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COVID-19 and Possible Pharmacological
Preventive Options

Pontus Duner?, Albert Salehi® ¢

Abstract

The dreadful fear of the coronavirus disease 2019 (COVID-19),
which is an infectious disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), with the deadly consequences,
requires rapid development of pharmacological cures. The objective
of this review is to speculate about possible pharmacological options,
already available today to prevent or treat the COVID-19 in the early
stage of its outbreak. A literature search across PubMed and internet
was conducted. A number of studies dealing with COVID-19 were
identified. The data elucidated that increased pro-inflammatory and
decreased anti-inflammatory cytokines in combination with hypoxia,
thromboembolism and pneumonia are involved in the pathogenesis
of SARS-CoV-2 infection. Although many drugs has been tested in
monotherapy regimen with varying outcome or without desirable ef-
fect, there is still hope for better results by simultaneously targeting
the virus itself and its symptoms. Theoretically, a mixture of at least
two available antiviral drugs in combination with other anti-patho-
genic and immune system-enhancing drugs or combination of antivi-
ral drugs with convalescent plasma seems likely to have much better
effect than the monotherapy regimen of either of these drugs.
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Introduction

Current status of coronavirus disease 2019 (COVID-19)

The COVID-19 pandemic and the fear that it has brought to the
society have emphasized the need for a rapid scientific com-
munication to increase knowledge about the virus itself and
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how it can be combated pharmacologically. Historically severe
acute respiratory syndrome (SARS) coronavirus 2 (SARS-
CoV-2) (Table 1 [1-5]) is a descendant of the SARS-CoV,
which was a virus that caused the first major pandemic of the
new millennium [1-4]. The current SARS-CoV-2 infection has
strong homology to the SARS-CoV virus that was responsible
for the SARS pandemic in 2002 [2, 4, 5]. Clinically, SARS-
CoV-2 causes a respiratory infection similar to that previously
reported for SARS-CoV or Middle Eastern respiratory syn-
drome coronavirus MERS-CoV [2, 4, 5]. The initial symptoms
are almost identical to other viral diseases, such as a common
cold, influenza with fever, muscle pain, malaise, headache and
fatigue [2, 4, 5]. The digestive tract is commonly involved
in the viral infections and it is consequently also affected by
these three closely related coronaviruses, so symptoms such as
nausea, vomiting and back pain can also occur during SARS-
CoV-2 infection [2, 4, 5]. The rapid spread of the COVID-19
pandemic around the world together with its severe and life-
threatening respiratory infection has resulted in a situation that
requires a rapid treatment strategy to save human lives, even if
specific drug candidates are still missing [2, 4, 5]. An unusual
feature of coronaviruses is that they can easily be conveyed
between mammalian species as closely related coronaviruses
could be found in bats, civets, camels, cows and humans [2,
4, 5]. Like many other viral infections targeting respiratory
organs such as the flu, SARS, MERS-CoV as well as other
airborne viral infections, SARS-CoV-2 spreads through tiny
droplets released from the nose and mouth by infectious carri-
ers via a cough. The released virus particles normally remain
in the surrounding air for some time and can be a direct route
of transmission of the SARS-CoV-2 infection to other people
through breathing. Released SARS-CoV-2 virus particles by
infected subjects can also land on the surfaces around them,
providing an additional path for the virus to spread.

The COVID-19 has spread rapidly around the world in
line with a pandemic feature. The disease has brought fear
for both close social contacts, as well as contact with mate-
rial things (surfaces) surrounding us [6]. There is an urgent
need for effective treatments to prevent the aggressive and ex-
aggerated SARS-CoV-2 replication within infected cells that
consequently could decrease the duration of the SARS-CoV-2
infection and the transmission rate in the community. The pur-
pose of this review is to summarize the available information
regarding possible pharmacological tools that could be used
for treatment of COVID-19. We have carried out a literature
and internet search for relevant published material on COVID
19 and other closely related viral infections.
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Table 1. Characteristics of COVID-19, SARS and MERS

Characteristic COVID-19 SARS MERS References
Virus SARS-CoV-2 SARS-CoV MERS-CoV

First location Wuhan, China Guangdong, China Jeddah, Saudi Arabia [1,2,4,5]
First reported 2019 2002 2012 [1-5]
Natural host Bat Bat Bat [2,4,5]
Intermediate host Unknown Civet cat or other animal Dromedary camels [2,4,5]
Incubation time (days) 1-14 2-10 2-14 WHO
Global incidences 24,587,513 (to date) 8,422 2,400 WHO
Mode of transmission Respiratory droplet, contact ~ Respiratory droplet, contact Respiratory droplet, contact [2,4,5]
Transmission rate 2-3 2-5 <1 [2,4,5]
Deaths (to date) 833,556 916 858 WHO
Mortality rate 4% 10% 34% [2,4,5]

General information on variables related to the onset and progression of COVID-19, SARS and MERS infection. COVID-19: coronavirus disease
2019; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; MERS: Middle East respiratory syndrome; WHO: the World Health Organiza-

tion.

Characterization of the SARS-CoV-2 virus

The origin of the highly contagious SARS-CoV-2 virus that
causes the COVID-19 disease is not known. SARS-CoV-2 be-
longs to a family of coronaviruses causing a severe acute respir-
atory syndrome which can be life-threatening most commonly
for elderly male and individuals with a preexisting (underlying)
medical condition such as diabetes, high blood pressure as well
as other cardiovascular disease [5]. SARS-CoV-2 is a positive-
sense single-stranded RNA ((+)ssRNA) virus with the ability of
an aggressive way of replication using the host cell machinery
[7]. Sequencing of the SARS-CoV-2 revealed that it shares 88%
sequence identity with two bat-derived SARS-like CoV, indica-
tive of a bat origin (Table 1 [1-5]), while genetically more dis-
tant to SARS-CoV (about 79%) and MERS-CoV (about 50%)
regarding the sequence similarity [8]. Interestingly, the genome
sequences of SARS-CoV-2 obtained from infected humans with
severe acute respiratory syndrome, showed an extreme (more
than 99.98%) sequence similarity, indicating that they were in-
fected by a common pathogenic viral strain [8]. Coronavirus
family possesses the largest genomes (ranging from 26.4 to 31.7
kb in length) among all known RNA viruses [7].

Previous reports have revealed that SARS-CoV-2 pen-
etrates the target cells through binding to angiotensin-convert-
ing enzyme 2 (ACE2), which is expressed on the surface of
epithelial cells in the lung, intestine, kidney, and blood vessels
in humans [9]. ACE2 is a type I transmembrane metallocar-
boxypeptidase with homology to ACE1, an enzyme known to
be a key player in the renin-angiotensin system (RAS) and a
pharmacological target for the treatment of hypertension [9].

