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ABSTRACT

Background: Neither pre-exposure nor post-exposure chemo-prophylaxis agents are currently available to prevent
COVID-19. On the other hand, high loads of SARS-CoV-2 are shed from the nasal cavity before and after
symptoms onset.

Objective: To conduct a scoping review on the available evidence on tolerable nasal disinfectants with encour-
aging health outcomes against SARS-CoV-2, i.e., agents effective against at least two different viruses beyond
SARS-CoV-2.

Methods: Online databases were searched to identify papers published during 2010-2020. Publications were
selected if they were relevant to the scoping review. The review was narrative, describing for each treatment the
mechanism(s) of action, tolerability, in vitro and in vivo evidence of the effects against SARS-CoV-2 and whether
the product had been marketed.

Results: Eight treatments were scrutinized: hypothiocyanite, lactoferrin, N-chlorotaurine, interferon-alpha,
povidone-iodine, quaternary ammonium compounds, alcohol-based nasal antiseptics and hydroxychloroquine.
In vitro viricidal effect against SARS-CoV-2 was reported for ethanol, alcohol-based hand sanitizers and
povidone-iodine. Inhibition of other coronaviruses was described for lactoferrin, ethanol, hydroxychloroquine
and quaternary ammonium compound. No treatment has been tested against SARS-CoV-2 in randomized
controlled clinical trials thus far. However, interferon-alpha, lactoferrin and hydroxychloroquine were tested in
one-arm open label uncontrolled clinical trial. Oxidant activity (hypothiocyanite, N-chlorotaurine and povidone-
iodine), enhancement of endocytic and lysosomal pH (quaternary ammonium compounds and hydroxy-
chloroquine) and destruction of the viral capsid (quaternary ammonium compounds, alcohol-based nasal anti-
septics) were the main mechanisms of action. Lactoferrin and interferon-alpha have subtle biological
mechanisms. With the exception of N-chlorotaurine, all other products available on the market.

Conclusions: Effective and safe chemo-prophylactic drugs against SARS-CoV-2 do not exist yet but most eligible
candidates are already in the market. Whilst the human nasal cavity is the port of entry for SARS-CoV-2, the
mouth is involved as exit site through emission of respiratory droplets. The well-known hand-to-nose-to-hand
cycle of contamination requires appropriate additional strategies for infection control. To narrow down the
subsequent laboratory and clinical investigations, a case-control approach could be employed to compare the use
of candidate drugs among individuals testing positive and negative to COVID-19 swabs.

1. Background

1.1. Rationale

novel beta coronavirus SARS-CoV-2, has been declared a pandemic

affecting 213 countries as of August 26, 2020 (Worldometers, 2020).
Unlike SARS-CoV-1, SARS-CoV-2 seems to replicate efficiently in the

upper airways during the incubation period, which is estimated to last

The current coronavirus disease 2019 (COVID-19), caused by the up to 14 days (Heymann and Shindo, 2020; World Health Organization,
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2020a). During this prodromal stage, asymptomatic and
pre-symptomatic individuals release large amounts of viruses from
infected cells (World Health Organization, 2020a). As a result, viral
transmission is more effective with SARS-CoV-2 than with SARS-CoV-1,
which conversely was contagious only during the active/critical phase
of the disease (World Health Organization, 2020a). Furthermore, human
coronaviruses which may cause common cold are known to cause res-
piratory re-infections regardless of pre-existing humoral immunity
(Gorse et al., 2020; Cegolon et al., 2020). Therefore, there are two issues
with COVID-19: the high transmissibility of the virus and a variable
clinical pattern of the disease, which can range from
pre-symptomatic/asymptomatic condition to life threatening pneu-
monia featured by severe acute respiratory syndrome (SARS) and hy-
percoagulable state (World Health Organization, 2020a, Cegolon et al,
2020).

The high risk of contagion from SARS-CoV-2 has been tackled so far
by infection prevention and control (IPC) measures such as self-
isolation, social distancing, quarantine of contacts, use of personal
protective equipment (PPE), travel restrictions and other limitations to
the freedom of movement of individuals. However, the effect of each
intervention in containing the spread of SARS-CoV-2 has not been
evaluated yet (Kucharski and Eggo, 2020).

