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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) is the reason for this ongoing pandemic infection diseases
termed coronavirus disease 2019 (COVID-19) that has emerged since early December 2019 in Wuhan City, Hubei Province,
China. In this century, it is the worst threat to international health and the economy. After 4 months of COVID-19 outbreak, there
is no certain and approved medicine against it. In this public health emergency, it makes sense to investigate the possible effects
of old drugs and find drug repositioning that is efficient, economical, and riskless process. Old drugs that may be effective are
from different pharmacological categories, antimalarials, anthelmintics, anti-protozoal, anti-HIVs, anti-influenza, anti-
hepacivirus, antineoplastics, neutralizing antibodies, immunoglobulins, and interferons. In vitro, in vivo, or preliminary trials
of these drugs in the treatment of COVID-19 have been encouraging, leading to new research projects and trials to find the best
drug/s. In this review, we discuss the possible mechanisms of these drugs against COVID-19. Also, it should bementioned that in
this manuscript, we discuss preliminary rationales; however, clinical trial evidence is needed to prove them. COVID-19 therapy
must be based on expert clinical experience and published literature and guidelines from major health organizations. Moreover,
herein, we describe current evidence that may be changed in the future.
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RBD Receptor-binding domain
SARS-CoV2 Severe acute respiratory syndrome

coronavirus 2
WHO World Health Organization

Introduction

Coronaviruses are a large family of positive single-stranded
RNA viruses (+ssRNA) (Perlman and Netland 2009) and clas-
sified into four major genera including alpha- and beta-
coronaviruses that infect humans and gamma- and delta-
coronaviruses that generally infect birds. They are the main
reason for respiratory infections and diseases ranging from the
common cold to more severe ones. Middle East respiratory
syndrome (MERS)– and severe acute respiratory syndrome
(SARS)–associated coronavirus belong to the beta-
coronavirus genus. They are responsible for the recent epi-
demic worldwide in the recent 20 years. A novel coronavirus
(CoV) named “2019 novel coronavirus” or “2019-nCoV”,
“severe acute respiratory syndrome coronavirus 2”, or
“SARS-CoV2” has caused the recent pneumonia outbreak
named “coronavirus disease 2019” or “COVID-19” since ear-
ly December 2019 in Wuhan City, Hubei Province, China
(Wu et al. 2020) which is now pandemic worldwide.

The pathophysiology and virulence mechanisms of
coronaviruses are related to the function of structural and
non-structural proteins. Proteases are one of the most impor-
tant non-structural proteins within the viral replication cycle.
They are utilized to produce both functional and structural
proteins. Papain-like cysteine protease (PLP2pro) and
chymotrypsin-like cysteine protease (3CLpro25-30 also called
Mpro) are the main proteases in SARS-CoV (Mukherjee et al.
2011). Interestingly, papain-like cysteine protease can damper
the antiviral response of host cells (Lindner et al. 2005;
Niemeyer et al. 2018). Helicase and RNA-dependent RNA
polymerase are the other crucial non-structural proteins that
are encoded by coronaviruses genome (Zumla et al. 2016).
The high similarity between the main proteins of SARS-
CoV and COVID-19 (Zhou et al. 2020), 79.5% sequence
similarity (He et al. 2020), suggests drug designed against
these proteins in SARS-CoV (Mukherjee et al. 2011) could
be effective against COVID-19, too.

The main structural proteins in coronaviruses include
spike (S) glycoprotein, membrane, envelope, and nucleo-
capsid proteins (Perlman and Netland 2009). Spike glyco-
proteins on the viral surface are composed of two subunits,
S1 and S2. The S1 subunit discovers the virus-host range
and cellular tropism by the receptor-binding domain
(RBD) and the S2 subunit mediates virus-host cell mem-
brane fusion (Guo et al. 2020; He et al. 2020; Su and Wu
2020). Similar to SARS-CoV, COVID-19 utilizes host cell
angiotensin-converting enzyme 2 (ACE2) receptor to enter

the cells with a 10- to 20-fold higher affinity than SARS-
CoV (He et al. 2020; Su and Wu 2020).

The clinical presentation of COVID-19 varies from asymp-
tomatic or paucisymptomatic forms to more severe conditions
that need respiratory support, sepsis, septic shock, and
multiorgan dysfunction syndrome. The most common sign
and symptoms of this disease are fever (98%), dry cough
(76%), myalgia or fatigue (44%), and dyspnea (55%) and
the less common symptoms are sputum production (28%),
headache (8%), hemoptysis (5%), and diarrhea (3%); and
chest computerized tomography scans show pneumonia
(Bassetti et al. 2020; Huang and Herrmann 2020).
Laboratory markers include leukopenia (25%), lymphopenia
(63%), thrombocytopenia (5%), and high lactate dehydroge-
nase (73%) (Bassetti et al. 2020). The clinical features of the
COVID-19 are divided by their severity to the following
forms (Wu and McGoogan 2020):

1- A mild disease that occurred in 81% of cases with no or
mild pneumonia;

2- Severe disease that occurs in 14% of cases and manifests
in dyspnea, respiratory frequency ≥ 30/min, blood oxygen
saturation ≤ 93%, the partial pressure of oxygen/fraction
of inspired oxygen ratio (the ratio between the blood pres-
sure of the oxygen and the percentage of oxygen sup-
plied) < 300, lung infiltrates > 50% within 24 to 48 h;

3- Critical disease that occurs in 5% of cases with respiratory
failure, septic shock, multiple organ dysfunction, or
failure.