Brief summary of other coronaviruses as human and ani-
mal pathogens (SARS, MERS, COVID-19)

SARS-CoV-2, SARS-CoV and MERS are viruses (Table 1

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

[1-5]) that belong to the coronaviruses family from the order
known as Nidovirales [1]. Members of this coronavirus fam-
ily including SARS-CoV-2 are medium-sized viruses, they
are enveloped and have a positive-sense, single-stranded large
RNA composition as genetic code [1]. SARS-CoV-2 has the
largest RNA known in the coronavirus family [1]. Gener-
ally there are four types of coronaviruses denoted as a-, -,
v-, and d-coronaviruses, where only members of the a- and
-coronaviruses could cause infection with various severity in
humans, while y-, and 8-coronaviruses are only pathogen in
animals [1-5]. In the a-coronavirus group, there are two mem-
bers that are causing illness in human, e.g., HCoV-229E dis-
covered in 1967, which mostly infects immunocompromised
subjects and the other member, e.g., HCoV-NL63, discovered
in 2003 which is the second most common coronavirus [1-5].
Both of these coronaviruses are worldwide distributed having
a seasonality pattern, i.e., highest number of infection in winter
and lowest number of infections during the summer period [1-
5]. The major infection symptoms are a common cold, acute
rhinitis and nasal congestion, but they can also cause bron-
chiolitis and pneumonia in infant or immunocompromised
subjects [1-5]. In the B-coronavirus group, there are three sub-
groups denoted as lineage A, lineage B and lineage C [1-5].
HCoV-0OC43 and HCoV-HKUI detected in 1967 and 2005
respectively are two important pathogenic members of in line-
age A [1-5]. Although both viruses are worldwide distributed
causing common cold symptoms, it seems that HCoV-OC43
causes a more severe disease compared to HCoV-HKUT [1-5].
Concerning lineage B, the most important members are SARS-
CoV discovered in 2002 - 2003 in Guangdong, China and
SARS-CoV-2 discovered in 2019 also known as COVID-19,
in Wuhan, China [1-5]. Both SARS-CoV and SARS-CoV-2
are very infectious to human and have fatal symptoms such
as severe acute respiratory syndrome which is also reflected
in their name and is the basis for the given names of these
two viruses [1-5]. The clinical symptoms of SARS-CoV and
COVID-19 vary from asymptomatic to fatal. However, due
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to the concerted efforts of global community SARS-CoV has
been almost expelled from human population in 2003 (Table
1 [1-5]), whereas COVID-19 is still appearing highly effec-
tive and in some individuals causes life-threatening symptoms
[1-5]. The basic reproduction number (Table 1 [1-5]) or basic
reproductive ration (R,)) for SARS-CoV-2 seems to be around
2 - 3 range [1-5] that mean one infected patient can spread the
virus to two or three new individuals [1-5].

The MERS-CoV which was discovered in 2012 in
Saudi Arabia/Korea (Table 1 [1-5]) belongs to lineage C of
B-coronavirus that similar to SARS-CoV and SARS-CoV-2,
and is pathogenic to human causing a severe deep airway in-
fection, also known as Middle East respiratory syndrome [10].
The MERS-CoV has not received much attention worldwide
since it was only localized to Saudi Arabia although some out-
break in Korea has been reported [10]. The basic reproductive
ratio (R,)) for MERS-CoV seems to be low, around 0.3 - 0.7
range [10]. A common problem with all pathogenic corona-
viruses is that in great numbers of infected people, they are
asymptomatic and can easily transmit the infection. The clini-
cal symptoms vary and can be perceived as a common cold,
cough associated with chills and myalgia as well as severe res-
piratory tract infection in some individuals [10].

Although coronavirus family members infect both birds
and mammals, bats have been shown to be the host with the
greatest number of coronavirus genotypes and thus have the
ability to transmit the virus to other birds and mammals. An
epidemic generally could evolve when the coronavirus is
transmitted from one species to another. Coronaviruses typi-
cally gain or cultivate mutation in their envelope proteins, al-
lowing them to bind to cell surface protein in other species
and infect other species more easily [3]. Transmission between
species allows coronavirus to acquire new abilities to infect
cells. Coronaviruses could cause illness by both respiratory
tract infections and gastrointestinal infections in adults and
children [8]. Signs and symptoms may vary widely, but elderly
people as well as individuals with an underlying diseases such
as diabetes, obesity, chronic cardiovascular disease or those
treated with immune suppressants are the most severely affect-
ed by complications and mortality [11]. In this review we aim
to present pharmacological treatments that in the absence of a
properly functioning vaccine may be conceivable to combat
the complications and spreading of COVID-19.

A Brief Summary of Common Strategies to Fight
Viruses

Vaccines

For the development of a well-functioning vaccine against
COVID-19, the three-dimensional structure of the membrane
proteins (antigenic part) in the virus, that trigger an immune
recognition response, must be revealed. There are several on-
going studies suggesting the spike protein (S-protein) part of
the SARS-CoV-2 which interacts with the host cell membrane
proteins is suitable as antigen in the development of a vaccine
against SARS-CoV-2 [12, 13].
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Since the development of a vaccine normally is time-
consuming, no studies have so far completed a clinical trial
with a clear and reliable result from a SARS-CoV-2 vaccine.
While trials are underway to develop a vaccine, there are some
epidemiological studies suggesting that the vaccine against
Bacille Calmette-Guerin (BCG) could have some preventive
effect against SARS-CoV-2 infection, although a relevant and
well-designed study is still missing [14, 15]. The assumption
is based on the observations that in countries routinely using
the BCG vaccine in neonates have less SARS-CoV-2 infection
been reported [16, 17]. However, it should be kept in mind that
epidemiological studies are prone to substantial biases from
many aspects of insidious interference in the investigation, in-
cluding the stage of pandemic in each country, the test rates for
SARS-CoV-2 infections as well as the usual health condition
for the population.

Antiviral therapies: a pharmacological avenue for
COVID-19 therapies

A well-functioning vaccine is the best option for prevention
of a SARS-CoV-2 infection and avoiding its lethal respiratory
consequences; however in the absence of a vaccine, we must
find an alternative route of COVID-19 treatment among the
existing and proven drugs on the market today. We have the
opportunity to use drugs that normally is used for other infec-
tive conditions to prevent the SARS-CoV-2 virus action in the
body. Antiviral drugs have successfully been used in the treat-
ment of other viral infections such as chronic hepatitis B infec-
tion, although the hepatitis B virus contains double-stranded
DNA (dsDNA) [18]. We speculate that an alternative antivi-
ral drug could have an impact on the prevention/treatment of
a SARS-CoV-2 infection. There are a number of established
antiviral drugs on the market today, as well as those not yet
clinically tested compounds that in various ways, i.e., by re-
ducing the virus infection could be attractive tools in the pre-
vention/treatment of SARS-CoV-2. These drugs could be used
as monotherapy or in a different combination which makes the
treatment even more effective.

