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Abstract
Since the end of 2019, a new type of coronavirus pneumonia (COVID-19) caused by the Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) has been spreading rapidly throughout the world.
Previously, there were two outbreaks of severe coronavirus caused by different coronaviruses
worldwide, namely Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV). This article introduced the origin, virological
characteristics and epidemiological overview of SARS-CoV-2, reviewed the currently known drugs that
may prevent and treat coronavirus, explained the characteristics of the new coronavirus and provided
novel information for the prevention and treatment of COVID-19.
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Introduction
The spread of COVID-19, which first appeared in
December 2019, is still increasing rapidly.1,2 At
present, cases of COVID-19 caused by SARS-CoV-2
have been found in many countries around the
world.3,4 According to the latest data of Beijing time,
May 6, 2020, there were 3,729,072 confirmed cases and
258,622 deaths worldwide. On January 31, 2020, the
COVID-19 epidemic requires a coordinated
international response, indicating that it may pose
risks to multiple countries.5 SARS-CoV-2 was isolated
from the airway epithelial cells of patients with viral
pneumonia in Wuhan.6 Compared with known
coronaviruses that can infect humans, the
SARS-CoV-2 structure has certain differences, so it is
defined as the seventh coronavirus.7 SARS-CoV-2
belongs to the order Nidovirales, Coronaviridae.8 It
has an envelope and contains a very large RNA virus
genome. The 3D structure of the coronavirus,
obtained by cryo-electron tomography, reveals that it

is spherical and has an envelope.9 Coronavirus is
characterized by spikes sticking out from the surface,
which in part have the same characteristics as
SARS-CoV, and other four Human coronaviruses
HCoV-NL63 (human coronavirus NL63), HCoV-229E
(human coronavirus 229E), HCoV-OC43 (human
coronavirus OC43), and HCoV-HKU1 (human
coronavirus HKU1), which only cause mild
respiratory diseases.6,8,10 The genome and subgenome
of the new coronavirus contain at least 6 open reading
frames (ORFs), which generally have 5' leader and 3'
end sequences. The 5' cap open reading frame encodes
a variety of non-structural proteins. Non-structural
proteins are involved in the transcription and
replication of the virus. Coronaviruses have at least
four major structural proteins, including spikes (S),
membranes (M), envelopes (E), and nucleocapsid (N)
proteins. Structural proteins are all encoded by the 3'
terminus of the viral genome. They are essential for
http://www.medsci.org
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virus-cell receptor binding and the production of
structurally complete virus particles.11,12 Importantly,
homology modeling shows that the SARS-CoV-2
binding domain to the ACE2 receptor is structurally
similar to SARS-CoV.13,14 Despite the presence of
amino acid mutations in its receptor binding domain,
multiple key amino acids are changed.13,14 However,
the amino acid perfectly maintains the stability of the
mutual structural conformation of the virus S-protein
and the ACE2 receptor in a holistic manner.
Preliminary revealed virus uses ACE2 receptor to
enter the cell.13,14
So far, there are no specific drugs specifically
used to prevent and treat coronavirus. If there are no
vaccine and/or specific antiviral drugs during a virus
outbreak, non-specific therapeutic interventions are
often used to prevent acute complications and reduce
severe morbidity and mortality, such as providing
supportive care, including adequate rest, rehydration
and analgesics.15 At the same time, traditional Chinese
medicine,
hormonal
drugs,
broad-spectrum
antibiotics, antivirals, antifungals and interferon-α2b
can be utilized to minimize the risk of co-infection.16
In addition, there is no direct clinical evidence
which has shown specific anti- SARS-CoV-2 efficacy,
and further substantial research is needed to pay
attention to related adverse reactions.