According to the World Health Organization (WHO), the
Centers for Disease Control and Prevention, and the US Food
and Drug Administration (FDA), the management of COVID-
19 has mainly focused on infection prevention, case detection
and monitoring, and supportive care. However, no specific
anti-COVID-19 treatments are recommended because of the
absence of evidence (Beware of Fraudulent Coronavirus
Tests, Vaccines and Treatments 2020; Coronavirus Disease
2019 (COVID-19) 2020; Information for Clinicians on
Therapeutic Options for COVID-19 Patients 2020). Given
the urgency of the 2019-nCoV outbreak, researchers pay par-
ticular attention to the repositioning of existing antiviral
agents that are approved or in development against infections
caused by human immunodeficiency viruses (HIV), hepatitis
B virus (HBV), hepatitis C virus (HCV), and influenza (Li and
De Clercq 2020). Besides, since most coronaviruses especial-
ly MERS, SARS, and COVID-19 have a similar viral struc-
ture, a similar infection pathway, and a similar structure of the
S proteins, similar research strategies should be used for the
COVID-19 (Yu et al. 2020).

The general treatment strategies include bed rest and sup-
portive treatment, ensuring sufficient calorie and water intake,
maintaining water-electrolyte balance and homeostasis,
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monitoring vital signs and respiratory support, circulation sup-
port, oxygen therapy when necessary, measuring blood rou-
tine, urine routine, C-reactive protein, and other blood bio-
chemical indexes including liver and kidney function, myo-
cardial enzyme spectrum, and coagulation function according
to patients’ conditions. Blood gas analysis and timely re-
examination of chest imaging should be performed when nec-
essary (Shen et al. 2020). Nearly all patients accept oxygen
therapy, and theWHO recommends extracorporeal membrane
oxygenation to patients with refractory hypoxemia (Guo et al.
2020). Nitric oxide inhalation (Chen et al. 2004) and
epoprostenol inhalation, a prostacyclin with vasodilator prop-
erties (Alessandri et al. 2018; Searcy et al. 2015), are the other
recommended options to treat acute respiratory distress syn-
drome. In vitro study revealed that nitric oxide can inhibit the
replication of SARS-CoV (Åkerström et al. 2005).

At the time of writing this article, no drug is FDA approved
to treat COVID-19. Some old drugs are suggested to manage
COVID-19 and are being used anecdotally based on in vitro or
in vivo studies; however, there are poor clinical data in
supporting them. These include remdesivir, chloroquine/
hydroxychloroquine in combination with azithromycin, toci-
lizumab, and lopinavir/ritonavir (Coronavirus disease 2019
(COVID-19): Epidemiology, virology, clinical features, diag-
nosis, and prevention 2020). In March 2020, the WHO started
a global mega trial of the four most promising coronavirus
treatments in 10 countries called “Solidarity” in response to
the COVID-19 pandemic. Remdesivir, chloroquine and
hydroxychloroquine, lopinavir/ritonavir, and lopinavir/
ritonavir in combination with interferon beta are the experi-
mental therapy currently being researched under this
Solidarity Trial (WHO launches global megatrial of the four
most promising coronavirus treatments 2020).

A group of Korean specialist physicians in treating
COVID-19 recommended the following antiviral medication
for treating older patients or patients with underlying comor-
bid and severe conditions. The recommended regime is
lopinavir 400 mg/ ritonavir 100 mg (Kaletra® 2 tablets by
mouth twice daily) or chloroquine (500 mg by mouth daily)
or hydroxychloroquine (400 mg by mouth daily), for 7 to 10
days depending on the clinical progress. Co-administration of
chloroquine or hydroxychloroquine with lopinavir/ritonavir
may cause serious arrhythmias and drug interaction.
According to their advice, combined therapy is just recom-
mended in very limited cases (Physicians work out treatment
guidelines for coronavirus 2020).

A group of Iranian physicians and experts with experience
in treating COVID-19 have developed recommendations for
the treatment of hospitalized patients with COVID-19. Based
on the 6th edition of this recommendation, the proposed anti-
viral monotherapy is chloroquine (500mg q12h at the first day
followed by 250 mg q12h, orally) or hydroxychloroquine
(400 mg q12h at the first day followed by 200 mg q12h,

orally) for 7 to 14 days based on the clinical progress. In
combination therapy, lopinavir/ritonavir (400/100 mg q12h,
orally) is administrated with chloroquine (500 mg SD, orally)
or hydroxychloroquine (400 mg SD, orally) for the first day
that is followed just with lopinavir/ritonavir (400/100 mg
q12h, orally) for 7–14 days. In combination therapy with
atazanavir/ritonavir, atazanavir/ritonavir (300/100 mg SD,
orally) plus chloroquine (250 mg q12h, orally) or
hydroxychloroquine (200 mg q12h, orally) are administrated
from the first day for 7–14 days. It has been suggested that
atazanavir/ritonavir has lower side effects (drug interaction
with chloroquine/ hydroxychloroquine, arrhythmia, gastroin-
testinal intolerance) than lopinavir/ritonavir (Flowchart
diagnosis and treatment of COVID 19 disease at outpatient
and inpatient levels 2020).

There are two main ways in drug discovery including tra-
ditional drug development and drug repositioning. The first
way that usually takes 10–15 years needs high investments
and is very expensive and the success rate is very low. The
second one uses old drugs for investigating and approving
new therapeutic. In contrast with the first way, it is more
efficient, economical, and riskless (Xue et al. 2018).

These days, there is an emergency to investigate appropri-
ate drug/s in COVID-19, and it seems drug repositioning be so
helpful. In this review, we are mainly trying to gather findings
of the old drugs–COVID19 relationship to introduce a lead for
suitable therapy. However, COVID-19 therapy must be based
on expert clinical experience and published literature and
guidelines from major health organizations.

In this regard, the recommended dosages for proposed
drugs that are currently being trialed COVID-19 based on
the latest version of the WHO, 21st March 2020, are included
in Table 1 (Coronavirus Disease 2019 (COVID-19) 2020).
There are other interventions with limited or no clinical data
that are introduced in this article.

Method

The relevant data that have been published since the start of
2020 were included by searching Google Scholar, PubMed,
and valid encyclopedias. Furthermore, bibliographies of eligi-
ble articles were examined for additional relevant studies. The
keywords used as search terms were “Novel Coronavirus”,
“COVID-19”, “severe acute respiratory syndrome coronavi-
rus 2”, “SARS-CoV-2”, “therapy”, “treatment”, “virology”,
“clinical future”, and “pathology”.

