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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an en-
veloped RNA betacoronavirus,1 that has spread globally since December
2019. As of July 22, 2020, more than 14,000,000 confirmed cases and
607,781 deaths from COVID-19 have been reported to the World Health Or-
ganization from216 areas and territories.2 Patientswithmore prominent lab-
oratory abnormalities may develop acute respiratory distress syndrome
(ARDS), which potentially leads tomultiple organ failure and death.1,3 Howev-
er, at present, there are no regulatory approved antiviral medicines, vaccines,
or specific clinical treatments for COVID-19.

Ozonated autohemotherapy has been reported to improve blood flow and
tissue oxygenation to vital organs (Figure 1).4–6 It also appears to stimulate
the innate immune system by inducing the activation of nuclear factor acti-
vated T-cells (NFAT) and Activated Protein-1 (AP-1) signaling pathways,5 be-
sides being a strong anti-inflammatory and antioxidant molecule.5 Early
studies on severe acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV) have shown
increased amounts of proinflammatory cytokines and extensive lung dam-
age in both SARS-CoV and MERS-CoV patients.6,7 These findings indicate
that ozonated autohemotherapy may be a new strategy to treat patients in-
fected with betacoronaviruses. Therefore, we present, for the first time, a
case series of 4 patients with different disease severities for whom ozonated
autohemotherapy treatments were designed and implemented by amultidis-
ciplinary team. The ozonated autohemotherapy clinical protocol was
approved as a complementary therapy by the institutional review board of
Tianjin University Haihe Hospital on February 16, 2020.

Four patients (age range, 56-77 years; 2 women) were treated with ozo-
nated autohemotherapy. Two were smokers, and 3 of the 4 had no preexist-
ing medical conditions (Table S1). All 4 patients received antiviral agents,
comprising lopinavir/ritonavir and interferon-alpha, and 3 patients (patients
1, 2, and 3) were treated with steroids (Table S1).

Upon admission, 2 of the 4 patients (patients 1 and 2) had fever, although
no patient had a temperature above 39�C. Other symptoms included cough
(patients 2 and 3), shortness of breath (patient 1), and diarrhea (patient 2). Pa-
tient 4 was asymptomatic; however, her oropharyngeal swab tested positive.
Patient 1, after 9 days of hospitalization, developed ARDS with severe refrac-
tory hypoxemia and was admitted to the intensive care unit (ICU). Patient 2,
on the second day after admission, developed respiratory distress (respira-
tory rate S30 breaths/min) and was considered to be in a severe medical
condition, according to the Chinese Clinical Guidance for COVID-19 Pneu-
monia Diagnosis and Treatment seventh version by the Chinese Center for
Disease Control and Prevention (the Chinese CDC).8

Complete blood count analyses, coagulation function assessment, blood
biochemistry, and infection biomarkers were tested during hospitalization,
and the worst values on the day prior to the ozonated autohemotherapy
ll
were recorded (Table S1). By the time ozonated autohemotherapy treatment
was initiated, all patientswere receiving oxygen: patient 1 through a high-flow
nasal cannula oxygen therapy (HFNC) and the remaining 3 patients with
nasal catheter oxygen inhalation (NC) at an O2 flow rate at 2 L/min. Depend-
ing on severity, the ozonated autohemotherapy with an O3 concentration
equal to 40 mg/mL per 100 mL of blood was administered between 1 and
9 treatment sessions on the 4 patients.

The laboratory results of patient 2, 3, and 4 were assessed 3 days after
their last ozonated autohemotherapy treatments. For the critically ill patient
1, the laboratory results on day 8 after the treatments were assessed
following stabilization of the condition and a switch from HFNC to NC. The
levels of C-reactive protein ranged from 18.3 to 300mg/L and those of inter-
leukin-6 ranged from 12.1 to 166.4 pg/mL prior to the treatments. These
values both decreased substantially, with a range of 1.6–10.2 pg/mL and
1.5–7.1 pg/mL, respectively, after treatment. After treatment, the absolute
lymphocyte count of patients 1 and 2 increased from 0.44 to 0.35 3109/L
to 1.78 and 0.79 3109/L, respectively.