Drug research based on virus
Inhibitors of nucleic acid synthesis
Ribavirin (ribavirin) is a synthetic nucleoside
antiviral agent with broad-spectrum antiviral activity
and inhibits both DNA and RNA viruses.17 It is
usually used in aerosolized form for adults and
children in treatment of respiratory syncytial virus
pneumonia.18 Early in vitro studies have shown that
administration of ribavirin can enhance the in vitro
activity of interferon.16 Ribavirin has anti-MERS-CoV
activity in vitro when used alone or in combination
with interferon alpha.19 Clinical studies have shown
that ribavirin and regulated interferon alpha-2a
treatment can significantly improve the 14-day
survival rate and slightly improve the 28-day survival
rate in patients with MERS-CoV infection.16 The
timing of initiation of antiviral therapy is critical to the
treatment of most patients with viral infections.
Adults: 500 mg/time, intravenous infusion, 2 to 3
times a day, the course of treatment does not exceed
10 days.20 However, the side effects of ribavirin limit
its use to some extent. The use of high-dose ribavirin
may be related to hemolytic anemia, neutropenia,
teratogenicity, and cardiopulmonary distress.18 In
view of the curative effect of ribavirin in the treatment
of diseases caused by SARS-CoV and MERS-CoV,21 it
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is expected to become one of the effective drugs to
treat coronavirus.
Redesivir (RDV, GS-5734), a nucleoside
analogue, is a drug under investigation, it has not
been approved for marketing in any country yet.22 It
can exert therapeutic effects by inhibiting the
synthesis of viral nucleic acids and has antiviral
activity.23 Gilead Sciences, Inc. believes that antiviral
nucleic acid analogs, such as ribavirin, will be cut out
by the coronavirus exonuclease ExoN when
integrated into viral RNA during the treatment of
coronavirus infection, but RDV is resistant to ExoN.
The resistance results in RDV treatment of
coronavirus are more effective than other nucleic acid
drugs. Previously, RDV was mainly used as a test
drug against Ebola virus, and it has a strong
anti-filovirus efficacy in vitro.24 In vitro tests, RDV can
effectively inhibit the activity of SARS-CoV and
MERS-CoV.23 For both MERS-CoV and SARS-CoV, its
half effective concentration (EC50) is 0.07 μmol/L. In
contrast, lopinavir-ritonavir EC50 values are
respectively 8 μmol/L and 17 μmol/L.25 However, as
an effective potential drug for SARS-CoV-2, RDV
takes an emergency approach after weighing the risks
and benefits. On February 3, 2020, Beijing
China-Japan
Friendship
Hospital
led
two
independent random, double-blind, controlled
clinical trials, one for patients with new-type
coronavirus
mild-to-moderate
pneumonia
in
hospitalized adults (308 cases), and one for patients
with severe coronavirus-infected adults (453 cases), to
verify the efficacy and safety of ribavirin. The
experiments are currently undergoing.
Lopinavir and ritonavir (Kaletra/Aluvia) is the
first-line drug for the clinical treatment of AIDS.26,27
Developed by Abbott, marketed in 2005, mainly
combined with viral protease to inhibit protease
function. Lopinavir-ritonavir is a compound tablet
consisting of lopinavir and ritonavir. Lopinavir is a
sensitive substrate for cytochromes CYP3A4 and
P-glycoprotein.26 It can block the division of Gag-Pol
polyprotein and has a high protein binding rate in
plasma. Ritonavir is a substrate of CYP3A4,
P-glycoprotein and CYP2D6, which inhibit HIV
protease: enzymes cannot break down the precursor
of Gag-Pol polyprotein. Ritonavir can inhibit
CYP3A-mediated lopinavir metabolism, resulting in
higher lopinavir concentrations.26 In vitro studies
showed that lopinavir and ribavirin can inhibit the
replication of MERS-CoV and SARS-CoV.28 Adults:
400 mg/100 mg each time, orally, bid, and the course
of treatment does not exceed 10 days.20
Darunavir (Prezista) is a second-generation
HIV-1 protease inhibitor. It was first marketed in the
United States in July 2006. It was developed by
http://www.medsci.org
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Tibotec, a subsidiary of Johnson & Johnson.
Darunavir, ritonavir, ritonavir and the combination of
other retroviral drugs can be used to treat HIV
infection.29 It can selectively inhibit the cleavage of
HIV-encoded Gag-Pol polyprotein in virally infected
cells, thereby inhibiting viral replication.30 Darunavir
in particular patient population (including pregnant
women, pediatrics, patients with HIV-2 infection and
co-infection with viral hepatitis) is also safe and
effective.29
Transmembrane protease serine 2 (TMPRSS2)
inhibitors may be used to block SARS-CoV-2 infection
and then used to treat COVID-19.31 ACE2 is a metal
peptidase, expressed on major viral target cells such
as lung cells and intestinal epithelial cells, and its
catalytic domain binds to the S protein of SARS-CoV
with high affinity.32 For viral infectivity, host cell
proteases affect the S protein cleavage is crucial.
TMPRSS2 can activate the spike protein of SARS by
lysing the spike protein on the cell surface, which in
turn binds to ACE2 and enters the host cell.33
TMPRSS2 is expressed in ACE2-positive cells in the
human lung.34 It is shown that TMPRSS2 may play an
important role in the transmission of SARS-CoV in the
human respiratory tract.33 So far, multiple studies
showed that SARS-CoV-2 is likely to bind to human
ACE2 receptors and thus invades the human
body.13,14,31 Many SARS-CoV-2 prevention and
treatment drugs are screened with the ACE2 receptor
as a target. In view of the important role of TMPRSS2
in influenza virus and coronavirus infections,
TMPRSS2 inhibitors might be useful for clinical
treatment.35

RNA polymerase inhibitors
Favipiravir (Avigan) is a broad-spectrum
antiviral drug that selectively inhibits the RNA
polymerase of influenza viruses.36 It was approved for
marketing in Japan in March 2014 and it is used for
antiviral treatment of influenza A and B.37 It is
converted into an active phosphoribosylated form in
the cell and recognized as a substrate by viral RNA
polymerase.38 Favipiravir is active against a variety of
influenza viruses including A (H1N1) pdm09, A
(H5N1), and A (H7N9) avian influenza viruses, and
has a synergistic effect with oseltamivir.37 In addition
to its anti-influenza activity, favipiravir blocks the
replication of many other RNA viruses, including
alphaviruses, flaviviruses (yellow fever and West Nile
virus), enteroviruses (poliomyelitis virus and
rhinovirus), Influenza A virus, respiratory syncytial
virus and norovirus.37,39 A number of marketed drugs
with antiviral activity, such as favipiravir, were
discovered, and follow-up studies need further
verification by animal experiments and clinical trials.
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Membrane fusion inhibitors
Abidol
(Umifenovir)
is
a
synthetic
broad-spectrum antiviral compound developed by
the USSR Research Center for Medicinal Chemistry,
used to prevent and treat human influenza A and B
influenza infections and post-influenza complications.40 Abidol was used as an anti-influenza virus
drug for decades.41 Abidol is active against many
DNA/RNA and enveloped/non-enveloped viruses
and inhibits membrane fusion between virus particles
and plasma membrane and between virus particles
and endosome membrane by embedding in
membrane lipids.42 At present, darunavir and abidol
are used in patients with pneumonia infected by a
novel coronavirus in Zhejiang province.20 The
follow-up treatment effect needs further verification.

