Rev Esp Anestesiol Reanim. 2020;67(3):119-129

Revista Espariola
de Anestesiologia
on

Revista Espanola de Anestesiologia
y Reanimacién

www.elsevier.es/redar

SPECIAL ARTICLE

TWO KNOWN THERAPIES COULD BE USEFUL AS ADJUVANT THERAPY
IN CRITICAL PATIENTS INFECTED BY COVID-19

Received 18 March 2020. Accepted 21 March 2020

Authors

Alberto Hernandez*. MD, PhD, DESA. Director Anaesthesia & ICU. Grupo Policlinica. Ibiza,
Spain.

Peter J. Papadakos. MD, FCCM, FAARC. Director Critical Care Medicine. Professor
Anesthesia, Surgery, Neurology and neurosurgery. University of Rochester. New York, US.

Antoni Torres MD, PhD, FERS, FCCP, ATSF. Senior Consultant of the Respiratory and Intensive
Care Unit. Servei de Pneumologia. Hospital Clinic Barcelona. University of Barcelona.
IDIBAPS,CIBERES,ICREA, Spain.

A. Duilio Gonzalez. MD, DESA, EDIC. Consultant in Anaesthesia & ICU. Clinica Universitaria
de Navarra. Pamplona, Spain.

Marc Vives. MD, PhD, DESA. Consultant in Anaesthesia & ICU. Hospital Universitari Dr. Josep
Trueta Girona, Spain.

Carlos Ferrando. MD, PhD, DESA. Head of Surgical Intensive Care Unit. Hospital Clinic
Barcelona. University of Barcelona. CIBERES, Spain

* Corresponding author.

E-mail address: albimar23@yahoo.es



Keywords

COVID-19
Vitamina C
Ozono therapy
SARS-CoV-2)

Abstract

Pneumonia caused by coronavirus, which originated in Wuhan, China, in late 2019, has
been spread around the world becoming a pandemic. Unfortunately, there is not yet a
specific vaccine or effective antiviral drug for treating Covid-19. Many of these patients

deteriorate rapidly and require intubation and are mechanically ventilated, which is

causing the collapse of the health system in many countries due to lack of ventilators
and intensive care beds. In this document we review two simple adjuvant therapies to
administer, without side effects, and low cost that could be useful for the treatment of
acute severe coronavirus infection associated with acute respiratory syndrome (SARS-
CoV-2). Vitamin C, a potent antioxidant, has emerged as a relevant therapy due to its
potential benefits when administered intravenous (IV). The potential effect of vitamin C
in reducing inflammation in the lungs could play a key role in lung injury caused by
coronavirus infection. Another potential effective therapy is Ozone, It has been
extensively studied and used for many years and its effectiveness has been demonstrated
so far in multiples studies. Nevertheless, our goal is not to make an exhaustive review of
these therapies but spread the beneficial effects themselves. Obviously clinical trials are
necessaries but due to the potential benefit of these two therapies we highly recommend
adding to the therapeutic arsenal.

© 2019 Sociedad Espanola de Anestesiologia, Reanimacion y Terapéutica del Dolor. Published
by Elsevier Espana, S.L.U. All rights reserved.

Introduction

The SARS virus belongs to the viral family Coronaviridae. which includes two genera, coronavirus
and togavirus, each showing similar replication mechanisms and genomic organization but distinct
genome lengths and viral architecture. First identified in the 60's, this family identifies itself by
large, enveloped, positive-stranded RNA virions. Their appearance is characteristically distinct,
with envelopes endowed with host cell membrane-tropic petal shaped spikes (peplomers). The
large, amply spaced peplomers on the virion surface suggests a coronal (crown-like) appearance.
Once cell entry is achieved, the virion sheds its envelope to commence its replication in the host cell
cytoplasm. It binds to cellular ribosomes and released viral polymerase begins the RNA replication
cycle. Newly formed nucleocapsids continue their assembly with the acquisition of new envelopes

by means of budding through membranes of the cell's endoplasmic reticulum. Virions are then



released into the general blood and lymphatic circulation, ready to infect new cells, other organ
systems, and new hosts. The syndrome progresses to severe disease with respiratory distress and
oxygen desaturation requiring ventilatory support in over a third of patients, approximately 8 days
after symptom onset. Mortality has been noted to vary according to transmission clusters, ranging
from 3 to 20%. This suggests that the etiology of SARS depends upon a heterogenous population of

viral quasispecies with variable degrees of virulence.

Features of severe systemic inflammatory insults

Clinical features

The initial symptoms are usually fever, generally high, chills, headaches, myalgias and dry cough,
which may progress to shortness of breath, appearing dyspnea and respiratory distress. Respiratory
deterioration is fast, requiring intubation in the first 48 hours after the onset of respiratory
symptoms.