Coronavirus Structure and Potential Drugs to
Target the SARS-CoV-2 Infection

Coronaviruses have been categorized into four different clas-
sifications, i.e., a-, B-, y- and d-coronavirus where the corona-
viruses that are causing infections in humans belongs to a- or
B-coronaviruses [19]. SARS-CoV-2 is a B-coronavirus and is a
medium-size virus enveloping a positive-stranded RNA with a
large RNA genome [7].

Like other coronaviruses, the SARS-CoV-2 genome en-
codes four major structural proteins identified so far, i.e.,
S-protein, membrane (M) protein, the envelope protein (E)
protein as well as a nucleocapsid (N) protein, which encap-
sulate a single stranded RNA. Some coronaviruses including
SARS-CoV-2 also contain a hemagglutinin-esterase protein
(HE) [20]. SARS-CoV-2 exhibit a number of open read frame
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Figure 1. Mechanisms of action of different antiviral drugs. A schematically diagram of SARS-CoV-2 structure and different
pathway used by SARS-CoV-2 for the replication in the host cells. Theoretical applicable inhibitory action of certain antiviral
drugs used in the treatment of other viral infections, as well as specific SARS-CoV-2 neutralizing antibodies would in combination
interfere with the SARS-CoV-2 life cycle exerting a possible inhibitory effect on the virus replication, which is shown in red color.
OREF proteins: ORF1a, ORF1b, ORF3a, ORF8 and ORF10 [8, 19]. SARS-CoV-2: severe acute respiratory syndrome coronavirus
2; ACEZ2: angiotensin-converting enzyme 2; ORF: open read frame.

(ORF) proteins such as ORFla, ORF1b, ORF3a, ORFS8 and
ORF10. The importance and functionality of ORF proteins in
the virus life cycle remains to be determined (Fig. 1 [8, 19]).
Structurally the S-protein is composed of a short intracellular
tail, a transmembrane anchor and a large ectodomain that con-
sists of a receptor binding S1 subunit and a membrane-fusing
S2 subunit that is used for the entry into the target cells [9, 19,
20]. From a pathogenic point of view, S-protein is an interest-
ing part of SARS-CoV-2, since a naturally occurred mutation
in the S-protein would possibly alter the infectivity of SARS-
CoV-2 in both directions, i.e., by either increasing or decreas-
ing the binding capability of the virus to the host cells. Howev-
er, it is more likely that the naturally occurring mutations in the
Spike genes mostly favor a more pathogenic phenotype of the
virus. Although the clinical consequences of Spike gene muta-
tions (antigenic drift) for SARS-CoV-2 need to be established,
point mutations have been reported for other members of coro-
navirus family, e.g., MERS-CoV and SARS-CoV-1 [21, 22].

However, a more detailed investigation on the structural
biology as well as the functional properties of SARS-CoV-2
is needed to successfully develop an antidote to prevent the
COVID-19 pandemic.

Since there are currently no well-defined and specific anti-
viral drugs that targets the SARS-CoV-2 virus, we investigated
the literature for the possibility of other antiviral drugs as well
as other anti-pathogenic agents used for the treatment of infec-
tious diseases, to address a possible way of pharmacological
treatment of the SARS-CoV-2 infection. Based on available
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information and publications, it seems that some existing drugs
in clinical use can be effective against the SARS-CoV-2 virus.
Below we shortly present a review of some reliable drugs and
their mechanism of action in this respect.

Antiviral drugs targeting coronavirus proteins

The whole structure as well as individual membrane protein of
avirus is the easiest step in the recognition by the host immune
cells when combating a viral infection. This however does not
rule out the idea of pharmacologically targeting additional in-
tracellular viral proteins in a combination strategy with mem-
brane proteins for an effective prevention of SARS-CoV-2
replication and infection of new host cells. With no time for
experimental and preclinical studies and the urgent situation,
drug discovery against the SARS-CoV-2 will be a very chal-
lenging task. We hope to shed some light on this difficult situ-
ation that has suddenly arisen by emphasising the promising
effects of the following remedies that theoretically or even
in some causes practically could be useful for the combat of
SARS-CoV-2.

RNA-dependent RNA polymerase inhibitors as a target in
COVID-19 treatment

SARS-CoV-2 is a (+)ssRNA virus, utilizes its own genetic
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material (mMRNA) directly by using the host ribosomal ma-
chinery and translating it into functional proteins [7]. One of
these viral proteins is the RNA-dependent RNA polymerase
that copies the viral RNA, which is subsequently translated
to a number of functional proteins [7]. The generated SARS-
CoV-2 proteins will then be packed into new functioning vi-
ral particles, which are released by the infected cells and thus
a new cycle of viral infection targeting additional cells will
continue.

Fortunately, there are drugs that can effectively prevent this
viral pathway by blocking the RNA-dependent RNA polymer-
ase. One such a RNA-dependent RNA polymerase inhibitor is
remdesivir (a nucleotide analog mimicking adenosine) which
has initially been developed for the treatment and prevention
of the Ebola virus [23]. This could also be an interesting drug
candidate for the treatment of SARS-CoV-2. Remdesivir ac-
cordingly, incorporates into the nascent RNA chain causing a
premature termination of viral RNA genes [24]. There are sev-
eral clinical trials initiated to investigating the effect of remde-
sivir on SARS-CoV-2 infection with positively reported results
[25-27]. Remdesivir overcomes the proofreading capacity of
the SARS-CoV-2 while other similar RNA-dependent RNA
polymerase inhibitors such as ribavirin may fail to do. So con-
clude, remdesivir potentially represents a promising drug can-
didate to treat COVID-19 patients.

Proteases as a target to be used in COVID-19 treatment

Proteases are an additional attractive and highly interesting
target for treatment of SARS-CoV-2 since they are involved in
the generation of structurally and functionally important virus
proteins [7]. Recently, in a clinical trial performed in China,
two protease inhibitors developed specifically to treat human
immunodeficiency virus (HIV), e.g., lopinavir and ritonavir
were tested in hospitalized adult patients with severe COV-
ID-19. These drugs did not add substantial benefit beyond the
standard care [28]. However, the mortality rate and organ fail-
ure was lower in the treated patients if the drug was given early
in the SARS-CoV-2 infection process, especially in the acute
respiratory distress syndrome (ARDS) [28]. Despite the nega-
tive outcome of this trial we believe that more clinical trials are
needed to evaluate the beneficial effects of lopinavir and rito-
navir on SARS-CoV-2. A major consideration in this regard is
that the drugs should be given in combination with other viral
suppressor and in an early stage of infection.