There was no restriction on the type of studies. All kinds of
peer-reviewed or non-peer-reviewed research projects, re-
views, letters, comments, editorials, and eBooks that have
been published or being be published (in proof and press sit-
uation) were included. Non-English language studies were
studied using Google Translate software.
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Results

Antimalarial drugs

There are strong studies that proved the efficacy of chloro-
quine against intracellular microorganism as well as malaria,
Coxiella burnetii, and Tropheryma whipplei (Colson et al.
2020). Chloroquine or hydroxychloroquine is used against
autoimmune diseases (Wang et al. 2020b) and has a worth
effect against coronaviruses (Colson et al. 2020; Wang et al.
2020b). Chloroquine prescription improves pneumonia and
lung imaging findings in infected patients with COVID-19.
It shorts the disease course, promotes a virus-negative stage,
and decreases the length of hospital stay (Gao et al. 2020). It
has a good distribution into the lungs (Wang et al. 2020b).

This drug alkalizes endosomal pH and interferes with
virus-endosome fusion that affects the virus entry or exit
(Vincent et al. 2005). It has been shown the SARS-CoV spike
glycoprotein mediates viral entry through pH-dependent en-
docytosis (Yang et al. 2004). Chloroquine inhibits the
glycosylation of ACE2 receptor expression at the cell surface
(Vincent et al. 2005). It possesses immunomodulatory
and anti-inflammatory impacts through many pathways
including the inhibition of phospholipase A2 activity and
blocking cytokine production and release (Al-Bari 2015)
that may be worth full in a COVID-19 cytokine storm. It has
been mentioned that the activity of hydroxychloroquine on
COVID-19 is probably the same as that of chloroquine
(Colson et al. 2020), although hydroxychloroquine seems to
have more potent antiviral activity (Yao et al. 2020).

Since chloroquine inhibits the attachment and fusion of
the virus to host cells, it could be a good prophylactic can-
didate against viral diseases. Some studies have shown pro-
phylactic effects of chloroquine against SARAS-CoV in
both pre- and post-exposure. A pre-exposure prophylaxis
of 250–500 mg daily and post-exposure prophylaxis at 8
mg/kg/day for 3 days has been recommended for prophy-
laxis against COVID-19. However, there is no certain
evidence that proves the efficacy of chloroquine in prophy-
laxis against COVID-19 (Chang 2020), and it has been pos-
tulated that prophylactic use of chloroquine may impair
innate immune system response against this infection
(Soraya 2020).

QT interval at the baseline is the most important item in
evaluation chloroquine toxicity in COVID-19. Cardiovascular
and dermatological problems, the exacerbation of porphyria,
severe hypoglycemia, abdominal cramps, anorexia, diarrhea,
nausea and vomiting, and endocrine, metabolic and gastroin-
testinal problems are chloroquine related side effects.
Chloroquine may cause hematological and immunological ab-
normalities. It may raise liver enzymes and induce hypersen-
sitivity reactions. Nervous system problems and neuromuscu-
lar, skeletal, ophthalmic, and otic difficulties are the other

reported side effects. Furthermore, this medicine should be
used with caution in patients with pre-existing auditory
damage, G6PD deficiency, hepatic impairment, porphyria,
psoriasis, and seizure disorder. Since chloroquine is the
substrate of CYP2D6 (major) and CYP3A4 (major), the
risk of potentially harmful drug interactions must be consid-
ered in combination therapies (Chloroquine: Drug informa-
tion 2020).

Anthelmintic and anti-protozoal drugs

Niclosamide, an old anti-helminthic drug, has been reported to
impose broad-spectrum antiviral properties such as SARS-
CoV, MERS-CoV, Zika virus, Japanese encephalitis virus,
HCV, Ebola virus, human rhinoviruses, chikungunya virus,
human adenovirus, and Epstein−Barr virus (Xu et al. 2020).
Wu et al. (2004) reported that niclosamide was able to inhibit
SARS-CoV replication and eliminate viral antigen synthesis
(Wu et al. 2004). This drug stimulates autophagy in MERS-
CoV and reduces viral replication (Gassen et al. 2019).
Nitazoxanide is the other antiparasitic drug that has been
FDA-approved for treating Cryptosporidium and Giardia.
Some studies have mentioned its broad-spectrum antiviral ac-
tivity (Rossignol 2014). This drug has been suggested as an
effective therapy against coronaviruses (Cao et al. 2015).
Also, it has been a candidate as a new drug for the treatment
of MERS (Rossignol 2016). In cells that are infected by for-
eign RNA, nitazoxanide amplifies host innate immune antivi-
ral responses by triggering foreign cytoplasmic RNA sensing
and the type 1 interferon axis (Jasenosky et al. 2019). In this
respect, nitazoxanide may have potential against COVID-19
(Adnan Shereen et al. 2020). Headache, abdominal pain, nau-
sea, and urine discoloration are reported in more than 2% of
patients who receive nitazoxanide (Nitazoxanide: Drug infor-
mation 2020).

Antiviral therapy

Based on the previous studies, it has been revealed that
lopinavir/ritonavir alone or in combination with antivirals re-
duces the incidence and mortality of acute respiratory distress
syndrome related to SARS and MERS diseases (Chu et al.
2004). Lopinavir/ritonavir inhibits HIV protease for protein
cleavage and causes non-infectious and immature viral parti-
cles (Guo et al. 2020). This therapy is also has been recom-
mended in the management of COVID-19 pneumonia but
appears to have little to no effect (Cao et al. 2020a). The
effectiveness of HIV protease inhibitors against COVID-19
protease enzymes is uncertain based on two reasons: the
HIV proteases belong to the aspartic protease family while
coronavirus proteases belong to the cysteine protease family;
C2-symmetric pocket, the catalytic site of the HIV protease
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dimer (that is inhibited by anti-proteases), is absent in
coronaviruses proteases (Li and De Clercq 2020).

