in the
Rehabilitation and Physical Medicine Department for the
management of musculoskeletal pain.

Applying translational medicine, our study group has ob-
served that ozone is able to decrease inflammation bio-
markers, such as CRP, ESR (erythrocyte sedimentation rate),
and uric acid, markers that play an important role in knee
osteoarthritis [5]. Therefore, we hypothesized and afterwards
demonstrated that ozone decreased CRP in patients with
COVID-19, as it was observed in knee osteoarthritis, although
the route of application was different (intra-articular in the first
case, rectal in the present study) [5].

Fernandez-Cuadros et al., in a recent review on the funda-
mentals of ozone therapy, have established that ozone is a
multi-target drug, being able to decrease inflammatory cyto-
kines (IL-1p3, IL-6, IFN-y, TNF-«x), to stimulate anti-
inflammatory cytokines (IL-4, IL-10), to stimulate the release
of nitric oxide (vasodilator) and stem cells [16]. In addition, in
a very recent review, Fernandez-Cuadros et al. have observed
that Os is capable of inhibiting the inflammasome pathway
(NF-k[3 pathway) [17], a pathway that would play a major
role in stimulating hyperinflammation or cytokine storm [2].
These findings would explain why inflammatory variables
such as ferritin, IL-6, and CRP decreased in our COVID-19
patients treated with rectal ozone.

From an analysis of patients with SARS-CoV-2 new pan-
demic (Wuhan, China), it was observed that those patients
with a higher viral load had a higher hyperinflammatory state,
with an elevation of inflammatory cytokines (IL-2, IL-6, IL-7,
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IL-10, GCSF, INF-y, TNF-&, MCP-1, and MIP-1). In this
series, the patients who died presented high levels of inflam-
mation markers such as ferritin, 1L-6, and ESR, suggesting
that the severe inflammatory reaction could contribute to the
severity and mortality of the disease [18].

In this scenario of cytokine storm or hyperinflammation and
given the high risk of mortality, it is necessary to reduce this
severe inflammatory response, either with the use of corticoste-
roids [6], biological drugs (anti IL-1, anti-IL-6, anti-TNF-«,
IFN-31, JAK inhibitors) [6], human immunoglobulin [6], extra-
corporeal cytokine clearance therapy [18], or through the use of
ozone (due to its “ideal” cytokine-inducing or immunomodula-
tory effect) [4-6, 15-17]. For this reason, we have opted for
ozone therapy in this study as compassionate use, since previous
therapies had failed (corticosteroids, anakinra and tocilizumab).

Infection with SARS-CoV-2 or COVID-19 can produce a
state of hyperinflammation or cytokine storm, as occurs in
malaria, dengue, Ebola hemorrhagic fever, and in bacterial
sepsis. In fact, it was Rowen who used this route (rectal ozone)
for the first time in the management of 5 patients infected with
Ebola (60% mortality), and after 5 treatment sessions, signif-
icant improvement was achieved without any deaths [19]. We
have postulated that this benefit could be extrapolated to pa-
tients with COVID-19 [6], a hypothesis that has been demon-
strated with the presentation of this small series of patients.

COVID-19 produces an acute and severe respiratory infec-
tion, with the lungs being the main target organs affected. In
this sense, it is important to grade severity using validated
scales and diagnostic elements. Taylor has proposed a severity
scale for severe acute respiratory infection, ranging from 1 to 5
degrees [7]. This scale is a valid tool to describe the overall
severity in patients with acute and severe respiratory infection.
Furthermore, this scale allows an overall description of the
respiratory characteristics to be provided and will allow com-
parisons over time in affected patients, in order to assess the
evolution of the disease. It will also allow comparisons be-
tween different populations [9]. In our study, this scale has
allowed us to see an improvement between 1 and 2 degrees, in
patients treated with rectal ozone.

A postmortem histopathological analysis has established
that phase 3 (hyperinflammation or cytokine storm) of
COVID-19 infection produces alveolar edema, hyalinosis,
and fibrin deposition with infiltration of immune cells at the
pulmonary level [18]. The fact that rectal ozone has decreased
edema and alveolar infiltrate, verified by radiological tests
(Taylor’s scale), added to the decrease in inflammation
markers (LDH, ferritin, fibrinogen, D-dimer, IL-6, and CRP)
and to the improvement in pulmonary oxygenation (O, satu-
ration), suggests that ozone is an alternative to consider in the
management of severe acute respiratory distress syndrome
caused by the SARS-CoV-2 or COVID-19 virus.

A limitation of this small series of patients is the small
sample analyzed. The fact that the improvement observed in

the variables analyzed was nominal, but not statistical; it does
not mean that there is not a benefit from this intervention. A
greater sample is necessary to get a statistical improvement,
although the clinical benefit was already observed in this pre-
liminary study.

A one-group before-and-after study lacks of randomization
and control group. A quasi-experimental study by definition is
used to establish the causality (the effect of an independent
variable over a dependent variable) in situations where re-
searchers are not able to randomly assign groups to the sub-
jects for various reasons [20]. One of those reasons is sample
size and another reason is ethical purposes. In a pretest-
posttest analysis, the effect of the intervention (rectal ozone
treatment) is expected to be the change in a before-and-after
evaluation [20]. Quasi-experimental studies are used because
they are more practical and feasible to conduct. This design is
preferred when sample size is small or the availability of con-
trol group because of ethical reasons is not possible [20]. This
design is more suitable for a real natural world setting (reha-
bilitation setting) than true experimental designs. This design
allows the researchers to evaluate the impact of a quasi-
independent variable (rectal ozone) under naturally occurring
conditions (natural history of COVID-19 disease)
[20].However, neither the small sample size nor the lack of
control group did not influence on the results observed in the
current study.

The strength of the study is that the patients have been
evaluated taking into account clinical (O, saturation and O,
supply), laboratory (systemic inflammation markers) and ra-
diological characteristics, using instruments (pulse oximeter),
laboratory equipment and radiological scales (Taylor’s scale)
that are clinically validated.

In a cost/effectiveness analysis, Ozone is an anti-
inflammatory technique capable of decreasing several
markers of inflammation (as it was observed in this study),
and ozone is cheaper and safer if compared to biological treat-
ments (monoclonal antibodies) [9]. This analysis makes this
treatment option a valid alternative for low-middle-income
countries, where patients have to pay for their medical bills.

Finally, our study group, given the effectiveness observed
in these first cases treated in the world with rectal ozone, and
taking into account the safety, simplicity of the technique and
the low cost, has submitted to the AEMPS (Spanish Agency
for Medicines and Medical Devices) request to conduct a clin-
ical trial, in order to confirm these promising results, in a much
larger sample of patients.

Conclusion

Rectal ozone decreases O, supply and improves O, saturation,
decreases inflammation biomarkers, and improves Taylor’s
radiological grade in patients with severe COVID-19
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pneumonia. Rectal ozone is a safe, effective, cheap, and sim-
ple alternative capable of acting on the SARS-CoV-2 virus,
and it is presented as an adjunctive therapeutic option to con-
sider in the management of severe bilateral COVID-19
pneumonia.
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