Neuraminidase/hemagglutinin-esterase inhibitors as a tar-
get in COVID-19 treatment

Earlier studies have shown good effect of oseltamivir (a neu-
raminidase inhibitor approved for the treatment of influenza
A and B) in combination with antibiotics in the treatment of
MERS-CoV [29]. Since SARS-CoV-2 displays certain struc-
tural similarities with MERS-CoV the neuraminidase inhibi-
tors could have positive effects in COVID-19 treatment, al-
though the neuraminidase protein seems to be scarcely or not
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at all expressed by SARS-CoV-2. The SARS-CoV-2 virus
expresses another membrane esterase, i.e., hemagglutinin-
esterase which could to some extent also be inhibited by
neuraminidase inhibitors. Administration of several of com-
mercially available neuraminidase inhibitors on the market,
e.g., oseltamivir and peramivir have not shown any impres-
sive effect in the treatment of SARS-CoV-2 when they have
been used alone [29]. This has caused considerations whether
neuraminidase inhibitors could be effective in the prevention
of SARS-CoV-2 proliferation [29]. On the other hand, there
are clinical studies showing that oseltamivir in combination
with other antiviral drugs have effect on SARS-CoV-2 [29].
This indicates that due to an intense intracellular virus pro-
duction some of the produced virus bypasses neuraminidase
and is released through other pathways/mechanisms and there-
fore neuraminidase inhibitors in monotherapy cannot exert the
desirable effect in SARS-CoV-2 treatment. It should also be
noted that most coronaviruses express hemagglutinin-esterase,
thus inhibitors of this enzyme might be even more an attractive
candidate in the treatment of SARS-CoV-2.

Therapies That Do Not Directly Target the Coro-
navirus

As we said earlier, the SARS-CoV-2 is a respiratory virus and
the pulmonary tissue and cardiovascular system are the prima-
ry targets of infection [2, 4]. However, there is also a concern
that there might be additional underlying not yet identified eti-
ology in SARS-CoV-2 infection that is worsening the illness.
It has been reported that a severe infection of SARS-CoV-2
could in some individuals cause a great increase in locally and
systemically produced cytokines, a phenomenon also called a
“cytokine storm”, which is an overreaction of the body’s im-
mune system [30].

COVID-19 and the cytokine storm

Evidence has been presented that some SARS-CoV-2-infected
patient displays a dramatically increased cytokine production/
release both at systemic level and importantly also within the
pulmonary tract which is referred to as a cytokine storm [30].
Post-mortem analysis of pulmonary tissues and hearts from
SARS-CoV-2-infected patients has revealed interstitial mac-
rophages and monocytes infiltration as well as tissue necrosis
[30]. The cytokine storm has also been reported in leukemia
patients who are refractory to chemotherapy. Unfortunately,
there is no comparable evidence whether the SARS-CoV-2-in-
duced cytokine storm is identical, equivalent or different to the
cytokine storm that occurs in the leukemia patients who are
subjected to chemotherapy [31].

It is well known that typical pro-inflammatory cytokines
such as interleukin (IL)-f, IL-6, interferon (IFN)y, tumor ne-
crosis factor (TNF)a and the chemokine (C-C motif) ligand 5
(CCLS) also known as RANTES (regulated on activation, nor-
mal T expressed and secreted) are released initially by activat-
ed immune cells at the site of infection [30]. Thus, RANTES
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Figure 2. Schematic illustration of the immune response to a viral infection. Based on the previous knowledge of immune system,
we proposed a comparing graphic image for the virally-induced pro-inflammatory and anti-inflammatory cytokine generation (with
the obvious suppressive effect of SARS-CoV-2 on the anti-inflammatory cytokine production resulting in cytokine storm), as well
as development of antibody against SARS-CoV-2 compared to other viral infections by the body [29, 32].

that is released by T lymphocytes and tissue macrophages at
the cardiopulmonary site of SARS-CoV-2 infection would
play an important role in the severity of COVID-19 disease.
Interestingly, increasing levels of these cytokines have been
reported in many clinical investigations with a strong correla-
tion with disease severity and mortality in COVID-19 patients
[30]. It seems that the body’s normal immunological homeo-
stasis following a viral or bacterial infection is dysregulated
by SARS-CoV-2 (Fig. 2 [29, 32]). An explanation could be the
durability of the SARS-CoV-2 infection titer compared to other
seasonally dependent and normally occurring viral infections,
in parallel with the ability of the SARS-CoV-2 to suppress both
host cell defense causing an excessive viral replication result-
ing in an excessive pro-inflammatory cytokine release. While
the virus must be combated, the excessive immune response
must also be mitigated to avoid damage to pulmonary and car-
diovascular cells (Fig. 2 [29, 32]).

Anti-inflammatory drugs of steroidal or nonsteroidal ori-
gin could have counteracting effects when treating any viral
infections in an early stage of the disease. It should be better
to prevent the SARS-CoV-2-induced cytokine storm by other
appropriable drugs, ideally by inhibitors of cytokine receptors
at the very early stage of SARS-CoV-2 infection, to avoid a
cytokine storm that occurs at later stage of infection. How-
ever, cytokine-receptor blockers could only reduce one of the
SARS-CoV-2-induced effects and should be considered as a
supplementary to other antiviral drugs. Tocilizumab an IL-6
receptor blocker or anakinra an IL-1 receptor blocker as well
as leronlimab, a CCRS antagonist [32, 33], that have been in-
vestigated for the treatment of other cytokine-related diseases
could be good supplemental candidates to be used together with
other remedies which is directly targeting the SARS-CoV-2 in-
fection (Table 2 [26-29, 32-52]). There are ongoing trials test-
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ing the effect of tocilizumab, anakinra, leronlimab as well as
canakinumab on SARS-CoV-2 patients, and the outcome will
show whether any of these could be of benefit to SARS-CoV-2
patients [34]. Conversely, suppression of cytokine production
in the later stage of the disease by low dose of anti-inflamma-
tory drugs of steroidal origin, i.e., glucocorticoids such as hy-
drocortisone, dexamethasone or prednisolone could have some
beneficial effect via suppression of the exaggerated immune
response in the SARS-CoV-2 patients. However, it should be
kept in mind that the use of glucocorticoids in diabetic patients
is not without any risks as it impairs an already dysregulated
blood glucose metabolism which consequently leads to higher
blood glucose levels.