Laboratory hallmarks

In the early stage of the disease, the total number of white blood cells in the peripheral blood is
normal or decreased, and the lymphocyte count reduced. Some patients may have abnormal liver
function, and the levels of lactate dehydrogenase, muscle enzyme, and myoglobin increased; Most
patients had elevated CRP and ESR levels and normal procalcitonin levels. In severe cases, D-dimer
levels are elevated, other coagulation indicators are abnormal, lactic acid levels are elevated,
peripheral blood lymphocytes and CD4 + T lymphocytes are progressively reduced, and electrolyte
disorders and acid-base imbalances are caused by metabolic alkalosis. Elevated levels of
inflammatory cytokines (such as IL-6, IL-8, etc.) can occur during the disease progression stage.
Radiology examination; The early CT examination show multiple small patches or ground glass
shadows. A few days later, the lesions increase showing extensive lungs, multiple ground glass
shadows, or infiltrating lesions, some of which showed consolidation of the lungs, often with
bronchial inflation signs, and pleural effusions are rare. A small number of patients progressed
rapidly, with imaging changes reaching a peak on days 7 to 10 of the course. Typical "white lung"
performance is rare. After entering the recovery period, the lesions are reduced, the exudative

lesions are absorbed, and some patients' lesions can be completely absorbed.

Treatment
Multiples therapeutics scheme have been used but still not successfully. Different combinations as

hydroxychloroquine sulfate or chloroquine phosphate with Azithromycin seems to work on



coronavirus. Interferon atomization and inhalation, (interferon « is preferred) and Tocilizumab a
humanized antihuman IL-6 receptor antibody are being used A cocktail of antiviral drugs is usually
being administered in most of the patients, but the efficacy of all antiviral drugs remains to be
evaluated in further clinical studies. As a result, we are still doing a support therapy in these patients

because not a curative treatment has been found yet.

POTENTIAL ADJUVANT THERAPIES

I. INTRAVENOUS VITAMIN C

Introduction

Vitamin C (ascorbic acid or ascorbate), is a water-soluble vitamin which play a role as a cofactor in
many enzymatic reactions, that mediate a variety of essential biological functions. It is considered a
powerful antioxidant with antimicrobial properties. Linus Pauling, biochemist and Nobel Prize
winner claimed that vitamin C has beneficial effects on cardiovascular health, improves the body's
immune function to overcome infections and even aids treatment against cancer [1].

The severity of SARS-CoV-2 infection is being found in lung deterioration. Although the reason for
this rapid deterioration remains to be elucidated, we believe that its clinical course is similar to
macrophage activation syndrome, a form of secondary hemophagocytic lymphohistiocytosis, which
cause hypersecretion of proinflammatory cytokines that damage the lungs, hence the IV
administration of vitamin C may be effective given its anti-inflammatory activity [2].
Pharmacokinetics

Vitamin C exerts most of its biological functions intracellularly and is acquired by cells with the
participation of specific membrane transporters The absorption, distribution and retainment of
vitamin C is primarily governed by the family of saturable sodium-dependent vitamin C
transporters (SVCT). The diverse expression and concentration dependency of these transporters
throughout the body has resulted in the highly complex, compartmentalized and non-linear
pharmacokinetics of vitamin C at physiological levels. However, the pharmacokinetics of vitamin C
appear to change from zero to first order, displaying a constant and dose-independent half-life when
administered IV infusion. Following a dose, Vitamin C circulate in the plasma, is freely filtered by
the renal glomerulus, and reabsorbed in the proximal tubule through the first sodium-dependent
vitamin C transporter (SVCT1). While SVCT1 regulates vitamin C homeostasis throughout the
body, a high-affinity, low-capacity sodium-dependent vitamin C transporter SVCT2 protects
metabolically active cells against oxidative stress, facilitating accumulation of vitamin C where it is

needed [3]. On the other hand, dehydroascorbic acid (the oxidized form of vitamin C) is transported



via glucose transporters family (GLUT) where it is reduced to avoid the irreversible decomposition.
In situations like sepsis, there is a diminished absorption into the cells by increased release of
cytokines.

Biological effects

Vitamin C is an electron donor and therefore a reducing agent. All known physiological and
biochemical actions of vitamin C are due to its action as an electron donor. Vitamin C has
immunostimulatory effects, antioxidant properties and possible antimutagenic effects [4,5]. Vitamin
C has been shown to enhance neutrophil chemotaxis, phagocytosis, and therefore microbial
clearance [6,7]. In addition, it promotes the proliferation of T cells and natural killer cells
modulating their functions [8]. Vitamin C is also necessary for the catecholamine synthesis
(formation of epinephrine from dopamine by dopamine beta-hydroxylase enzyme [9,10], and
adrenal steroidogenesis [11]. Vitamin C improves the synthesis of norepinephrine both by recycling
tetrahydrobiopterin, a critical cofactor in catecholamine synthesis, and by increasing tyrosine
hydroxylase expression [12]. Furthermore, it is also a cofactor for peptidyl-glycine alpha-
amidating monooxygenase that is required for endogenous synthesis of vasopressin [13]. One study
in cardiac surgical patients has suggested that preoperative administration of Vitamin C mitigates
the adrenal suppression induced by the anesthetic Etomidate [14]. Thus, there has been significant
interest in using vitamin C for the management of hemodynamically unstable patients because
Vitamin C-dependent synthesis of the vasopressors norepinephrine and vasopressin may play an
important role in supporting cardiovascular function during severe infections and septic shock [15].
In a recent article Nabzdyk et al. has reviewed the use of vitamin C in critical care management and
its biological effects [16].