Currently, the World Health Organization and the European Center
for Disease Prevention and Control guidelines recommend testing only
symptomatic individuals and close contacts of a confirmed COVID-19
case (European Centre for Disease Prevention and Control, 2020;;
World Health Organization, 2020b). Whilst in the initial stage of the
epidemic a symptom-based screening strategy was useful with the aim to
treat and isolate infected cases, COVID-19 outbreaks in care homes and
hospitals suggest that the current IPC measures are inadequate and have
failed in several countries (Gandhi et al., 2020; Arons et al., 2020).
Furthermore, the above IPC measures are not sustainable in the long
run, as they would severely ruin the economies of countries heavily
affected by COVID-19. The clear need to relax/avoid the lock down
measures enforced in many countries prompts for a revised approach to
reduce the transmission of SARS-CoV-2 from
asymptomatic/pre-symptomatic individuals, until a pharmacological
intervention (ideally a vaccine or a chemoprophylaxis) will hopefully
become available (Gandhi et al., 2020). As explained above, the problem
with COVID-19 is the transmission from
asymptomatic/pre-symptomatic individuals, a phenomenon particu-
larly critical in care homes and hospitals, where more than half residents
testing positive might not develop symptoms (Heymann and Shindo,
2020; Gandhi et al., 2020). In Los Angeles families have been advised by
the Public Health Department to remove their relatives from care homes
to reduce health risk of community outbreaks of COVID-19 (Dolan and
Hamilton, 2020).

Mass testing has been considered in various countries as a possible
strategy to reduce the transmission of SARS-CoV-2 from asymptomatic/
pre-symptomatic individuals (Gandhi et al., 2020). Nonetheless, mass
testing on defined and contained outbreak clusters (as done in South
Korea) may be sensible, not in the current global scenario though, with
an ongoing pandemic (Balilla, 2020). Not to mention that mass testing is
probably far beyond the capacity of microbiology laboratories even in
high-income countries. However, restricting mass testing to high risk
congregate settings, such as care homes, hospitals, mental health facil-
ities, prisons and schools may be appropriate (Gandhi et al., 2020). In an
outbreak reported from a care home in Washington State, hosting a total
of 76 residents, 27 of the 48 residents testing positive for COVID-19 at
real time PCR were asymptomatic during the 14 days preceding the test
(Arons et al., 2020).

High loads of SARS-CoV-2 are shed from the nasal cavity into the
environment also before symptoms onset (Heymann and Shindo, 2020;
Gandhi et al., 2020) and transmission of SARS-CoV-2 from asymptom-
atic individuals has been described (Rothe et al., 2020; Yu et al., 2020;
Bai et al., 2020). Unnoticed, asymptomatic cases of COVID-19 might
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therefore constitute an important source of contagion, as endorsed by
recent evidence from the China’s National Health Commission, report-
ing that the vast majority of infections (four out of five) were totally
asymptomatic. In particular, 130 out of the total 166 new infections
identified in China on April 1, 2020 had no symptoms whatsoever (Day,
2020).

Although asymptomatic individuals testing positive for SARS-CoV-2
are enforced to quarantine for 14 days, mass testing would yet not
resolve the endemic presence of the virus in the general population, a
condition posing the risk of repeated resurgences of outbreaks, espe-
cially with cold weather conditions (Cegolon et al, 2020; Cegolon and
Mastrangelo, 2020). There is in fact evidence that the transmissibility
and viability of SARS-CoV-2 reduces importantly with hot and humid
climate (Cegolon et al., 2020; Matson et al., 2020; Wang et al., 2020), as
confirmed by the diminished spread of the novel coronavirus with
increasing relative humidity from 23.33% to 82.67% (p-value = 0.002)
and with increased weather temperature from —13.17 °C to 19 °C
(p-value = 0.003) observed in Chinese cities during January—March
2020 (Yao et al., 2020).

The protective effect of humoral immunity against human corona-
viruses is still debated, and some evidence even points out a potential
Antibody Dependent Enhancement (ADE) triggered by secondary in-
fections featuring the severe/critical forms of COVID-19, as with other
viral diseases such as Dengue, SARS-CoV-1, MERS-CoV and the West
Nile Virus. (Cegolon et al. 2020). Given the potential of reversed and
untoward consequences following relaxation of the above IPC measures,
especially during cold months, and in absence of a specific registered
treatment or vaccine against SARS-CoV-2, there is a clear and urgent
need to find alternative solutions to prevent and control the replication
of the virus and the spread of COVID-19 among humans (Yu et al.,
2020).

COVID-19 is a rapidly evolving pandemic. Asymptomatic individuals
testing positive for SARS-CoV-2 and enforced to self-isolate at home
were in Italy about 40% of all positive individuals at the beginning of the
epidemic, then becoming >80% following the end of full lockdown
(GEDI visual, 2020). Fig. 1 reports the corresponding changes as per-
centage or odds; the latter detects the improvement of the index score
better than the former because it is able to overcome the ceiling effects.

Therefore, in addition to an effective treatment for symptomatic
patients, there is an urgent need to abate the carriage of SARS-CoV-2 in
the human nasal cavity of asymptomatic/pre-symptomatic individuals,
in order to contain the transmission of the novel coronavirus within the
community.

1.2. Objectives

To find tolerable topical nasal disinfectants featured by encouraging
efficacy against SARS-CoV-2, e.g. drugs effective against at least two
different viruses beyond SARS-CoV-2, with similar viral/molecular
structure.

