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ABSTRACT The COVID-19 pandemic has highlighted an
important role for drug repurposing. Quaternary ammonium
compounds such as ammonium chloride, cetylpyridinium and
miramistin represent widely accessible antiseptic molecules
with well-known broad-spectrum antiviral activities and rep-
resent a repurposing opportunity as therapeutics against
SARS-CoV-2.
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INTRODUCTION

The coronavirus family recently gained a new member in
SARS-CoV-2 to go along with SARS-CoV and MERS-
CoV. Infection with SARS-CoV-2 causes COVID-19 which
has rapidly become a pandemic (with at the time of writing
millions infected and hundreds of thousands dead) requiring
social distancing, leading to global shutdowns, resulting in a

recession, and pushing healthcare infrastructures to the break-
ing point. This pandemic is demanding an urgent response
and we need to rapidly find treatments which can be accom-
plished by using existing drugs. Thus, drug repurposing for
COVID-19 has garnered mainstream attention which did not
occur in previous epidemics (1).

Initially the response from China and elsewhere was for
scientists to look at compounds tested previously against
SARS and MERS almost exclusively (2). Ritonavir/lopinavir,
remdesivir (repurposed from Ebola and FDA emergency ap-
proved), chloroquine and hydroxychloroquine (both now
FDA emergency approved, see Supplementary Material) are
the most well-known compounds currently in clinical trials.
Other drug repurposing efforts have used computational
approaches such as docking or biological network mining to
identify molecules as candidates for future testing (2–7)
(Supplementary Material). To date there have been few
large-scale high-throughput repurposing screens of antiviral
inhibition described in the literature (8). These data as well
as the earlier SARS and MERS data (9,10) could ultimately
be useful for machine learning models in order to predict new
molecules from a much wider array of sources and select com-
pounds to test in vitro and in vivo. However, there are only a
small number of compounds to date (~100) with reported
reliable in vitro data.

Bibliometric Analysis Leads to Quaternary Ammonium
Compounds

An exhaustive bibliometric analysis of drug repurposing over
the decades conducted by this team recently has described the
many drugs that have been tested for other indications (11).
This analysis highlighted chloroquine as one of the most
repurposed approved drugs which has been tested against
hundreds of diseases (11). Not surprisingly, chloroquine has
also been identified by several groups (in China, South Korea
and the USA, (4–7) to have micromolar activity against
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SARS-CoV-2 in vitro and along with the derivative hydroxy-
chloroquine has even entered multiple clinical trials
(Supplementary Material). The results have not suggested good
efficacy as yet (12) from the limited clinical trial reports. This
could be due to a number of reasons such as the metabolism
and disposition of these drugs and the therapeutic window. We
have now used the same textmining approach to focus solely on
drugs that have been used in the treatment of coronaviruses
(Supplementary Material, Table S1). This analysis identified
ammonium chloride, which is commonly used as a treatment
option for severe cases of metabolic alkalosis, as a drug of
interest. Ammonium chloride is a quaternary ammonium
compound that is known to also have antiviral activity (13,14)
against coronavirus (Supplementary Material) and has a mech-
anism of action such as raising the endocytic and lysosomal pH,
which it shares with chloroquine (15). Review of the text-mined
literature also indicated a high-frequency of quaternary ammo-
nium disinfectants as treatments for many viruses
(Supplementary Material) (16,17), including coronaviruses:
these act by deactivating the protective lipid coating that envel-
oped viruses like SARS-CoV-2 rely on. Quaternary ammoni-
um compounds are widely recommended to kill viruses and
there are over 350 products on EPA’s List N: Disinfectants
for use against SARS-CoV-2 (Supplementary Material. The
disinfectant concentrations and contact times (associated with
multiple viruses) for many of the disinfecting chemicals on the
EPA list have been reported and > 140 can deactivate the virus
in just a few minutes (18).