Experience with Critical Burns Patients

Traditionally, vitamin C has been used with burn patients. Increased capillary leakage, with an
important extravasation of fluid and proteins, and free radical generation are feature of burn
injuries. Free radicals have emerged as important mediators for burn injury at the cellular
level. Continuous vitamin C infusion appears to be a useful adjunct in minimizing the effects of free
radical injury and reduces fluid resuscitation requirements among burn patients [17,18]. High doses
of vitamin C appear to improve microvascular barrier dysfunction, without affecting leukocytes
activation [19]. In a study with dogs suffering burn injuries, the administration of vitamin C (14 mg/
kg/hour) decreased lipid peroxidation, and microvascular protein and fluids [20]. A randomized,
double-blinded study in sheep demonstrated a significant reduction in net fluid balance and

plasma lipid peroxidation among sheep sustaining a 40% total body surface area (TBSA) burned



who were resuscitated with fluid in conjunction with a high-dose infusion of ascorbic acid [21].
Another randomized, prospective study in this case in burn patients with greater than 30% TBSA
burn, investigators found that administration of vitamin C (1,584 mg/kg/day) was well tolerated,
and reduced fluid volume requirements along with an overall improvement in pulmonary function,
demonstrated by a significant reduction in mechanical ventilation days [22].

Sepsis

Recently there has been an increase in interest with the use of vitamin C as an adjuvant treatment
for sepsis. This was due to the results of the study by Marik et al [23] in which they administered a
cocktail of vitamin C (1.5 g IV every 6 h), hydrocortisone (50 mg IV every 6 h) and thiamine (200
mg IV every 12 h) to 47 with sepsis admitted to the ICU. Patients treated with this regimen had an
absolute reduction of 30% in mortality despite similar comorbidities and mortality risk prior to
treatment. Currently, there are multiple ongoing randomized controlled trials including VICTAS,
ACTS and HYVCTTSSS, which aim to confirm the beneficial effects of vitamin C and
supplements in critically ill patients with sepsis [24-26].

Pneumonia and Acute Respiratory Syndrome (ARDS)

ARDS is usually accompanied by uncontrolled inflammation, oxidative injury, and the damage to
the alveolar-capillary barrier. Unfortunately, there are very few studies in critically ill patients with
ARDS who have reported the use of IV vitamin C as adjuvant therapy. In animal studies, Vitamin
C has been shown to increase resistance to infection caused by coronavirus, also modifying the
susceptibility to the infection [27]. In patients, Nathens et al. administered 1 gram of ascorbic acid
every 8 hours combined with oral vitamin E for 28 days in 594 surgically critical patients and found
an instances of significantly less acute lung injury and multiple organ failure [28]. In a clinical
study described by Sawyer et al., large IV doses of ascorbic acid and others were used antioxidants
(tocopherol, N-acetylcysteine and selenium), in patients with established ARDS and showed a 50%
reduction in mortality [29]. Bharara et al, administered 50 mg/kg each 6 hours for 96 hours to treat
recurrent ARDS with good results and no effect secondary [30]. Fowler et al. described the case of a
20-year-old woman with viral ARDS (Rhinovirus and enterovirus D68) who received IV vitamin C
successfully [31]. In another study IV vitamin C was administered in patients with severe
pneumonia, the treated patients had significantly less hospital mortality [32]. Prior preclinical and
subsequent clinical research performed at Virginia Commonwealth University (VCU) have revealed
that high plasma levels of vitamin C act in a “pleiotropic” fashion to attenuate systemic
inflammation and correct sepsis-induced coagulation abnormalities, while simultaneously

attenuating vascular injury [CITRIS-ALI; clinicaltrial identifier NCT02106975]. These critically ill



patients often have reduced concentration of antioxidants. Therefore a positive effect of vitamin C
can be expected. IV vitamin C is already being employed in China against COVID-19 coronavirus.
Peng Zhiyong Director of Intensive Care at Zhongnan Hospital of Wuhan University has registered
a clinical trial to verify the efficacy of IV vitamin C in the treatment of severe 2019-nCoV infected
pneumonia [identifier: NCT04264533], patients has receiving 24 g of IV vitamin C per day for 7
days, and the Shanghai Coronavirus Disease Clinical Treatment Expert Group has strongly
recommended including high daily doses of vitamin C in critically ill patients affected by SARS-
CoV-2, due to it is use appears to achieve a significant improvement in the oxygenation index [33].
Other hospitals are giving already IV vitamin C and Zinc (220 mg oral) in the treatment protocol

plus azithromycin and hydroxychloroquine.