2. Methods

PubMed was investigated using “Anti-Infective Agents, Local” and
“Anti-Infective Agents, Nasal” as key words and applying the filters
“Age: 19+ years”, “Humans” and “English” to identify papers published
during 2010-2020. The 255 publications returned by the system were
scrutinized by inspection of title and abstract. The majority of papers
dealt with drugs against methicillin resistant Staphylococcus aureus
(generally, mupirocin in nose associated with either chlorhexidine or
hexachlorophene body wash). The pharmacological agents relevant for
the present scoping review were: povidone-iodine solution (reported by
7 papers), alcohol-based nasal antiseptics (2 papers), quaternary
ammonium compounds (1 paper) and N-chlorotaurine (1 paper).
Furthermore, “nasal disinfection” was used as search term in three on-
line repositories of preliminary not peer-reviewed reports. The
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Fig. 1. Daily trend of asymptomatic persons who tested positive for SARS-Cov-2 and were enforced to home self-isolation in Italy, from March 1 to June 30, 2020.
Prevalence is expressed as percentage (orange line and left vertical axis) or odds (grey line ad right vertical axis). (For interpretation of the references to colour in this

figure legend, the reader is referred to the Web version of this article.)

treatments found were: povidone-iodine solution and interferon-alpha
(2 papers from MedRxiv), hypothiocyanite (2 papers, of which 1 from
SSRN) and alcohol-based nasal antiseptics (1 paper from arXiv).

Every cited treatment was used as key term to find additional in-
formation from different electronic databases. The abstracts of the
original articles were explored for the following terms: mechanism(s) of
action, tolerability and any evidence of toxic effects or selection of
resistant strains, whether the treatment was tested in vitro (in particular
against SARS-CoV-2), or reached the clinical trials stage, or is currently
marketed/promoted/sold.

3. Results

8 treatments were scrutinized: hypothiocyanite (OSCN ™), lactoferrin
(LF), N-chlorotaurine (NCT), interferon-alpha (IFN-a),
polyvinylpyrrolidone-iodine (PVP-I), hydroxychloroquine (HCQ), qua-
ternary ammonium compounds and alcohol-based nasal antiseptics.

3.1. Hypothiocyanite

The lactoperoxidase (LPO) is a heme peroxidase present in several
exocrine secretions, including the interface of human airways epithe-
lium, which produces different anti-infectious agents in presence of
hydrogen peroxide (H205), principally from halide (the iodide anion I7)
and pseudo-halide (thiocyanate, also known as anion SCN™) substrates
(Bafort et al., 2014). Both SCN™ and I act as one-electron donors, HyOo
works as a relatively specific electron acceptor, whereas LPO is the
catalyzing enzyme. By undergoing two oxidations, the native LPO do-
nates two electrons to HoO», which is reduced to water. At that point,
LPO is reduced back to its native state. Whether the required bio-
chemical/environmental conditions are satisfied, LPO produces the
active antimicrobial molecules OSCN™ (hypothiocyanite) or OI”
(hypoiodite) in presence of SCN™ or I respectively (Bafort et al., 2014).

In Fig. 2, R-SH is a peptide or protein with a thiol moiety essential for
the activity of numerous enzymes and proteins. Sulphydryl oxidation of
R-SH by OSCN™ or OI" generates sulfenyl thiocyanate (R-S-SCN) or
sulfenyl iodide (R-S-I), determining inhibition of bacterial glycolysis,
respiration and glucose transport. Inhibition of the pentose phosphate
pathway was also observed only for OI", with sulfenic acid (R-S-OH) as

well as SCN™ or I formed at the end of the cycle. Either SCN™ or I react
with the native LPO and the cycle restarts. The anti-microbial activity of
the entire system (enzyme plus substrates) is known to be more effective
than hypothiocyanite or hypoiodite alone and has been explained by the
production of short-lived, highly reactive intermediates (Bafort et al.,
2014). Furthermore, the activity of the I" peroxidase system is more
effective against E. coli than the SCN™ system, in that lower I concen-
trations are necessary (Bafort et al, 2014).. The I peroxidase system
deserves to be tested in vitro against the new coronavirus.

Additionally, OSCN™ seems able to alter the surface proteins of
different respiratory viruses, probably by oxidizing free thiol radicals
and creating disulfide bonds (Alaxia, 2020), thus contrasting the binding
of viruses with the human airways mucosae. OSCN™ may also arguably
hamper the synthesis and assemblance of viral proteins and nucleic
acids, thus interfering with the release of viruses from infected cells
(Day, 2020; Cegolon et al., 2014; Cegolon, 2020).

