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Background

The COVID-19 pandemic (SARS-CoV-2 coronavirus) started in
China in December 2019 ™. In humans, several coronaviruses are
known to cause respiratory infections that can range from the
common cold to more serious illnesses such as Middle East
respiratory syndrome (MERS) and severe acute respiratory
syndrome (SARS) ?. The most recently discovered coronavirus
(SARS-CoV-2) causes coronavirus disease COVID-19 7. Most
people (about 80%) recover from COVID-19 disease without
hospital treatment and will present a mild to moderate illness with
symptoms similar to a cold;’® the remaining 20% of the subjects
may progress to critical situations such as pneumonia with the
presence of oxygen desaturation after lung disease; of these ones,
5% of the subjects may progress to respiratory distress syndrome
that may require management with invasive mechanical ventilation
(critical stage of the illness); according to the age group, patients in
this clinical state could die half or more of the cases *..
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The disease spread by air when the virus is inhaled and
established in the respiratory epithelium. The virus is contained in
respiratory droplets of carriers, expelled by speaking, coughing,
sneezing or spitting. It reach the host, directly to the mucosa in the
mouth, nose, throat, trachea, lungs, ocular surface, or indirectly,
through skin and fomites contaminated by these droplets auto-
inoculated in eyes, nose or mouth %% Other routes of spread
have not been ruled out yet, however, the virus has been identified
in faeces, peritoneal fluid, cerebrospinal fluid ">l The viral
loads in the pharynges is high during the first week, when the
symptoms are moderate or prodromal, with a peak on day 4™ 0%
this suggests active replication in the upper respiratory tract [***!
that have been proposed that the virus can enter through the
mucous membranes, especially the nasal and laryngeal mucosa,
then go down to the lungs through the respiratory tract *“**?, The
most common first symptoms of infection are cough and fever %/,
The virus can enter the peripheral blood from the lungs causing
viremia, and the virus would subsequently attack targeted ACE2-
expressing organs such as lungs, heart, kidneys, and
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gastrointestinal tract *°!. Based on these assumptions, the clinical

phase is divided into three: the viral phase, the acute phase
(pneumonia phase) and the recovery phase . If the immune
function is effective in the acute phase (pneumonia phase) and
there are no more diseases, the virus can be effectively suppressed
and then the patient enter to the recovery phase ). If the patient is
older, is in an immunodeficient state, or has other diseases such as
hypertension and diabetes, has a high risk that the immune system
cannot effectively control the virus in the acute phase (pneumonia
phase), then the patient will progress to a severe or critical clinical
condition %),

In Mexico, the sentinel model of the Ministry of Health
reported, at June, that 35% of the affected population had required
hospitalization; 85.4% of those admitted correspond to those over
40 years of age; 56.5% of the male gender was affected. The
estimated mortality, at the moment, was slightly higher than 11%,
the male gender occupied 67% of the total deaths and the
predominant group was between 40-84 years old .

Infectious lung susceptibility arises from gas exchange
architectural requirements and frequent inhalation of infectious
agents. To promote ventilation, 100 m? surface of the lung are
continuously external environment exposed to satisfy the gas
diffusion demand into a thin capillary tissue. Every minute, 5 to 10
Lt of ambient air is vented, also included particles, droplets, and
pathogens ). Unlike other surfaces such as the cutaneous
(wrapped in impervious skin), the digestive (acidic light in the
upper tract and thick layer adherent mucus in the lower
gastrointestinal tract), the lung surface has a large protected
environmental interface with only minimal defence barrier and few
obstacles on its way to the alveoli. Despite this structural
permeability, the lungs successfully defend against most infectious
challenges through a variety of mechanisms, such as mucus layer,
mucociliary mechanics, antibody and antimicrobial peptides,
alveolar macrophages, and leukocyte recruitment promoted by the
pulmonary epithelium ®, When basal defences are surpassed, the
pulmonary epithelium responds by increasing its direct
antimicrobial capabilities and directing leukocyte recruitment from
the circulation *’!. Just as the accessibility and large surface area of
the lungs contribute to infectious susceptibility, these features also
provide a unique opportunity for topical therapy in the aerosol
respiratory form >l Various approaches have been studied so
far on topical therapy. Some of these approaches, it has been
possible to increase mucociliary clearance using saline solution °!,
These are postulated to have the potential to reduce the pathogen
load within the lungs . Nebulized alcohol P and
hydroxychloroquine therapies ‘! have been postulated, for
example, without being practiced.