Our critically ill patient 1 underwent chest computed tomography (CT)
scans on admission, which showed multiple bilateral ground-glass opaci-
ties with a total CT lung severity score of 6 out of 20 (Figure S1) Prior to
receiving ozonated autohemotherapy, the chest CT and X-ray images of pa-
tient 1 showed that the bilateral ground-glass opacities of the lung fields
were significantly increased, with thickening of the bronchovascular bun-
dles and pleural effusion. While the patient was resting in bed, arterial blood
gas analysis showed a partial pressure of arterial oxygen (PaO2) to the frac-
tion of inspired oxygen (FiO2) (PaO2/FiO2 [P/F] ratio) of 80 mm Hg. Ozo-
nated autohemotherapy was administered to improve oxygen delivery
and correct the hypoxemia. Ten minutes after the ozonated autohemother-
apy was initiated, the P/F ratio increased to 192 mm Hg. The arterial blood
gas analysis was tested at 2 h and 9 h after the first session of ozonated
autohemotherapy, and the measured P/F ratios were 118 mm Hg and
106 mm Hg, respectively. After 3 more treatments on 2 consecutive
days, the chest X-ray image showed improvement of the pulmonary le-
sions, and there were further improvements after all 9 treatment sessions
had been completed (Figure S1). In patient 2 (severe) and patients 3 and 4
(moderate disease), P/F ratios were within the normal range. Ozonated au-
tohemotherapy was performed once a day to stimulate antioxidative and
antiviral responses. The clinical symptoms of these 3 patients were contin-
ually monitored, and the ozonated treatments were stopped and they were
switched to oral medication and symptomatic treatment when their symp-
toms diminished. However, their P/F ratios did not improve markedly with
the ozonated autohemotherapy treatments, but they did decrease. The
exact therapeutic mechanism, antiviral effects, and the population in which
this therapy is suitable for use should be further studied. This may help in
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Figure 1. Scheme of Ozonated Autohemotherapy for
COVID-19 Patients The ozonated autohemotherapy was
performed in the form of intravenous infusion of ozonated
blood. (A) The protocol consisted of drowning 100 ml of
whole blood from the patient’s antecubital vein into a stan-
dard plastic disposable blood collection bag containing the
anticoagulant solution (25ml). (B) The blood was mixed with
100 ml of O2/O3, with an O3 concentration at 40 mg/ml by
Kastner-Praxisbedarf Ozomed� Universal. (C) The ozonized
blood was then slowly re-infused into the same vein at 40
gtt/min or less during the first 5-minute infusion, and the
infusion rate might rise up to 60~100 gtt/min depending on
the patient response.
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Furthermore, the younger sibling of our critically ill patient 1 (patient 5, a 53-
year-old man), was diagnosed with COVID-19 and admitted to our hospital
along with patient 1. Like patient 1, patient 5 was also treated with antiviral
agents and steroids, but developed severe ARDS with a P/F ratio of 82 and
a CT score of 6/20 on hospital day 7 (Figure S2). Patient 5 was then admitted
to the ICU and receivedmechanical ventilation (MV) through an endotracheal
tube andwas on extracorporeal membrane oxygenation (ECMO) support. Af-
ter 11 days of ECMO support, the refractory hypoxemiawas resolved. Patient
5 continued treatment withMV until it was withdrawn on hospital day 29. Af-
ter spending 18 days in the ICU, patient 5 was transferred to the COVID-19
general ward. He was then officially discharged to his home after spending
a total of 56 days in the hospital. In this case series, these 2 critically ill pa-
tients (1 and 5) were siblings. They contracted the virus together and were
admitted to the same hospital on the same day and received the same anti-
retroviral therapy. However, different lung protection treatments, ozonated
autohemotherapy and ECMO, respectively, were initiated. The length of
stay in the ICU (10 days) and length of stay in the hospital (30 days) were
both significantly shorter for patient 1, who was treated with ozonated auto-
hemotherapy. Furthermore, the overall medical cost for patient 1 was
$15,467 USD, but for his younger sibling patient 5 with ECMO and MV treat-
ments, the overall hospitalization cost was $139,935 USD.

The combination of ozonated autohemotherapy with antiretroviral therapy
in this case series of 4 patients with COVID-19 with varied disease severities
led to improvement of the expression of infection-related biomarkers, which
may have resulted from the stimulation of the innate immune system by
ozone. All 4 patients who received ozonated autohemotherapy, including
the critically ill patient 1, patient 2 (severe), and patients 3 and 4 (moderate),
were discharged from the hospital, and their durations of hospitalizationwere
30, 18, 13, and 27 days, respectively. All patients revisited the hospital after
1 month, and their CT scans showed that most of the lung lesions had
resolved (Figures S1 and S3). Overall, there were no abnormalities in the
follow-up visit after ozonated autohemotherapy administration, indicating
that it is a safe treatment for COVID-19 patients.

We, thus, report the successful use of ozonated autohemotherapy to treat
4 COVID-19 patients, including 1 critically ill patient. Although the exactmech-
anism of action of ozonated autohemotherapy is less well characterized,
amelioration of inflammation and tissue damage could play critical roles.9,10
2 The Innovation 1, 100060, November 25, 2020
Furthermore, ozonated autohemotherapy is not only a safe procedure
without reperfusion damage but also amuchmore economical and practical
treatment, and this may, thus, benefit the global COVID-19 patient population
with refractory hypoxemia.
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