Administration Protocol (Table 1)

» Central venous catheter is preferred for administration, overall for high doses but peripheral
access is acceptable but infusion has to be slower.

« Obtain previously: blood count, renal function, electrolytes, iron, ferritin and G6PD
(glucose-6-phosphate dehydrogenase). Hemolysis can occur in patients with G6PD deficiency.
Measurement of the serum ferritin level may be a useful indicator of therapy response, and
prognosis.

« It is preferred to administer in its salt form; sodium ascorbate. The dose varies from 0.1 to 1 g/
kg. Our recommendation is to start with a dose of 0.2 g/kg of vitamin C diluted in 250 or 500
mL of water solution sterile for injection or, alternatively in Plasmalyte or Ringer’s Lactate.
The solution bag should be covered with a black bag to prevent light-induced auto-oxidation.

« Osmolarity will depend on the administered dose. Doses of 100 g should be diluted in 1 L for
infusion since the mOsm /L will thus be 1085 mOsm /L.

« Infusion rate; around 0.25-0.5 g/min, for example; 15 grams in 30 minutes, 25 grams in | hour,
50 grams in 2 hours, 75 grams in 2 hours and a half hours, and 100 grams in 4 hours.

« Monitor calcium and magnesium since the chelating effect of vitamin C can cause
hypocalcemia and hypomagnesemia. Correct if develops.

» Frequency of administration: It will depend on the severity and response of the patient to
treatment. We recommend starting daily and rest on the weekend. If very sick dosing could be
twice daily.

« During rest days, it is recommended to administer by nasogastric tube, 4 to 6 grams per day of

vitamin C.



« Vitamin C crosses the placenta and is distributed into breast milk so high doses of vitamin C is
contraindicated in pregnancy.

« Cautions must be taken in patients with renal failure (creatinine >175 umol/L (1,98 mg/dL).

Table 1. Administration protocol

INTRAVENOUS VITAMIN C PROTOCOL FOR COVID-19 INFECTION

« Central venous access preferible for very high doses (> 50 g)

+ Check: blood count, renal function*!, electrolytes, and G6PD

« Check IL-6, ferritin levels may be a useful indicator of therapy response and prognosis

« Use sterile water, Plasmalyte or Lactated Ringer's for mixture or Dextrose 5%-10%

+ Doses: 0.2-0.5 g/kg vitamin C*?

« Administer daily until improvement, then every 2 days

« Infusion rate: adjust for 0.25-0.5 g/min (usually between 1 to 4 h according to the dose)

« Supplement with calcium and/or magnesium IV if necessary

« If possible add Zinc sulfate 220 mg/24h *3, thiamine (400 mg/d), vitamin D 1000-3000 1U/24h,
vitamin E 1600 1U/48 h oral/ NG

*1 caution with doses and frequency of administration

*2 1f patient in critical condition we suggest administration dose recommended twice a day (every
12 hours)

*3 220 mg of zinc sulfate contains 50 mg of elemental zinc.

Conclusion

Vitamin C may be an effective therapy in the treatment of SARS-CoV-2 given its antioxidant and
immune system enhancement, and antiviral properties. Furthermore, vitamin C can also help to
eliminate alveolar fluid accumulate in the ARDS by preventing the activation and accumulation of
neutrophils, and reducing alveolar epithelial water channel damage. Given the fact that its
administration is safe by IV infusion to maximum doses of 1.5g/kg as long as the described
precautions are taken, healthcare professionals should take a close look at this opportunity.
Obviously, well-designed clinical studies are absolutely needed to develop standard protocols for

bedside use.



OZONOTERAPIA:

Introduction

There is much scientific evidence on the clinical use of ozone, however ozone therapy has not yet
been fully accepted. We cannot forget that ozone is a gas made up of three oxygen atoms of oxygen
(O3). Ozone generators produces it from pure oxygen passing through a high voltage gradient (5-13
mV) according to the reaction:

302 + 68.400 cal —— 20s.

Ozone therapy (OT) utilizes 1-5% ozone in 95-99% oxygen as a gas. A medical ozone generator
produces concentrations of ozone from 1 to 100 pg/mL but for medical purposes concentrations of
10 to 40 pg /mL are commonly used. Ozone therapy is characterized by the simplicity of its
application, its great effectiveness, good tolerance, and by the virtual absence of side effects.

Russia, Cuba, Germany have recognized it in their legislation; In Spain it is regulated in more than
76% of the autonomous regions of Spain. Italy, China, and some South America have specific
regulations

The effectiveness of ozone against pathogens is well recognized and ozone appears to be the best
agent for sterilization of water. Due to its biological properties ozone therapy may play a possible
role in the therapy of SARS, as an adjunct to standard treatment regimens. Owing to the excess
energy contained within the O3 molecule, it is theoretically likely that O3, unlike organism-specific
antiviral options available today, will show effectiveness across the entire genotype and subtype

spectrum of SARS [34].

