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Current therapies under investigation for COVID-19: potential
COVID-19 treatments
Ellen Weisberg, Martin Sattler, Priscilla L. Yang, Alexander Parent, Nathanael Gray, and James D. Griffin

Abstract: In response to the outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), researchers are expe-
ditiously searching for antiviral treatments able to alleviate the symptoms of infection, which can be life-threatening. Here, we
provide a general overview of what is currently known about the structure and characteristic features of SARS-CoV-2, some of
which could potentially be exploited for the purposes of antiviral therapy and vaccine development. This minireview also covers
selected and noteworthy antiviral agents/supportive therapy out of hundreds of drugs that are being repurposed or tested as
potential treatments for COVID-19, the disease caused by SARS-CoV-2.
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Résumé : En réaction à flambée de nouveau coronavirus du syndrome respiratoire aigu sévère (SARS-CoV-2), les chercheurs se
sont mis de manière expéditive à la recherche de traitements antiviraux permettant d’atténuer les symptômes de l’infection,
lesquels pouvant menacer le pronostic vital. Nous proposons ici un aperçu général de ce que l’on sait en ce moment de la
structure et des caractéristiques du SARS-CoV-2, dont certaines pourraient être exploitées en vue du développement de traite-
ments antiviraux et de vaccins. Cette courte synthèse couvre aussi des agents antiviraux et des traitements de soutien sélection-
nés et dignes de mention parmi des centaines de médicaments en voie d’être reconvertis ou testés comme traitements éventuels
contre la COVID-19, la maladie causée par le SARS-CoV-2. [Traduit par la Rédaction]

Mots-clés : COVID-19, coronavirus, SARS-CoV-2, SARS-CoV, MERS-CoV.

SARS-CoV-2
A newly emerged human coronavirus, called Severe Acute Re-

spiratory Syndrome Coronavirus 2 (SARS-CoV-2) (formerly named
2019-nCoV), was first reported in Wuhan, China. It belongs to the
Baltimore Group IV classification of viruses, which includes West
Nile virus, dengue virus, rhinoviruses, hepacivirus C (hepatitis C
virus (HCV)), Severe Acute Respiratory Syndrome Coronavirus
(SARS-CoV), and Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) (Baltimore 1971). These viruses, which behave in the
same way and share a similar genome, use long (10 000 to
30 000 bp) positive-sense, single-stranded RNA as genetic mate-
rial; the genomic RNA can act as mRNA and be translated into
protein by the ribosomes of the host cell (Ahlquist et al. 2003;
Nagy and Pogany 2011).

Coronaviruses such as SARS-CoV, which originated in the wet
markets of Guangdong Province, China, and migrated to 37 coun-
tries, and MERS-CoV, which originated in Saudi Arabia and then
rapidly spread to 29 countries, can jump the species barrier and
then cause outbreaks in immune-naïve human populations char-
acterized by high morbidity (Su et al. 2016; Coleman et al. 2016).
Both SARS-CoV and MERS-CoV originated in bats; SARS-CoV
spread to humans through raccoon dogs and civet cats, and MERS-
CoV spread to humans through camels as an intermediate animal

host (Dyall et al. 2014; Coleman et al. 2016). The case fatality rate
associated with SARS-CoV was around 10% with over 8000 docu-
mented cases, and the case fatality rate associated with MERS-CoV
has been around 34% with over 2500 documented cases (Dyall
et al. 2014; Coleman et al. 2016). The emergence of highly infec-
tious and potentially fatal pathogens such as SARS-CoV and MERS-
CoV, and most recently SARS-CoV-2, suggests a pressing need for
development of effective antiviral agents that can be used for
current and impending coronavirus epidemics or pandemics.

Human coronaviruses are characterized by two groups of pro-
teins: structural proteins (Spike (S), Envelope (E), Nucleocapsid
(N), and Membrane (M)) and nonstructural proteins (named nsp1–
nsp16). These proteins are required at different stages of the virus
replication cycle and many are potential targets for therapy or
vaccine development (Snijder et al. 2016; Elfiky et al. 2017). Multi-
ple nsps come together to form a replicase–transcriptase com-
plex, with RNA-dependent RNA polymerase (RdRp) (nsp12) as the
primary replicase–transcriptase protein (Snijder et al. 2016). RdRp
is an essential enzyme in the life cycle of RNA viruses such as
coronaviruses and HCV; this protein is among several (nsp7–
nsp16) that direct coronavirus RNA synthesis (Snijder et al. 2016).

Nsp1 has garnered significant attention as a possible factor de-
termining virulence of coronaviruses and is a potential target for
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coronavirus vaccine development due to its role in downregula-
tion of the immune response of the host (Narayanan et al. 2015).
Studies investigating nsp2 and nsp3 identify these proteins as
features distinguishing SARS-CoV-2 from SARS-CoV, with nsp2
possibly contributing to SARS-CoV-2 being more contagious
(Angeletti et al. 2020). Nsp3 is the largest encoded protein of the
coronavirus genome that is a vital constituent of the replication/
transcription complex (Lei et al. 2018). Papain-like protease
(PLpro) cleaves the N terminus of the replicase polyprotein to
release nsp1, nsp2, and nsp3, an important step related to viral
replication, and it also functions in antagonizing the host’s innate
immunity (Harcourt et al. 2004; Chen et al. 2014; Li et al. 2016).
Nsp3, nsp4, and nsp6 have been implicated in membrane rear-
rangement (Hagemeijer et al. 2014; EA and Jones 2019), and the
activity of the nsp5 protease (chymotrypsin-like protease 3 (3CL-
pro)) is required during viral replication and mediates maturation
of the nsps, necessary for the virus life cycle (Perlman and Netland
2009). Replication of the genomic RNA of SARS-CoV involves rep-
licase proteins that are processed by PLpro and 3Clpro, which
makes these proteases attractive targets for therapy for SARS-like
coronaviruses.

SARS-CoV-2 is a member of the Betacoronavirus genus, like SARS-
CoV and MERS-CoV, and shares 80% RNA sequence identity with
SARS-CoV, with >90% sequence identity shared between the RdRp
of the two viruses at the nucleotide level (Morse et al. 2020; Lu
et al. 2020b). SARS-CoV-2 and MERS-CoV, by contrast, share around
50% sequence identity (Lu et al. 2020b).

Although SARS-CoV and MERS-CoV modulate transcriptional
changes differently in host cells, their viral replication kinetics
are similar (Josset et al. 2013). The SARS-CoV virion, or infective
form of the virus outside the host cell, undergoes receptor-
mediated endocytosis, a mode of viral entry that involves its spike
protein (S) glycoprotein binding to angiotensin-converting en-
zyme 2 (ACE2), a cell surface receptor on lung AT2 alveolar epithe-
lial cells (Li et al. 2003). Within the endosomal compartment,
cleavage of the S protein by cathepsin L produces a fusion-
competent glycoprotein rendering the S2 domain accessible
(Simmons et al. 2005). Acidification of the endosomal compart-
ment triggers S-mediated fusion of the viral and endosomal mem-
branes, allowing the viral genome to escape into the cytoplasm
where it can be expressed. The entry of the MERS-CoV virion is
similar, with endocytosis preceding via S binding to dipeptidyl
peptidase 4 (DPP4) followed by trafficking to the site of fusion of
the virion and endosomal membrane in a manner dependent on
the host cell protease furin (Burkard et al. 2014). The activation of
S by proteases is a critical step in viral infectivity, and such pro-
teases are potential therapeutic targets, as are various kinases
involved in virion entry.

In the case of SARS-CoV-2, the receptor binding domain (RBD) of
the S protein on its surface binds to the ACE2 receptor on the host

cell surface to gain entry (Cao et al. 2020b). This is followed by
formation of a viral RNA replicase–transcriptase complex that
leads to production of RNA negative strands, which are translated
into structural proteins; new viral particles are made through
assembly of RNA and structural proteins, and through exocytosis,
SARS-CoV-2 leaves the host cell (Cao et al. 2020b).

Current treatment approaches for COVID-19
Due to the high mortality rates associated with COVID-19, the

disease caused by SARS-CoV-2, approved, yet unproven, therapies
have been readily utilized that are based on treatments previously
used for SARS-CoV and MERS-CoV, including broad-spectrum an-
tibiotics, the nucleoside inhibitor ribavirin, the protease inhibi-
tors lopinavir–ritonavir, interferons (IFNs), mycophenolic acid,
and corticosterioids; these agents are administered alone or in
combination with other agents (Table 1). A summary of selected
therapies under investigation for SARS-CoV-2 is shown in Fig. 1.

Hundreds of international COVID-19 clinical trials are ongoing
and an increasing number of trials testing existing and experi-
mental agents are being commenced at a high rate. The aforemen-
tioned drugs are currently under investigation in many of the
current trials as well as novel therapies in development, such as
vaccines, including vaccines against MERS-CoV, convalescent plasma
from recovered COVID-19 patients, anti-SARS-CoV-2 monoclonal an-
tibodies, and antibody-based and small molecule approaches to re-
ducing inflammatory conditions and cytokine storm through IL-6
inhibition. Trials are also being conducted that test combinations
of agents, including therapies with Traditional Chinese Medicines
(TCM) (NCT04306497, NCT04251871, NCT04285190, NCT04278963,
NCT04279197, and NCT04310865).