ACE2 manipulation as a target in COVID-19 treatment

In the first step of the SARS-CoV-2 infection, the virus target
ACE2 on the cell surface. This follows by the S-protein being
cleaved to S1 and S2 by the host cell membrane proteases, one
of which is transmembrane protein 72 that is known as TM-
PRSS2 [53], The main function of S1 subunit is thus binding
to the host cell membrane ACE2, whereas the main function of
S2 subunit is to provide membrane fusion [53]. One therapeu-
tic approach of interest is to target the host cell transmembrane
protease serine 2, e.g., TMPRSS2. One potential and presently
existing inhibitor of TMPRSS2 [53] is camostat mesylate,
which could be considered as an anti-SARS-CoV-2 candidate.

The structure of the S-protein is known [53], and it is a
potential target for SARS-CoV-2 prevention by developing a
vaccine that contains antigen derived from the S-protein which
could initiate and/or increase the recognition of virus by im-
mune cells. Another potential target is to develop monoclonal
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Table 2. Medications/Treatments Against COVID-19

Medication Mode of action References
Remdesivir RNA polymerase inhibitor [26, 27, 34]
Lopinavir, ritonavir Protease inhibitor [28]
Peramivir, oseltamivir Neuraminidase/hemagglutinin-esterase inhibitor [29]
Tocilizumab, anakinra, leronlimab Cytokine receptor/cytokine release blocker [32]
Camostat mesylate ACE?2 inhibitor [33]
Canakinumab human anti-IL-1 monoclonal antibody [34]
rhACE2 Recombinant ACE2 [35]
Hydroxychloroquine and chloroquine Block RNA replication/release [33, 36, 37]
Azithromycin Antibiotic/IFN production [38]
Ivermectin anti-parasitic action [39]
Convalescent plasma Anti-SARS-CoV-2 neutralizing antibodies [40]
Monoclonal antibodies block virus entry [41]
Erythropoietin Treatment of anemia [42]
Enoxaparin, edoxaban Anticoagulants [43]
Vitamin C/D Immunomodulatory, antioxidant [45-51]
NAC Antioxidant [44]
Dornase alpha DNase [ [52]

Mode of action and targets of potential medical agents for the treatment of SARS-CoV-2 infection. COVID-19: coronavirus disease 2019; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2; ACE2: angiotensin-converting enzyme 2; IL: interleukin; NAC: N-acetylcysteine; rhACE2:

recombinant human ACEZ2; IFN: interferon.

antibodies that bind to the S-protein of virus which could block
the interaction of SARS-CoV-2 with the host cell’s ACE2.

Since previous protein-modeling investigations on the S-
protein have revealed that SARS-CoV-2 has a strong binding
affinity to human ACE2 and likely uses the ACE2 as mecha-
nism for the cell entry, a possible target for drug development
against SARS-CoV-2 could be the interaction site between S-
protein and ACE2. Interestingly, the naturally occurring fla-
vonoid called hesperidin, which is richly found in citrus fruits
[54], is a compound that has been found during recent compu-
tational investigations and has been predicted to bind with the
binding interface of S-protein-ACE2 complex.

ACE2 is highly expressed in the human respiratory, vascu-
lar and gastrointestinal tract and since SARS-CoV-2 with high
affinity is binding ACE2 to enter target cells [53, 54], the use
of a manipulated and easily accessible circulating recombi-
nant variant of human ACE2, theoretically and possibly could
be possible to prevent or reduce the free amount of SARS-
CoV-2 available for binding to the naturally occurring ACE2
expressed on the cell surface. It should be emphasized that a
normal and adequate expression of ACE2 is important for the
cell function in the lungs and down-regulation of ACE2 during
SARS-CoV-2 infection, i.e., ACE2-COVID-19 complex inter-
nalization, exerts tremendous damage to the vascular endothe-
lial and alveolar epithelial cells in the lung [35]. This suggests
that in humans, exogenously delivered excessive form of solu-
ble ACE2 has the potential to bind to SARS-CoV-2 preventing
the virus to binding naturally expressed ACE2 on the cell sur-
face and rescuing the lung cells from injury. One small study
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has already tested and found that recombinant human ACE2
(rthACE2) is safe to be used in human subjects [36]. Theoreti-
cally, a thACE2 treatment (Table 2) for SARS-CoV-2 infec-
tion should be used in the very early stage of infection. One
challenge is to test if the rhACE2 protein is efficient to pre-
vent the SARS-CoV-2 infection given as monotherapy or if it
needs to be combined together with other antiviral drugs. An-
other interesting alternative for the prevention of SARS-CoV-2
binding to ACE2 is the use of non-specific ACE1 inhibitors in
the early stage of SARS-CoV-2 infection to protect the ACE2
from SARS-CoV-2 binding. Since the use of ACE1 inhibitors
is associated with a lowering of the blood pressure, a strategy
like this is not without the risk of hypotension and need to be
taken in the consideration.

Blockers of SARS-CoV-2 RNA release from hosted cells

There are still no approved drugs or therapeutic modalities as
blocker of viral RNA releasing capability of SARS-CoV-2.
However, hydroxychloroquine and chloroquine, two drugs
that have been used for the treatment of malaria and rheuma-
toid arthritis have been shown to block coronavirus replica-
tion in the experimental studies [54]. Hydroxychloroquine and
chloroquine exert their antiviral activity in part by increasing
the pH in the host cell’s lysosomes which in turn inhibit the
hydrolytic activity of protease enzymes that are required for
processing of viral gluco-protein that is needed for the viral
RNA transcription and translation (Table 2). Caution should
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be taken when treating patients suffering from for the type 2
diabetes as treatment with these drugs could be associated with
hypoglycemia [37].

Promising result has been demonstrated in an open-label
non-randomized clinical trial using hydroxychloroquine in
combination with azithromycin resulting in a more dramatic
suppression of SARS-CoV-2 levels in infected patients [55].
There have been suggestions that both chloroquine and its
derivative hydroxychloroquine could interact with ACE2 and
thus preventing SARS-CoV-2 binding; on the other hand a
more recent hypotheses has challenged this and indicate that
both drugs could act as ionophore for the zinc (Zn?") to enter
the cell, where Zn?" enhances the inhibitory action of hydrox-
ychloroquine and chloroquine on viral RNA release into the
intracellular space [56]. The ionophoric action of the chloro-
quine compound has previously been documented [57]. It re-
mains to be clarified whether other compounds acting as Zn?*
ionophore also could exert a similar effect on RNA replica-
tion of SARS-CoV-2 as hydroxychloroquine and chloroquine
(Fig. 1 [8, 19]). Quercetin (a flavonoid), is another ionophore
for Zn2?* [53]. Unfortunately, no preclinical studies or clinical
trial have so far documented the effect in the prevention of
COVID-19.

Both hydroxychloroquine and chloroquine exert anti-in-
flammatory property and could be capable of preventing the
SARS-CoV-2-induced increase of proinflammatory cytokines
in circulation [30], and are thus be beneficial in reducing the
disease severity. Claims have been raised by some researchers
that the effect of hydroxychloroquine or chloroquine alone or
in combination with Zn?* is insufficient. The claim is based
on a clinical observation where the compounds were admin-
istered to patients with severely developed symptoms without
any substantial effect [38].

