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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic, which is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has killed more than one million people as of October 1, 2020. Consequently, a
search is on for a treatment that can bring the pandemic to an end. However, treatments (vaccine, antiviral,
plasma) that are directed at specific viral proteins (RNA polymerase, spike proteins) may not work well against
all strains of the virus. Therefore, it is hypothesized that a therapy based on multiple treatments is needed for
COVID-19 patients and to bring the pandemic to an end. Here, it is proposed that a combination of cool air
therapy (CAT) and purified air technology (PAT) in an oxygen species cool air respirator (OSCAR) could be used
to reduce viral (SARS-CoV-2) load and severity of illness in COVID-19 patients through the individual dose-r-
esponse relationship. In addition, the proposed therapy (CAT + PAT in OSCAR), which works by a more general
physical and chemical mechanism, should work well with other treatments (vaccine, antiviral, plasma) that
target specific viral proteins (RNA polymerase, spike proteins) to provide a safe and effective multiple therapy

approach for ending the COVID-19 pandemic caused by SARS-CoV-2.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, which is
caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has killed over one million people as of October 1, 2020 [1,2].
This virus is very contagious and can spread through the air, by close
contact, in aerosol droplets, by the fecal-oral route, and by contact with
contaminated surfaces [1,3].

Although most cases of COVID-19 are asymptomatic or mild, a good
proportion are severe resulting in hospitalization, intensive care
(oxygen therapy on a ventilator), and death; especially, among those
with comorbidities [2,4]. Consequently, a search is on for a treatment
that can protect the public from this highly contagious and deadly virus
[5]. However, treatments (vaccine, antiviral, plasma) directed at spe-
cific viral proteins (RNA polymerase, spike proteins) may not be ef-
fective against all strains of SARS-CoV-2 [6-9].

The hypothesis

Therefore, it is hypothesized that a therapy based on multiple
treatments is needed to end the COVID-19 pandemic caused by SARS-
CoV-2. In the present study, it is proposed that a therapy based on a
combination of cool air therapy (CAT) and purified air technology
(PAT) in an oxygen species cool air respirator (OSCAR) (Fig. 1) is
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needed to reduce viral (SARS-CoV-2) load and severity of illness in
COVID-19 patients through the individual dose-response relationship
(Fig. 2).

Cool Air Therapy (CAT)

Current evidence indicates that coronaviruses like SARS-CoV-2 bind
to cellular receptors like angiotensin-converting enzyme 2 (ACE2) re-
ceptors [9,10] and enter target cells by endocytosis [1,5,11,12]. Inter-
estingly, cool temperatures (12 to 19 °C) reduce membrane fluidity and
block endocytosis of ligand-receptor complexes [13,14] as well as virus-
receptor complexes [15-17] by target cells. Thus, CAT may be an ef-
fective treatment for COVID-19 by blocking endocytosis and replication
of SARS-CoV-2 by target cells (epithelial) in the respiratory tract; but is
it safe?

In anesthetized rats on ventilators, lung function (resistance and
elastance) is not different at respiratory tract temperatures of 13 °C
(cool) and 37 °C (normal) indicating that CAT may be safe [18]. In fact,
there is a commercial device (RhinoChill) that uses a nasal canula to
deliver evaporative perfluorocarbon coolant to safely reduce re-
spiratory tract and core body temperature of cardiac arrest and brain
injury patients [19-21]. Thus, an existing CAT (RhinoChill) could be
used to safely reduce surface temperature in the respiratory tract of
COVID-19 patients to the extent needed to block endocytosis and
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Fig. 1. Flow diagram of the proposed Oxygen Species Cool Air Respirator
(OSCAR) for safe and effective treatment of COVID-19 patients using a com-
bination (multiple therapy) of cool air therapy (CAT) and purified air tech-
nology (PAT) to reduce viral load and severity of illness caused by SARS-CoV-2.
Abbreviations: COVID-19 = coronavirus disease 2019; SARS-CoV-2 = severe
acute respiratory syndrome coronavirus 2; CyFg = perfluorocarbon coolant;
O; = ozone; HyO, = hydrogen peroxide; ‘OH = hydroxyl radical; and
O, = oxygen.

replication of SARS-CoV-2 by target cells. A possible additional benefit
of CAT may be a reduction in the cytokine storm seen is severe cases of
COVID-19, which is associated with uptake and replication of SARS-
CoV-2 in respiratory epithelial cells [9].

Purified Air Technology (PAT)

Over a decade ago, research was proposed (https://www.sbir.gov/
sbirsearch/detail/82681) to evaluate efficacy and safety of a commer-
cial PAT device (AirOcare) for reducing contagions (mold, bacteria,
virus) in air and on contact surfaces in a hospital environment. The
abstract for this proposed research is quoted here because it describes
well the potential of this existing PAT (AirOcare) for treating Covid-19
patients and preventing community spread of SARS-CoV-2:

“By utilizing air purification methods used internationally in fruit pre-
servation and food storage facilities, we propose to test AirOcare’s pro-
prietary units to sterilize surgical and dental instruments; and, to sterilize
entire rooms which could include operating rooms in the field during
combat situations. As air circulates through the chamber, part of the
oxygen is converted into ozone and to reactive oxygen species, including
superoxide and hydrogen peroxide. The simultaneous production of su-
peroxide anion and hydrogen peroxide is likely to produce hydroxyl
radicals, one of the most powerful oxidants in nature. We hypothesize
that oxidants produced in the chamber of the AirOcare system should
irreversibly oxidize important biomolecules in spores, bacteria and virus
particles with no effect to the environment because they have a relatively
short half-life. In Phase I of this SBIR proposal we propose to design the
chamber to the proper dimensions and design the system to maximize
ozone and hydrogen peroxide formation. We will evaluate the potential
of this new chamber for sterilization by exposing bacterial and viral
particles for various periods of time and at various steady state con-
centrations of ozone and hydrogen peroxide. The sterilizing potential will
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be evaluated by determining inhibition in replication rate. BENEFITS:
Validation of innovative, effective method for sterilizing surgical and
dental instruments, as well as operating rooms.”