Pharmacokinetics

Ozone physically dissolves in pure water according to Henry's law regarding temperature, pressure
and ozone concentration. Unlike oxygen, ozone reacts immediately as soon as it dissolves in any
biological fluid. In the body, it has a half-life of milliseconds due to its high affinity for carbon
double bonds. Ozone reacts rapidly with biomolecules possessing this double bond causing a rapid
oxidation or breakdown reaction with consequent formation of secondary molecules which are the
causes of its therapeutic action. The therapeutic efficacy of ozone therapy may be partly due the
controlled and moderate oxidative stress produced by the reactions of ozone with several biological

components.



Biological Effects

When blood is treated with ozone, ozone instantly reacts with electron rich bonds and creates longer
living downstream metabolites called ozonides: reactive oxygen species and lipid oxidation
products, inclusive of peroxides. These molecules appear to act as messengers for the key
biochemical and immune modulating effects of the therapy.

Some viruses are more susceptible to ozone's action than others. It has been found that lipid-
enveloped viruses are the most sensitive and coronavirus is on of them. Coronavirus is rich in
cysteine, which residues must be intact for viral activity [35]. Cysteine is highly vulnerable to
oxidation to disulfide or other residues, which effect will cripple its biochemical activity in proteins,
altering their three-dimensional structure. Enzymes may become inactive when reduced thiols are
oxidized, sulfhydryl groups are vulnerable to oxidation and ozone is one of the molecules with the
highest oxidizing potential, capable of reacting with a large of organic and inorganic compounds
[36].

The effects of ozone administered in infected blood for virus may recruit a variety of mechanisms.;
ozone disrupts viral proteins, lipoproteins, lipids, glycolipids, or glycoproteins. Ozone proper, and
the peroxide compounds it creates, may alter structures on the viral envelope that are necessary for
attachment to host cells. Peroxides created by ozone administration show long-term antiviral effects
that may serve to further reduce viral load. Deprived of an envelope, virions cannot sustain nor
replicate themselves. The creation of dysfunctional viruses by ozone offers unique therapeutic
possibilities. In leukocytes, ozone can enhance phagocytic activity of neutrophils. Within
monocytes and lymphocytes, peroxide hydrogen obtained by ozone activates a tyrosine kinase with
the consequent phosphorylation of the IxB kinase, one of the resting trimeric components of the
nuclear factor kappa-B (NF-kB) with the consequent synthesis of different proteins [37]. NF-xB
plays a key role in regulating the immune response due to infection [38,39]. Of great importance is
also that ozone-induced also release of cytokines (IFNy, TNFa and IL-8 and IL-2) and several acute
phase proteins [40], which may constitute an avenue for the reduction of circulating virions and an

attenuation of lung inflammation.

Major Autohemotherapy
Major autohemotherapy (MAH) consists of drawing blood from the venous system, normally
between 50 and 225 mL, which is mixed with a volume of oxygen-ozone at concentrations of 10 to

40 pg/mL. It is then reinfused into the body intravenously to cause its effects. Administration must



be done very slowly for it to allow for rapid dissolution. The ways to express concentration and
dose in ozone therapy are shown below and Table 2:

Concentration: pg / mL; (MAH) = pg/mL /mL of blood

Dose: Ozone concentration by volume (pg/mL x mL = pg O3)
The total dose is simply calculated by multiplying the ozone concentration with the gas volume. As
an example, if we ozonate a blood volume of 150 mL with 150 mL of gas (1:1 ratio) with an ozone

concentration of 30 pg/mL, the total dose is equivalent to 4.5 mg of ozone.

Table 2. Concentration and doses of ozone for MAH

Low Medium High

concentration*! (ug/mL)  5-10 15-35 40-70
Dose (mg) 0,25-1,0 1,12-3,5  4-8,75
*1 Ozone concentrations for systemic uses range from 10 pg/mL to 40 pg/mL, concentrations higher

than 80 pg/mL, due to the increased risk of hemolysis, the reduction of 2.3 DPG should be avoided,

and antioxidant values with consequent inability to activate cells immunocompetent.

The side effects that can be observed are minimal. It should be noted that given their beneficial
effects may require adjustment of adjuvant medication, e.g., medication antidiabetic at lower doses,

or antihypertensive medication at lower doses.

Critical Care experience

There are multiples articles about ozono therapy and its effectiveness against virus but it is not the
aim to make a full review of the literature. Cespedes et al. treated patients with chronic hepatitis B
for one year with MAH, patients showed negativization of the surface antigen, antibody positivity
against the surface antigen, significant decrease of viral load to undetectable values and normal
values of the transaminases demonstrating the functional recovery of the disease associated with
favorable immunological response [41]. They also treated patients with HIV-AIDS for two years
and it was a significant decrease in viral load to undetectable values and an increase of CD4 and
CD8 [42].