Aerosol is a fine particles suspension or liquid drops in a
gas, which can diffuse independently of breathing behaviour, and
allow diseases treatment of the upper and lower airways (which
share their pathogenic mechanisms) and which frequently they
occur simultaneously as “united airway disease” *®!, The efficacy
of this method is related to the size of the dispersed substance,
preferably less than 10 um, which allows good penetration into the
bronchial tree and causes a high local concentration of a substance
2. The most important practical advantage of this method is its
simplicity and very low probability of adverse events as observed
in a meta-analysis study where safety data was reviewed in 24
trials: 13 trials (1,363 neonates, 703 treated with hypertonic saline)
reported no adverse event, and 11 trials (2,360 infants, 1,265
treated with hypertonic saline) reported at least one adverse event,
most of which were mild and resolved spontaneously %,
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Antiseptics are products that destroy or inhibit the growth
of microorganisms in or over living tissue (e.g., healthcare
personnel, sinks, and surgical scrubs) **. Defined by the WHO, an
antiseptic is a disinfecting substance that when applied to the
surface destroys or inhibits the growth of microorganisms in living
tissues without causing harmful effects. To this group of antiseptics
correspond the electrolyzed super-oxidized solutions (SOS) ¢,

The outcome of an electrolysis process with an electric
current through sodium chloride solution produce SOS. These has
a broad-spectrum efficacy against viruses, bacteria, yeasts and
bacterial spores ©°“?I. Landa Solis et. al. established the viricidal
effect of the solution with its activity in vivo and on surfaces since
2005 8. The mechanism of action is by means of an oxidizing
effect directed at exposed sulfhydryl groups, particularly double
bonds, altering essential cellular components, including lipids,
proteins and RNA, basically managing to destroy the lipoprotein
wall, direct damage to nucleic acids, hypo osmolarity effect and
oedema of the microorganism ***“!!. The CDC established tissue
toxicity index of the SOS in 10, which is minimal, being slightly
above the 0.9% physiological solution. The components of SOS
have derivates of chlorine (80 PPM) and free radicals similar that
our body produces at different times and by different systems
(immune system when coming into contact with a pathogenic
microorganism), these substances are degraded after oxidizing,
without being toxic at the concentrations included in the SOS; after
5 minutes of exposition with the tissues, the SOS turns to water and
oxygen %%l The SOS (like Microdacyn™) are manufactured
under FDA (US Food and Drug Administration) and 1SO 13485:
2003 regulations. Within these standard, it has studies under US
EPA OPPTS 870.1300 registration of the inhalation toxicity, where
no toxicity is observed at low doses (LD50 >5000 mg/kg), which
makes it a noble substance for the airway.

At the moment, the components of SOS have not shown
significant adverse topical or systemic reactions and in the
literature, they are only reported between 0-1% due to the
selectivity of their effect against the various microorganisms and
not against host cells “°',

Currently, COVID-19 does not have a specific antiviral
treatment, at least within the known antivirals, however, we do
have an antiseptic (SOS) with a powerful viricidal and non-toxic
effect. Viral inactivation begins at 15 seconds, after 30 seconds
more than 3Log10 of the viral concentration have been eliminated
(411 Therefore, we propose as a therapeutic alternative, to nebulize
SOS in the airway, to influence the respiratory epithelium (from
the nasopharynx to the lung) in the viral phase, in order to decrease
the viral load at the beginning of the disease ®*>*° hold in the
process of the pulmonary phase and restrain the evolution to the
severe phase and serious complications ““°!. Decreasing the viral
load can change the natural history of the disease.