In a subsequent study [22], this PAT was found to reduce airborne
bacteria in a meat processing room. Thus, an existing PAT (AirOcare)
could be used to safely deliver reactive oxygen species to the inspired
and expired air of COVID-19 patients to kill the virus (SARS-CoV-2) in
vivo and ex vivo. It may also be an effective treatment in confined spaces
(elevators, classrooms, buses) to reduce viral load and spread of SARS-
CoV-2.

Mechanism of the hypothesis

Thus, it is hypothesized that CAT and PAT could be combined in an
oxygen species cool air respirator (OSCAR) to deliver a multiple therapy
treatment to block endocytosis and replication of SARS-CoV-2 in target
cells of the respiratory tract, and kill SARS-CoV-2 in the inspired and
expired air of COVID-19 patients (Fig. 1) resulting in reduced viral load
and severity of illness through the individual dose-response relation-
ship (Fig. 2), which is explained next.

Individual dose-response relationship

When a person is exposed to a contagion (bacteria, virus, mold),
they either become ill or they do not (binary event) [23-25]. They
become ill if the dose consumed is equal to or greater than the illness
dose, which is the minimum dose of contagion needed to cause an ill-
ness (infection with symptoms of the disease) for that particular in-
teraction between the contagion and the host. More specifically, the
peak response of the person (host) to contagion exposure falls on a
continuum from no infection to infection to illness to serious illness to
severe illness to death (Fig. 2) [26,27]. Where an individual peak re-
sponse falls on this continuum depends on the final contagion load,
which in turn depends on the post-exposure interaction between the
contagion (number and virulence) and host (health < immunity)
[23,28]. An additional and important consideration for SARS-CoV-2 is
the complement of ACE2 receptors present on target cells of the host
[9,10]. Thus, even if the proposed therapy (Fig. 1) is only partly ef-
fective in reducing viral (SARS-CoV-2) load, it should have a clinical
benefit by reducing severity of illness in COVID-19 patients through the
individual dose-response relationship.

Testing the hypothesis

The hypothesis can be tested in an animal or human ex vivo lung
perfusion model [29,30] followed by validation in animal and human
clinical trials. The ex vivo studies would identify safe and effective levels
of CAT and PAT in OSCAR and how well they work with other treat-
ments (vaccine, antiviral, plasma) before confirmation in animal and
human clinical trials.

Basis of the hypothesis

The idea for blocking endocytosis of SARS-CoV-2 by target cells in
the respiratory tract is based on the author’s prior research experience
in endocrinology. Specifically, the author used cool temperatures (12 or
16°C) to block endocytosis of hormone (insulin or glucagon)-receptor
complexes by target cells (rat or chicken adipocytes) so that he could
determine the number and affinity of hormone receptors on the cell
surface by 1?°I-hormone binding assays [13,14].

The idea for killing SARS-CoV-2 by reactive oxygen species origi-
nated from the author’s prior knowledge of a research project that
evaluated an existing PAT device (AirOcare) for its ability to reduce
airborne bacterial contamination in a meat processing room [22].

The origin for the individual dose-response relationship component
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Individual Dose-Response Relationship

Fig. 2. A multiple therapy (hurdle) ap-
proach for reducing viral load and severity
of COVID-19 illness caused by SARS-CoV-2
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of the present hypothesis is the author’s prior and current research
experience in quantitative microbial risk assessment and modeling of
dose-response using human outbreak [31,32] and of human feeding
trial data [26,27,33,34] for Salmonella [23,35,36,37].

The multiple therapy part of the current hypothesis is based on a
common practice in the author’s current field of research (food safety)
where multiple antimicrobial agents (organic acids, oxidants) and in-
activation methods (heat, irradiation) are used in sequence or together
to reduce or eliminate pathogens in food [38-41]. By using multiple
hurdles, lower levels of each treatment can be used to achieve the same
efficacy while reducing risk of unwanted side effects, such as decreases
in food quality.

The same principle (multiple hurdle) should work with COVID-19.
In fact, there is no vaccine or single treatment that works against
viruses that cause SARS, MERS, Hepatitis C, AIDS, and the common
cold. Thus, it seems prudent to try a multiple therapy approach against
the virus (SARS-CoV-2) that causes COVID-19.

Conclusions

There is emerging evidence of strain variation for SARS-CoV-2
[6-8], which could complicate development, effectiveness, and long-
evity of treatments (vaccine, antiviral, plasma) for COVID-19 that are
aimed at specific viral proteins (RNA polymerase, spike proteins) [9].
However, strain variation will have less effect on efficacy of the pro-
posed treatment (CAT + PAT in OSCAR) because it is a physical and
chemical method with a more general mechanism of action. In addition,
the proposed treatment (CAT + PAT in OSCAR) should work well with
the other treatments (vaccine, antiviral, plasma) under development
resulting in a safe and effective multiple therapy approach for treat-
ment of COVID-19 illness caused by SARS-CoV-2.
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