When you administered ozone in blood, it will be an improvement of the oxygenation in vital
organs and in ischemic areas, in addition to supporting respiratory, cardiac and kidney. If the

patient's metabolic conditions do not deteriorate excessively, in 3-4 days of treatments with



ozonated autohemotherapy, increased enzyme synthesis antioxidants and hemoxygenase-1
induction can reduce oxidative stress caused simultaneously due to infection-inflammation-tissue
necrosis and dysmetabolism. Bocci et al, reported a patient that in the postoperative period of an
aortic dissection, development ARDS and was treated with ECMO, he reported improved after
administration of MAH for 3 days, starting therapy at dose of 40 pg/mL with successive

concentrations of 25 pg/mL in the following days [43].

Treatment frequency:
The number of treatment sessions and the ozone dose administered will depend on the general
condition of the patient, age and the main disease. The treatment can be administered daily if

necessary.

Administration Protocol (Table 3)

Venous access is required, a butterfly at least number 19 G, is preferred rather than a cannula. The
MAH can be applied with variable intervals, from daily to weekly and even monthly. The total dose
of ozone to be applied in each session will vary according to disease. Some groups advise that the
concentration of ozone in the O3/O2 gas mixture does not exceed 80 ug/mL due to risk of hemolysis.
Blood volume at use varies between 50 mL and 225 mL, since higher blood volumes can only cause
hemodynamic changes so no higher volumes are required. For example, for collection safe blood
we can apply a volume of 1.2 mL/kg to 1.3 mL/kg, so that for a 70 kg person should draw 84 mL of
blood (1.2 x 70 = 84). The gas volume must always add in a 1: 1 volume ratio. We recommend
using low doses when starting, with an initial concentration of 10-25 pg/mL per mL of blood, mix
the gas with the blood for 1-5 minutes to prevent foaming is enough to complete the reaction to
ozone before reinfusion of ozonated blood into the donor that can be reinfuse in about 10-15
minutes. In some cases, the use of up to 80 pg/mL which has been shown to be safe and with greater
induction capacity of cytokines.

For anticoagulation use heparin sodium 20 [U/mL of blood. Sodium citrate 3.8% 10 mL per 100 mL
of blood or failing citrate dextrose Solution A, USP (2.13% free citrate ion) from 7 mL -10 mL per
100 mL of blood are other alternatives. Frequency of application recommended is daily with up to 3
passes per day according to clinical state.

Once the treatment is done, we recommend administering 500 mg of N-Acetyl cysteine IV with
0.5-1 g of vitamin C to pass in 2 hours immediately after ozone therapy, and therefore 5-6 hours

before the next session, given the oxidative stress state of these patients.



Table 3. Protocol for major autohemotherapy administration

MAJOR AUTOHEMOTHERAPY PROTOCOL FOR COVID-19 INFECTION

» Peripheral venous access is preferible

« Use a butterfly or cannula

« Blood removal: 1,3 mL/kg of blood

« Use of heparin sodium as an anticoagulant: heparin sodium 15-20 IU /mL of blood.

« Adjust ozone/oxygen mixture in 1: 1 ratio

« Initial dose: 25 pg/mL of ozone per mL of blood. Increase of dose is acceptable in following
days (max: 80 pg/mL)

« Shake the bottle gently once ozone is mixture with the blood and during administration

e Number of sessions: daily until improvement

« Number of pass per session: up 3 daily

« After therapy: N-Acetyl cysteine 500 mg IV plus vitamin C 0.5-1 g is recommended,
administer over 2 hours

Conclusion

Ozone has biological properties suggesting a possible role in the therapy of SARS-CoV2.
Coronaviruses have abundant cysteine in their spike proteins that may be easily and safely exploited
with ozone therapy. Cysteine residues are also abundant in viral membrane proteins and must be
"conserved" for viral cell entry. Conserved cysteines seem functionally important for virus
production. MAH has proven to be an effective and safe therapy in multiple patients, so in this
situation where there is no cure for this terrible infection, we highly recommend adding it to the

current treatment protocols.



References

1.

10.

I1.

12.

Pauling L. Vitamin C and common cold. JAMA 1971; 216: 332 [PMID: 5107925 DOI: 10.1001/
jama.1971.03180280086025]

Jeong YJ, Kim JH, Kang JS, Lee WJ, Hwang YI. Mega-dosevitamin C attenuated lung
inflammation in mouse asthmamodel. Anatomy and Cell Biology 2010;43:294-302.

Savini I, Rossi A, Pierro C, Avigliano L, Catani MV. SVCT1 and SVCT2: key proteins for
vitamin C uptake. Amino Acids 2008; 34: 347-355 [PMID: 17541511 DOI: 10.1007/
s00726-007-0555-7]

Frei B, Stocker R, England L, Ames BN. Ascorbate: the most effective antioxidant in human
blood plasma. Adv Exp Med Biol 1990; 264: 155-163 [PMID: 2244489 DOI:
10.1007/978-1-4684-5730-8 24]

Dennis JM, Witting PK. Protective Role for Antioxidants in Acute Kidney Disease. Nutrients
2017; 9: E718 [PMID: 28686196 DOI: 10.3390/nu9070718]

Carr AC, Maggini S. Vitamin C and Immune Function. Nutrients 2017; 9: E1211 [PMID:
29099763 DOI: 10.3390/nu9111211]