Some agents have limitations for COVID-19 treatment due to
various factors that may make them challenging to use for SARS-
CoV-2-infected patients as therapeutics. For instance, although
corticosteroids, which reduce lung inflammation, have been ex-
tensively used for treatment of SARS-CoV, MERS-CoV, and most
recently SARS-CoV-2 disease (Stockman et al. 2006; Arabi et al.
2018; Huang et al. 2020), the World Health Organization has ad-
vised clinicians against using corticosteroids given their lack of
efficacy and potential adverse side effects (delayed viral clearance,
inhibition of host immune response, hyperglycemia, avascular
necrosis, and psychosis) (Stockman et al. 2006; Li et al. 2004; Lee
et al. 2004a, 2004b; Xiao et al. 2004; Russell et al. 2020). Despite
this, there are numerous ongoing COVID-19 trials that are inves-
tigating interferons and corticosteroids (www.ClinicalTrials.gov).
Of note, dexamethasone has recently been shown in a large trial
called RECOVERY (NCT04381936) to reduce deaths due to COVID-19
by around one third in severely ill patients on ventilators (Ledford
2020).

Table 1. Selected panel of drugs under investigation as therapies for COVID-19.

Drug Activity/mechanism

Corticosteroids Reduce lung inflammation
Lopinavir + ritonavir Inhibit chymotrypsin-like protease-3
Darunavir + cobicostat Inhibit chymotrypsin-like protease 3
Chloroquine/hydroxychloroquine Inhibit viral entry/viral trafficking
Ribavirin Immunomodulation/guanosine nucleoside analog
Nitazoxanide Enhances host immune response/inhibits viral replication
Oseltamivir Inhibits neuraminidase
Niclosamide Inhibits viral entry/viral replication
Remdesivir Inhibits RNA-dependent RNA polymerase/adenosine nucleotide analog
Favilavir Inhibits RNA-dependent RNA polymerase
Nafamostat Inhibits spike glycoprotein-mediated membrane fusion
Umifenovir Inhibits influenza membrane fusion
Sarilumab Inhibits IL-6 receptor
Tocilizumab Inhibits IL-6 receptor
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IFNs have potential prophylactic as well as early therapeutic
activity due to their ability to compensate for virally diminished
IFN production or function (Prokunina-Olsson et al. 2020). IFNs,
often used in combination with ribavirin, had up to recently been
considered limited in terms of therapeutic potential for COVID-19
due to toxicity as well as mixed results from studies involving pa-
tients with other coronaviruses (Mo and Fisher 2016; Arabi et al.
2020). However, there are data now in support of using IFN-lambda
for COVID-19 and trials are currently ongoing (Prokunina-Olsson
et al. 2020). Type III IFNs (IFN-lambda 1–4) can be prophylactic in
the early phase of SARS-CoV-2 infection, with antiviral response
limited to epithelial cells; this would diminish proinflammatory
and other adverse effects caused by type I IFNs (IFN-alpha/beta)
(Prokunina-Olsson et al. 2020).

Attractive protease targets for coronavirus therapy include the
deubiquitylating enzyme PLpro, which is involved in host im-
mune response evasion, and 3CLpro (Ratia et al. 2006; Bekes et al.
2015; Baez-Santos et al. 2015). Both are deemed important for
SARS-CoV replication and function to process the viral polypro-
tein in a regulated manner (Baez-Santos et al. 2015). It should be
noted that the papain-like protease domain/deubiquitylating en-
zyme activity has been found to be a virulence trait that varies
among SARS-CoV and SARS-related CoVs (Niemeyer et al. 2018).

Protease inhibitors lopinavir and ritonavir (both approved for
Human Immunodeficiency Virus (HIV)) target 3CLpro (Anand
et al. 2003). There are in vitro data suggesting that lopinavir ex-
hibits antiviral activity against SARS-CoV-2 (Choy et al. 2020).
However, in a randomized, controlled, open label trial involving
hospitalized SARS-CoV-2-infected patients suffering from severe
COVID-19, lopinavir and ritonavir did not lead to clinical benefit
beyond standard care (Lu et al. 2020a; Cao et al. 2020a). That said,
the combination of lopinavir–ritonavir with pneumonia-targeting
adjuvant drugs, as compared with the adjuvant drugs alone, led to
more clinical benefit and the combination was well tolerated (Ye
et al. 2020), and a clinical trial testing a triple combination of
lopinavir–ritonavir, ribavirin, and interferon-beta1b in patients
with mild to moderate COVID-19 showed a shortening of duration
of hospitalization and viral shedding (NCT04276688). There are
currently a number of ongoing COVID-19 clinical trials investigat-
ing lopinavir/ritonavir (www.ClinicalTrials.gov).

Darunavir and cobicistat have been approved for HIV and target
3CLpro (Kakuda et al. 2015; Khan et al. 2020); they are under in-
vestigation for COVID-19 in clinical trials in China (NCT04252274)
and Italy (NCT04368351). There are, however, currently no in vitro

data or clinical data in support of this drug combination as a
therapeutic for SARS-CoV-2-infected patients.

The antimalarial drugs chloroquine and hydroxychloroquine
were approved by the United States Food and Drug Administra-
tion (FDA) for limited emergency use as a treatment for COVID-19
(Lenzer 2020). Chloroquine is believed to work at least in part
through disruption of viral fusion and entry by raising the endo-
somic pH slightly (Sinha and Balayla 2020; Wang et al. 2020).
Widespread testing of patients with these drugs has ensued in
clinical trials conducted by academic institutions and govern-
ment agencies. Clinical results with chloroquine were reported in
China as suggestive of offering clinical benefit compared to con-
trols (Wang et al. 2020; Gao et al. 2020). However, the data were
generated in multiple hospitals with varying controls and outcome
indicators, and so it is difficult to make interpretations and draw
solid conclusions from these reports (Touret and de Lamballerie
2020). A recent observational study of hospitalized COVID-19 pa-
tients revealed no link between hydroxychloroquine treatment
and either a substantially decreased or increased risk of death or
end point of intubation (Geleris et al. 2020). Chloroquine and
hydroxychloroquine are currently being investigated in numer-
ous clinical trials in patients with mild, moderate, and severe
COVID-19 and are being tested for pre-exposure or post-exposure
prophylaxis of SARS-CoV-2 infection (www.ClinicalTrials.gov). Sig-
nificantly, there is a narrow margin between the therapeutic and
toxic doses of these drugs, and life-threatening cardiovascular
disorders have historically occurred in association with chlo-
roquine treatment (Frisk-Holmberg et al. 1983).

Ribavirin is a synthetic guanosine analogue that functions as a
direct viral agent by abrogating viral RNA synthesis, but it has
immunomodulatory function as well (Shiffman 2009). Ribavirin
with pegylated interferon-alpha (Peg-INF-alpha) is the standard of
care for HCV (Deutsch and Hadziyannis 2008). Robust activity
against MERS-CoV has been demonstrated by IFN-alpha2b and
ribavirin in MERS-CoV-infected rhesus macaques; however, clini-
cal findings regarding efficacy and safety of ribavirin combined
with IFN (either IFN-alpha2a, IFN-alpha2b, or IFN-beta1a) against
MERS-CoV are controversial (Falzarano et al. 2013; Zumla et al.
2016; Arabi et al. 2020). Clinical studies thus far suggest that riba-
virin is ineffective against COVID-19, and drug-induced anemia
could potentially be harmful for patients suffering from respira-
tory distress (Martinez 2020). There are currently ongoing COVID-19
clinical trials that involve investigation of ribavirin, either as an

Fig. 1. Selected drugs under investigation for activity against SARS-CoV-2. [Colour online.]
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intervention or as a control medication (NCT04356677 and
NCT04306497) and one that has completed (NCT04276688).

Nitazoxanide is a broad-spectrum antiparasitic and antiviral drug
approved for diarrhea treatment that is under consideration for
COVID-19 treatment (Simsek Yavuz and Unal 2020; Rossignol 2014).
Nitazoxanide functions to enhance host innate immune response
and block virus-specific immune evasion strategies (Jasenosky
et al. 2019). It has specifically been shown to inhibit Ebola virus
replication via effects on protein kinase R and retinoic acid induc-
ible protein 1 (Jasenosky et al. 2019). There are some preclinical
studies that demonstrated efficacy against SARS-CoV-2; however,
clinical use against other coronaviruses has not demonstrated
efficacy (Gamino-Arroyo et al. 2019). The drug has an acceptable
safety profile, however a poorly tolerated formulation. There are
ongoing COVID-19 trials investigating nitazoxanide (NCT04360356,
NCT04361318, NCT04348409, NCT04359680, NCT04343248,
NCT04351347, NCT04341493, and NCT04345419).