The products of the LPO extracellular oxidative complex is part of the
human natural protective system of central airways against pathogen
threats (Day, 2020; Alaxia, 2020; Cegolon et al., 2014; Cegolon, 2020).
Due to the need of maximizing gas exchange, alveolar epithelial cells
cannot contain strong protective structures. The latter cells are fragile
and vulnerable to infectious agents, as shown by the diffuse alveolar
damage discovered in two patients undergoing surgical resections for
lung adenocarcinoma, later discovered to be affected also by COVID-19
pneumonia (Tian et al., 2020). Bronchi were not reported to be as
vulnerable as alveoli in the same study (Tian et al., 2020).

The lack of LPO/H202/SCN™ system in nasal and eye secretions of
humans may explain the survival and proliferation of bacteria and res-
piratory viruses in the mucosae of conjunctiva and nose and their sub-
sequent shedding in the environment (Tenovuo et al., 1986; Marcozzi
et al., 2003; Mastrangelo et al., 2005, 2009; Schaffer et al., 1976; Couch,
1995). At micromolar concentration, the reactive mixture
LPO/H302/0SCN™ proved cidal activity against a range of bacteria
(Gram positive and negative), fungi (Candida albicans and Candida
krusei) and viruses as HIV, herpes-simplex virus (HSV-1), adenovirus,
echovirus, respiratory syncytial virus (RSV) and influenza virus
(Moskwa et al., 2007; Conner et al., 2007; Carlsson et al., 1984; Thomas
and Aune, 1978; Ihalin et al., 1998; Reiter et al., 1976; Patel et al., 2018;
Lenander-Lumikari, 1992; Mikola et al., 1995; Pourtois et al., 1990;
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Fig. 2. Lactoperoxidase cycle [from Bafort et al., 2014), modified]: SCN~, thiocyanate; 1", iodide; H202, hydrogen peroxide; LPO, lactoperoxidase; OSCN ™,
hypothiocyanite; OI" hypoiodite; R-SH, peptide or protein with a thiol moiety; R-S-SCN or R-S-1, sulfenyl thiocyanate or sulfenyl iodide; and R-SOH, sulfenic acid.

Gingerich et al., 2016).

In a recent experiment in-vitro, OSCN™~ produced by the oxidase/
LPO/H302/thiocyanate system rapidly and effectively inactivated A/
swine/Illinois/02860/09 (swH1N2) influenza A virions, successfully
preventing the infection of both primary human and male Sprague-
Dawley rat trachea-bronchial epithelial cells (Gingerich et al., 2016).

In a more recent in-vitro cell-free experiment, all 12 different strains
of influenza A and B viruses (the major circulating serotypes and species
causing epidemics) were effectively inactivated by the LPO/H20y/
(SCN/I") system (Patel et al, 2018). Considering the
strain-independent effect, the authors of the latter study encouraged a
pharmaceutical application of the LPO/H205/(SCN™/I") system in vivo
to contribute to the clearance of influenza virus (Patel et al., 2018).

Another laboratory experiment challenged enzyme free OSCN™
against A/HIN1 2009 pandemic influenza virus in-vitro, showing an
evident dose-dependent viricidal activity, without cell toxicity (Cegolon
et al., 2014). Considering a demonstrated wide spectrum cidal effect
(Cegolon and Mastrangelo, 2020; Patel et al., 2018), not targeting spe-
cific proteins, it could be reasonably argued that OSCN™ may be effec-
tive also against SARS-CoV-2 and would therefore deserved to be tested
in vitro (Cegolon et al., 2014; Cegolon, 2020). Since it is already natu-
rally present in human airways secretion and considering its large
spectrum of action, a low level of resistance due to viral mutations and
limited adverse reactions can be predicted with OSCN™ (Cegolon and
Mastrangelo, 2020; Cegolon et al., 2014; Cegolon, 2020). If effective in
vitro against SARS-CoV-2, in vivo aerosol trials with enzyme free OSCN™
could be subsequently undertaken with the aim of providing a short
term-prophylaxis for the transmissibility of SARS-CoV-2, by clearing any
individual COVID-19 positive at real time PCR.

OSCN™, alone or in combination with lactoferrin (LF), is already
being tested in a phase 1 clinical trial (RCT02598999) on healthy vol-
unteers and patients affected by cystic fibrosis and bronchiectasis
(Alaxia, 2020).

The LPO/H202/SCN™ system is also a commercially available non-
prescription product (Zendium) used as toothpaste and mouthwash.

3.2. Lactoferrin

Lactoferrin (LF) is a natural multifunctional protein belonging to the
family of transferrin. It is present in the human milk and can be found in
external secretions such as saliva, tears, milk, nasal and bronchial se-
cretions, gastrointestinal fluids and urine mucosal secretions. LF is an
important constituent of the neutrophilic granules of leukocytes (Far-
naud and Evans, 2003).

Due to its similarities to transferrin, LF has iron binding capabilities;
its iron is not released even at pH 3.5. This property ensures iron
sequestration in infected tissues, where the pH is typically acidic, pre-
venting the utilization of iron by pathogenic bacteria (Kell et al., 2020).