Skin rash, dyslipidemia, diarrhea, vomiting, nausea, ab-
dominal pain, rise of liver enzymes, and upper respiratory
infections have been reported in more than 10% of patients
who receive lopinavir/ritonavir medication. Also, it may alter
cardiovascular conduction. Lopinavir undergoes extensive
metabolism via hepatic CYP3A isozymes. So, co-
administration with CYP3A inducers decreases its level.
Furthermore, ritonavir is a potent CYP3A inhibitor and co-
administration with drugs that are metabolized with this en-
zyme elevates their plasma concentration (Lopinavir and rito-
navir: Drug information 2020).

RNA-dependent RNA polymerase is an important enzyme
in the life cycle of RNA viruses including coronaviruses,
HCV, and Zika virus. This enzyme is the target of some anti-
viral drugs. Sofosbuvir and ribavirin are nucleotide deriva-
tives. They inhibit RNA-dependent RNA polymerase and
are used for HCV therapy. IDX-184 is another RNA-
dependent RNA polymerase that is under clinical trials for
HCV therapy. An in silico study proved the efficacy of
remdesivir against COVID-19 RNA-dependent RNA poly-
merase (Elfiky 2020). Remdesivir is a novel antiviral prodrug
that has been developed against the Ebola virus not only for
treatment but also for prophylaxis post-exposure. It showed a
broad-spectrum antiviral activity in vitro against filoviruses,
arenaviruses, and coronaviruses. Remdesivir has not been ap-
proved or licensed at the time of writing this article (Warren
et al. 2016). Remdesivir is metabolized into an adenosine
nucleotide analog that interferes with the action of virus
RNA polymerase post entry. It seems to have good inhibitory
effects against COVID-19 at the cellular level (Guo et al.
2020). In a case report, remdesivir was started intravenously
on day 7 in a patient with COVID-19 with no side effects
(Holshue et al. 2020). Nausea, vomiting, prolonged prothrom-
bin time, and raise of the liver enzymes have been reported
with remdesivir consumption (Remdesivir (United States:
Investigational agent; refer to Prescribing and Access
Restrictions): Drug information 2020).

Favipiravir is a prodrug and metabolized to a nucleoside
analog and inhibits the viral RNA-dependent RNA polymer-
ase (Furuta et al. 2017) of RNA viruses such as influenza,
Ebola, yellow fever, chikungunya, norovirus, enterovirus,
and COVID-19. It is an approved drug against influenza in
Japan (De Clercq 2019). In February 2020, this drug was
being studied in Chinese randomized trials for experimental
treatment of the COVID-19 (Li and De Clercq 2020).

Indinavir, atazanavir, darunavir, fosamprenavir, saquina-
vir, abacavir, elvitegravir, raltegravir, enzaplatovir, presatovir,
maribavir, tipranavir, darunavir (Jin et al. 2020) are the other
proposed antiviral drugs in threating COVID-19 (Table 2).

Medication therapy against influenza including neuramin-
idase inhibitors (oseltamivir, peramivir, zanamivir), and drugs

like ganciclovir, acyclovir, and ribavirin, as well as methyl-
prednisolone that were prescribed previously for treating
COVID-19, are not valid now (Guo et al. 2020).

Antibacterial

Although the use of antibiotics, especially broad-spectrum
types, should be avoided in patients with COVID-19, in these
patients with a bacterial infection, the use of antibacterial
agents is recommended (Jin et al. 2020). Proposed antimicro-
bial agents against community-acquired pneumonia are amox-
icillin, azithromycin, or fluoroquinolones. In severe patients,
all possible pathogens should be covered by empirical anti-
bacterial treatment until the pathogenic bacteria are clarified
[43]. Moxifloxacin is the best recommendation for covering
mycoplasma and chlamydia (Zhang et al. 2020b).
Azithromycin, a macrolide, is the best-proposed antimicrobial
that has been added to the hydroxychloroquine regimen
COVID-19 and induced a synergic effect on virus elimination.
This combination therapy (azithromycin 500 mg on day 1
followed by 250 mg per day, the next 4 days and
hydroxychloroquine sulfate 200 mg, three times per day dur-
ing 10 days) reduced the number of viral carriages and viral
carrying duration (Gautret et al. 2020). Azithromycin is an
antibiotic from the macrolide group that has anti-
inflammatory effects (Amsden 2005; Beigelman et al. 2009;
Ivetić Tkalčević et al. 2006). Furthermore, it has antiviral
(Iannetta et al. 2017; Menzel et al. 2016; Schoegler et al.
2014; Schögler et al. 2014) properties. This may be a reason
why adding this drug to hydroxychloroquine improved the
clearance of COVID-19. In this regard, there is a need to test
azithromycin as first-line therapy for COVID-19. It should be
considered that both chloroquine/hydroxychloroquine (Silva
et al. 2007) and azithromycin (Hancox et al. 2013) are known
to prolong QTc-interval. So this combination therapy may
increase the risk of cardiac side effects.

Neutralizing monoclonal antibodies

Similar to the SARS-CoV, COVID-19 attaches to the host cell
ACE2 receptors through its receptor-binding motif located in
the RBD of the S1 subunit of spike glycoprotein. Human cells
expressing ACE2 are more susceptible to be infected with
COVID-19 (Guo et al. 2020; Shanmugaraj et al. 2020). So,
specific neutralizing monoclonal antibodies against host cell
ACE2 receptors or virus receptor-binding domain in spike
protein interfere with virus attachment and entry. Somemono-
clonal antibodies against SARS-CoV have been proposed that
due to similarity with COVID-19 could be useful against this
virus, too. Some of them neutralize S1 fragment and block the
interaction of S1 subunit protein with cellular receptor ACE2,
including 80R, CR3014, CR3022, F26G18, F26G19, m396,
and 201. 1A9 monoclonal antibody binds to the S2 fragment
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Table 2 Proposed agents against COVID-19

Classes Drug Pharmacologic
categorya

Probable anti-COVID-19 mechanisma

Antiparasitic Chloroquine Antimalarials Alkalizes endosomal pH and interferes with virus-endosome fusion
(Vincent et al. 2005; Yang et al. 2004) inhibits the glycosylation of
ACE2 receptors (Vincent et al. 2005)

possesses anti-inflammatory and immunomodulatory effects by inhibi-
tion of phospholipase A2 activity and blocking cytokine production
and release (Al-Bari 2015)

Niclosamide Anthelmintic Inhibition of S-phase kinase-associated protein 2 (SKP2) and increase of
autophagy (Gassen et al. 2019)

Nitazoxanide Anthelmintic,
anti-protozoal

Amplifying host innate immune antiviral responses by triggering foreign
cytoplasmic RNA sensing and type 1 interferon axis (Jasenosky et al.
2019).