Oseltamivir (approved for influenza) is an inhibitor of influenza
neuraminidase (Li and De Clercq 2020). Neuraminidase inhibitors
such as oseltamivir, however, have been found to be ineffective
through clinical treatment studies with COVID-19 patients, since
coronaviruses do not use neuraminidase for the budding stage of
reproduction (Li et al. 2020). Therefore, these drugs are not recom-
mended for clinical application. There are ongoing COVID-19 trials
investigating oseltamivir or using it as a standard care control
(NCT04303299, NCT04338698, NCT04255017, NCT04261270,
NCT04349241, NCT04323345, NCT04348877, NCT04365764,
NCT02735707, and NCT04361422).

Niclosamide is an antihelminthic medication used for tape-
worm infections, first discovered in the late 1950s (Pearson and
Hewlett 1985). It was shown in vitro to inhibit the replication of
SARS-CoV (Wu et al. 2004) and has demonstrated broad-spectrum
activity as well against MERS-CoV, HCV, Zika virus, and adenovi-
rus (Xu et al. 2020a). One limitation of niclosamide is variable oral
bioavailability (Andrews et al. 1982). Its production was discontin-
ued in the United States after voluntary withdrawal from the
market by Bayer; however, it is available through compounding
companies in the United States and is commercially available in
other countries including Italy and France (Schweizer et al. 2018).
Niclosamide is currently being investigated as a potential treat-
ment of COVID-19 (NCT04345419) (Xu et al. 2020a). Its proposed
mechanism of action against SARS-CoV-2 is unclear; however, it
may involve prevention of viral replication through inhibition of
autophagy as well as prevention of viral entry through alteration
of endosomal pH (Pindiprolu and Pindiprolu 2020). Of note, de-
spite its discontinuation in the United States, niclosamide is listed
on the World Health Organization’s List of Essential Medicines
(Schweizer et al. 2018).

The broad-spectrum antiviral drug remdesivir (GS-5734) (Gilead
Sciences), a nucleotide analog (Tchesnokov et al. 2019), was origi-
nally developed as a therapy for Ebola virus, with potent in vitro
activity against Ebola viruses and others (EC50 values 0.06–
0.14 �mol/L) (Cardile et al. 2017). Remdesivir showed efficacy in
primate models; however, in a randomized controlled clinical trial
for Ebola (PALM clinical trial (NCT03719586)), the rate of mortality for
remdesivir-treated patients was found to be inferior to that of mono-
clonal antibody therapies (Warren et al. 2016; Mulangu et al. 2019).
Remdesivir has demonstrated activity against RNA viruses including
SARS-CoV and MERS-CoV (Sheahan et al. 2017, 2020; de Wit et al.
2020). Remdesivir displayed much higher potency in vitro against
SARS-CoV-2 (EC50 = 0.77 �mol/L) than other antiviral agents, such as
ribavirin (EC50 = 109.5 �mol/L), favilavir (EC50 = 61.88 �mol/L), and
penciclovir (EC50 = 95.96 �mol/L) (Wang et al. 2020).

Studies have demonstrated low efficacy of nucleotide analogs
against coronaviruses because of the presence of the virus exonu-
clease proofreading enzyme. Importantly, remdesivir has been
shown to potently inhibit coronaviruses with intact proofreading,
and drug resistance has been proven difficult to select (Agostini

et al. 2018). In a study involving passage and selection of murine
hepatitis virus (MHV) in the presence of the GS-5734 parent nucle-
oside, two amino acid substitutions in the nsp12 polymerase at
residues conserved across coronaviruses were selected that pro-
vided low-level resistance to remdesivir that higher nontoxic con-
centrations could override (Agostini et al. 2018). The resistance
mutations were found to decrease the virulence of MHV in vitro and
lessened pathogenesis in a SARS-CoV animal model of infection
(Agostini et al. 2018).

Remdesivir is currently being investigated as a COVID-19 ther-
apy in international, multisite clinical trials and has shown some
promise in patients (Grein et al. 2020). The drug was given on a
compassionate-use basis to hospitalized patients afflicted with
severe COVID-19 symptoms, and 36/53 (68%) of the patients
showed clinical improvement (Grein et al. 2020). These data, how-
ever, are anecdotal and derived from compassionate use cases,
and the lack of a control arm makes this study difficult to inter-
pret in terms of the direct influence of remdesivir on recovery.
The study as published lacks viral load data, which would be
needed to know the extent of antiviral activity of redemsivir. In a
separate study reporting the success of remdesivir treatment for
the first COVID-19 patient in the United States, defined as a mild to
moderate case, nasopharyngeal and oropharyngeal swabs showed
that the viral load had decreased 4 days prior to remdesivir treat-
ment, which could have occurred as a possible result of the self-
limiting nature of SARS-CoV-2, effects of the supportive treatment
that had been implemented for days prior to remdesivir treat-
ment, or the patient’s immune response (Cao et al. 2020b; Holshue
et al. 2020). These factors make the definitive role of remdesivir in
the patient’s recovery in this study unclear.

Numerous controlled trials investigating the safety and efficacy
of remdesivir have been carried out and completed or are ongoing
(www.ClinicalTrials.gov). In the first randomized, double-blind,
placebo-controlled, multicenter trial in China assessing intra-
venously administered remdesivir in patients with COVID-19
(NCT04257656), there was no statistically significant difference
between remdesivir-treated and placebo-treated patients with re-
spect to time to clinical improvement, and there were overall no
statistically significant clinical benefits observed for remdesivir
beyond standard care (Wang et al. 2020). However, it should be
noted that the predetermined sample size of this study was not
attained due to the COVID-19 outbreak having been substantially
controlled (237 patients were enrolled, with 158 randomly as-
signed to a remdesivir-treated group and 79 to a placebo-treated
group). A larger Phase 3 trial, called the Adaptive COVID-19 Treat-
ment Trial (ACTT) (NCT04280705), has been carried out in the
United States and is the first clinical trial launched in the country
to evaluate a COVID-19 therapy. It is sponsored by the National
Institute of Allergy and Infectious Diseases (NIAID), with an en-
rollment of over 1000 COVID-19 patients participating inter-
nationally. Initial reports of this study’s results have been encour-
aging but modest, with a recovery time for patients shortened
from 15 to 11 days (31% improvement) (p < 0.001) and a mortality
rate of 8% for remdesivir-treated patients and 11.6% for the control
group (not statistically significant; p = 0.059). As a result of these
findings, on 1 May 2020, the FDA issued an emergency approval
for remdesivir as a therapy for severely ill patients diagnosed with
COVID-19. Approval for this patient population is temporary and
formal approval would need to happen at a later date.

Several drugs have either been approved for use against
COVID-19 in China or are under consideration for COVID-19 that
are approved for other indications in Asia. The National Medical
Products Administration of China has approved the antiviral drug
favilavir (favipiravir) (Zhejiang Hisun Pharmaceutical), believed to
work through inhibition of RdRp (Jin et al. 2013). Currently ap-
proved for influenza in China and Japan (Shiraki and Daikoku
2020), it was approved as a therapy for SARS-CoV-2 infection after
it demonstrated safety and efficacy in a small trial (Du and Chen
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2020; Cai et al. 2020). However, existing evidence in support of
favilavir has been criticized by the Italian Pharmaceutical Agency
as being preliminary and insufficient. Favilavir is currently under
investigation in COVID-19 trials (NCT04336904, NCT04359615,
NCT04358549, NCT04349241, NCT04303299, NCT04310228,
NCT04333589, NCT04346628, NCT04351295, NCT04356495,
and NCT04345419). China also approved tocilizumab (Roche;
Actemra), a recombinant humanized IL-6 receptor monoclonal
antibody (Sheppard et al. 2017), for treatment of serious COVID-19
complications. A study in China investigating a 5 day treatment
with tocilizumab for patients with severe or critical COVID-19
found 15/20 (75%) of patients had lowered their requirement for
oxygen supplement following treatment and one patient did not
require oxygen therapy (Xu et al. 2020b). Safety issues associated
with tocilizumab include increased risk of developing serious
infections that could be fatal, including tuberculosis and other
opportunistic pathogens. Tocilizumab is under investigation in
numerous COVID-19 trials (www.ClinicalTrials.gov). In a retro-
spective review of tocilizumab-treated patients with severe
COVID-19 with a 14 day followup, radiological improvement, mit-
igation of inflammatory markers, and a lessened requirement for
ventilatory support were observed (Alattar et al. 2020). However,
92% of the patients experienced at least one adverse event, al-
though it is unclear which of these events are attributable to
tocilizumab treatment (Alattar et al. 2020).

Other approved antiviral drugs in Asia include nafamostat, a
serine protease inhibitor that decreases formation of fibrin from
fibrinogen and also inhibits spike glycoprotein-mediated mem-
brane fusion, and umifenovir (Arbidol), which inhibits influenza
membrane fusion, preventing virus–host cell contact, and is
approved for influenza in Russia and China (Lu 2020; Li and
De Clercq 2020). Umifenovir is currently being investigated in a
clinical trial as a treatment for COVID-19 (NCT04352400).