Material and Methods

The study is a case series where a 5 ml nebulized SOS therapy was
applied, for 15 min three to four times a day for 7 days. The
subjects were admitted to the protocolo almost consecutively, who
attended a medical evaluation with a high suspicion of suffering
from SARS-CoV2 infection, in the COVID-19 pandemic, in a
private outpatient medical clinics at northern area of Mexico City
and Ecatepec, State of Mexico in May and June 2020. Subjects
with mild or moderate clinical condition, managed on an outpatient
basis. Some subjects, despite having severe clinical status criteria
for hospitalization, decided to continue their management at home.
Inclusion criteria were adults over 18 years of age, both sexes,
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women of childbearing age (18 to 40 years), not pregnant, with
suspected COVID-19 disease who had met any of the following
sets of criteria: An epidemiological criterion and two clinician
criterions; three clinical criterions; a clinical criterion with an
evident image criterion. The documented epidemiological criteria
were to have started with symptoms within 14 days of having
contact with: a) verified infected subject; subject (s) who have had
fever and/or respiratory symptoms COVID-19 or suspected
COVID-19 or high risk; and, subject (s) who had fever and/or
respiratory symptoms from a place such as home, office,
classroom. The clinical criteria (COVID-19 respiratory symptoms)
were: dry or productive cough, dyspnoea (feeling short of breath),
anosmia (not perceiving odours), ageusia (not perceiving flavours),
stuffy or runny nose, sore throat, headache, fever (home
temperature >38.2°C), weakness or fatigue, chills, muscle and/or
joint pain, digestive symptoms (diarrhoea, nausea, vomiting), as
well as data on physical examination (findings in clinical review
area) of respiratory rate (RR) >22 breaths per minute (bpm),
temperature >38.2°C, heart rate (HR) >100 beats per minute, pulse
oximetry with oxygen saturation <93% to ambient air, positive data
in lung fields associated with secretions (thick rales, consolidation
data), pleuropulmonary syndrome, shock state (clinical evidence of
inadequate tissue perfusion), capillary refill >3 seconds after
sustained pressure on the distal phalanx, mottled skin colour of the
knee, low urinary output in 6 hours, altered mental state or disorder
consciousness state (Glasgow <13), arterial hypotension, defined
by a systolic pressure <90 mmHg, mean arterial pressure <65
mmHg or a decrease of 40 mmHg in arterial pressure baseline,
serum lactate >2 mmol/L, exacerbation of cardiovascular or
respiratory symptoms of underlying chronic diseases, glycemic
decontrol (glycemia >250 mg/dl). The imaging criteria considered
evident were: pulmonary ultrasound with Pattern B or more,
bilateral, chest tele radiography with bilateral infiltrate, chest CT
with high suspicion of COVID “*l All patients who had
identified clinical criteria in the evaluation that warranted
hospitalization as at least two data from the gSOFA scale (quick
Sequential Organ Failure Assessment): Respiratory rate >22 bpm;
Systolic blood pressure <100mmHg; Glasgow Coma Scale < 13
%I Clinically, these patients present RR >22bpm, with use of
accessory muscles of respiration and clinical data of acute
respiratory failure (diaphoresis, tachycardia, cyanosis, agitation)
and deterioration of the state of consciousness, they were informed
that they should receive hospital attention, however, there were
patients who rejected this treatment modality, preferring to receive
treatment at home, who were not excluded from the study. The
following were considered as exclusion criteria: Subjects who had
received hospital care. It was verified that the female subjects of
gestational age (18-40 years) did not present a pregnancy, and
those subjects or relatives who did not accept the management
protocol. The elimination criteria were subjects who made the
decision not to accept treatment, not to cooperate in the follow up,
or to suspend the treatment, positive pregnancy test in women of
gestational age in the follow up.