Complex inhibitors
Resveratrol is a natural compound found in
grape seeds, peels and red wine.43 Resveratrol inhibits
infections caused by multiple pathogens and shows
inhibiting effects in a variety of human viruses,
including influenza virus, herpes simplex virus,
respiratory syncytial virus, HIV-1, varicella-zoster
virus, enterovirus-71, human metapneumovirus,
human
rhinovirus-16,
polyoma
virus
and
cytomegalovirus.44,45 Resveratrol has antiviral activity
against
respiratory
viruses
and
certain
anti-inflammatory effects, so it can be used as an
adjuvant treatment for respiratory infections.44
Resveratrol has a wide range of antiviral effects by
down-regulating inflammatory signal transduction,
which is mainly associated with the inhibition of viral
replication, viral protein synthesis, gene expression,
and nucleic acid synthesis.44-46
In vitro model evaluations show that resveratrol
significantly inhibits MERS-CoV virus infection in a
dose-dependent manner and prolongs the survival
time of infected cells, which may be related to
resveratrol's reduction of nucleocapsid (N) protein
expression.46 Nucleocapsid (N) protein is a
multifunctional
protein
essential
for
CoV
replication.47 In addition, resveratrol down-regulates
MERS-CoV-induced apoptosis in vitro. In the case of
continuous administration, resveratrol can inhibit
MERS-CoV at lower doses.46 Another study shows
that resveratrol also has a significant inhibitory effect
on the emerging positive sense RNA Chikungunya
virus, indicating that resveratrol may become a
candidate drug for the treatment of new RNA
viruses.46
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Drug research based on host

of HCV infection and the treatment of influenza.55,56

Interferon and inducer

Cyclophilin inhibitors

After a cell is infected by a virus, it can
synthesize and secrete a substance that can interfere
virus replication and enhance antiviral ability of
nearby cells.48 This substance is called interferon.
Human interferon is subdivided into type I and type
II.49 The host's inherent interferon response is critical
to control viral replication after infection.50 Interferon
response can be enhanced by recombinant interferon
or interferon inducer.51
Recombinant interferon α and interferon β can
inhibit the replication of SARS-CoV and MERS
coronavirus in vitro and in animal models.52 Among
all subtypes, interferon β1b has the best antiviral
effect on MERS-CoV.16,53 Various combinations of
interferon alpha or interferon beta with other
antivirals, such as ribavirin, lopinavir, and ritonavir
were used to treat patients with SARS and MERS. In
vivo and in vitro studies showed that the combination
of ribavirin with IFNα may have a synergistic effect.16
The "Pneumonitis Diagnosis and Treatment Scheme
for New Coronavirus Infection (Trial Version 7)"
states that aerosolized interferon alpha can be used as
a trial treatment against SARS-CoV-2 virus to
improve the virus clearance effect of respiratory
mucosa in patients.20 Adults: 5 million IU or
equivalent dose of interferon alpha each time, add 2
mL of sterile water for injection or normal saline,
inhale by atomization, bid.20
Polyinosinic acid-polycytidylic acid is a synthetic
analog of dsRNA, which can strongly induce type I
interferon. However, a recent study showed that the
4a protein of double-stranded RNA-binding domain
interacts with polyinosinic acid-polycytidylic acid,
thereby inhibiting polyinosinic acid-polycytidylic acid
or Sendai virus-induced interferon production,54 but
experiments show that polycytidylic acid can still
significantly reduce MERS-CoV load in BALB/c
mice.51
Nitroxanide (NTZ) is another effective type I
interferon inducer. It is currently used clinically to
treat parasitic infections. It was originally marketed in
Mexico under the trade name Daxon/Colufas in 1996,
then listed in the United States under the trade name
ALINIA in 2002. It is a synthetic thiazolyl-salicylic
acid derivative. In cell culture assays, nitrazine can
inhibit the replication of a variety of RNA and DNA
viruses, including respiratory syncytial virus,
parainfluenza virus, and coronavirus.51 Nitroxanide
has a broad-spectrum antiviral activity: Rotavirus,
norovirus, HBV, HCV, dengue virus, yellow fever,
Japanese encephalitis virus.55 It has been evaluated in
phase II and phase III clinical trials for the treatment

Cyclophilins (cyclophilins, Cyps) belong to the
peptidyl-prolyl isomerases (PPIase) family, which are
involved in the replication of RNA viruses, including
human immunodeficiency virus 1, hepatitis C virus
and influenza virus.57 Cyclophilin A is the main
cellular target of the immunosuppressive drug
cyclosporin A (CsA).57 CsA is a classic
immunosuppressive drug. It binds to the cell
cyclophilin to inhibit calcineurin, thereby preventing
the translocation of the nuclear factor of activated T
cells from to the nucleus, interleukin2 and the
transcription of genes.58 CsA can inhibit the
replication of almost all species of coronavirus in a
dose-dependent manner in vitro.59 Cell culture
experiments indicated that CsA strongly inhibited the
replication of SARS-CoV, MERS-CoV, human
coronavirus 229E, feline coronavirus, avian infectious
bronchitis virus, and mouse hepatitis virus, but they
showed a significant blocking effect only in the early
stages of replication.59 Compared to other RNA
viruses (0.5-3 µM), a higher CsA concentration (16
µM) is required to block coronavirus replication,
which indicates that the coronavirus is less sensitive
to CsA treatment.60 As an effective and
broad-spectrum coronavirus inhibitor, CsA and its
analogs have good research and development
prospects.59

Glycosylation inhibitors
Chloroquine phosphate is a widely used
antimalarial and autoimmune disease drug and has
recently been reported as a potential broad-spectrum
antiviral drug.61,62 Chloroquine phosphate can block
virus infection by up-regulating the pH of endosomes,
required low for virus-cell fusion, and inhibiting
glycosylation of cellular receptors. It specifically
interacts with sugar-modifying enzymes or
glycosyltransferases in human cells.61 It has been
demonstrated that chloroquine phosphate may have
an inhibitory effect on quinone reductase 2, which is
structurally adjacent to UDP-N-acetylglucosamine
2-epi-isomerase, thus affecting the biosynthesis of
sialic acid.61 The presence of a sialic acid moiety in the
coronavirus receptor ACE2 may explain the
inhibitory effect of chloroquine phosphate on
SARS-CoV replication and other functions.61,62 Recent
cellular experiments showed that chloroquine
phosphate is very effective in controlling SARS-CoV-2
infection in vitro, and it plays a role in the entry phase
and post-entry phase of SARS-CoV-2 infection in Vero
E6 cells.56 In addition to its antiviral activity,
chloroquine phosphate has immunomodulatory
http://www.medsci.org
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activity and can synergistically enhance its antiviral
effect in vivo.63 Given the above characteristics of
chloroquine phosphate, it is likely to be clinically
applicable to SARS-CoV-2.