Concerning the treatment protocol for hydroxychloro-
quine and chloroquine, they need to be administered early in
the process of COVID-19 infection. Long-term treatment with
hydroxychloroquine and chloroquine should be performed
with caution since they could be associated with unwanted side
effects such as hypersensitivity, porphyria or a prolonged QTc
interval. However the duration of COVID-19 treatment with
these compounds might not last more than 2 - 3 weeks and the
risk of develop any side effects should be limited.

In arecent clinical trial with patients treated for COVID-19
[55], it has been shown that patients treated with hydroxychlo-
roquine in combination with azithromycin (a macrolide antibi-
otic) were virologically cured to a higher degree compared to
patients only treated with hydroxychloroquine, although both
groups showed a marked better virus elimination than the vehi-
cle treated control group. Higher doses of hydroxychloroquine
used in COVID-19 treatment compared to standard indications
could be associated with a different or at least partially different
mechanism and needs to be exercised with caution. It is known
that in clinically relevant doses, azithromycin increases antivi-
ral IFNs production in rhinovirus-infected bronchial epithelial
cells from asthmatics but had no effect in cells from healthy
donors [39]. This might theoretically explain why the effect
of azithromycin is only seen in a subpopulation of COVID-19
patients where SARS-CoV-2 of some unknown reason might
be still harmful. Hence, drugs inducing lung IFNs production
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would be warranted in the treatment of COVID-19 patients as
adjacent to other drugs with at least partially different mecha-
nistic actions.

Recently there have been reports showing that a world-
wide used anti-parasitic drug, e.g., ivermectin, known to have
antiviral activity in vitro, strongly inhibits the replication of
SARS-CoV-2 in SARS-CoV-2-infected Vero-hSLAM cells
[58]. The antiviral action of ivermectin has been previously
documented for dengue virus type 2 (DENV-2) [59]. The
mode of action and therapeutically relevant doses to block a
SARS-CoV-2 infection need to be further validated in preclini-
cal studies. Our recommendation is that ivermectin should be
considered as a possible treatment for SARS-CoV-2 infection
in a randomized clinical study, both alone and in combination
with hydroxychloroquine.

Convalescent Plasma as a Treatment for COV-
ID-19

Most patients develop SARS-CoV-2 neutralizing antibodies
after recovery from COVID-19. Their convalescent plasma is
an economically reasonable tool that could be used as treat-
ment for COVID-19. On an emergency basis the Food and
Drug Administration (FDA) has approved convalescent plas-
ma (CP) for the treatment of severely ill with immediately life-
threatening symptom due to COVID-19 infection [40]. CP has
been tested in a pilot study including a small group of patients
and the result was promising, however further studies with a
larger cohort is needed to establish the potential clinical benefit
and exclude the possible risk of convalescent blood products
in the treatment of COVID-19 patients. If the CP hypothesis is
confirmed in a larger cohort studies, CP treatment could be the
best COVID-19 treatment to date.

Generation of Monoclonal Antibodies Against
COVID-19 as a Possible Treatment

Neutralizing antibodies are important components of the im-
munity against viral infections. Engineered antibodies (im-
munoglobulins) have been developed for a wide spectrum of
therapeutic indications and are being used in recent years as
an efficient way of treating certain diseases such as cancer and
rheumatoid arthritis [32]. The antibody concept as a treatment
is exciting with a potential to revolutionize the treatment of
many aggressive viral conditions such as COVID-19 [41]. The
structure of S-protein is known [26] and could be used as an-
tigen to produce antibodies. Monoclonal antibodies targeting
the receptor-binding domain aim to block the virus entry into
target cells, and have a great potential to be used in COVID-19
prevention/treatment while we are waiting for a successful
vaccine to be developed.

The S-protein of SARS-CoV-2 seems to be the most prom-
ising part of the virus particle for antibody development. By
binding the S-protein of the virus, the antibody inhibits the vi-
rus ability to interact with the host cells ACE2, which prevents
the viral invasion and pathogenicity and at the same time the
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antibody-virus complex making the virus a identifiable targets
for the host immune defense cells.

The Possible Effect of SARS-CoV-2 on the
Erythrocytes

Multiple clinical evidences as well as pathological reports have
suggested that most COVID-19-associated mortalities have
been due to multi-organ failure, pneumonia and ARDS [5, 25].
The difficulty in breathing and the low blood oxygenation in
SARS-CoV-2-infected patients have been linked to a reduced
gas exchange in the alveoli due to an exacerbated released of
inflammatory factors and local inflammation [30].

A computational-modeled hypothesis for additional
mechanism of action of the SARS-CoV-2 virus involves he-
moglobin in red blood cells, i.e., erythrocytes [60]. According
to a reported study by Wenzhong et al, SARS-CoV-2 could
have the ability to interact with the heme group in hemoglobin
[60]. This is an important hypothesis, since previous reports
have revealed that a high percentage of COVID-19 patients
suffer from hypoxia despite a well functioning cardio/pulmo-
nary system [2, 5]. Hypoxia alone or in combination with oth-
er SARS-CoV-2-induced inflammatory factors can cause mul-
ti-organ failure [61]. Previous reports have also revealed that
hemoglobin levels in most COVID-19 patients are decreased,
while ferritin levels as well as the erythrocyte sedimentation
rate, C-reactive protein (CRP) and lactate dehydrogenase, all
markers of hemolysis, in parallel with CRP (markers of in-
flammation) are significantly increased [62].

If SARS-CoV-2 targets red blood cells causing damage,
they will probably lose the capability of carrying oxygen in
sufficient quantities as during normal conditions. Some recent
reports [61] show that in severely ill patients during hospitali-
zation, even the use of a ventilator does not help, indicating
that despite a still functioning lung the blood cells might not be
able to bind and carry oxygen in a sufficient way.

A majority of patients who have died due to COVID-19
in the western world, have died from hypoxia as well as
hypoxia-induced multi-organ failure [61]. A logical expla-
nation for the observed hypoxia, elevated levels of ferritin
as well as multi-organ failure in COVID-19 patients is that
coronavirus interacts with the heme group of hemoglobin in
the erythrocytes causing hemolysis. This hypothesis needs to
be confirmed by more preclinical and clinical cohort stud-
ies. Treatment with erythropoietin (EPO), a widely tested
supplementary medication for the management of anemia
[42], could also be considered as a constituent medication
for COVID-19 treatment alone or as an adjacent to other an-
tiviral agents.