Sarilumab (Kevzara) is a human monoclonal antibody against
the IL-6 receptor that is under investigation as a COVID-19 therapy
(Kim et al. 2015). Compared with tocilizumab, sarilumab displayed
a similar safety, however with less frequency of administration
required (every other week instead of weekly) (Raimondo et al.
2017). In a Phase II study (ALIGN), investigating the safety and
efficacy of sarilumab, there were no reported cases of tuberculosis
(Sieper et al. 2015). However, in a Phase III (MONARCH) trial, there
was a similar incidence of infections (28.8% and 27.7%) as well as
serious infections (mastitis and infective bursitis, 1.1%) between
sarilumab and another IL-6 receptor antibody therapy, adalimumab
(Burmester et al. 2017). In Europe, sarilumab is contraindicated in
people with active, severe infections. In the United States, there is a
boxed warning of potential for serious infections and caution is ad-
vised due to incidences of tuberculosis resulting from immune sup-
pression with the drug. There are currently COVID-19 trials that are
testing sarilumab (NCT04357808, NCT04315298, NCT04341870,
NCT04357860, NCT04327388, NCT04359901, NCT04324073,
NCT04322773, and NCT04345289).

A summary of the aforementioned drug treatments under in-
vestigation for COVID-19 is provided in Table 1.

Conclusion
Demonstrated and highly efficacious countermeasures against

SARS-CoV-2-induced COVID-19 are currently lacking. There are,
however, existing agents that are being repurposed and tested
extensively and internationally in hundreds of clinical trials as
potential treatments for COVID-19. This may also include drugs
and treatment approaches that have been previously considered
or tested against SARS-CoV and MERS-CoV. Development of clini-
cally effective therapies for COVID-19 is particularly urgent, in light
of the conceivable length of time it could take for development of a
vaccine that offers enduring protection and that does not worsen the
infection. There is promise in small molecule agents with the ability

to decrease viral loads in patients and (or) that could mitigate a
hyperinflammatory response resulting in severe and potentially fa-
tal disease symptoms. The greatest potential for therapeutic benefit
likely lies in the combination of two or more agents, such as has been
successfully employed for HIV. This approach — contingent on dos-
ing optimized for safe administration — takes advantage of unique
and beneficial properties of different agents that could result in
potentiation of drug effects, leading to greater clinical efficacy
and a reduced risk of drug resistance.

References
Agostini, M.L., Andres, E.L., Sims, A.C., Graham, R.L., Sheahan, T.P., Lu, X., et al.

2018. Coronavirus susceptibility to the antiviral remdesivir (GS-5734) is me-
diated by the viral polymerase and the proofreading exoribonuclease. mBio,
9(2). doi:10.1128/mBio.00221-18.

Ahlquist, P., Noueiry, A.O., Lee, W.M., Kushner, D.B., and Dye, B.T. 2003. Host
factors in positive-strand RNA virus genome replication. J. Virol. 77(15): 8181–
8186. doi:10.1128/JVI.77.15.8181-8186.2003. PMID:12857886.

Alattar, R., Ibrahim, T.B.H., Shaar, S.H., Abdalla, S., Shukri, K., Daghfal, J.N., et al.
2020. Tocilizumab for the Treatment of Severe COVID-19. J. Med. Virol. [On-
line ahead of print.] doi:10.1002/jmv.25964.

Anand, K., Ziebuhr, J., Wadhwani, P., Mesters, J.R., and Hilgenfeld, R. 2003.
Coronavirus main proteinase (3CLpro) structure: basis for design of anti-
SARS drugs. Science, 300(5626): 1763–1767. doi:10.1126/science.1085658.
PMID:12746549.

Andrews, P., Thyssen, J., and Lorke, D. 1982. The biology and toxicology of
molluscicides, Bayluscide. Pharmacol. Ther. 19(2): 245–295. doi:10.1016/0163-
7258(82)90064-X. PMID:6763710.

Angeletti, S., Benvenuto, D., Bianchi, M., Giovanetti, M., Pascarella, S., and
Ciccozzi, M. 2020. COVID-2019: The role of the nsp2 and nsp3 in its patho-
genesis. J. Med. Virol. 92(6): 584–488. doi:10.1002/jmv.25719.

Arabi, Y.M., Mandourah, Y., Al-Hameed, F., Sindi, A.A., Almekhlafi, G.A.,
Hussein, M.A., et al. 2018. Corticosteroid therapy for critically ill patients
with Middle East Respiratory Syndrome. Am. J. Respir. Crit. Care Med. 197(6):
757–767. doi:10.1164/rccm.201706-1172OC. PMID:29161116.

Arabi, Y.M., Shalhoub, S., Mandourah, Y., Al-Hameed, F., Al-Omari, A.,
Al Qasim, E., et al. 2020. Ribavirin and interferon therapy for critically ill
patients with Middle East Respiratory Syndrome: a multicenter observa-
tional study. Clin. Infect. Dis. 70(9): 1837–1844. doi:10.1093/cid/ciz544. PMID:
31925415.

Baez-Santos, Y.M., St John, S.E., and Mesecar, A.D. 2015. The SARS-coronavirus
papain-like protease: structure, function and inhibition by designed antiviral
compounds. Antiviral Res. 115: 21–38. doi:10.1016/j.antiviral.2014.12.015.
PMID:25554382.

Baltimore, D. 1971. Expression of animal virus genomes. Bacteriol. Rev. 35(3):
235–241. doi:10.1128/MMBR.35.3.235-241.1971. PMID:4329869.

Bekes, M., Rut, W., Kasperkiewicz, P., Mulder, M.P., Ovaa, H., Drag, M., et al. 2015.
SARS hCoV papain-like protease is a unique Lys48 linkage-specific di-
distributive deubiquitinating enzyme. Biochem. J. 468(2): 215–226. doi:10.
1042/BJ20141170. PMID:25764917.

Burkard, C., Verheije, M.H., Wicht, O., van Kasteren, S.I., van Kuppeveld, F.J.,
Haagmans, B.L., et al. 2014. Coronavirus cell entry occurs through the endo-/
lysosomal pathway in a proteolysis-dependent manner. PLoS Pathog. 10(11):
e1004502. doi:10.1371/journal.ppat.1004502. PMID:25375324.

Burmester, G.R., Lin, Y., Patel, R., van Adelsberg, J., Mangan, E.K., Graham, N.M.,
et al. 2017. Efficacy and safety of sarilumab monotherapy versus adalimumab
monotherapy for the treatment of patients with active rheumatoid arthritis
(MONARCH): a randomised, double-blind, parallel-group phase III trial. Ann
Rheum Dis. 76(5): 840–847. doi:10.1136/annrheumdis-2016-210310. PMID:
27856432.

Cai, Q., Yang, M., Liu, D., Chen, J., Shu, D., Xia, J., et al. 2020. Experimental
treatment with favipiravir for COVID-19: an open-label control study. Engi-
neering (Beijing). [In press.] doi:10.1016/j.eng.2020.03.007.

Cao, B., Wang, Y., Wen, D., Liu, W., Wang, J., Fan, G., et al. 2020a. A trial of
lopinavir-ritonavir in adults hospitalized with severe Covid-19. N. Engl. J.
Med. 382(19): 1787–1799. doi:10.1056/NEJMoa2001282. PMID:32187464.

Cao, Y.C., Deng, Q.X., and Dai, S.X. 2020b. Remdesivir for severe acute respira-
tory syndrome coronavirus 2 causing COVID-19: An evaluation of the evi-
dence. Travel Med. Infect. Dis. 35: 101647. doi:10.1016/j.tmaid.2020.101647.
PMID:32247927.

Cardile, A.P., Warren, T.K., Martins, K.A., Reisler, R.B., and Bavari, S. 2017. Will
there be a cure for Ebola? Annu. Rev. Pharmacol. Toxicol. 57: 329–348. doi:
10.1146/annurev-pharmtox-010716-105055. PMID:27959624.

Chen, X., Yang, X., Zheng, Y., Yang, Y., Xing, Y., and Chen, Z. 2014. SARS corona-
virus papain-like protease inhibits the type I interferon signaling pathway
through interaction with the STING-TRAF3-TBK1 complex. Protein Cell, 5(5):
369–381. doi:10.1007/s13238-014-0026-3. PMID:24622840.

Choy, K.T., Wong, A.Y., Kaewpreedee, P., Sia, S.F., Chen, D., Hui, K.P.Y., et al.
2020. Remdesivir, lopinavir, emetine, and homoharringtonine inhibit SARS-
CoV-2 replication in vitro. Antiviral Res. 178: 104786. doi:10.1016/j.antiviral.
2020.104786. PMID:32251767.