Antiviral agents Indinavir Anti-HIV Protease inhibitor: inhibits cleavage of gag-pol polyprotein precursors,
which in turn causes the formation of immature, non-infectious viral
particles

Lopinavir Anti-HIV

Ritonavir (typically used to boost
levels of other protease
inhibitors)

Anti-HIV

Atazanavir Anti-HIV

Darunavir Anti-HIV

Tipranavir Anti-HIV

Fosamprenavir (prodrug) Anti-HIV Protease inhibitor: prevents processing of viral gag and gag-pol
polyprotein precursors, resulting in the formation of immature non-
infectious viral particle

Abacavir Anti-HIV Nucleotide reverse transcriptase inhibitor: guanosine analog that inhibits
HIV-1 reverse transcriptase by competing with dGTP as substrate,
which in turn inhibits viral replication

Elvitegravir Anti-HIV Integrase inhibitor: inhibits catalytic activity of HIV-1 integrase, in turn
Inhibits viral replicationRaltegravir Anti-HIV

Remdesivir (prodrug) research statement RNA polymerase inhibitor: metabolized into an adenosine nucleotide
analog that interferes with the action of virus RNA polymeraseFavipiravir (prodrug) Anti-influenza

Sofosbuvir (prodrug) Anti-hepacivirus RNA-dependent RNA polymerase: metabolized into uridine analog
triphosphate, an inhibitor of HCV NS5B RNA-dependent polymer-
ase; suppresses viral replication

Ribavirin Anti-hepacivirus RNA-dependent RNA polymerase: inhibits the initiation and elongation
of RNA fragments by inhibiting polymerase activity, inhibition of
viral protein synthesis

Antineoplastic
agents

Carfilzomib Proteasome inhibitor: binds to the n-terminal threonine-containing active
sites of the 20s proteasome, the proteolytic core particle within the
26 s proteasome, causes cell cycle arrest and apoptosis

Bortezomib Proteasome inhibitor: reversible inhibitor of chymotrypsin-like activity
at the 26-s proteasome, causes cell cycle arrest and apoptosis

Imatinib Protein-tyrosine kinase inhibitor: ABL fusion kinase inhibitor
(Ge et al. 2020)

Carrizumab Programmed cell death protein 1 inhibitor: activate the immune
system (Syn et al. 2017)

Antibiotics Azithromycin Macrolide Antiviral and anti-inflammatory effects

Neutralizing
monoclonal
antibody

CR3022 Research statement Inhibits receptor-binding domain (RBD) of S1 subunit of viral spike
glycoprotein (Tian et al. 2020)

Meplazumab Anti-asthma A monoclonal antibody against CD147 and inhibit the interaction of
CD147 with spike protein of SARS-CoV2

Immunoglobulins Human gamma globulin Immunoglobulins Improving passive immunity and modulating immune inflammation
(Cao et al. 2020b; Zhang et al. 2020b).

Convalescent plasma Research statement Contains neutralizing antibodies that suppress viremia
acceleration of infected cell clearance (Chen et al. 2020)

Interferons IFN β Interferon type 1 immunomodulatory cytokines (Lin and Young 2014)

Naunyn-Schmiedeberg's Arch Pharmacol (2020) 393:1137–1152 1143



of SARS-CoV and blocks the interaction of the S2 subunit
protein with the cellular receptor. S230 binds to RBD and
blocks the interaction of S1 subunit protein with cellular
ACE2 receptor. 4D4 and 68 are the other proposed neutraliz-
ing monoclonal antibodies against SARS-CoV (Shanmugaraj
et al. 2020). While CR3022 neutralizing antibody binds potent-
ly to both SARA-CoV and COVID-19 spike protein, some of
these neutralizing antibodies including m396 and CR3014 that
showed potent inhibitory against SARA-CoV spike protein does
not bind to COVID-19 spike protein probably due to differences
in the RBD of these tow viruses. CR3022 has a worth of poten-
tial therapy against COVID-19 (Tian et al. 2020).

It has been reported that there is a direct interaction be-
tween CD147 and spike protein of SARS-CoV2 and it medi-
ates a role in virus infection (Wang et al. 2020a). The inhibi-
tion of this receptor by meplazumab, a monoclonal antibody
against CD147, has shown a promising inhibitory effect
against SAR-CoV2 both in vitro (Wang et al. 2020a) and in
the clinic (Bian et al. 2020). CD147 that is presented in on
epithelial cells and activated inflammatory cells induces cyto-
kine secretion and leukocyte chemotaxis by binding with
cyclophilin A. Cyclophilin A participates in T cell chemotaxis
and local inflammation (Dawar et al. 2017a, b).

Convalescent plasma and human gamma globulin

Convalescent plasma and intravenous immunoglobulin (IVIg)
are the other proposed strategies to improve the survival rate
of patients with SARS and maybe COVID-19. A clinical
study in Shanghai has shown the positive effects of convales-
cent plasma strategy against COVID-19 (Derebail and Falk
2020). This therapy shorted the hospital stay and decreased
mortality and viral load that should be related to neutralizing
antibodies from convalescent plasma that suppresses viremia.
The other possible explanation for the efficacy of

convalescent therapy is the acceleration of infected cell clear-
ance (Chen et al. 2020). There is a new about the decision of
the FDA in approving the use of convalescent plasma to treat
critically ill patients with COVID-19 (Tanne 2020).