Endocytosis inhibitors
Chlorpromazine is an antipsychotic used to treat
schizophrenia.51 In 1952, chlorpromazine was
marketed in France under the trade name Largactil; in
1957, it was approved by the FDA to be marketed
under the trade name Thorazine. After most viruses
attach to host surface receptors, they enter cells using
endocytosis mechanisms (catenin-dependent and
independent pathways). SARS uses clathrin-dependent mechanisms to enter host cells.64 It has been
revealed that chlorpromazine is a broad-spectrum
virus inhibitor that can inhibit HCV, alpha virus, and
various coronaviruses including human coronavirus
229E, SARS-CoV and MERS-CoV in vitro.25

Kinase inhibitors
Imatinib (Gleevec) is a small molecule inhibitor.
Nobartis was first marketed in the United States in
2001. It is clinically used to treat chronic myeloid
leukemia and malignant gastrointestinal stromal
tumors. Imatinib is specifically designed to target
Abelson tyrosine-protein kinase 2. Abl2 kinase is a
non-receptor tyrosine kinase that exists in the nucleus
and mitochondria, and mediates a wide range from
embryonic morphogenesis to viral infection cellular
processes.65 Abl2 kinase is required for SARS-CoV
and MERS-CoV to replicate in vitro.66 As an in vitro
inhibitor of SARS-CoV and MERS-CoV, imatinib can
significantly reduce the titers and inhibit their
development process.66 Imatinib's anti-coronavirus
activity was mainly manifested in the early stages of
infection and worked by inhibiting the fusion of viral
particles on the endosomal membrane.66

Vaccines and antibodies
Monoclonal antibodies
Monoclonal antibodies (mAb) were successfully
used to treat various diseases.67 Passive immunotherapy using neutralizing monoclonal antibodies
(mAb) is an effective preventive and therapeutic
agent for emerging viruses.68 SARS-CoV and
MERS-CoV have always been a global public health
threat. To date, no vaccines or specific therapies have
been approved for diseases caused by these two
viruses.68
Neutralizing antibodies are a major component
of protective immunity against human viral
infections. In vivo antibody responses mobilize a
mixture of dynamic mAbs that work in concert to
target various antigens on viral envelope
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glycoproteins.69 Neutralizing mAbs can be achieved
by a variety of techniques, such as hybridoma
technology, humanized mice, phage or yeast, and
single B cell isolation.67 More and more mAbs were
developed, with high efficacy against emerging
viruses in vitro and in infected animal models.67
Spike glycoproteins play a key role in mediating
virus entry and have the capacity to induce protective
antibody responses in infected individuals.
Consistently with it, spike proteins are the main
targets of neutralizing antibodies.70 Regeneron et al.
used VelocImmune mice to generate fully human
non-competitive monoclonal antibodies that bind to
MERS-CoV spike protein, and the characterization of
two lead monoclonal antibody candidates (REGN
3051 and REGN 3048) were performed in vitro and in
vivo.70 Both mAbs effectively neutralize MERS-CoV in
vitro. Moreover, in vivo studies in infected mouse
models showed that treatment of infected mice can
decrease lung virus titers.70 Currently, multiple mAbs
for SARS-CoV and MERS-CoV are undergoing the
phase Ⅰ clinical trial, which has promising prospects
for the treatment of new viral diseases.
Based on the above studies, neutralizing
antibodies to spike proteins on the surface of
SARS-CoV-2 may be the first therapy considered by
researchers.71 Recently, GenBank has released the
SARS-CoV-2 genomic sequence (MN908947.3). Spike
protein can be used as an immunogen to screen mice
or rabbits for neutralizing antibodies. However, the
development of this traditional method is slow.
Many time-saving methods have been
developed, such as the rapid identification of viral
neutralization lead candidate phages or yeast display
libraries by expressing fragments of antibodies, and
their application to the screening of neutralizing
antibodies.72 On March 4, 2020, a new virus fusion
research team (CEVI fusion research team) led by the
Korea Chemical Research Institute found antibodies
that can fight against SARS-CoV-2. The structure of
the spike protein of the SARS-CoV-2 is very similar to
that of Middle Respiratory Syndrome (MERS) and
SARS, and it was confirmed that the latter can be
combined with its neutralizing antibody.73

Serum of rehabilitation patients
Blood-derived immunotherapy based on
recovered patients can be used to treat infections
including measles virus, Lhasa virus, SARS
coronavirus and influenza A H5N1 virus.74 This
method is also applicable to the treatment of
SARS-CoV-2. Rehabilitated patients with new
coronavirus pneumonia will produce high-titer
polyclonal antibody immune responses to different
antigens of SARS-CoV-2. Some of these polyclonal
http://www.medsci.org
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antibodies may neutralize the virus and prevent a
new round of infection.75 This can be achieved by
donating plasma and whole blood into infected
patients.76 As of today there are more patients with
new coronavirus pneumonia in rehabilitation, and
plasma can be provided for the treatment of infections
if necessary.