Weisberg et al. 487

Published by NRC Research Press

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
18

5.
22

5.
20

8.
11

 o
n 

09
/2

9/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://www.ClinicalTrials.gov
http://dx.doi.org/10.1128/mBio.00221-18
http://dx.doi.org/10.1128/JVI.77.15.8181-8186.2003
http://www.ncbi.nlm.nih.gov/pubmed/12857886
http://dx.doi.org/10.1002/jmv.25964
http://dx.doi.org/10.1126/science.1085658
http://www.ncbi.nlm.nih.gov/pubmed/12746549
http://dx.doi.org/10.1016/0163-7258(82)90064-X
http://dx.doi.org/10.1016/0163-7258(82)90064-X
http://www.ncbi.nlm.nih.gov/pubmed/6763710
http://dx.doi.org/10.1002/jmv.25719
http://dx.doi.org/10.1164/rccm.201706-1172OC
http://www.ncbi.nlm.nih.gov/pubmed/29161116
http://dx.doi.org/10.1093/cid/ciz544
http://www.ncbi.nlm.nih.gov/pubmed/31925415
http://dx.doi.org/10.1016/j.antiviral.2014.12.015
http://www.ncbi.nlm.nih.gov/pubmed/25554382
http://dx.doi.org/10.1128/MMBR.35.3.235-241.1971
http://www.ncbi.nlm.nih.gov/pubmed/4329869
http://dx.doi.org/10.1042/BJ20141170
http://dx.doi.org/10.1042/BJ20141170
http://www.ncbi.nlm.nih.gov/pubmed/25764917
http://dx.doi.org/10.1371/journal.ppat.1004502
http://www.ncbi.nlm.nih.gov/pubmed/25375324
http://dx.doi.org/10.1136/annrheumdis-2016-210310
http://www.ncbi.nlm.nih.gov/pubmed/27856432
http://dx.doi.org/10.1016/j.eng.2020.03.007
http://dx.doi.org/10.1056/NEJMoa2001282
http://www.ncbi.nlm.nih.gov/pubmed/32187464
http://dx.doi.org/10.1016/j.tmaid.2020.101647
http://www.ncbi.nlm.nih.gov/pubmed/32247927
http://dx.doi.org/10.1146/annurev-pharmtox-010716-105055
http://www.ncbi.nlm.nih.gov/pubmed/27959624
http://dx.doi.org/10.1007/s13238-014-0026-3
http://www.ncbi.nlm.nih.gov/pubmed/24622840
http://dx.doi.org/10.1016/j.antiviral.2020.104786
http://dx.doi.org/10.1016/j.antiviral.2020.104786
http://www.ncbi.nlm.nih.gov/pubmed/32251767


Coleman, C.M., Sisk, J.M., Mingo, R.M., Nelson, E.A., White, J.M., and
Frieman, M.B. 2016. Abelson kinase inhibitors are potent inhibitors of severe
acute respiratory syndrome coronavirus and Middle East respiratory syn-
drome coronavirus fusion. J. Virol. 90(19): 8924–8933. doi:10.1128/JVI.01429-16.
PMID:27466418.

de Wit, E., Feldmann, F., Cronin, J., Jordan, R., Okumura, A., Thomas, T., et al.
2020. Prophylactic and therapeutic remdesivir (GS-5734) treatment in the
rhesus macaque model of MERS-CoV infection. Proc. Natl. Acad. Sci. U.S.A.
117(12): 6771–6776. doi:10.1073/pnas.1922083117. PMID:32054787.

Deutsch, M., and Hadziyannis, S.J. 2008. Old and emerging therapies in chronic
hepatitis C: an update. J. Viral. Hepat. 15(1): 2–11. doi:10.1111/j.1365-2893.2007.
00887.x. PMID:18088238.

Du, Y.X., and Chen, X.P. 2020. Favipiravir: pharmacokinetics and concerns about
clinical trials for 2019-nCoV infection. Clin. Pharmacol. Ther. 108(2): 242–247.
doi:10.1002/cpt.1844. PMID:32246834.

Dyall, J., Coleman, C.M., Hart, B.J., Venkataraman, T., Holbrook, M.R.,
Kindrachuk, J., et al. 2014. Repurposing of clinically developed drugs for
treatment of Middle East respiratory syndrome coronavirus infection. Anti-
microb. Agents Chemother. 58(8): 4885–4893. doi:10.1128/AAC.03036-14.
PMID:24841273.

EA, J.A., and Jones, I.M. 2019. Membrane binding proteins of coronaviruses.
Future Virol. 14(4): 275–286. doi:10.2217/fvl-2018-0144. PMID:32201500.

Elfiky, A.A., Mahdy, S.M., and Elshemey, W.M. 2017. Quantitative structure-
activity relationship and molecular docking revealed a potency of anti-
hepatitis C virus drugs against human corona viruses. J. Med. Virol. 89(6):
1040–1047. doi:10.1002/jmv.24736. PMID:27864902.

Falzarano, D., de Wit, E., Rasmussen, A.L., Feldmann, F., Okumura, A.,
Scott, D.P., et al. 2013. Treatment with interferon-alpha2b and ribavirin im-
proves outcome in MERS-CoV-infected rhesus macaques. Nat. Med. 19(10):
1313–1317. doi:10.1038/nm.3362. PMID:24013700.

Frisk-Holmberg, M., Bergqvist, Y., and Englund, U. 1983. Chloroquine intoxica-
tion. Br. J. Clin. Pharmacol. 15(4): 502–503. doi:10.1111/j.1365-2125.1983.tb01540.x.
PMID:6849790.

Gamino-Arroyo, A.E., Guerrero, M.L., McCarthy, S., Ramírez-Venegas, A.,
Llamosas-Gallardo, B., Galindo-Fraga, A., et al. 2019. Efficacy and safety of
nitazoxanide in addition to standard of care for the treatment of severe acute
respiratory illness. Clin Infect Dis. 69(11): 1903–1911. doi:10.1093/cid/ciz100.
PMID:30753384.

Gao, J., Tian, Z., and Yang, X. 2020. Breakthrough: Chloroquine phosphate has
shown apparent efficacy in treatment of COVID-19 associated pneumonia in
clinical studies. Biosci. Trends, 14(1): 72–73. doi:10.5582/bst.2020.01047. PMID:
32074550.

Geleris, J., Sun, Y., Platt, J., Zucker, J., Baldwin, M., Hripcsak, G., et al. 2020.
Observational study of hydroxychloroquine in hospitalized patients with
Covid-19. N. Engl. J. Med. 382: 2411–2418. doi:10.1056/NEJMoa2012410.

Grein, J., Ohmagari, N., Shin, D., Diaz, G., Asperges, E., Castagna, A., et al. 2020.
Compassionate use of remdesivir for patients with severe Covid-19. N. Engl. J.
Med. 382(24): 2327–2336. doi:10.1056/NEJMoa2007016. PMID:32275812.

Hagemeijer, M.C., Monastyrska, I., Griffith, J., van der Sluijs, P., Voortman, J.,
van Bergen en Henegouwen, P.M., et al. 2014. Membrane rearrangements
mediated by coronavirus nonstructural proteins 3 and 4. Virology, 458(459):
125–135. doi:10.1016/j.virol.2014.04.027. PMID:24928045.

Harcourt, B.H., Jukneliene, D., Kanjanahaluethai, A., Bechill, J., Severson, K.M.,
Smith, C.M., et al. 2004. Identification of severe acute respiratory syndrome
coronavirus replicase products and characterization of papain-like protease
activity. J. Virol. 78(24): 13600–13612. doi:10.1128/JVI.78.24.13600-13612.2004.
PMID:15564471.

Holshue, M.L., DeBolt, C., Lindquist, S., Lofy, K.H., Wiesman, J., Bruce, H., et al.
2020. First case of 2019 novel coronavirus in the United States. N. Engl. J. Med.
382(10): 929–936. doi:10.1056/NEJMoa2001191. PMID:32004427.

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. 2020. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet,
395(10223): 497–506. doi:10.1016/S0140-6736(20)30183-5. PMID:31986264.

Jasenosky, L.D., Cadena, C., Mire, C.E., Borisevich, V., Haridas, V., Ranjbar, S.,
et al. 2019. The FDA-approved oral drug nitazoxanide amplifies host antiviral
responses and inhibits Ebola virus. iScience, 19: 1279–1290. doi:10.1016/j.isci.
2019.07.003. PMID:31402258.

Jin, Z., Smith, L.K., Rajwanshi, V.K., Kim, B., and Deval, J. 2013. The ambiguous
base-pairing and high substrate efficiency of T-705 (Favipiravir) Ribofuranosyl
5=-triphosphate towards influenza A virus polymerase. PLoS ONE, 8(7): e68347.
doi:10.1371/journal.pone.0068347. PMID:23874596.

Josset, L., Menachery, V.D., Gralinski, L.E., Agnihothram, S., Sova, P., Carter, V.S.,
et al. 2013. Cell host response to infection with novel human coronavirus
EMC predicts potential antivirals and important differences with SARS coro-
navirus. mBio, 4(3): e00165–00113. doi:10.1128/mBio.00165-13. PMID:23631916.

Kakuda, T.N., Crauwels, H., Opsomer, M., Tomaka, F., van de Casteele, T.,
Vanveggel, S., et al. 2015. Darunavir/cobicistat once daily for the treatment of
HIV. Exp. Rev. Anti Infect. Ther. 13(6): 691–704. doi:10.1586/14787210.2015.
1033400. PMID:25962100.