The administration of IVIg with lowmolecular weight hep-
arin anticoagulant therapy at the early stages of COVID-19
can interrupt cytokine storm and enhance the immunity (Lin
et al. 2020). A series of case studies have revealed that admin-
istration of high-dose IVIg, 0.3–0.5 g/kg, daily for 5 days, at
the early stage of COVID-19, could block the progression of
the disease, lymphocytopenia, and elevated inflammation
markers. Although these three patients were not on the same
antiviral medication, the outcome of IVIg therapy in improv-
ing passive immunity and modulating immune inflammation
in COVID-19 is worth full (Cao et al. 2020b; Zhang et al.
2020b). The efficacy of immunoglobulin therapy has been
revealed in SARS (Ho et al. 2004) and influenza (Liu et al.
2016) diseases, but there are not enough clinical trials on
COVID-19.

Hypotension and hypertension, tachycardia and decreased
heart rate, headache, fatigue, chills, pain, rigors, dizziness,
injection site pruritus, sore throat and gastrointestinal prob-
lems, hematological abnormalities, the rise of liver enzymes,
and neuromuscular and skeletal problems are the common
side effects in more than 10% patients who received IVIg
(Immune globulin (Intravenous, subcutaneous, and intramus-
cular): Drug information 2020).

Interferon

Interferons (IFNs) are immunomodulatory cytokines that are
classified into types I, II, and III based on their receptors on the
cell membrane surface. Type I of these glycoproteins, IFN
alpha and beta, have been FDA approved for some viral in-
fections (Lin andYoung 2014). IFNβ has been recommended

Table 2 (continued)

Classes Drug Pharmacologic
categorya

Probable anti-COVID-19 mechanisma

IFN α -2a

IFN α

Cytokine storm
inhibitors

Baricitinib Disease-modifying
anti-rheumatic
drugs

Janus kinase (GAK) inhibitor that inhibits clathrin-mediated
endocytosis, cytokine release, and inflammation
(Richardson et al. 2020).

Tocilizumab Monoclonal antibody targeting IL-6 (Zhang et al. 2020a)

Siltuximab Antineoplastic Monoclonal antibody targeting IL-6 (Gritti et al. 2020)

CVL218 Research statement Poly-ADP-ribose polymerase 1 (PARP1) inhibition (Ge et al. 2020)

Montelukast, deoxyrhapontin, polydatin, chalcone, disulfiram, carmofur, shikonin, ebselen, tideglusib, PX-12, TDZD-8, cyclosporin A, and cinanserin
(Jin et al. 2020) are the other proposed agents against COVID-19 that are not included in the text and this table

ACE2, angiotensin-converting enzyme 2; dGTP, deoxyguanosine triphosphate
a based on www.medscape.com, April 2020; www.uptodate.com, March 5, 2020, and mentioned references
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to be effective against COVID-19. IFN β showed a valuable
efficacy against SARS-CoV replication in tissue culture (Hart
et al. 2014) and nonhuman primate model (Chan et al. 2015).
It has been shown that ribavirin in the combination of IFN α-
2a significantly improved survival at 14 days in patients in-
fected with SARS-CoV (Omrani et al. 2014). A published
article advised the administration of IFN α atomization inha-
lation (5 million U per time for adults in sterile injection water,
twice a day) (Jin et al. 2020). It should be noticed that the use
of nebulized drugs may distribute the virus into the air and
disturb the infection control (Simonds et al. 2010).

Kinases and cytokine storm in COVID-19

As mentioned in previous sections, ACE2 is a cell surface
protein expressed on the lung AT2 alveolar epithelial cells
and has a main role in 2019-nCoV endocytosis and entry
to the cells. Ap2-associated protein kinase 1 is one of the
main promoters of clathrin-mediated endocytosis and its
inhibition may disrupt the penetration of the virus into the
cells and assembly of its particles. The Janus kinase
(JAK) is the other regulator of the passage of the virus
into the lung cells. It has been proposed that baricitinib (2
or 4 mg once a day) by inhibition of these kinases may be
useful in COVID-19 acute respiratory disease. This drug
in one way blocks the virus entry and in the other way
inhibits cytokine release and inflammation by inhibiting
JAK1/2 (JAK-STAT signaling) (Richardson et al. 2020).
Tofacitinib, baricitinib, fedratinib, and ruxolitinib all are
JAK-STAT signal ing inhib i tors and have ant i -
inflammatory effects; however, baricitinib is better than
fedratinib and ruxolitinib due to its high affinity for
Ap2-associated protein kinase 1, once-daily dosing, and
acceptable side effects. It has low protein-binding proper-
ties and has no interaction with CYP drug-metabolizing
enzymes and drug transporters that cause good potential
for combining therapy with baricitinib COVID-19
(Richardson et al. 2020).

Upper respiratory tract infection (> 10%), nausea, the rise
of liver enzymes, dyslipidemia, anemia, thrombosis,
lymphocytopenia, and an increase in creatine phosphate and
serum creatinine are the reported side effects with baricitinib.
It should not be used in combination with strong immunosup-
pressants including azathioprine or cyclosporine, other JAK
inhibitors, and biological disease-modifying anti-rheumatic
drugs (Baricitinib: Drug information 2020).

In the most moribund patients, 2019-nCoV infection is also
associated with a cytokine storm, which is characterized by an
increase in the plasma concentrations of interleukins 2, 7, and
10, granulocyte-colony stimulating factor, interferon-γ-
inducible protein 10, monocyte chemoattractant protein 1,
macrophage inflammatory protein 1 alpha, and tumor necrosis
factor α. In those who survive intensive care, these aberrant

and excessive immune responses lead to long-term lung dam-
age and fibrosis, cause functional disability, and reduce the
quality of life (Zumla et al. 2020).