Chinese herbal medicine
On January 27, 2020, the State Administration of
Traditional Chinese Medicine conducted clinical
observations of the "Qingfei Paidu Decoction" in
Shanxi, Hebei, Heilongjiang, and Shaanxi provinces.
By February 5, 214 confirmed cases have been treated.
The total effective rate has reached more than 90%. On
February 6, it began to be promoted and used in
China.77 The main drug composition of the
prescription is "Ephedra 9 g, Roasted Licorice 6 g,
Almond 9 g, Raw Gypsum 15 ~ 30 g (first fried),
Guizhi 9 g, Alisma 9 g, Polyporus 9 g, Atractylodes 9
g, Poria 15 g, Bupleurum 16 g, Scutellaria baicalensis 6
g, ginger pinellia 9 g, ginger 9 g, aster 9 g, winter
flower 9 g, shegan 9 g, asarum 6 g, yam 12 g, citrus
aurantium 6 g, tangerine peel 6 g, patchouli 9 g".20 The
prescription can be used to treat SCoV-infected
pneumonia patients with light, normal, and severe
types, and can also be used according to actual
conditions in the treatment of critically ill patients.

Challenges in the development of
anti-SARS-CoV-2 drugs
With the spread of the COVID-19 epidemic,
scientists around the world are actively exploring
potentially effective drugs to fight against new
coronaviruses, especially RDV for injection. After
evaluating the risks and benefits, on February 6, 2020,
active treatment was taken in the Wuhan epidemic
area, and a phase III clinical trial was conducted,
which brought dawn to the clinical treatment of
COVID-19. However, there are many difficulties in

the development of coronavirus drugs, which restrict
the development and application of drugs. Firstly,
coronaviruses are RNA viruses with variability, and
this is the reason why new types of coronaviruses
with novel structures easily appear. The drugs used in
the past may not be effective for this new type of
coronavirus or have only weak effects. Secondly,
many drugs have high EC50/cmax ratios in the clinic
and are prone to severe side effects. For example, the
use of high-dose ribavirin may be related to hemolytic
anemia, neutropenia, and cardiopulmonary distress.78
In addition, virus research is highly risky, and general
experimental conditions are difficult to meet biosafety
requirements, so screening techniques, animal
models, and suitable animal experimental platforms
are limited. Moreover, the severe epidemic caused by
coronavirus has the characteristics of timeliness.
There are also some difficulties in clinical trial
resources and recruitment of patients with related
diseases into clinical trials. Although research of these
coronaviruses are based on the results of genome
sequencing and bioinformatics, some screening
models such as SARS and MERS virus-infected cells,
some small mechanisms based on different
mechanisms of action such as nucleic acid synthesis
inhibitors, protease inhibitors, and polymerase
inhibitors have been established. Since low specificity
of research and exploration, there is no clinical
evidence to show the efficacy of broad-spectrum
antiviral drugs against coronavirus. Further
substantial research is needed and attention should be
given to certain toxic side effects.18 The most effective
way to fight against the virus remains the vaccine.
Compared with the long cycle required for drug
development, the vaccine takes a relatively short time
and has a strong protective effect. Monoclonal
antibodies have better effects, stronger specificity, and
higher safety, but they also require more time and cost
to develop.

Table 1. The commonly used anti-COVID-19 drug index in China.
Drugs

Categories

Pharmacological effects

Lopinavir/
Ritonavir
Abidol
(Umifenovir)

Protease inhibitors

Inhibit the function of protease, block
the division of gag-pol polyprotein
Block viral replication by inhibiting the
fusion of influenza virus lipid
membranes with host cells

Ribavirin

Inhibitors of nucleic Inhibit the synthesis of viral RNA and
acid synthesis
protein by inhibiting intracellular
synthesis of guanosine triphosphate
Glycosylation
Prevents replication and transcription
inhibitors
by forming a complex with DNA
Cytokines
Regulates human immunity

Chloroquine
α-Interferon

Membrane fusion
inhibitor

Drug
types
Tablet

Adult treatment
usages and dosages
400/100 mg, bid

Tablet

200 mg, po, tid, 5 d

Injection 500 mg, iv, bid or tid,
treatment course
does not exceed 10 d
Tablet
500 mg, bid or tid,
treatment course 7 d
Injection 5 million IU, fog, bid

Administration
time
Regardless of
diet
Regardless of
diet

Regardless of
diet
Regardless of
diet
Regardless of
diet

The elderly

Warning

Elderly use with
caution
The safety of
medication for the
elderly over 65 years
old is not yet clear
Not recommended for
the elderly

Do not break
apart or crush
Nothing

Security is not clear

Nothing

Elderly patients
should reduce the
dosage

Nothing

Nothing

These data are from the seventh edition of China's anti-novel coronavirus pneumonia diagnosis and treatment plan.
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Compared to SARS and MERS, humans have
made great progress in understanding the new
coronavirus, the mechanism of drug action, research
and development strategies, both in terms of
knowledge and technology. In the waiting period for
the development of new coronaviruses, China is now
using multiple drugs to treat new coronaviruses.
Although there are many risks, it is undeniably the
most effective approach at present.

Conclusion
According
to
Chinese
anti-SARS-CoV-2
diagnosis and treatment program and treatment
experience, a combination of multiple drugs is
adopted, but it is not recommended to use 3 or more
antiviral drugs (Table 1)20. This will alleviate the
symptoms of the patient and enhance the patient's
immunity, thereby achieving the purpose of treating
the disease.

Acknowledgments
This work was supported by the National
Natural Science Foundation of China (Nos. 81670088,
81602708) and the Henan Provincial Science
Foundation Program (No.172102410019).