LF is a constituent of the human innate immune response and during
viral infections the expression of genes encoding LF was found to be
elevated by approximately 150 fold in SARS-CoV-1 patients compared
with healthy controls (Reghunathan et al., 2005). LF possesses strong

antiviral activity against a broad spectrum of RNA and DNA viruses,
such as HIV, Zika virus, Chikungunya, hepatitis C virus, cytomegalo-
virus, rotavirus, among others (Martorell et al., 2016; Serrano et al.,
2020; Carvalho et al., 2016; Berlutti et al., 2011; Wakabayashi et al.,
2004; Wang et al., 2018; Wrapp et al., 2020; Hofmann and Pohlmann,
2004).

The antiviral activity of LF takes place particularly when the virus
attacks the host cell, since LF prevents the virus from anchoring and then
entering the host cell (Lang et al., 2011). It has been reported that LF
binds to heparan sulfate proteoglycans (HSPGs), which are cell-surface
and extracellular matrix macromolecules that are composed of a core
protein decorated with covalently linked glycosaminoglycan chains
(Kell et al., 2020). HSPGs could serve as preliminary docking sites on the
host cell membrane and play an important role in the process of entry of
SARS-CoV-1 into the cell (Lang et al., 2011). As shown in Fig. 3, LF
blocks the infection of SARS-CoV-1 by competing with the virus for
HSPGs (Lang et al., 2011). This mechanism of action could prevent the
viral concentration on the cell surface, as well as to the specific entry
receptors (ACE2). It is still not presently known whether LF binds to
ACE2 though (Lang et al., 2011). LF may likely inhibit SARS-CoV-2 in-
vasion at micromolar concentrations and in a dose dependent fashion,
just as for SARS-CoV-1 (Lang et al., 2011). However, there is no current
confirmed evidence that SARS-CoV-2 binds to HSPGs, and whether
SARS-CoV-2 also enters host cells via HPSGs in the same way as
SARS-CoV-1 clearly warrants further investigation.

LF is available as an oral supplement and is widely used as a nutri-
tional additive for infants at doses ranging from 100 mg to 4.5g a day for
various indications without apparent toxicities (Peroni, 2020). There is a
list of 24 commercial products containing LF and available by the
American corporation Amazon.

A randomized, open-label, parallel-group clinical trial was con-
ducted to examine the effectiveness of sucking tablets containing LF and
LPO (LF + LPO) in alleviating symptoms of common cold and/or
influenza infection. Treatment and non-treatment groups (overall 407
subjects) were further classified into subgroups habitually wearing a
face mask, washing their hands, or gargling (Shin et al., 2018). The
incidence and duration of common cold, influenza infection and
gastrointestinal symptoms was not statistically different between treat-
ment and non-treatment groups. (LF + LPO) tablets were moderately
effective in significantly reducing the duration of fever higher than 38 °C
in the subgroup that did not wear a protective face mask (Shin et al.,
2018).

LF in its free form is degraded within the stomach by the action of
hydrochloric acid and hydrolytic enzymes. Newer formulations of LF
including encapsulation and liposomalization have been explored.
Another interesting observation is that zinc saturated lactoferrin can
apparently exert a more potent antiviral effect. This is of particular
relevance in COVID-19 as zinc supplementation has been proposed as a
possible therapeutic intervention for the disease (Zhang and Liu, 2020).
An oral supplement combining a liposomal bovine lactoferrin (LLF)
syrup (32 mg of LF/10 ml plus 12 mg of ascorbic acid) and a Zinc so-
lution 10 mg/10 ml 2-3 times a day and 4-6 times/day was
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B. In absence of Lactoferrin

HSPG ACE2 ~ON{

Fig. 3. Protective role of Lactoferrin (LF) in SARS-CoV infection. (A) LF blocks the infection of SARS-CoV by binding to cell surface heparan sulfate proteoglycans
(HSPGs). (B) In absence of LF, the anchoring sites provided by HSPGs allow the initial contact between SARS-CoV and host cells. SARS-CoV scans for specific entry
receptors, which leads to subsequent cell entry. [From Lang et al., 2011), modified].

administered for 10 days to 75 symptomatic COVID-19 patients tested
positive for IgM/IgG rapid test and self-isolated at home. A control
group was treated only with LLF. All patients, who were followed up for
one month, resolved their symptoms within 4-5- days since treatment
inception and a half dose of LLF on 256 household contacts was effective
to prevent SARS-CoV-2 infection (Serrano et al., 2020). Last but not
least, out of seven authors, six worked for Sesderma Laboratories, the
producer of all treatments used in the trial (Serrano et al., 2020).

As mentioned above, LF alone or in combination with OSCN™ is
already being tested in a phase 1 clinical trial (RCT02598999) on
healthy volunteers and patients affected by cystic fibrosis (Alaxia, 2020;
Cegolon, 2020).