COVID-19 and Blood Thromboembolism

SARS-CoV-2 is aggressively attacking the pulmonary tissues
and causes an atypical pneumonia that in some patients is con-
verted into a typical bacterial pneumonia. Some cases have re-
portedly been successfully treated with antibiotics while others
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did not respond to antibiotics and were converted to ARDS,
culminating in septic shock and consequently death [5, 29].

There have been reports showing that 20-25% of the hos-
pitalized patients in the intensive care unit (ICU) with COV-
ID-19-associated pneumonia have markedly increased blood
clotting problems (hypercoagulability) [63, 64]. The actual
mechanisms behind SARS-CoV-2-induced blood clotting is
not fully understood, but it seems to be in part dependent on lo-
cal inflammation as a consequence of a cytokine storm within
the lungs, which specifically affecting type II alveoli as well
as damaging of adjacent microvascular blood vessels, trigging
blood clotting (thromboembolism) to develop [65]. However,
this scenario has also been reported earlier for ARDS patients
hospitalized under ICU [66] where multiple small and tiny
clots, so called microthrombi could be detected in the micro-
vasculature of lung.

As pulmonary epithelial cells and vascular endotheli-
al cells in the lungs express high levels of ACE2 and since
SARS-CoV-2 enters the cell by binding ACE2, this would suc-
cessively lead to a dramatically reduced cell surface expres-
sion of ACE2 due to internalization [67]. This in turn causes
elevated levels of angiotensin II and consequently to an insuffi-
cient quantity of angiotensin I - VII. Angiotensin II is a power-
ful vasoconstrictor exerting inflammatory and oxidative effects
on the vascular endothelial and smooth muscle cells that are
associated with atherosclerosis and thrombosis [68].

An adequate and sufficient cell membrane expression of
ACE?2 is of importance for normal physiology of the blood, pul-
monary and cardiovascular system [69]. Down-regulation of
ACE2 per se leads to an increased pneumonia as well as micro-
thrombi formation and pulmonary vasoconstriction, i.e., con-
striction of the all small pulmonary blood vessels [43]. Each of
these two conditions, i.e., lack of presence of functioning ACE2
or an imbalance between angiotensin I - VII and angiotensin II
by itself is reportedly associated with increased hypoxia and
combination of these conditions due to COVID-infection, will
dramatically increase hypoxia intensity and duration. Admin-
istration of angiotensin I - VII to counteract the unbeneficial
effect of the elevated angiotensin II, could have some positive
effects on preventing vasoconstriction, generation of oxygen
radicals and pulmonary cell damages; however the effects
might not be as efficient as the presence of anticoagulants [70].

We suggest that, as for patients admitted to ICU for other
ailments receiving anticoagulants, COVID-19 patients should
also be considered to be given a low dose of anticoagulants
for prophylactic purposes along with other treatments, unless
a contraindicated medical situation is prohibitive, i.e., if there
is a risk of bleeding.

Other Preventive Therapies

Although not scientifically established, specific vitamins and
antioxidants could have positive effect on a COVID-19 infec-
tion. From a general perspective view some vitamins, e.g., vita-
mins C and D, as well as antioxidants such as N-acetylcysteine
(NAC) are important for a proper function of the immune sys-
tem. There are ample of evidence-based studies showing that
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vitamin C, vitamin D or NAC supplementation reduces the in-
cidence of clinically apparent disease (NAC), the probability
of sepsis progression (vitamin C), contracting respiratory tract
infection (vitamin D) caused by either bacterial or viral ori-
gin [44, 70-73]. Hence, obtaining the recommended levels of
vitamins and antioxidant in blood would certainly have some
effect on the prevention or mitigation of COVID-19 symptoms
by improving the functionality of the immune system.

The use of vitamin C in COVID-19 treatment

It has been reported that people deficient in vitamin C (ascorbic
acid) are more prone to develop pneumonia with respiratory
infections [10, 71]. Furthermore, it is well documented that
vitamin C exerts an antioxidant activity capable of reducing
oxidative stress, suppressing the generation of inflammatory
markers and enhancing immune cell function that subsequently
should shorten the infection period, as it has been reported for
the influenza epidemic [45]. It should also be recalled that an
adequate daily uptake of vitamin C to maintain a normal blood/
plasma level is important for a proper collagen production by
the pulmonary- and vascular-cells [46]. Vitamin C can neither
prevent nor cure SARS-CoV-2, but due to other function such
as helping the immune system, vitamin C could play an impor-
tant role in the overall recovery of the body during a SARS-
CoV-2 infection. We believe that daily doses of 70 - 90 mg/kg
of vitamin C during hospitalization of SARS-CoV-2 patients
could shorten the disease period and speed up the recovery in a
similar way that has been reported for the influenza virus [29,
45, 47]. It should be mentioned that some clinical trials have
demonstrated promising data on prevention of mortality in sep-
sis, but more extensive studies would be necessary to validate
our conclusion regarding the effect of vitamin C on SARS-
CoV-2 treatment.

Vitamin D and COVID-19 treatment

Vitamin D (after its activation by two hydroxylations) is
known to be involved in the regulation of Ca?>*/PO4- homeo-
stasis in the body; and there is ample of evidence showing that
vitamin D is an important player in immunomodulation [48,
49]. The normally low expressed vitamin D receptor (VDR)
on immune cells, i.e., macrophages, monocytes, as well as in
B and T lymphocytes increases considerably as a result of in-
flammatory and immunological stimuli [48, 49]. Activation of
VDR by vitamin D is an important factor in promoting innate
immune response, by enhancing the production of anti-path-
ogenic agents such as cathelicidin, beta defensins and NFkB
by tissue macrophages [72]. Vitamin D deficiency or down-
regulation of VDR allows pathogens to accumulate in blood
[72] and tissue, and the weakened innate defense, due to less
developed immune cells further causes susceptibility to addi-
tional infections.

Although previous epidemiological and in vitro data have
shown that vitamin D supplementation could decrease the risk
of acute respiratory tract infection in randomized controlled
trials [73], no direct antiviral effect of vitamin D has been re-
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ported. This however, does not rule out the possible immu-
nomodulatory action of vitamin D during a viral infection.
Patients suffering from chronic obstructive pulmonary disease
who have lower baseline vitamin D have reportedly responded
with great clinical benefit from supplementation [50, 51]. In
addition to its modulatory effect on the immune system, vita-
min D also plays an important role in membrane stabilization
of endothelial/epithelial cells in the respiratory organ, which
make them more resistant to pathogenic infections [72]. Vi-
tamin D could not exert any antiviral action directly, but we
believe that the presence of an adequate level of vitamin D is
necessary for combat of any pathogenic infection and could
shorten the duration of SARS-CoV-2 infection.