Author Contributions
The study was conceived by X.-Y. J. and D.-D.W.
The manuscript was written by Y.-J. H., Z.-G. R., X.-X.
L., J.-L. Y. and C.-Y. M. All authors approved the final
version prior to submission.

Competing Interests
The authors have declared that no competing
interest exists.

References
1.

Coronavirus disease (COVID-19) outbreak. https://www.who.int/
westernpacific/emergencies/covid-19.
2. Chan JFW, Yuan S, Kok KH, et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-to-person transmission: a
study of a family cluster. Lancet 2020; 395(10223): 514-523.
3. Lancet. Emerging understandings of 2019-nCoV. Lancet 2020; 395(10221): 311.
4. Wu JT, Leung K, Leung GM. Nowcasting and forecasting the potential
domestic and international spread of the 2019-nCoV outbreak originating in
Wuhan, China_ a modelling study. Lancet 2020; 395(10225): 689-697.
5. Zhou G, Chen S, Chen Z. Advances in COVID-19: the virus, the pathogenesis,
and evidence-based control and therapeutic strategies. Front Med 2020; 14(2):
117-125.
6. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients
with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. Lancet Respir Med 2020; 8(5): 475-481.
7. Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N Engl J Med 2020; 382(8): 727-733.
8. Liu J, Zheng X, Tong Q, et al. Overlapping and discrete aspects of the
pathology and pathogenesis of the emerging human pathogenic coronaviruses
SARS-CoV, MERS-CoV, and 2019-nCoV. J Med Virol 2020; 92(5): 491-494.
9. Kirchdoerfer RN, Wang N, Pallesen J, et al. Stabilized coronavirus spikes are
resistant to conformational changes induced by receptor recognition or
proteolysis. Sci Rep 2018; 8(1): 15701.
10. de Wit E, van Doremalen N, Falzarano D, Munster VJ. SARS and MERS: recent
insights into emerging coronaviruses. Nat Rev Microbiol 2016; 14(8): 523-534.
11. Schoeman D, Fielding BC. Coronavirus envelope protein: current knowledge.
Virol J 2019; 16(1): 69.

1809
12. Li F. Receptor Recognition Mechanisms of Coronaviruses: a Decade of
Structural Studies. 2015; 89(4): 1954-1964.
13. Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiology of 2019
novel coronavirus: implications for virus origins and receptor binding. Lancet
2020; 395(10224): 565-574.
14. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a
new coronavirus of probable bat origin. Nature 2020; 579(7798): 270-273.
15. Momattin H, Mohammed K, Zumla A, Memish ZA, Al-Tawfiq JA.
Therapeutic Options for Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) - possible lessons from a systematic review of SARS-CoV
therapy. Int J Infect Dis 2013; 17(10): E792-E798.
16. Omrani AS, Saad MM, Baig K, et al. Ribavirin and interferon alfa-2a for severe
Middle East respiratory syndrome coronavirus infection: a retrospective
cohort study. Lancet Infect Dis 2014; 14(11): 1090-1095.
17. Lee MJ, Kim KH, Yi J, et al. In vitro antiviral activity of ribavirin against severe
fever with thrombocytopenia syndrome virus. Korean J Intern Med 2017; 32(4):
731-737.
18. Knowles SR, Phillips EJ, Dresser L, Matukas L. Common adverse events
associated with the use of ribavirin for severe acute respiratory syndrome in
Canada. Clin Infect Dis 2003; 37(8): 1139-1142.
19. Benjamin LA, Joekes E, Das K, Beeching NJ, Wilkins E, Solomon T. Diagnostic
accuracy of the Recognition of Stroke in the Emergency Room (ROSIER) score
and CT brain in an HIV population. J Infect 2013; 67(6): 619-622.
20. Notice on the New Coronavirus Pneumonia Diagnosis and Treatment
Program (Trial Version 7). http://www.nhc.gov.cn/yzygj/s7653p/
202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml.
21. He Y, Pediatrics DOJCCD. Observation on the curative effect of ribavirin and
vidarabine monophosphate in the treatment on hand foot and mouth disease.
Chinese Community Doctors 2015; 31(2): 61-62.
22. Chavez-Bueno S, Mejias A, Merryman RA, Ahmad N, Jafri HS, Ramilo O.
Intravenous palivizumab and ribavirin combination for respiratory syncytial
virus disease in high-risk pediatric patients. Pediatr Infect Dis J 2007; 26(12):
1089-1093.
23. Agostini ML, Andres EL, Sims AC, et al. Coronavirus Susceptibility to the
Antiviral Remdesivir (GS-5734) Is Mediated by the Viral Polymerase and the
Proofreading Exoribonuclease. mBio 2018; 9(2):e00221-18.
24. Jacobs M, Rodger A, Bell DJ, et al. Late Ebola virus relapse causing
meningoencephalitis: a case report. Lancet 2016; 388(10043): 498-503.
25. de Wilde AH, Jochmans D, Posthuma CC, et al. Screening of an
FDA-Approved Compound Library Identifies Four Small-Molecule Inhibitors
of Middle East Respiratory Syndrome Coronavirus Replication in Cell
Culture. Antimicrob Agents Chemother 2014; 58(8): 4875-4884.
26. van der Laan LE, Garcia-Prats AJ, Schaaf HS, et al. Pharmacokinetics and
Drug-Drug Interactions of Lopinavir-Ritonavir Administered with First- and
Second-Line Antituberculosis Drugs in HIV-Infected Children Treated for
Multidrug-Resistant Tuberculosis. Antimicrob Agents Chemother 2018; 62(2):
e00420-17.
27. Meynard JL, Moinot L, Landman R, et al. Week 96 efficacy of
lopinavir/ritonavir monotherapy in virologically suppressed patients with
HIV: a randomized non-inferiority trial (ANRS 140 DREAM). J Antimicrob
Chemother 2018; 73(6): 1672-1676.
28. Chu CM, Cheng VCC, Hung IFN, et al. Role of lopinavir/ritonavir in the
treatment of SARS: initial virological and clinical findings. Thorax 2004; 59(3):
252-256.
29. Mallolas J. Darunavir Stands Up as Preferred HIV Protease Inhibitor. AIDS
Rev 2017; 19(2): 105-112.
30. Rasnick D. Kinetics analysis of consecutive HIV proteolytic cleavage of the
Gag-Pol polyprotein. 1997; 272(10): 6348-6353.
31. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell Entry
Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven
Protease Inhibitor. Cell 2020; 181(2): 271-280.
32. Hamming I, Timens W, Bulthuis MLC, Lely AT, Navis GJ, van Goor H. Tissue
distribution of ACE2 protein, the functional receptor for SARS coronavirus. A
first step in understanding SARS pathogenesis. J Pathol 2004; 203(2): 631-637.
33. Heurich A, Hofmann-Winkler H, Gierer S, Liepold T, Jahn O, Pöhlmann S.
TMPRSS2 and ADAM17 cleave ACE2 differentially and only proteolysis by
TMPRSS2 augments entry driven by the severe acute respiratory syndrome
coronavirus spike protein. J Virol 2014; 88(2): 1293-1307.
34. Shirogane Y, Takeda M, Iwasaki M, et al. Efficient multiplication of human
metapneumovirus in Vero cells expressing the transmembrane serine protease
TMPRSS2. J Virol 2008; 82(17): 8942-8946.
35. Shen LW, Mao HJ, Wu YL, Tanaka Y, Zhang W. TMPRSS2: A potential target
for treatment of influenza virus and coronavirus infections. Biochimie 2017;
142: 1-10.
36. Zhao X, Zhou XB, Zhong W, Li XZ. A new antiviral drug-Favipiravir. Clinical
Medication Journal 2015; 13(4): 16-20.
37. Delang L, Abdelnabi R, Neyts J. Favipiravir as a potential countermeasure
against neglected and emerging RNA viruses. Antiviral Res 2018; 153: 85-94.
38. Furuta Y, Gowen BB, Takahashi K, Shiraki K, Smee DF, Barnard DL.
Favipiravir (T-705), a novel viral RNA polymerase inhibitor. Antiviral Res 2013;
100(2): 446-454.
39. Furuta Y, Komeno T, Nakamura T. Favipiravir (T-705), a broad spectrum
inhibitor of viral RNA polymerase. Proc Jpn Acad Ser B Phys Biol Sci 2017; 93(7):
449-463.