3.3. N-chlorotaurine

N-chlorotaurine (NCT) is a natural oxidant part of the human defense
system which is produced in the body (HOCI + taurine — NCT + H0)
by the strongly toxic hypochlorous acid and the amino-acid taurine
(Gottardi and Nagl, 2010). Recently NCT was obtained by synthesis and
large quantities were available. This compound revealed an optimal
compromise between sufficient disinfecting power and good tissue
tolerability. NCT can be stored long-term at low temperatures, and has
killing activity against bacteria, fungi, parasites and viruses (Herpes
simplex virus type 1; Herpes simplex virus type 2; Adenovirus; Influenza
virus A and HIV-1). NCT can be applied to sensitive body regions as an
endogenous antiseptic. Tolerability was very good in the eye, skin,
mucous membranes and paranasal sinuses. The ciliary beat frequency of
epithelial cells of the nasal mucosa, a very sensitive parameter for
toxicity, was decreased only moderately and reversibly by 1% NCT
(Nagl et al., 2018). A special field of application of NCT is inhalation for
treatment of various infections. A phase I double-blind randomized
clinical study with test group (inhalation of 1% NCT) and a parallel
control group (0.9% NaCl as placebo) was carried out in two Austrian
centers. Among treated subjects the forced expiratory volume in the first
second (FEV1) was not reduced and blood analyses showed no abnor-
malities compared to the baseline values and to the control arm (Nagl
et al., 2018). Overall, there is no evidence of efficacy of NCT to clear the
nasopharynx from SARS-CoV-2.

3.4. Interferon-alpha

The interferon, discovered by virologists in 1957, is part of the
human anti-viral innate defenses and plays a critical role in anti-viral
immunity, interfering with the viral replication and spread with
different mechanisms, including inhibition of the cell metabolism and
downregulating the secretion of cytokines which stimulate the adaptive

immunity (Jakimovski et al., 2018). An in vitro investigation confirmed
the efficacy of IFN-a against SARS-like coronavirus infections (Zorzitto
et al.,, 2006). Animal tests have confirmed that IFN-a nasal spray can
effectively block or reduce SARS-CoV-1 infection-related damage in
monkeys (Enserink, 2004; Gao et al., 2005).

SARS-CoV-2 can inhibit the endogenous secretion of IFN by host
cells, thus in turn reducing their ability to suppress viral infections
(Cegolon et al, 2020). Therefore, the use of exogenous IFN is critical
with the severe form of COVID-19 (Zhou et al., 2020). A recent
open-label prospective study tested nasal drops of recombinant human
interferon alpha (rhIFN-a) on 2944 health care workers in China during
SARS-CoV-2 epidemics as follows (Meng et al., 2020):

e 2415 subjects (997 doctors and 1418 nurses with average ages of
37.38 and 33.56 years respectively) included in a “low-risk group”
were administered 2-3 drops/nostril/time of rhIFN-a, 4 times/day
for 28 days.

529 subjects (122 doctors and 407 nurses with average ages of 35.24
and 32.16 years respectively) were included in a “high-risk group”
and administered 2-3 drops/nostril/time of rhIFN-a, 4 times/day for
28 days, in addition to thymosin-a 11.6 mg hypodermic injection
once a week.

At day 28 no study subject was positive for COVID-19 and nobody
developed respiratory symptoms (Meng et al., 2020). The latter inves-
tigation was not a clustered, randomized study though. The control
group used was composed by medical staff affected by COVID-19
pneumonia and recruited from the epidemic area during the same
period reported in the literature, rather than a strictly parallel,
placebo-controlled group. In addition, the paper in its current form is a
preliminary report which has not been certified by peer review.

Although IFN is seemingly effective to disinfect the upper airways
from COVID-19, its use may be more appropriate for front-line in-
dividuals such as health care staff, especially considering its likely high
cost. Since the protocol entails also the injection of thymosin-a 11.6 mg
once a week, IFN does not seem of practical use in the general
population.

3.5. Polyvinylpyrrolidone-iodine

Polyvinylpyrrolidone polymer with iodine (PVP-I), also known as
povidone iodine, was discovered and marketed as disinfectant since
1955.

The air-liquid interface of human nasal epithelial cells cultures
collected from patients affected by chronic rhinosinusitis were recently
exposed in vitro to a 0.5% solution of PVP-I (Nasodine® licensed by
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Firebrick Pharma) (Ramezanpour et al., 2020). No cell toxicity was
observed on paracellular permeability or cilia beat frequency. The trans
epithelial electrical resistance of cultured cells was significantly reduced
only after 30 minutes exposure to Nasodine® (Meng et al., 2020).
Consequently, PVP-I could be considered as a safe therapy when used as
a mouthwash or taken nasally or used during ophthalmic surgeries.