Cetylpyridinium Chloride and Miramistin

This information led us on a larger search for quaternary
ammonium compounds with activity against coronaviruses
and possible identification of chemicals that have already been
tested in the clinic and could be used as a potential treatment
for COVID-19 (Table S2). One of the disinfectants that has
been shown to be destructive to viruses (Supplementary
Material) and widely used in personal care products is cetyl-
pyridinium chloride (Table 1) (19,20). This compound is
found predominantly in mouthwashes and is listed by the
FDA as Generally Regarded as Safe (GRAS) such that it is
also being used as an antimicrobial agent for meat and poultry

products (up to 1%). Cetylpyridinium chloride has been used
in multiple clinical trials (21), including as a treatment against
respiratory infections (21) validating its use as an antiviral.
Cetylpyridinium likely promotes virus inactivation by destroy-
ing the capsid as well as through its lysosomotropic action,
which, as discussed above, is common for quaternary ammo-
nium compounds. This raises the question as to whether some
of the drugs identified with antiviral activity against SARS-
CoV-2 in vitro behave similarly, namely they may destroy the
virus capsid as well as accumulating in the lysosome or endo-
somes and ultimately blocking viral entry. Additional pub-
lished studies have suggested that this effect can be attenuated
by the use of Cathepsin-L inhibitors (22). Another potential
treatment candidate is miramistin (Table 1), a drug belonging
to the group of cationic antiseptics, which is also a quaternary
ammonium compound reported to have a wide array of
biological activities including antiviral against HIV (23).
Miramistin is approved as broad-spectrum anti-infective
agent in Russia (24), but it does not appear to have been
adopted in the rest of the world. There are numerous FDA
approved drugs that have a quaternary nitrogen, and it is
possible these could also have a similar broad antiseptic effect.

The current COVID-19 pandemic is sweeping the globe at
an unprecedented rate fanned by our global connectivity. To
date it has spurred drug discovery activity (albeit considerably
impacted by research laboratory shutdowns) and much inter-
est in drug repurposing in the hope of delivering effective
drugs to the patient faster. The success of this approach will
take time to validate as we await clinical trial data from all of
the earliest compounds in the clinic. We hypothesized that
text mining of the available published literature in PubMed
would enable us to identify compounds faster that have been
tested against other coronaviruses, but which were not cur-
rently being evaluated clinically. Our studies guided by this
approach suggest that while many drugs have been tested, the
lysosomotropic agent ammonium chloride and quaternary
ammonium compounds such as cetylpyridinium chloride
and miramistin may produce the desired antiviral effect but
have not as yet been tested against SARS-CoV-2 in vitro or in
clinical trials. We have briefly described this data mining pro-
cess that identified these classes of compounds of interest and
provide our analysis for others to expand up on

Table 1 Quaternary ammonium compounds with known coronavirus activity

Molecule Antiviral activity Mechanism FDA approved Uses

Ammonium Chloride Murine coronavirus, hepatitis C, Lysosomotropic Yes Various uses including metabolic acidosis.

Cetylpyridinium chloride Influenza, hepatitis B, poliovirus 1 Targets capsid and is
lysosomotropic

Yes, GRAS Antiseptic, mouthwash, cough lozenges,
personal care products, cleaning agents etc.

Miramistin HIV, influenza, herpes, SARS Immunostimulating,
targets capsid and is
lysosomotropic

No, but is approved
in Russia

Antiseptic
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(Supplementary Material, Table S1). Limitations of the text
mining approach are that at the time of writing there had only
been reports of approximately 450 molecules associated with
other coronaviruses and many of these could likely be dis-
counted due to no reported antiviral activity, toxicity and
perhaps most important, the lack of FDA approved status.

SUMMARY

We propose that in particular, cetylpyridinium chloride is a
simple molecule that is cheap, safe, clinically approved, widely
accessible in hospitals and the consumer sector and which
could enter clinical trials immediately. If reported to have
activity in vitro against SARS-CoV-2 subsequent delivery in
the form of a mouthwash or nasal spray containing this com-
pound may be an effective way both to combat the virus at its
point of entry and reduce SARS-CoV-2 transmission.
Similarly, this compound could be added to shampoo and
body cleansers so that one could effectively bathe in low con-
centrations of this compound to destroy shed coronavirus.
Cetylpyridinium chloride and many other quaternary ammo-
nium compounds have already demonstrated their antiviral
activity against a wide array of related coronaviruses as dis-
infectants and antiseptics, therefore they represent especially
low hanging fruit for testing in humans. Due to their reported
mechanisms they may also have much broader activity against
viruses which could be useful to address future enveloped
viruses. Certainly, additional studies may be warranted to
assess potential drug-drug or drug-transporter interactions.
This work may also point to other related compounds that
could be utilized, or at least enable the generation of new
antiviral compounds that leverage the quaternary ammonium
substructural fragment as a potential warhead. As simple as it
sounds, it is entirely possible that we should be looking in our
bathroom cupboards, for potential remedies against COVID-
19.
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