http://www.medsci.org

Int. J. Med. Sci. 2020, Vol. 17
40. Bonavia A, Franti M, Keaney EP, et al. Identification of broad-spectrum
antiviral compounds and assessment of the druggability of their target for
efficacy against respiratory syncytial virus (RSV). Proc Natl Acad Sci U S A
2011; 108(17): 6739-6744.
41. Fink SL, Vojtech L, Wagoner J, et al. The Antiviral Drug Arbidol Inhibits Zika
Virus. Sci Rep 2018; 8(1): 8989.
42. Pécheur EI, Borisevich V, Halfmann P, et al. The Synthetic Antiviral Drug
Arbidol Inhibits Globally Prevalent Pathogenic Viruses. J Virol 2016; 90(6):
3086-3092.
43. Nakamura M, Saito H, Ikeda M, et al. An antioxidant resveratrol significantly
enhanced replication of hepatitis C virus. World J Gastroenterol 2010; 16(2):
184-192.
44. Drago L, Nicola L, Ossola F, De Vecchi E. In vitro antiviral activity of
resveratrol against respiratory viruses. J Chemother 2008; 20(3): 393-394.
45. Campagna M, Rivas C. Antiviral activity of resveratrol. Biochem Soc Trans 2010;
38(Pt 1): 50-53.
46. Lin SC, Ho CT, Chuo WH, Li S, Wang TT, Lin CC. Effective inhibition of
MERS-CoV infection by resveratrol. BMC Infect Dis 2017; 17(1): 144.
47. McBride R, van Zyl M, Fielding BC. The coronavirus nucleocapsid is a
multifunctional protein. Viruses 2014; 6(8): 2991-3018.
48. Ali N, Allam H, Bader T, et al. Fluvastatin interferes with hepatitis C virus
replication via microtubule bundling and a doublecortin-like kinase-mediated
mechanism. PLoS One 2013; 8(11): e80304.
49. Samuel CE. Antiviral Actions of Interferons. Clin Microbiol Rev 2001; 14(4):
778-809.
50. Menachery VD, Eisfeld AJ, Schäfer A, et al. Pathogenic influenza viruses and
coronaviruses utilize similar and contrasting approaches to control
interferon-stimulated gene responses. mBio 2014; 5(3): e01174-14.
51. Zumla A, Chan JFW, Azhar EI, Hui DSC, Yuen KY. Coronaviruses - drug
discovery and therapeutic options. Nat Rev Drug Discov 2016; 15(5): 327-347.
52. Morgenstern B, Michaelis M, Baer PC, Doerr HW, Jr Cinatl J. Ribavirin and
interferon-β synergistically inhibit SARS-associated coronavirus replication in
animal and human cell lines. Biochem Biophys Res Commun 2005; 326(4):
905-908.
53. Cheng VCC, Lau SKP, Woo PCY, Yuen KY. Severe acute respiratory syndrome
coronavirus as an agent of emerging and reemerging infection. Clin Microbiol
Rev 2007; 20(4): 660-694.
54. Siu KL, Yeung ML, Kok KH, et al. Middle east respiratory syndrome
coronavirus 4a protein is a double-stranded RNA-binding protein that
suppresses PACT-induced activation of RIG-I and MDA5 in the innate
antiviral response. J Virol 2014; 88(9): 4866-4876.
55. Rossignol JF. Nitazoxanide: a first-in-class broad-spectrum antiviral agent.
Antiviral Res 2014; 110: 94-103.
56. Haffizulla J, Hartman A, Hoppers M, et al. Effect of nitazoxanide in adults and
adolescents with acute uncomplicated influenza: a double-blind, randomised,
placebo-controlled, phase 2b/3 trial. Lancet Infect Dis 2014; 14(7): 609-618.
57. de Wilde AH, Pham U, Posthuma CC, Snijder EJ. Cyclophilins and cyclophilin
inhibitors in nidovirus replication. Virology 2018; 522: 46-55.
58. Tanaka Y, Sato Y, Sasaki T. Suppression of coronavirus replication by
cyclophilin inhibitors. Viruses 2013; 5(5): 1250-1260.
59. Pfefferle S, Schöpf J, Kögl M, et al. The SARS-coronavirus-host interactome:
identification of cyclophilins as target for pan-coronavirus inhibitors. PLoS
Pathog 2011; 7(10): e1002331.
60. de Wilde AH, Zevenhoven-Dobbe JC, van der Meer Y, et al. Cyclosporin A