The viricidal activity in-vitro of topical and oral PVP-I products
against SARS-CoV-2 was recently reported (Bidra et al., 2020). All four
products (antiseptic solution, PVP-I at 10%; skin cleanser, PVP-I at 7.5%;
gargle and mouth wash, PVP-I at 1%; and throat spray, PVP-I at 0.45%)
achieved > 99.99% viricidal activity against SARS-CoV-2 within 30
seconds of being in contact with the virus (Bidra et al., 2020). The use of
0.5% PVP-I was proposed among healthcare workers and their patients
to minimize the risk of the spread of COVID-19 in addition to the rec-
ommended IPC measures and PPE. A mouthwash or nasal spray con-
taining PVP-I may be an effective strategy both to combat the virus at its
point of entry and to reduce SARS-CoV-2 transmission through its
droplet emission from the mouth

A phase III clinical trial (ACTRN12619000764134) is ongoing to
assess the safety and efficacy of povidone-iodine nasal spray (Naso-
dine®) in the treatment of subjects affected by common cold, potentially
caused by human coronaviruses (Firebrick Pharma Pty Ltd., 1261).
PVP-I awaits clinical trial data confirming an effective activity of drug
against SARS-CoV-2.

Although it is an effective antiseptic, PVP-I may not be optimal for
pregnant women and children though. Hypothyroidism has in fact been
reported with povidone-iodine antiseptics in neonates. Furthermore,
transmission of SARS-COV-2 to breastfeeding infants through close
contact with an asymtpomatic mother has been reported (Jafari et al.,
2020). Transient hyper-thyrotropinemia can occur in neonates whose
mothers had been exposed to povidone-iodine as a skin disinfectant
during and after labour (Casteels et al., 2000).

3.6. Hydroxychloroquine

Hydroxychloroquine (HCQ), a less toxic derivative of chloroquine
(CQ), at micromolar concentration proved anti-viral activity against
SARS-CoV-2 in vitro (Liu et al., 2020), and its mechanism of action
entails the increase of pH of intracellular organelles, such as endo-
somes/lysosomes, essential for membrane fusion (Ashfaq et al., 2011).
In addition, CQ could inhibit SARS-CoV-1 entry through changing the
glycosylation of ACE2 receptor and the spike protein (Savarino et al.,
2006). Along with the derivative HCQ, CQ has even entered multiple
clinical trials. The evidence on the efficacy of HCQ to clear the naso-
pharynx from SARS-CoV-2 is relatively low, being founded only on one
small open-label non-randomized clinical trial, which did not confirm
clinical improvement of COVID-19 patients though (Gautret et al.,
2020). Furthermore, HCQ is featured by risk of side effects in terms of
QTc prolongation and haemolysis associated with deficiency of
glucose-6-phosphate dehydrogenase (Tilangi et al., 2020). On this note,
the Mayo clinic recommended baseline electrocardiogram monitoring
before commencing treatment of COVID-19 patients with HCQ (Giudi-
cessi et al., 2020). The efficacy of HCQ, also in combination with azi-
thromycin, has been questioned too, since it was not found to be
associated with a significantly reduced mortality among 1428 randomly
sampled COVID-9 patients admitted to 25 hospitals of the New York City
Metropolitan region (Rosenberg et al., 2020).

Lastly, nasal antimicrobials such as HCQ are typically not used on a
regular basis to reduce the subclinical colonization of micro-organisms
in humans because this strategy might lead to increased development
of resistant strains of bacteria/viruses.

3.7. Alcohol-based nasal antiseptics

SARS-CoV-2, SARS-CoV-1 and MERS-CoV are lipophilic enveloped
viruses relatively easy to inactivate by exposure to alcohols. Ethanol
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62-71% is among the reagents already proven effective to disinfect fo-
mites from SARS-CoV-1 and MERS-CoV within 1 minute (Kampf et al.,
2020). Sanitizers with at least 60% ethanol are recommended by the
USA Centre for Disease Control and Prevention (CDC) for hand hygiene
of health care staff against SARS-CoV-2 and (if foam/water are not
available) the general public too (CDC, 2020). In a recent study ethanol
at concentration >30% efficiently inactivated SARS-CoV-2 in suspen-
sion in 30 seconds (Kratzel et al, 2020). A further study confirmed that
two commercial formulated alcohol-based hand sanitizers (a gel and a
foam both with a 70% concentration of ethanol) marketed in the USA
achieved the abatement of SARS-CoV-2 in suspension below detectable
thresholds (>3 logio reduction) (Leslie et al, 2020). Saline nasal irri-
gations and ethanol oral rinses have been suggested as potential topical
measures for the prevention and control of COVID-19 (Casale et al.,
2020).