Khan, S.A., Zia, K., Ashraf, S., Uddin, R., and Ul-Haq, Z. 2020. Identification of
chymotrypsin-like protease inhibitors of SARS-CoV-2 via integrated compu-
tational approach. J. Biomolec. Struct. Dyn. [Online ahead of print.] doi:10.
1080/07391102.2020.1751298. PMID:32238094.

Kim, G.W., Lee, N.R., Pi, R.H., Lim, Y.S., Lee, Y.M., Lee, J.M., et al. 2015. IL-6
inhibitors for treatment of rheumatoid arthritis: past, present, and future.
Arch. Pharm. Res. 38(5): 575–584. doi:10.1007/s12272-015-0569-8. PMID:
25648633.

Ledford, H. 2020. Coronavirus breakthrough: dexamethasone is first drug
shown to save lives. Nature, 582(7813): 469. doi:10.1038/d41586-020-01824-5.
PMID:32546811.

Lee, D.T., Wing, Y.K., Leung, H.C., Sung, J.J., Ng, Y.K., Yiu, G.C., et al. 2004a.
Factors associated with psychosis among patients with severe acute respira-
tory syndrome: a case-control study. Clin. Infect. Dis. 39(8): 1247–1249. doi:
10.1086/424016. PMID:15486852.

Lee, N., Allen Chan, K.C., Hui, D.S., Ng, E.K., Wu, A., Chiu, R.W., et al. 2004b.
Effects of early corticosteroid treatment on plasma SARS-associated Corona-
virus RNA concentrations in adult patients. J. Clin. Virol. 31(4): 304–309.
doi:10.1016/j.jcv.2004.07.006. PMID:15494274.

Lei, J., Kusov, Y., and Hilgenfeld, R. 2018. Nsp3 of coronaviruses: Structures and
functions of a large multi-domain protein. Antiviral Res. 149: 58–74. doi:10.
1016/j.antiviral.2017.11.001. PMID:29128390.

Lenzer, J. 2020. Covid-19: US gives emergency approval to hydroxychloroquine
despite lack of evidence. BMJ, 369: m1335. doi:10.1136/bmj.m1335. PMID:
32238355.

Li, G., and De Clercq, E. 2020. Therapeutic options for the 2019 novel coronavirus
(2019-nCoV). Nat. Rev. Drug Discov. 19(3): 149–150. doi:10.1038/d41573-020-
00016-0. PMID:32127666.

Li, H., Wang, Y.M., Xu, J.Y., and Cao, B. 2020. [Potential antiviral therapeutics for
2019 Novel Coronavirus]. Zhonghua Jie He He Hu Xi Za Zhi, 43(3): 170–172. [In
Chinese.] doi:10.3760/cma.j.issn.1001-0939.2020.03.004. PMID:32164080.

Li, S.W., Wang, C.Y., Jou, Y.J., Huang, S.H., Hsiao, L.H., Wan, L., Lin, Y.J., et al.
2016. SARS coronavirus papain-like protease inhibits the TLR7 signaling path-
way through removing Lys63-linked polyubiquitination of TRAF3 and TRAF6.
Int. J. Mol. Sci. 17(5): 678. doi:10.3390/ijms17050678. PMID:27164085.

Li, W., Moore, M.J., Vasilieva, N., Sui, J., Wong, S.K., Berne, M.A., et al. 2003.
Angiotensin-converting enzyme 2 is a functional receptor for the SARS coro-
navirus. Nature, 426(6965): 450–454. doi:10.1038/nature02145. PMID:14647384.

Li, Y.M., Wang, S.X., Gao, H.S., Wang, J.G., Wei, C.S., Chen, L.M., et al. 2004.
[Factors of avascular necrosis of femoral head and osteoporosis in SARS
patients’ convalescence.] Zhonghua Yi Xue Za Zhi, 84(16): 1348–1353. [In Chi-
nese.]. PMID:15387943.

Lu, C.C., Chen, M.Y., and Chang, Y.L. 2020a. Potential therapeutic agents against
COVID-19: What we know so far. J. Chin. Med. Assoc. 83(6): 534–536. doi:10.
1097/JCMA.0000000000000318. PMID:32243270.

Lu, H. 2020. Drug treatment options for the 2019-new coronavirus (2019-nCoV).
Biosci. Trends, 14(1): 69–71. doi:10.5582/bst.2020.01020. PMID:31996494.

Lu, R., Zhao, X., Li, J., Niu, P., Yang, B., Wu, H., et al. 2020b. Genomic character-
isation and epidemiology of 2019 novel coronavirus: implications for virus
origins and receptor binding. Lancet, 395(10224): 565–574. doi:10.1016/S0140-
6736(20)30251-8. PMID:32007145.

Martinez, M.A. 2020. Compounds with therapeutic potential against novel re-
spiratory 2019 coronavirus. Antimicrob. Agents Chemother. 64(5). doi:10.1128/
AAC.00399-20. PMID:32152082.

Mo, Y., and Fisher, D. 2016. A review of treatment modalities for Middle East
respiratory syndrome. J. Antimicrob. Chemother. 71(12): 3340–3350. doi:10.
1093/jac/dkw338. PMID:27585965.

Morse, J.S., Lalonde, T., Xu, S., and Liu, W.R. 2020. Learning from the past:
possible urgent prevention and treatment options for severe acute respira-
tory infections caused by 2019-nCoV. Chembiochem. 21(5): 730–738. doi:10.
1002/cbic.202000047. PMID:32022370.

Mulangu, S., Dodd, L.E., Davey, R.T., Jr., Tshiani Mbaya, O., Proschan, M.,
Mukadi, D., et al. 2019. A randomized, controlled trial of Ebola virus disease
therapeutics. N. Engl. J. Med. 381(24): 2293–2303. doi:10.1056/NEJMoa1910993.
PMID:31774950.

Nagy, P.D., and Pogany, J. 2011. The dependence of viral RNA replication on
co-opted host factors. Nat. Rev. Microbiol. 10(2): 137–149. doi:10.1038/
nrmicro2692. PMID:22183253.

Narayanan, K., Ramirez, S.I., Lokugamage, K.G., and Makino, S. 2015. Coronavi-
rus nonstructural protein 1: Common and distinct functions in the regula-
tion of host and viral gene expression. Virus Res. 202: 89–100. doi:10.1016/j.
virusres.2014.11.019. PMID:25432065.

Niemeyer, D., Mösbauer, K., Klein, E.M., Sieberg, A., Mettelman, R.C.,
Mielech, A.M., et al. 2018. The papain-like protease determines a virulence
trait that varies among members of the SARS-coronavirus species. PLoS Pat-
hog. 14(9): e1007296. doi:10.1371/journal.ppat.1007296. PMID:30248143.

Pearson, R.D., and Hewlett, E.L. 1985. Niclosamide therapy for tapeworm infec-
tions. Ann. Intern. Med. 102(4): 550–551. doi:10.7326/0003-4819-102-4-550.
PMID:3977200.

Perlman, S., and Netland, J. 2009. Coronaviruses post-SARS: update on replica-
tion and pathogenesis. Nat. Rev. Microbiol. 7(6): 439–450. doi:10.1038/
nrmicro2147. PMID:19430490.

Pindiprolu, S., and Pindiprolu, S.H. 2020. Plausible mechanisms of Niclosamide
as an antiviral agent against COVID-19. Med. Hypotheses. 140: 109765. doi:10.
1016/j.mehy.2020.109765. PMID:32361588.

Prokunina-Olsson, L., Alphonse, N., Dickenson, R.E., Durbin, J.E., Glenn, J.S.,
Hartmann, R., et al. 2020. COVID-19 and emerging viral infections: The case