inhibits the replication of diverse coronaviruses. J Gen Virol 2011; 92(Pt 11):
2542-2548.
61. Savarino A, Trani LD, Donatelli I, Cauda R, Cassone A. New insights into the
antiviral effects of Chloroquine. Lancet Infect Dis 2006; 6(2): 67-69.
62. Keyaerts E, Vijgen L, Maes P, Neyts J, Ranst MV. In vitro inhibition of severe
acute respiratory syndrome coronavirus by chloroquine. Biochem Biophys Res
Commun 2004; 323(1): 264-268.
63. Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effectively inhibit
the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res 2020;
30(3): 269-271.
64. Inoue Y, Tanaka N, Tanaka Y, et al. Clathrin-Dependent Entry of Severe Acute
Respiratory Syndrome Coronavirus into Target Cells Expressing ACE2 with
the Cytoplasmic Tail Deleted. J Virol 2007; 81(16): 8722-8729.
65. Sisk JM, Frieman MB, Machamer CE. Coronavirus S protein-induced fusion is
blocked prior to hemifusion by Abl kinase inhibitors. J Gen Virol 2018; 99(5):
619-630.
66. Coleman CM, Sisk JM, Mingo RM, Nelson EA, White JM, Frieman MB.
Abelson Kinase Inhibitors Are Potent Inhibitors of Severe Acute Respiratory
Syndrome Coronavirus and Middle East Respiratory Syndrome Coronavirus
Fusion. J Virol 2016; 90(19): 8924-8933.
67. Jin Y, Lei C, Hu D, Dimitrov DS, Ying T. Human monoclonal antibodies as
candidate therapeutics against emerging viruses. Front Med 2017; 11(4):
462-470.
68. Han HJ, Liu JW, Yu H, Yu XJ. Neutralizing Monoclonal Antibodies as
Promising Therapeutics against Middle East Respiratory Syndrome
Coronavirus Infection. Viruses 2018; 10(12): 680.
69. Wang J, Wen J, Li J, et al. Assessment of Immunoreactive Synthetic Peptides
from the Structural Proteins of Severe Acute Respiratory Syndrome
Coronavirus. Clin Chem 2003; 49(12): 1989-1996.
70. Pascal KE, Coleman CM, Mujica AO, et al. Pre- and postexposure efficacy of
fully human antibodies against Spike protein in a novel humanized mouse

1810

71.
72.
73.
74.
75.

76.
77.
78.

model of MERS-CoV infection. Proc Natl Acad Sci U S A 2015; 112(28):
8738-8743.
Casadevall A, Pirofski LA. The Ebola epidemic crystallizes the potential of
passive antibody therapy for infectious diseases. PLoS Pathog 2015; 11(4):
e1004717.
Shin YW, Chang KH, Hong GW, et al. Selection of Vaccinia Virus-Neutralizing
Antibody from a Phage-Display Human-Antibody Library. J Microbiol
Biotechnol 2019; 29(4): 651-657.
Ko M, Chang SY, Byun SY, et al. Screening of FDA-approved drugs using a
MERS-CoV clinical isolate from South Korea identifies potential therapeutic
options for COVID-19. bioRxiv 2020: 2020.02.25.965582.
Mire CE, Geisbert JB, Agans KN, et al. Passive Immunotherapy: Assessment of
Convalescent Serum Against Ebola Virus Makona Infection in Nonhuman
Primates. J Infect Dis 2016; 214(suppl 3): S367-S374.
Schutten M, Andeweg AC, Bosch ML, Osterhaus AD. Enhancement of
infectivity of a non-syncytium inducing HIV-1 by sCD4 and by human
antibodies that neutralize syncytium inducing HIV-1. Scand J Immunol 1995;
41(1): 18-22.
Marano G, Vaglio S, Pupella S, et al. Convalescent plasma: new evidence for
an old therapeutic tool? Blood Transfus 2016; 14(2): 152-157.
China Disease Control and Prevention Bureau. Progress in screening research
on effective Chinese medicine prescriptions. http://www.satcm.gov.cn/e/
search/result/?searchid=22997.
Muller MP, Dresser L, Raboud J, et al. Adverse Events Associated with
High-Dose Ribavirin: Evidence from the Toronto Outbreak of Severe Acute
Respiratory Syndrome. Pharmacotherapy 2007; 27(4): 494-503.

http://www.medsci.org