NAC supplementation

It has long been known that NAC supplementation is associ-
ated with a relief of flu-like symptoms and shorten the period
of illness and severity [44]. In a previous report, it was shown
that in a randomized double-blind trial NAC supplementation
(600 mg) twice daily for 6 months, significantly attenuated the
severity of influenza-like symptoms especially in high-risk in-
dividuals, although it did not reduce the prevalence of influ-
enza in the treated population [37]. In the NAC-treated group
only 25% compared to 80% in the placebo group suffered from
influenza symptoms [44]. NAC is known to be essentially an
antioxidant and also to be able to compensate and replenish a
reduced level of glutathione in the liver that occurs during oxi-
dative stress when the body is exposed to toxins or pathogenic
infections [44]. We believe that NAC, not alone but in combi-
nation to other treatment remedies could be of importance in
the relief of COVID-19 symptoms and severity.

Traditional herbal supplementation and COVID-19

The possible immunomodulatory effects of certain herbals
such as B-glucans as well as several phytopharmacs and Chi-
nese medicines have been previously documented. Of these
substances, B-glucans are of particular interest since they have
been well studied with demonstrated immunomodulatory ef-
fects. The B-glucans are a heterogeneous group of glucose
polymers that are the major cell wall structural components
in fungi as well as plants and some bacteria [74]. It has been
reported that in vivo administration of -glucans would poten-
tiate host responses against a variety of conditions, including
tumor development and infection with fungal, bacterial, viral,
and protozoal pathogens [75]. Consequently, B-glucans have
also been used as prophylactic agent for the prevention of in-
fections in surgical patients, with promising results. In another
study it was showed that B-glucans can enhance immunity by
increasing the levels of cytotoxic cells such as natural killer
(NK) cells and macrophages, which will be the actual line of
defense against the viruses [74, 75]. There is also reported
that NK cell activity was significantly increased by B-glucans
in patients with Leishmania amazonensis infection [74]. Al-
though, B-glucans have not yet been subjected to a clinical
study in COVID-19-infected subjects, its supplementation
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Table 3. Combination Medications/Treatments Against COVID-19

Medication Status Outcome References

Hydroxychloroquine and azithromycin on Finalized Reduced in-hospital mortality in patients [78]

mortality in patients with COVID-19 treated with a combination treatment

Hydroxychloroquine and azithromycin Finalized Reduction in COVID-19 associated mortality [79]

Interferon beta-1b, lopinavir/ritonavir, and ribavirin Finalized Early triple antiviral therapy was safe and [80]
superior to lopinavir/ritonavir alone in alleviating
symptoms and shortening the duration

Remdesivir and interferon beta-1a Ongoing Ongoing [81]

Remdesivir and tocilizumab in hospitalized Ongoing Ongoing [82]

participants with severe COVID-19

pneumonia (REMDACTA)

Intravenous immunoglobulin and remdesivir Ongoing Ongoing [83]

Clinical trials comparing the effect of mono- vs. combination drug therapy of COVID-19 patients. COVID-19: coronavirus disease 2019.

can be a potential strategy against COVID-19 infection, due
to its immune-enhancing activity in terms of IFN-y-increasing
capability [76] whose suppression is characteristic pattern of
SARS-CoV-2 infection [77]. It seems that B-glucans exert a
general immune-boosting activity and thus can have a benefi-
cial and protective effect against a wide range of septic condi-
tions. We believe that daily supplementation of recommended
amounts of B-glucans should have some preventing effects not
only on SARS-CoV-2 but also on other viral infections as well.

SARS-CoV-2-Induced Pneumonia

SARS-CoV-2 infection induces immune hyper activation
which in turn causes an increased release of pro-inflammatory
cytokines in parallel with the suppression of anti-inflammatory
cytokines (Fig. 2 [29, 32]), attracting immune cells, especially
neutrophils, to infiltrate pulmonary capillaries [5, 29, 61, 65,
66]. Increase in neutrophil extracellular traps (NETs) that main-
ly consist of released double-stranded DNA as well as proteins
and hyaline membrane brings an acute fibrin deposition and ex-
travasation in the alveolar space. Normally endogenous deoxy-
ribonucleases (DNases) is capable of degrading this extracellu-
lar DNA and NETs, however during the SARS-CoV-2-induced
cytokine storm it becomes overwhelmed by the massive influx
of NETs. The sudden increase of the viscous and thick mucus in
the alveolar space of the pulmonary tissue makes gas exchange
and ventilation very difficult for COVID-19 patients, in a simi-
lar way as it has been reported for cystic fibrosis. Hence, me-
dicament used in the treatment of cystic fibrosis could also be
of great benefit for COVID-19 patients. One such substance is
the recombinant human DNase I (thDNase), e.g., dornase alpha
[52], which should be considered as a supplement in the treat-
ment of COVID-19 pneumonia, which is one underlying cause
of respiratory failure and death.

Conclusions

Although an effective and well-functioning vaccine is highly
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desirable for the prevention of the SARS-CoV-2 infection,
in anticipation of such a vaccine, a number of already exist-
ing drugs used to prevent similar viral diseases reasonably
might be considered for the treatment of COVID-19 patients.
However, in terms of a pharmacological treatment method for
COVID-19, it is important to focus on a combination therapy,
i.e., using antiviral agents that target different part of the viral
life cycle in combination with other drugs targeting pulmonary
tissue to restore respiratory function and anti-inflammatory
drugs to counteract pro-inflammatory cytokines. However, at
an early stage of the infection, treatment with remdesivir in
combination with SARS-CoV-2 neutralizing antibodies seems
promising. Unfortunately in a vast majority of clinical trials
performed so far, the treatment was based on a monotherapy
regimen (the use of only one drug candidate) while for the
combat of the aggressive SARS-CoV-2 virus a combination
of at least two to three drugs that are targeting different path
of the viral replication in the body could be more effective and
should be introduced in an early stage of infection. In support
of our hypothesis, there are several ongoing clinical trials on
COVID-19 patients [78-80] demonstrating a more satisfactory
treatment effects when using a combination of the above men-
tioned drugs that targets different part of the SARS-CoV-2 life
cycle (Table 3 [78-83]).

In addition, since hypoxia and thromboembolism are also
common features of severely ill COVID-19 patients, if nec-
essary drugs that prevent such a harmful pathophysiological
conditions should also be considered as supplements to the
direct-acting antiviral drugs.

Limitations of proposed pharmacological therapy

A vaccine is the best option to prevent the COVID-19 pandem-
ic. In the absence of a vaccine, existing pharmacological agents
are of high value in the treatment of COVID-19 symptoms.
The main limitation for the proposed combined pharmacologi-
cal therapy is the limited experience in testing pharmaceutical
compounds both in mono- and as a combination-therapy in a
suitable SARS-CoV-2 cell system or animal models. In partic-
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