Two studies tested the effectiveness of alcohol-based antiseptics in
reducing nasal bacterial carriage in health care professionals at an urban
hospital center (Steed et al., 2014) or among colonized patients (Kanwar
et al.,, 2019), providing conflicting results though. A commercially
available, non-prescription product, Nozin Nasal Sanitizer antiseptic
was used as test agent in both latter studies. The safety-tested formu-
lation was composed of ethanol active combined with a mixture of
natural oil emollients and the preservative benzalkonium chloride.
Sterile phosphate-buffered saline with 0.017% peppermint oil as a
masking agent was used as placebo treatment control. Whilst 3 nasal
applications of the latter alcohol based antiseptic over 8 hours signifi-
cantly reduced the nasal carriage of S. aureus in health care staff (Steed
et al., 2014), the respective reduction among colonized patients was
only transient, becoming non significant at 8 hours (Kanwar et al.,
2019). Shintake recently proposed a controlled inhalation of ethanol
vapor obtained from readily available alcoholic beverages (whisky or
Japanese sake), to disinfect the human airways from SARS-CoV-2
(Shintake, 2020). Clinical research is recommended to investigate the
potential effect of alcohol-based nasal antiseptics against SARS-CoV-2,
evaluating also their tolerability, especially among vulnerable groups
as pregnancy women and children.

3.8. Quaternary ammonium compounds

Quaternary ammonium compounds (QACs) are active ingredients in
over 200 disinfectants currently recommended by the USA Environ-
mental Protection Agency (EPA) to inactivate SARS-CoV-2. The amounts
of QACs used in household settings (including detergents for personal
care, soaps and liquid hand washes), workplace and industry settings
has likely increased a lot, and their usage will continue to be elevated
considering the trend of the COVID-19 pandemic (Hora et al., 2020).

Inactivation of SARS-CoV-2 by formulated detergents is believed to
occur as a result of disruption of the virally modified, host-cell-derived,
phospholipid bilayer glycoproteinaceous envelope, and the associated
spike glycoproteins interacting with the ACE2 receptor in the infection
of host cells. Another mechanism of action entails raising the endocytic
and lysosomal pH (Hora et al., 2020).

Using a text mining approach, Baker (Baker et al., 2020) identified
the following three classes of QACs having a possible antiviral activity
against coronaviruses.

e Ammonium chloride. Various uses, including metabolic acidosis.
Viral activity against murine coronavirus and hepatitis C.

e Cetylpyridinium chloride. Used as antiseptic, mouthwash, personal
care products, cleaning agents etc. This product, also being used as
an antimicrobial agent for meat and poultry products was tested in a
clinical trial as a treatment against respiratory infections (Mukherjee
et al., 2017). Cetylpyridinium chloride has anti-viral activity against
Influenza, hepatitis B, poliovirus 1.

e Miramistin. Antiseptic with antiviral activity against HIV, influenza,
herpes simplex virus and SARS-CoV-1.



L. Cegolon et al.

QAGs such as cetylpyridinium chloride and miramistin have not been
tested yet against SARS-CoV-2 in vitro or in clinical trials.

Although the clear and severe threat posed by COVID-19 prompts a
massive use of QACs as a reasonable strategy to mitigate and contain the
spread of the infection, the potential environmental impact of QAC,
which may include disruption of wastewater treatment unit operations,
proliferation of antibiotic resistance, formation of nitrosamine disin-
fection byproducts, and negative effects on biota of surface waters,
should also be considered. Exploration of potential technologies to
minimize the environmental releases of QACs is highly warranted (Hora
et al., 2020).

4. Conclusions

The in vitro viricidal effect against SARS-CoV-2 has been described
for ethanol, alcohol-based hand sanitizers and povidone-iodine only so
far. In vitro inhibition of other coronaviruses was reported for LF, HCQ,
ethanol and AQCs. No treatment was tested against SARS-CoV-2 in
randomized controlled clinical trials. The lack of effective and safe drugs
against SARS-CoV-2 implies primarily that the relevant literature on this
topic does not exist.

Most drug candidates are already in the market. As pointed out by
Baker et al. “As simple as it sounds, it is entirely possible that we should be
looking in our bathroom cupboards for potential remedies against COVID-19”
(Baker et al., 2020).

Whilst the nasal cavity is the main port of entry for SARS-CoV-2, the
mouth is also relevant as exit site of the virus through emission of saliva
droplets. The well-known hand-to-nose-to-hand cycle of contamination
requires appropriate additional methods for infection control.

The present scoping review identified knowledge gaps more than
available evidence on the topic of chemoprevention of COVID-19. Since
speed is essential in responding to the COVID-19 pandemic (Hurley,
2020), undertaking clinical trials on all the candidate agents identified
could be too demanding and would require too much time.

Taking everything into account, these data suggest that the search for
convenient non-antibiotic drug(s) could be pursued with a case-control
study, comparing the use of candidate drugs among individuals positive
and negatives to coronavirus swab tests. The results of such study could
help in narrowing down the subsequent laboratory and clinical
investigations.
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