488 Can. J. Physiol. Pharmacol. Vol. 98, 2020

Published by NRC Research Press

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
18

5.
22

5.
20

8.
11

 o
n 

09
/2

9/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1128/JVI.01429-16
http://www.ncbi.nlm.nih.gov/pubmed/27466418
http://dx.doi.org/10.1073/pnas.1922083117
http://www.ncbi.nlm.nih.gov/pubmed/32054787
http://dx.doi.org/10.1111/j.1365-2893.2007.00887.x
http://dx.doi.org/10.1111/j.1365-2893.2007.00887.x
http://www.ncbi.nlm.nih.gov/pubmed/18088238
http://dx.doi.org/10.1002/cpt.1844
http://www.ncbi.nlm.nih.gov/pubmed/32246834
http://dx.doi.org/10.1128/AAC.03036-14
http://www.ncbi.nlm.nih.gov/pubmed/24841273
http://dx.doi.org/10.2217/fvl-2018-0144
http://www.ncbi.nlm.nih.gov/pubmed/32201500
http://dx.doi.org/10.1002/jmv.24736
http://www.ncbi.nlm.nih.gov/pubmed/27864902
http://dx.doi.org/10.1038/nm.3362
http://www.ncbi.nlm.nih.gov/pubmed/24013700
http://dx.doi.org/10.1111/j.1365-2125.1983.tb01540.x
http://www.ncbi.nlm.nih.gov/pubmed/6849790
http://dx.doi.org/10.1093/cid/ciz100
http://www.ncbi.nlm.nih.gov/pubmed/30753384
http://dx.doi.org/10.5582/bst.2020.01047
http://www.ncbi.nlm.nih.gov/pubmed/32074550
http://dx.doi.org/10.1056/NEJMoa2012410
http://dx.doi.org/10.1056/NEJMoa2007016
http://www.ncbi.nlm.nih.gov/pubmed/32275812
http://dx.doi.org/10.1016/j.virol.2014.04.027
http://www.ncbi.nlm.nih.gov/pubmed/24928045
http://dx.doi.org/10.1128/JVI.78.24.13600-13612.2004
http://www.ncbi.nlm.nih.gov/pubmed/15564471
http://dx.doi.org/10.1056/NEJMoa2001191
http://www.ncbi.nlm.nih.gov/pubmed/32004427
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/31986264
http://dx.doi.org/10.1016/j.isci.2019.07.003
http://dx.doi.org/10.1016/j.isci.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31402258
http://dx.doi.org/10.1371/journal.pone.0068347
http://www.ncbi.nlm.nih.gov/pubmed/23874596
http://dx.doi.org/10.1128/mBio.00165-13
http://www.ncbi.nlm.nih.gov/pubmed/23631916
http://dx.doi.org/10.1586/14787210.2015.1033400
http://dx.doi.org/10.1586/14787210.2015.1033400
http://www.ncbi.nlm.nih.gov/pubmed/25962100
http://dx.doi.org/10.1080/07391102.2020.1751298
http://dx.doi.org/10.1080/07391102.2020.1751298
http://www.ncbi.nlm.nih.gov/pubmed/32238094
http://dx.doi.org/10.1007/s12272-015-0569-8
http://www.ncbi.nlm.nih.gov/pubmed/25648633
http://dx.doi.org/10.1038/d41586-020-01824-5
http://www.ncbi.nlm.nih.gov/pubmed/32546811
http://dx.doi.org/10.1086/424016
http://www.ncbi.nlm.nih.gov/pubmed/15486852
http://dx.doi.org/10.1016/j.jcv.2004.07.006
http://www.ncbi.nlm.nih.gov/pubmed/15494274
http://dx.doi.org/10.1016/j.antiviral.2017.11.001
http://dx.doi.org/10.1016/j.antiviral.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29128390
http://dx.doi.org/10.1136/bmj.m1335
http://www.ncbi.nlm.nih.gov/pubmed/32238355
http://dx.doi.org/10.1038/d41573-020-00016-0
http://dx.doi.org/10.1038/d41573-020-00016-0
http://www.ncbi.nlm.nih.gov/pubmed/32127666
http://dx.doi.org/10.3760/cma.j.issn.1001-0939.2020.03.004
http://www.ncbi.nlm.nih.gov/pubmed/32164080
http://dx.doi.org/10.3390/ijms17050678
http://www.ncbi.nlm.nih.gov/pubmed/27164085
http://dx.doi.org/10.1038/nature02145
http://www.ncbi.nlm.nih.gov/pubmed/14647384
http://www.ncbi.nlm.nih.gov/pubmed/15387943
http://dx.doi.org/10.1097/JCMA.0000000000000318
http://dx.doi.org/10.1097/JCMA.0000000000000318
http://www.ncbi.nlm.nih.gov/pubmed/32243270
http://dx.doi.org/10.5582/bst.2020.01020
http://www.ncbi.nlm.nih.gov/pubmed/31996494
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://www.ncbi.nlm.nih.gov/pubmed/32007145
http://dx.doi.org/10.1128/AAC.00399-20
http://dx.doi.org/10.1128/AAC.00399-20
http://www.ncbi.nlm.nih.gov/pubmed/32152082
http://dx.doi.org/10.1093/jac/dkw338
http://dx.doi.org/10.1093/jac/dkw338
http://www.ncbi.nlm.nih.gov/pubmed/27585965
http://dx.doi.org/10.1002/cbic.202000047
http://dx.doi.org/10.1002/cbic.202000047
http://www.ncbi.nlm.nih.gov/pubmed/32022370
http://dx.doi.org/10.1056/NEJMoa1910993
http://www.ncbi.nlm.nih.gov/pubmed/31774950
http://dx.doi.org/10.1038/nrmicro2692
http://dx.doi.org/10.1038/nrmicro2692
http://www.ncbi.nlm.nih.gov/pubmed/22183253
http://dx.doi.org/10.1016/j.virusres.2014.11.019
http://dx.doi.org/10.1016/j.virusres.2014.11.019
http://www.ncbi.nlm.nih.gov/pubmed/25432065
http://dx.doi.org/10.1371/journal.ppat.1007296
http://www.ncbi.nlm.nih.gov/pubmed/30248143
http://dx.doi.org/10.7326/0003-4819-102-4-550
http://www.ncbi.nlm.nih.gov/pubmed/3977200
http://dx.doi.org/10.1038/nrmicro2147
http://dx.doi.org/10.1038/nrmicro2147
http://www.ncbi.nlm.nih.gov/pubmed/19430490
http://dx.doi.org/10.1016/j.mehy.2020.109765
http://dx.doi.org/10.1016/j.mehy.2020.109765
http://www.ncbi.nlm.nih.gov/pubmed/32361588


for interferon lambda. J. Exp. Med. 217(5). doi:10.1084/jem.20200653. PMID:
32289152.

Raimondo, M.G., Biggioggero, M., Crotti, C., Becciolini, A., and Favalli, E.G. 2017.
Profile of sarilumab and its potential in the treatment of rheumatoid arthri-
tis. Drug Des. Dev. Ther. 11: 1593–1603. doi:10.2147/DDDT.S100302.

Ratia, K., Saikatendu, K.S., Santarsiero, B.D., Barretto, N., Baker, S.C.,
Stevens, R.C., and Mesecar, A.D. 2006. Severe acute respiratory syndrome
coronavirus papain-like protease: structure of a viral deubiquitinating en-
zyme. Proc. Natl. Acad. Sci. U.S.A. 103(15): 5717–5722. doi:10.1073/pnas.
0510851103. PMID:16581910.

Rossignol, J.F. 2014. Nitazoxanide: a first-in-class broad-spectrum antiviral agent.
Antiviral Res. 110: 94–103. doi:10.1016/j.antiviral.2014.07.014. PMID:25108173.

Russell, C.D., Millar, J.E., and Baillie, J.K. 2020. Clinical evidence does not support
corticosteroid treatment for 2019-nCoV lung injury. Lancet, 395(10223): 473–
475. doi:10.1016/S0140-6736(20)30317-2. PMID:32043983.

Schweizer, M.T., Haugk, K., McKiernan, J.S., Gulati, R., Cheng, H.H., Maes, J.L.,
et al. 2018. A phase I study of niclosamide in combination with enzalutamide
in men with castration-resistant prostate cancer. PLoS ONE, 13(6): e0198389.
doi:10.1371/journal.pone.0198389. PMID:29856824.

Sheahan, T.P., Sims, A.C., Graham, R.L., Menachery, V.D., Gralinski, L.E.,
Case, J.B., et al. 2017. Broad-spectrum antiviral GS-5734 inhibits both epi-
demic and zoonotic coronaviruses. Sci. Transl. Med. 9(396): eaal3653. doi:10.
1126/scitranslmed.aal3653. PMID:28659436.

Sheahan, T.P., Sims, A.C., Leist, S.R., Schäfer, A., Won, J., Brown, A.J., et al. 2020.
Comparative therapeutic efficacy of remdesivir and combination lopinavir,
ritonavir, and interferon beta against MERS-CoV. Nat. Commun. 11(1): 222.
doi:10.1038/s41467-019-13940-6. PMID:31924756.

Sheppard, M., Laskou, F., Stapleton, P.P., Hadavi, S., and Dasgupta, B. 2017.
Tocilizumab (Actemra). Hum Vaccin Immunother. 13(9): 1972–1988. doi:10.
1080/21645515.2017.1316909. PMID:28841363.

Shiffman, M.L. 2009. What future for ribavirin? Liver Int. 29(Suppl. 1): 68–73.
doi:10.1111/j.1478-3231.2008.01936.x.

Shiraki, K., and Daikoku, T. 2020. Favipiravir, an anti-influenza drug against
life-threatening RNA virus infections. Pharmacol. Ther. 209: 107512. doi:10.
1016/j.pharmthera.2020.107512. PMID:32097670.

Sieper, J., Braun, J., Kay, J., Badalamenti, S., Radin, A.R., Jiao, L., et al. 2015.
Sarilumab for the treatment of ankylosing spondylitis: results of a Phase II,
randomised, double-blind, placebo-controlled study (ALIGN). Ann. Rheum.
Dis. 74(6): 1051–1057. doi:10.1136/annrheumdis-2013-204963. PMID:24550171.