Previous studies proved the proinflammatory role of
poly-ADP-ribose polymerase 1 (PARP1) in inducing in-
flammatory disorders especially lung injuries, acute re-
spiratory distress syndrome, and asthma (Jagtap and
Szabo 2005). PARP1 activation enhances inflammation
by activation of proinflammatory cytokines, inducible ni-
tric oxide synthase, intracellular adhesion molecule 1,
cyclooxygenase 2, and NADPH oxidase as well as major
histocompatibility complex class II. It promotes cytokine
storm by activation of NF-kB-mediated proinflammatory
signals and activation of AP-1, IL-1β, IL-6, TNF-α, and
downstream cytokines and chemokines pathways. PARP1
activation results in cellular energy failure, necrosis, and
cell death (Zingarelli et al. 2004). PARP1 inhibitors sup-
press viral replication and inhibit the ADP-ribosylation of
viral core proteins, suppress the binding of nucleocapsid
protein to viral RNA, and interfere with the structure
packaging of the viral genome (Liu et al. 2015).
Furthermore, PARP1 inhibitors reduce energy failure
and suppress NAD+/ATP depletion (Larmonier et al.
2016). According to the aforementioned data, PARP1
inhibitors including CVL218 that binds to the N-
terminal domain of nucleocapsid protein of COVID-19
might be a worthy candidate for treating infected people
with this virus (Ge et al. 2020).

Some drugs mitigate the effects of cytokines released in
response to the COVID-19 and limit lung damage in pa-
tients with severe disease. These include siltuximab, a
monoclonal antibody against IL-6 that is approved for
multicentric Castleman’s disease (Gritti et al. 2020), and
disease-modifying anti-rheumatic drugs such as toci-
lizumab, a monoclonal antibody targeting IL-6 (Zhang
et al. 2020a); sarilumab, a recombinant humanized mono-
clonal antibody specific for the IL-6 (Singh et al. 2020);
and anakinra, a recombinant human interleukin-1 (IL-1)
receptor antagonist (Mehta et al. 2020).

Edema, pruritus, skin rash, weight gain, hyperurice-
mia, and upper respiratory tract infection are the most
common complications in more than 10% of patients
who receive siltuximab. Hypotension, headache, dyslip-
idemia, dermatological reactions, constipation, thrombo-
cytopenia, hypersensitivity reactions, and renal insuffi-
ciency are the other reported side effects (Siltuximab:
Drug information 2020).

More common side effects (> 10%) in patients treated with
tocilizumab are dyslipidemia, the rise of liver enzymes, and
injection site reaction. Cardiovascular, gastrointestinal, renal,
ophthalmic, dermatologic, endocrine, and metabolic problems
are the other reported complications with this drug
(Tocilizumab: Drug information 2020).
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The rise of liver enzymes is common in more than 10%
treated with sarilumab. Injection site pruritus, hypertriglyc-
eridemia, and hematological abnormality are the other report-
ed side effects (Sarilumab: Drug information 2020).

Patients who receive tocilizumab or sarilumab are at an
increased risk for developing serious infections that may lead
to hospitalization or death (Sarilumab: Drug information
2020; Tocilizumab: Drug information 2020).

Headache, vomiting, antibody development, infection, in-
jection site reaction, arthralgia, nasopharyngitis, and fever are
reported in more than 10% of patients treated with anakinra
(Anakinra: Drug information 2020).

Antineoplastic agents

Carfilzomib, bortezomib (Jin et al. 2020), imatinib (Ge et al.
2020), and carrizumab (Zhang et al. 2020a) are proposed an-
tineoplastic drugs against COVID-19.

Abl kinases are non-receptor tyrosine kinases that are
expressed in the cytoplasm, nucleus, and mitochondria. It
has been shown that Abl2 is important for the entry of
SARS-CoV into the cell and Abl kinase inhibitors prevent
syncytia formation by the S protein and block coronavirus
S-mediated fusion (Sisk et al. 2018). By this background,
imatinib, an Abl fusion kinase inhibitor, has been found
attention as a novel candidate for COVID-19 therapy (Ge
et al. 2020).

Carrizumab (camrelizumab; shr-1210) has been suggested
fo r s eve r e nove l co ronav i ru s pneumon i a w i th
lymphocytopenia. It is an antitumor drug that inhibits pro-
grammed cell death protein 1 (Zhang et al. 2020a).
Programmed cell death protein-1 inhibitors activate the im-
mune system (Syn et al. 2017).

Carfilzomib, bortezomib, and imatinib are considered haz-
ardous agents (Bortezomib: Drug information 2020;
Carfilzomib: Drug information 2020; Imatinib: Drug informa-
tion 2020). Nausea, vomiting, fatigue, chills, headache, dys-
pnea, cough, fever, hypertension, peripheral edema, and he-
matological abnormalities are the most common reported side
effects by the occurrence of more than 30% in patients who
receive carfilzomib (Carfilzomib: Drug information 2020).

Peripheral neuropathy, fatigue, diarrhea, nausea, and
thrombocytopenia are common complaints in more than
30% of patients who are treated with bortezomib
(Bortezomib: Drug information 2020).

Edema, fatigue, pain, headache, skin rash, dermatitis, fluid
retention, the rise of lactate dehydrogenase, weight gain, nau-
sea, diarrhea, vomiting, abdominal pain, anorexia, hematolog-
ical disorders, the rise of liver enzymes, muscle cramps, mus-
culoskeletal pain and spasm, arthralgia, myalgia, periorbital
edema, the rise of serum creatinine, and fever are reported in
more than 30% patients who are treated with imatinib
(Imatinib: Drug information 2020).

Concerns and doubts

Corticosteroids

The use of this class of drugs for severe acute respiratory
distress syndrome is controversial and needs caution es-
pecially in systemic route. It has been shown that the
administration of corticosteroids to SARS-infected pa-
tients decreased the degree of disease progression and
dyspnea and alleviated clinical symptoms. However, this
strategy had no effect on the length of hospital stay
(Meng et al. 2003).