Within the clinical evaluation, the subjects were explained
the management protocol to each patient and their responsible
family member; Informed consent was obtained, evaluation
(clinical review) was carried out to identify that the patient meets
inclusion criteria, imaging studies such as pulmonary USG, chest
X-ray or chest CT scan were performed or requested, depending on
the particular case, as well as (initial) laboratories and PCR for
SARS-COV2. It was not an inclusion criterion to have a positive
test for SARS-CoV2, since in some cases, for economic reasons
not all subjects were able to do it. It was requested to obtain an
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ultrasonic nebulization equipment for treatment application, and a
paper or electronic log (online form) was explained and provided to
report the patient's symptoms; It was explained how to fill the daily
records according to a visual analogue scale (VAS). It was
indicated how to carry out the nebulization, preferably using a
mask on top of the nebulization mask to provide a closed
nebulization system, as well as nebulized in isolated and well-
ventilated room. Alarm data to be transferred to a COVID hospital
in Mexico City was explained, as well as the manual to request
services if required . The follow-up method was explained and
carried out by means of a daily text message and a telephone call 4
or 5 days, 10 to 12 days and three weeks after the first evaluation.
The applied treatment protocol was paracetamol in all cases,
azithromycin in some cases, standardized by the WHO. The main
variables recorded daily by the subjects were SO2, RR, and
symptoms on a VSC of 10 values. Adverse effects secondary to the
nebulization application were also recorded, and explained when
nebulization have to be suspended due to these adverse effects.
Despite having requested the SARS-CoV2 PCR from all subjects,
as well as laboratory and imaging studies, from the first evaluation,
not all patients underwent the requested studies.

Statistic Analysis

Data analysis was performed using descriptive analysis of central
distribution for quantitative parameters by averaging the variables
of time, SO2 and RR in the days observed, together with the
standard deviation (SD) to expose their variability. For qualitative
data, they were described based on the incidence of recovery when
SO2 was >93% and RR <22bpm, incidence of symptoms or AE, all
converted into percentages. In addition, the average of the VAS of
each symptom presented in the subjects on the days of observation
was obtained.

Results

The case series consisted of a total of 32 subjects. Demographic
characteristics were sex: 21 men (65%), 11 women; average age of
48.8 years; comorbidities: 15 subjects (46.8%), of whom 10 were
diabetics, of these 10, 3 also had systemic arterial hypertension, 1
chronic smoker, and 4 had obesity (BMI >30kg/m2). Nine of the
subjects underwent PCR-SARS-CoV2 or immunoglobulin studies;
6 had positive SARS-COV2 PCR, one had a negative result; and 2
subjects had positive 1IgM. Thirteen subjects underwent pulmonary
USG, identifying bilateral hepatization data in more than one
location by hemithorax in 9 subjects (28%), of which a subset of
patients will be made later for analysis. The average time between
the 1st symptom appear and treatment onset was 2.7 (SD=+£1.8)
days. The average duration of symptoms was 12.5 (SD=+2) days.
The RR and SO2 were main indicators of the clinical status
of the subjects. The baselines mean RR and SO2 before treatment
beginning was 22.6 bpm (SD+2.3) and 85% (SD+6.5). Two days
after treatment beginning, a gradual increase in SO2 was observed,
as well as a gradual decrease in RR (Figure 1). A SO2 >93%
(clinical recovery) was achieved in 70% of subjects on day 8,
without being 100%. The RR below 22 bpm was reached by 100%
of the subjects at day 8 (Figure 2). It was observed, in patients (8
subjects) where was nebulized at the office, oxygenation improved
during and after nebulization on average between 1-5%. At the end
of the 10 days of follow-up, a decrease in the average RR of 3 bpm
was observed and the final average SO2 was 93.5%, achieving an
average improvement of 8% points. At the end, 6 subjects (18.7%)
continued with supplemental oxygen requirements after the 10 days
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of registration. Patients with more intense symptoms or longer
evolution time at the beginning of the treatment persisted with
some residual symptoms without accompanying fever or

ventilatory impairment such as asthenia, muscle pain or a slight
irritative cough. No deaths or hospital admissions were reported.
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Figure 1. Evolution of Oxygen saturation (SO2) and respiratory rate from de beginning of treatment.
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Figure 2. Evolution of the percentage of recovery of RR and SO2 after the SOS nebulized begun.