Simmons, G., Gosalia, D.N., Rennekamp, A.J., Reeves, J.D., Diamond, S.L., and
Bates, P. 2005. Inhibitors of cathepsin L prevent severe acute respiratory
syndrome coronavirus entry. Proc. Natl. Acad. Sci. U.S.A. 102(33): 11876–11881.
doi:10.1073/pnas.0505577102. PMID:16081529.

Simsek Yavuz, S., and Unal, S. 2020. Antiviral treatment of COVID-19. Turk. J.
Med. Sci. 50(SI-1): 611–619. doi:10.3906/sag-2004-145. PMID:32293834.

Sinha, N., and Balayla, G. 2020. Hydroxychloroquine and covid-19. Postgrad.
Med. J. [In press.] doi:10.1136/postgradmedj-2020-137785. PMID:32295814.

Snijder, E.J., Decroly, E., and Ziebuhr, J. 2016. The nonstructural proteins direct-
ing coronavirus RNA synthesis and processing. Adv. Virus Res. 96: 59–126.
doi:10.1016/bs.aivir.2016.08.008. PMID:27712628.

Stockman, L.J., Bellamy, R., and Garner, P. 2006. SARS: systematic review of
treatment effects. PLoS Med. 3(9): e343. doi:10.1371/journal.pmed.0030343.
PMID:16968120.

Su, S., Wong, G., Shi, W., Liu, J., Lai, A.C.K., Zhou, J., et al. 2016. Epidemiology,
genetic recombination, and pathogenesis of coronaviruses. Trends Micro-
biol. 24(6): 490–502. doi:10.1016/j.tim.2016.03.003. PMID:27012512.

Tchesnokov, E.P., Feng, J.Y., Porter, D.P., and Gotte, M. 2019. Mechanism of
inhibition of Ebola virus RNA-dependent RNA polymerase by remdesivir.
Viruses, 11(4). doi:10.3390/v11040326.

Touret, F., and de Lamballerie, X. 2020. Of chloroquine and COVID-19. Antiviral
Res. 177: 104762. doi:10.1016/j.antiviral.2020.104762. PMID:32147496.

Wang, M., Cao, R., Zhang, L., Yang, X., Liu, J., Xu, M., et al. 2020. Remdesivir and
chloroquine effectively inhibit the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Res. 30(3): 269–271. doi:10.1038/s41422-020-0282-0.
PMID:32020029.

Warren, T.K., Jordan, R., Lo, M.K., Ray, A.S., Mackman, R.L., Soloveva, V., et al.
2016. Therapeutic efficacy of the small molecule GS-5734 against Ebola virus
in rhesus monkeys. Nature, 531(7594): 381–385. doi:10.1038/nature17180.
PMID:26934220.

Wu, C.J., Jan, J.T., Chen, C.M., Hsieh, H.P., Hwang, D.R., Liu, H.W., et al. 2004.
Inhibition of severe acute respiratory syndrome coronavirus replication by
niclosamide. Antimicrob Agents Chemother. 48(7): 2693–2696. doi:10.1128/
AAC.48.7.2693-2696.2004. PMID:15215127.

Xiao, J.Z., Ma, L., Gao, J., Yang, Z.J., Xing, X.Y., Zhao, H.C., et al. 2004.
[Glucocorticoid-induced diabetes in severe acute respiratory syndrome: the
impact of high dosage and duration of methylprednisolone therapy]. Zhon-
ghua Nei Ke Za Zhi, 43(3): 179–182. [In Chinese.]. PMID:15059370.

Xu, J., Shi, P.Y., Li, H., and Zhou, J. 2020a. Broad spectrum antiviral agent niclos-
amide and its therapeutic potential. ACS Infect. Dis. 6(5): 909–915. doi:10.1021/
acsinfecdis.0c00052. PMID:32125140.

Xu, X., Han, M., Li, T., Sun, W., Wang, D., Fu, B., et al. 2020b. Effective treatment
of severe COVID-19 patients with tocilizumab. Proc. Natl. Acad. Sci. U.S.A.
doi:10.1073/pnas.2005615117. PMID:32350134.

Ye, X.T., Luo, Y.L., Xia, S.C., Sun, Q.F., Ding, J.G., Zhou, Y., et al. 2020. Clinical
efficacy of lopinavir/ritonavir in the treatment of Coronavirus disease 2019.
Eur. Rev. Med. Pharmacol. Sci. 24(6): 3390–3396. doi:10.26355/eurrev_
202003_20706. PMID:32271456.

Zumla, A., Chan, J.F., Azhar, E.I., Hui, D.S., and Yuen, K.Y. 2016. Coronaviruses -
drug discovery and therapeutic options. Nat Rev Drug Discov. 15(5): 327–347.
doi:10.1038/nrd.2015.37. PMID:26868298.

Weisberg et al. 489

Published by NRC Research Press

C
an

. J
. P

hy
si

ol
. P

ha
rm

ac
ol

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
18

5.
22

5.
20

8.
11

 o
n 

09
/2

9/
21

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1084/jem.20200653
http://www.ncbi.nlm.nih.gov/pubmed/32289152
http://dx.doi.org/10.2147/DDDT.S100302
http://dx.doi.org/10.1073/pnas.0510851103
http://dx.doi.org/10.1073/pnas.0510851103
http://www.ncbi.nlm.nih.gov/pubmed/16581910
http://dx.doi.org/10.1016/j.antiviral.2014.07.014
http://www.ncbi.nlm.nih.gov/pubmed/25108173
http://dx.doi.org/10.1016/S0140-6736(20)30317-2
http://www.ncbi.nlm.nih.gov/pubmed/32043983
http://dx.doi.org/10.1371/journal.pone.0198389
http://www.ncbi.nlm.nih.gov/pubmed/29856824
http://dx.doi.org/10.1126/scitranslmed.aal3653
http://dx.doi.org/10.1126/scitranslmed.aal3653
http://www.ncbi.nlm.nih.gov/pubmed/28659436
http://dx.doi.org/10.1038/s41467-019-13940-6
http://www.ncbi.nlm.nih.gov/pubmed/31924756
http://dx.doi.org/10.1080/21645515.2017.1316909
http://dx.doi.org/10.1080/21645515.2017.1316909
http://www.ncbi.nlm.nih.gov/pubmed/28841363
http://dx.doi.org/10.1111/j.1478-3231.2008.01936.x
http://dx.doi.org/10.1016/j.pharmthera.2020.107512
http://dx.doi.org/10.1016/j.pharmthera.2020.107512
http://www.ncbi.nlm.nih.gov/pubmed/32097670
http://dx.doi.org/10.1136/annrheumdis-2013-204963
http://www.ncbi.nlm.nih.gov/pubmed/24550171
http://dx.doi.org/10.1073/pnas.0505577102
http://www.ncbi.nlm.nih.gov/pubmed/16081529
http://dx.doi.org/10.3906/sag-2004-145
http://www.ncbi.nlm.nih.gov/pubmed/32293834
http://dx.doi.org/10.1136/postgradmedj-2020-137785
http://www.ncbi.nlm.nih.gov/pubmed/32295814
http://dx.doi.org/10.1016/bs.aivir.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27712628
http://dx.doi.org/10.1371/journal.pmed.0030343
http://www.ncbi.nlm.nih.gov/pubmed/16968120
http://dx.doi.org/10.1016/j.tim.2016.03.003
http://www.ncbi.nlm.nih.gov/pubmed/27012512
http://dx.doi.org/10.3390/v11040326
http://dx.doi.org/10.1016/j.antiviral.2020.104762
http://www.ncbi.nlm.nih.gov/pubmed/32147496
http://dx.doi.org/10.1038/s41422-020-0282-0
http://www.ncbi.nlm.nih.gov/pubmed/32020029
http://dx.doi.org/10.1038/nature17180
http://www.ncbi.nlm.nih.gov/pubmed/26934220
http://dx.doi.org/10.1128/AAC.48.7.2693-2696.2004
http://dx.doi.org/10.1128/AAC.48.7.2693-2696.2004
http://www.ncbi.nlm.nih.gov/pubmed/15215127
http://www.ncbi.nlm.nih.gov/pubmed/15059370
http://dx.doi.org/10.1021/acsinfecdis.0c00052
http://dx.doi.org/10.1021/acsinfecdis.0c00052
http://www.ncbi.nlm.nih.gov/pubmed/32125140
http://dx.doi.org/10.1073/pnas.2005615117
http://www.ncbi.nlm.nih.gov/pubmed/32350134
http://dx.doi.org/10.26355/eurrev_202003_20706
http://dx.doi.org/10.26355/eurrev_202003_20706
http://www.ncbi.nlm.nih.gov/pubmed/32271456
http://dx.doi.org/10.1038/nrd.2015.37
http://www.ncbi.nlm.nih.gov/pubmed/26868298

	Review
	SARS-CoV-2
	Current treatment approaches for COVID-19
	Conclusion

	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages true
	/ColorSettingsFile (None)
	/AutoRotatePages /PageByPage
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Average
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