Corticosteroid therapy should not be used for the man-
agement of COVID-19-induced lung injury or shock out-
side of a clinical trial. Although corticosteroid treatment
could have a role in suppressing lung inflammation, it was
associated with an interruption in the clearance of viral
RNA from respiratory tract secretions and had no positive
impact on the decrease of mortality rate in critically ill
patients (Russell et al. 2020). Corticosteroid therapy is
accompanied by neutrophilic leukocytosis, eosinopenia,
and a decrease in peripheral blood lymphocytic count es-
pecially in T cells (Coutinho and Chapman 2011).
According to the published articles in the 1990s, the ad-
ministration of corticosteroids induces a transient
lymphocytopenia that peaks after 4–6 h and returns to
the normal level after 24–48 h. This duration depends
on the potency and dose of the administrated corticoste-
roids (Fauci and Dale 1974; Webel et al. 1974; Yu et al.
1974). Recently, it has been proven that corticosteroid
therapy induces immunosuppression predominantly by
suppression of cell-mediated immunity and a minimal in-
hibitory effect on humoral immunity. In T cell subsets,
CD4+ is more susceptible than CD8+ (Baris et al. 2016).
The viral diseases may get wild in the immunocompro-
mised state (Rouse and Sehrawat 2010) and the body can-
not fight against COVID-19.

Angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers

There are concerns in patients who had been treated with ACE
inhibitors, e.g., captopril, or angiotensin receptor blockers,
e.g., losartan. It has been shown in patients who received these
medications, the expression of the ACE2 receptor was high,
so the risk of infection of this virus increased (Fang et al. 2020;
Zheng et al. 2020). However, there are not enough data for
approving this concern, and the American Heart Association,
American College of Cardiology, and the other associations
recommend continuing treatment with ACE inhibitors or an-
giotensin receptor blockers in this population (Russell et al.
2020).
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Nonsteroidal anti-inflammatory drugs

While the possible antiviral activity of indomethacin, a
nonsteroidal anti-inflammatory drug, against SARS has
been reported (Amici et al. 2006), now there is a concern
in the use of these pharmacological drugs in patients with
COVID-19. In March 2020, the use of nonsteroidal anti-
inflammatory drugs such as ibuprofen as an antipyretic
drug in COVID-19 has been warned and acetaminophen
has been recommended. There was a report that in 4
young patients with COVID-19 and no underlying health
problem, the use of ibuprofen worsened the COVID-19
symptoms. I t has been speculated that i ts ant i-
inflammatory properties could damp down the immune
system and prolong viral shedding (Day 2020). It may
reduce inflammation and fever in patients with COVID-
19 and diminish the utility of diagnostic signs in detecting
infections. Long-term use of ibuprofen may cause gastro-
intestinal bleeding, fluid retention, and renal dysfunction
even at therapeutic doses. In toxic doses, it may result in
respiratory depression, hypotension or shock, depressed
mental status, severe metabolic acidosis, severe gastroin-
testinal hemorrhage, life-threatening electrolyte imbal-
ances, or arrhythmias (Ershad and Vearrier 2019).

However, there is no convincing evidence to support an
association between ibuprofen and negative outcomes in
COVID-19.

Conclusions

An outbreak of a COVID-19 infection has posed significant
threats to international health and the economy. At present, no
specific antiviral therapy has been approved for the treatment
of COVID-19. In this urgent, the researchers are trying to the
repositioning of existing drugs against COVID-19. Old drugs
that may be effective are from different pharmacological cat-
egories, including antimalarials, anthelmintics, anti-protozoal,
anti-HIVs, anti-influenza, anti-hepacivirus, antineoplastics,
neutralizing antibodies, immunoglobulins, and interferons.
Some of them focus on the SARS-CoV2 fusion/entry process
either by inhibition of S1-mediated virus attachment or by
blocking of S2-mediated virus–cell membrane fusion, and
some of them interfere with viral replication. These proposed
agents fight with the virus by modulating host immune re-
sponse, neutralizing inflammatory cytokines, or inducing pas-
sive immunity. Convalescent plasma seems the best therapy
until now in patients with COVID-19. Newly introduced

Fig. 1 Schematic represents the possible effects of proposed drugs on the
severe acute respiratory syndrome coronavirus 2. AAK1, Ap2-associated
protein kinase 1; Ab1, a non-receptor tyrosine kinase; ACE2,
angiotensin-converting enzyme 2; IFN1, interferons type 1; JAK, Janus

kinase; mRNA, messenger ribonucleic acid; PARP1, poly-ADP-ribose
polymerase 1; RNA, ribonucleic acid; pp1a and 1ab, protein phosphatase
1a and 1ab. activator effect; inhibitory
effect; viral cell cycle
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agents focus mainly on the host cell ACE2 receptors and S
receptors on the virus (Table 2, Fig. 1).

We suggest attention on bradykinin and its neutralizing
agents could be worth full. This pathway is not mentioned in
recent research projects. Renin-angiotensin and kallikrein-
kinin systems are linked to each other through ACE.
Kallikrein converts kininogen to kinins, including bradykinin,
that is converted to the inactive peptide via ACE. Blocking
ACE with ACE inhibitors, antihypertensive drugs, restricts
the inactivation of kinins and increases the level of bradykinin
(Alhenc-Gelas et al. 2019).

Bradykinin is the cause of dry cough in some patients on
ACE inhibitor drugs (Fox et al. 1996). It is a proinflammatory
peptide, a potent endothelium-dependent vasodilator, and a
smooth muscle contractor in the bronchus. In severe cases, it
may result in angioedema (Joseph and Kaplan 2005).
Previously, it has been reported that the bradykinin B(2) re-
ceptor antagonist, MEN1632, and the inhibitor of tissue kal-
likrein, VA999024, attenuated the response to parainfluenza-3
virus–induced inflammation and airway hyperactivity
(Broadley et al. 2010). It seems the feature of COVID-19 is
similar to over activation of bradykinin in the body. The inhi-
bition of this pathway is suggested as a therapy in patients
infected with COVID-19.
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