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Abstract
Purpose of Review An unprecedented outbreak of the novel coronavirus in China (COVID-19) occurred in December 2019, and
then engulfed the entire world, presenting a significant and urgent threat to global health. Many research institutes have been
involved in the development of drugs and vaccines against COVID-19.
Recent Findings At present, the strategy of new use of old drugs is mainly used to screen candidate drugs against the novel
coronavirus (later termed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)) and inhibit excessive immune
response. Related research has made great progress.
Summary In this review, we summarize the drugs used for COVID-19 treatment in China based on the emerging basic and clinical
data. It is hoped that this review will be useful to provide guidance for the prevention, treatment, and control of COVID-19.
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Introduction

An outbreak of a series of pneumonia cases associated with a
novel coronavirus has been reported in Wuhan, Hubei
Province, China, since December 2019 [1–3]. It is highly con-
tagious and has rapidly spread to the entire China and multiple
other countries worldwide since then [4–6]. On January 5,

2020, Professor Zhang of Fudan University completed virus
sequencing and submitted the first novel coronavirus genome
sequence to the National Bank of the US National Center for
Biotechnology Information (Acc. No.MN908947). After that,
this global health threat was officially and internationally
named SARS-CoV-2 by the World Health Organization
(WHO) on February 11, 2020 [7]. On January 30, 2020, the
WHO declared the Chinese outbreak of COVID-19 to be a
public health emergency of international concern, which
means the outbreak of COVID-19 raised intense attention in-
ternationally; all countries around the world should be pre-
pared for a potential global outbreak [8–10]. Up to now, there
had been 1,524,334 confirmed cases, 340,335 cured, and
88,468 deaths (as of April 9, 2020). Clinically, most patients
developed mild symptoms of dry cough, dyspnea, fever, and
bilateral lung infiltrates on imaging [11–13]. Besides, num-
bers of researches have confirmed that while the mortality rate
of the elderly and patients with underlying diseases is high,
that of the young is relatively low through the deadliest out-
break of COVID-19 [14].

There are six strains of coronaviruses that are confirmed
infectious to humans, which are named for their coronary
appearance with positive single-stranded RNA genomes
[15]. Similar to SARS and MERS, SARS-CoV-2 is a kind
of highly pathogenic coronavirus that could cause severe re-
spiratory illness and even death [16]. However, SARS-CoV-2
has higher transmissibility from human to human

* Zhibin Wang
wzbmailbox@hljucm.net

* Chunjuan Yang
chunjuanyang@hrbmu.edu.cn

Linzi Fan
felicitafan@163.com

Shuang Jiang
jsjiang111@163.com

Xinrong Yang
yangxinrongx@163.com

1 Department of Pharmaceutical Analysis and Analytical Chemistry,
College of Pharmacy, Harbin Medical University, No. 157 Baojian
Road, Nangang District, Harbin 150081, Heilongjiang, People’s
Republic of China

2 Key Laboratory of Chinese Materia Medica (Ministry of Education),
Heilongjiang University of Chinese Medicine,
Harbin 150040, Heilongjiang, China

https://doi.org/10.1007/s40495-020-00218-5

Published online: 19 June 2020

Current Pharmacology Reports (2020) 6:146–154

http://crossmark.crossref.org/dialog/?doi=10.1007/s40495-020-00218-5&domain=pdf
mailto:wzbmailbox@hljucm.net
mailto:chunjuanyang@hrbmu.edu.cn


comparatively, which makes humans vulnerable to infection
and makes it harder to get this outbreak under control [17–19].

As the epidemic is getting worse, the control of COVID-19
presents multiple challenges in the short term [20].
Nevertheless, no specific antiviral medicine is available either
to treat or to prevent the aggravation of COVID-19 [21, 22].
More potent antiviral drugs are urgent to be developed [23]. It
usually takes about 12 to 15 years for a new drug transitioning
from development to market, which is a fairly long process.
Therefore, it is not feasible to study antinovel coronavirus
drugs from the beginning to get a direct effect on the preven-
tion and control of this outbreak. Only by adopting the strat-
egy of “old drugs for new use,” that is, finding effective drugs
against novel coronavirus from existing drugs on the market,
making it be rapidly applied to clinical practice [24, 25].
COVID-19’s therapeutic strategies mainly relied on the expe-
rience of clinicians [26, 27]. Up to now, some medicines are
confirmed clinically to be effective in eliminating SARS-
CoV-2 and improving symptoms [28, 29]. Among them, tra-
ditional Chinese medicines have received broad adoption, es-
pecially in treating cases of mild symptoms [30, 31]. In this
review, we summarized the drugs used for COVID-19 treat-
ment in China based on the emerging basic and clinical data. It
is hopeful that this review will be useful to provide guidance
for the prevention and control of COVID-19.