Ames AM, Nungester WJ. The relationship between ascorbic acid and phagocytic activity. J
Bacteriol 1947, 54: 53 [PMID: 20255149]

Van Gorkom GNY, Klein Wolterink RGJ, Van Elssen CHMJ, Wieten L, Germeraad WTV, Bos
GMJ. Influence of Vitamin C on Lymphocytes: An Overview. Antioxidants (Basel) 2018; 7: E41
[PMID: 29534432 DOI: 10.3390/antiox7030041]

. Bornstein SR, Yoshida-Hiroi M, Sotiriou S, Levine M, Hartwig HG, Nussbaum RL, Eisenhofer

G. Impaired adrenal catecholamine system function in mice with deficiency of the ascorbic acid
transporter (SVCT2). FASEB J 2003; 17: 1928-1930.

Stone KJ, Townsley BH. The effect of L-ascorbate on catecholamine biosynthesis. Biochem J
1973; 131: 611-613 [PMID: 4146453 DOI: 10.1042/bj1310611]

Patak P, Willenberg HS, Bornstein SR. Vitamin C is an important cofactor for both adrenal
cortex and adrenal medulla. Endocr Res 2004; 30: 871-875 [PMID: 15666839 DOI: 10.1081/
ERC-200044126]

May JM, Qu ZC, Meredith ME. Mechanisms of ascorbic acid stimulation of norepinephrine
synthesis in neuronal cells. Biochem Biophys Res Commun 2012; 426: 148-152 [PMID:
22925890 DOI: 10.1016/j.bbrc.2012.08.054]



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Prigge ST, Mains RE, Eipper BA, Amzel LM. New insights into copper monooxygenases and
peptide amidation: structure, mechanism and function. Cell Mol Life Sci 2000; 57: 1236-1259
[PMID: 11028916 DOI: 10.1007/PL00000763]

Das D, Sen C, Goswami A. Effect of Vitamin C on adrenal suppression by etomidate induction
in patients undergoing cardiac surgery: A randomized controlled trial. Ann Card Anaesth 2016;
19: 410-417 [PMID: 27397444 DOI: 10.4103/0971-9784.185522]

Carr, A.C.; Shaw, G.M.; Fowler, A.A.; Natarajan, R. Ascorbate-dependent vasopressor
synthesis: A rationale for vitamin C administration in severe sepsis and septic shock? Crit. Care
2015, 19, e418.

Nabzdyk CS, Bittner EA. Vitamin C in the critically ill — indications and controversies. World J
Crit Care Med. 2018 Oct 16;7(5):52-61.

Rizzo JA, Rowan MP, Driscoll IR, Chung KK, Friedman BC. Vitamin C in Burn Resuscitation.
Crit Care Clin 2016; 32: 539-546 [PMID: 27600125 DOI: 10.1016/j.ccc.2016.06.003]

Cartotto R, Greenhalgh DG, Cancio C. Burn State of the Science: Fluid Resuscitation. J Burn
Care Res 2017; 38: €596-e604 [PMID: 28328669 DOI: 10.1097/BCR.0000000000000541]
Kremer T, Harenberg P, Hernekamp F, Riedel K, Gebhardt MM, Germann G, Heitmann C,
Walther A. High-dose vitamin C treatment reduces capillary leakage after burn plasma transfer
in rats. J Burn Care Res 2010; 31: 470-479 [PMID: 20354446 DOI: 10.1097/ BCR.
0b013e3181db5199]

Matsuda T, Tanaka H, Yuasa H, Forrest R, Matsuda H, Hanumadass M, Reyes H. The effects of
high-dose vitamin C therapy on postburn lipid peroxidation. J Burn Care Rehabil 1993; 14:
624-629 [PMID: 8300697 DOI: 10.1097/00004630-199311000-00007]

Dubick MA, Williams C, et al. High-dose Vitamin C infusion reduces fluid requirements
in the resuscitation of burn-injured sheep. Shock 2005; 24:139-144.

Tanaka H, Matsuda T, Miyagantani Y, Yukioka T, Matsuda H, Shimazaki S. Reduction of
resuscitation fluid volumes in severely burned patients using ascorbic acid administration: a
randomized, prospective study. Arch Surg 2000; 135: 326-331 [PMID: 10722036 DOI: 10.1001/
archsurg.135.3.326]

Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J. Hydrocortisone, Vitamin C, and
Thiamine for the Treatment of Severe Sepsis and Septic Shock: A Retrospective Before-After
Study. Chest 2017; 151: 1229-1238 [PMID: 27940189 DOI: 10.1016/ j.chest.2016.11.036]
Donnino M. Ascorbic Acid, Corticosteroids, and Thiamine in Sepsis (ACTS) Trial. [accessed
2018 Aug 8]. In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of



25.

26.

27.

28.

29.

30.

31.

32.

33.