The average duration of symptomatic manifestations from the first
day of symptom onset to the last symptom was 12.1 days, with the
shortest being 3 days and the highest 21 days. In the cases of the
subjects with the shortest duration with symptoms coincide with
the subjects who started the treatment on the same day of the first
symptom. It also coincides that the subjects who had the more
severe clinical status and longest symptoms duration were the
subjects who had the greatest time between onset of symptoms and
the start of treatment.

The predominant symptom was weakness, followed by
headache, chills, cough, muscle or joint pain, and fever at sixth
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place (Table 1), all of which were observed in more than 80% of
the subjects. Unlike SO2 and RR, the decrease in the symptomatic
presentation was observed from day 4 (Figure 3). Regarding the
degree of symptom discomfort evaluated only if it was present, the
symptoms with a score above 8 (very bothersome) on the 10 level
VSC were dyspnoea, muscle and joint pain, and fever. Since day 2,
a linear decrease of the discomfort was observed in practically all
the symptoms (Table 2), reaching a scale of 4 to 2 on day 10
(Figure 4).
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Figure 3. Incidence of symptoms within 10 days of nebulized SOS beginning. Day 0 is the (baseline) symptom before treatment started.
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Figure 4. The evolution of VAS severity or discomfort of the symptom present in the 10 days following the start of the nebulized SOS.
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Figure 5. The incidence of AE associated with nebulized SOS within 7 days of its application
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Figure 6. The degree of discomfort of adverse events on a visual analogue scale associated with SOS nebulized within 7 days of its
application.
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Figure 7. Difference in SO2 between subjects with bilateral pneumonia and the rest and its evolution from the beginning of treatment.

Table 1: Symptoms before the treatment, in order of presentation from most common to least common

Symptom INCIDENCE

Weakness 93.8%

Headache 87.5%

Chills 84.4%

Muscle Pain Or Joints 81.3%

Cough 81.3%

Anosmia 68.8%

Fever 68.8%

Ageusia 56.3%

Dyspnoea 53.1%

Sore Throat 50.0%

Nasal Congestion 34.4%

Diarrhea 34.4%

Nausea 21.9%

Threw Up 9.4%

Table 2: Decrease in AE compared from day 0 to day 7.
Symptom Days
1 2 3 4 5 6 7

Headache 43.8% 46.9% 46.9% 43.8% 37.5% 25.0% 18.8%
Cough exacerbation 40.6% 40.6% 40.6% 40.6% 40.6% 34.4% 31.3%
Dyspnoea 37.5% 37.5% 34.4% 34.4% 31.3% 28.1% 18.8%
Chest tightness 15.6% 15.6% 15.6% 15.6% 12.5% 9.4% 6.3%
Nausea or vomiting 6.3% 6.3% 3.1% 3.1% 3.1% 3.1% 0.0%
Runny nose 3.1% 3.1% 3.1% 3.1% 0.0% 0.0% 0.0%

Adverse effects (AE) associated with the nebulization were not
cause of suspended o postponed the treatment and in no case was
corrective treatment required to reconcile the AE. The most
observed AE was headache, followed by exacerbation of cough and
dyspnoea. These three adverse effects occurred in less than 50% of
the cases. The least frequent AE s were chest tightness (5 subjects),
nausea or vomiting (2 subjects), and nasal congestion or runny
nose only occurred in one subject in the first three days of
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treatment. No one present descent in SO2 during nebulization. No
case reported dizziness, pain, irritation or inflammation of the

throat.