Medicine. Available from: URL: https://clinicaltrials.gov/ct2/show/NCT03389555
ClinicalTrials. gov Identi er: NCT01750697

Stefanovic S. The Effect of Vitamin C, Thiamine and Hydrocortisone on Clinical Course and
Outcome in Patients With Severe Sepsis and Septic Shock. [accessed 2018 Aug 8]. In:
ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National Library of Medicine. Available
from: URL: https://clinicaltrials.gov/ct2/show/NCT03335124 ClinicalTrials. gov Identifier:
NCTO03335124

Zhujiang Hospital. Hydrocortisone, Vitamin C, and Thiamine for the Treatment of Sepsis and
Septic Shock (HYVCTTSSS). [accessed 2018 Aug 8]. In: ClinicalTrials.gov [Internet].
Bethesda (MD): U.S. National Library of Medicine. Available from: URL: https://
clinicaltrials.gov/ct2/show/NCT03258684 ClinicalTrials.gov Identifier: NCT03258684
Atherton, J. G., Kratzing, C. C. & Fisher, A. (1978). The effect of ascorbic acid on infection of
chick-embryo ciliated tracheal organ cultures by coronavirus. Archives of Virology 56, 195-9.
Nathens A. B., Neff M. J., Jurkovich G. J., et al. Randomized, prospective trial of antioxidant
supplementation in critically III surgical patients. Annals of Surgery. 2002;236(6):814—822.
Sawyer M. A. J., Mike J. J., Chavin K. Antioxidant therapy and survival in ARDS. Critical Care
Medicine. 1989;17, article S153

Bharara A, Grossman C, Grinnan D, et al. Intravenous vitamin C administered as adjunctive
therapy for recurrent acute respiratory distress syndrome. Case Reports Crit Care 2016; 2016:
8560871.

Fowler III AA, Kim C, Lepler L, Malhotra R, Debesa O, Natarajan R, Fisher BJ, Syed A,
DeWilde C, Priday A, Kasirajan V. Intravenous vitamin C as adjunctive therapy for enterovirus/
rhinovirus induced acute respiratory distress syndrome. World J Crit Care Med. 2017 Feb
4;6(1):85-90.

Kim WY, Jo EJ, Eom JS, Mok J, Kim MH, Kim KU, et al. Combined vitamin C,hydrocortisone,
and thiamine therapy for patients with severe pneumoniawho were admitted to the intensive
care unit: propensity score-basedanalysis of a before-after cohort study. J Crit Care.
2018;47:211-8.

Shanghai Expert Group on Clinical Treatment of New Coronavirus Diseases. Expert Consensus
on Comprehensive Treatment of Coronavirus Diseases in Shanghai in 2019 [J / OL]. Chinese
Journal of Infectious Diseases, 2020,38 (2020-03-01) .http://rs.yiigle.com/yufabiao/
1183266.htm. DOI: 10.3760 / cma.j.issn.1000-6680.2020.0016



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Gérard V, Sunnen MD. SARS and ozone therapy: Theoretical considerations. [cited in 2003].
Available from: http://www.triroc.com/sunnen/topics/sars.html

Madu IG, Belouzard S, Whittaker GR (2009) SARS-coronavirus spike S2 domain flanked by
cysteine residues C822 and C833 is important for activation of membrane fusion. Virology 393:
265-271.

Dussault PH, George AD, Trullinger TK (1999) Peroxides as oxidative enzyme inhibitors:
Mechanism-based inhibition of a cysteine protease by an amino acid ozonide. Bioorg Med
Chem Lett 9: 3255-3258.

Sen R, Baltimore D. Inducibility of kappa immunoglobulin enhancer-binding protein Nf-kappa
B by a posttranslational mechanism. Cell 1986; 47:921-8.28.Bacuerle PA, Henkel T. Function
and activation of NF-kappa B in the immune system. Annu Rev Immunol 1994; 12:141-79.
Hayden, M.S., West, A.P., and Ghosh, S. (2006). NF-kappaB and the immune response.
Oncogene 25, 6758—6780.

Tak PP, Firestein GS. NF-kappaB: a key role in inflammatory diseases. J Clin Invest 2001;
107(1): 7-11.

Bocci V, Borrelli E, Travagli V, Zanardi 1. The ozone paradox: ozone is a strong oxidant
as well as a medical drug. Med Res Rev 2009; 29:646-82.

Cespedes-Suarez J, Martin-Serrano Y, Carballosa-Pefia MR, Dager-Carballosa DR. Response
of patients with chronic Hepatitis B in one year of treatment with Major
Autohemotherapy. J Ozone Ther. 2018:2(3) doi: 10.7203/j03t.2.3.2018.11459

Cespedes-Suarez J, Martin-Serrano Y, Carballosa-Peia MR, Dager-Carballosa DR. The
immune response behavior in HIV-AIDS patients treated with Ozone therapy for two
years. J Ozone Ther. 2019:2(3) doi: 10.7203/j03t.2.3.2018.11458.

Bocci V, Brito GS. Ozone therapy in critical patients. Rationale of the therapy and proposed

guidelines. Rivista Italiana di Ossigeno-Ozonoterapia. 2006;5:7-11