Discussion

The COVID-19 pandemic affects the elderly and those with
comorbidity with chronic degenerative diseases such as diabetes,
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systemic arterial hypertension and obesity with a worse prognosis
[ 1n Mexico, the risk of hospitalization and death is higher than
those reported worldwide, reaching 11% of deceased cases [**'
There is no treatment yet for COVID-19 disease. The SARS-CoV2
virus replicates in the nostrils and oropharynx during the first days
(viral phase) and later in the lower airway (pulmonary phase) [
In this case series, a viricidal topical agent administered by
nebulization on the epithelial surface of the respiratory tract was
explored as an apparently effective and safe therapeutic option for
the treatment of COVID-19 disease. This article opens the need to
seriously explore its application in controlled clinical studies. The
case series clearly identifies how well-established pneumonia
patients managed to cope in less time than the disease usually
takes. Positive changes in oxygen saturation were observed in
patients who had frank deterioration due to illness after the start of
the nebulization, since on the second day a progressive increase in
oxygen saturation was observed, managing to restore their values
above 93 % oxygenation up to 70% of cases in less than 10 days.
Thus, a favourable change was also observed in the respiratory rate
and in the symptomatic limitation of the patients. In addition to
these effects observed from the beginning of the proposed
treatment, the authors perceived that patients started SOS
nebulization as soon as possible, together with conventional
treatment for COVID-19, achieve a faster improvement and less
sequel and consequences than those patients who started treatment
later, and with more advanced disease. It was also observed that
even with a moderate to severe condition, patients achieved clinical
improvement on average 4 days after treatment, progressively
improving respiratory rate and oxygen saturation, as well as the
incidence and perception of the intensity of the symptoms reported
by patients. The proposed mechanism of action is to decrease the
viral load in the respiratory epithelium. The direct viricidal effect
of nebulized SOS reduces the amount of virus in the respiratory
epithelium, at a burden that the natural immunity of the respiratory
tract and especially of the lung can handle, with the consequent
resolution of the pneumonic phase towards the recovery phase. The
proposed treatment has several advantages:

a. Nebulization can be applied via an ultrasonic nebulizer, a
portable device, which allows its application in
outpatients. Some considerations should be taken, such
as using a closed system and application in a well-
ventilated isolated room, at the time of the procedure to
avoid the risk of transmission due to the formation of
aerosols.

b. It does not interfere with any of the treatments and
hygiene measures established by the WHO.

c. Probable universal application given its low or no
toxicity and the formation of biodegradable residues,
with manifestations of adverse effects already known
from the effect of mists, but so far not serious that
prevent their general application or warn their application
for wvulnerable populations. The reports of adverse
reactions both from nebulization and from the application
of this solution in other epithelia, in the international
literature, is less than 1%. The residues that form from
SOS are found as components that the host defence cells
themselves produce, such as hydrogen peroxide (H,0,),
ozone (Os), oxygen (O,) and water (H,0), which is why
this type of solutions have been used widely and for
more than two decades in the management of wounds, in
abdominal sepsis and in high disinfection for medical
components.
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With these study we observed that super-oxidation solution
nebulized is a potentially effective and safe treatment for viral
airway infections. Therefore, it is necessary, urgently, to carry out
randomized, blinded, controlled studies to assess the effectiveness
and efficiency of the proposed therapy.

Ethical Considerations

According to the Declaration of Helsinki, which literally says
“Article 37. When in the patient care the proven interventions there
are no other known interventions, they have been ineffective, The
doctor, after requesting expert advice, with the informed consent of
the patient or of an authorized legal representative, can afford to
use unproven interventions. Yes, in their judgment, they give some
hope of saving life, restoring health, or alleviating suffering.

Such interventions should be further investigated in order
to assess their safety and efficacy. In all cases, this new
information must be recorded and, when appropriate, made
available to the public. ... An exploration of a known low-risk
toxicity solution is made using an innovative application not
previously described in the medical literature.
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