Traditional Chinese Medicine

Although there is no specific medicine recommended to pre-
vent or treat the novel coronavirus to date, when the outbreak
started, Chinese medicine (CM) approaches including oral
administration of preventive herbal formulae, wearing CM
sachets, and indoor herbal medicine fumigation were recom-
mended for prevention and treatment and have shown pretty
good effects [32, 33]. Under the guidance of clinical experi-
ence, the treatment for COVID-19 was divided into medical
observation period and clinical treatment period (confirmed
cases). The clinical treatment period (confirmed cases) is fur-
ther stratified into four manifestations including mild case
(cold-damp constraint in the lung pattern or damp-heat accu-
mulation in the lung pattern), moderate case (damp-toxin con-
straint in the lung pattern or cold-damp obstructing the lung
pattern), severe case (epidemic toxin blocking the lung pattern
or blazing of both Qi and Ying patterns), and critical case
(internal blockage and external desertion pattern) followed
by a rehabilitation stage (lung and spleen qi deficiency pat-
terns or deficiency of both qi and yin patterns). Depending on
the patient’s pathological condition, different medications or
prescriptions were used at different stages [30, 34]. At present,
a total of 23 different Chinese medicines are recommended
nationwide for the treatment of mild, severe, and critical
symptoms [35]. According to prescriptions and standards,

under the guidance of traditional Chinese medicine theory,
Chinese medicines were made into certain dosage forms,
which could be directly used for the prevention and treatment
of diseases [36–42]. Those Chinese medicine formulation
used on COVID-19 are listed in Table 1.

Chemical Medicine

Lopinavir/Ritonavir

Lopinavir/ritonavir tablets (trade name: Cleeve) are broad-
spectrum antiviral drugs developed by AbbVie Inc., which
was first approved by the European Union in 2001 [43, 44].
It is a type of human immunodeficiency virus (HIV) protease
inhibitor that can block the cleavage of Gag-Pol precursor
protein into mature protein, which eventually leads to the pro-
duction of immature and non-infectious virus particles [45,
46]. It has been confirmed that ritonavir is an active
peptidomimetic inhibitor against HIV-1 and HIV-2 aspartyl
proteases. The enzyme cannot cleave the Gag-Pol precursor
protein by inhibiting HIV protease which could lead to the
formation of immature forms of HIV particles and prevent a
new round of infection [47]. Currently, in vitro studies have
shown that lopinavir/ritonavir can inhibit the replication of
Middle East respiratory syndrome coronavirus (MERS-CoV)
and severe acute respiratory syndrome coronavirus (SARS-
CoV) to exert antiviral effects [48]. Based on that, lopinavir/
ritonavir has been recommended for the clinical treatment of
COVID-19 in China. According to the advantages of
lopinavir/ritonavir in antiviral therapy, it is suggested that
lopinavir/ritonavir should use in the early period of antiviral
treatment to improve clinical symptoms and reduce viral load.
The oral dosage is recommended once a day (800mg/200mg)
that may increase treatment compliance, reduce adverse reac-
tions, control the spread through urine and feces, and hinder
the spread of the epidemic [32, 49]. However, the latest re-
search has reported that lopinavir/ritonavir treatment did not
significantly accelerate clinical improvement, reduce mortali-
ty, or diminish throat viral RNA detectability in patients with
COVID-19 [50]. Besides, it should be noted that lopinavir/
ritonavir is an inhibitor of liver P450 isoenzyme CYP3A.
When it is combined with drugs that are mainly metabolized
by CYP3A, it may lead to increased blood concentration of
the combining drugs, which increases the adverse reaction.

Ribavirin

Ribavirin is a synthetic nucleoside antiviral drug with broad-
spectrum antiviral activity, which inhibits both DNA and
RNA viruses and widely used for the treatment of SARS
and MERS [43, 51–53]. It was recommended that the com-
bined use of ribavirin and α-interferon or lopinavir, 500 mg/

147Curr Pharmacol Rep  (2020) 6:146–154



Ta
bl
e
1

R
ep
or
te
d
us
e
of

C
hi
ne
se

m
ed
ic
in
e
fo
rm

ul
at
io
ns

on
C
O
V
ID

-1
9

P
ro
pr
ie
ta
ry

C
hi
ne
se

m
ed
ic
in
es

C
om

po
si
tio

n
A
pp
lic
at
io
n
st
ag
e

In
di
ca
tio

ns

Ji
nh
ua

Q
in
gg
an

gr
an
ul
es

Ji
n-
yi
n-
hu
a,
sh
i-
ga
o,
m
a-
hu
an
g,
xi
ng
-r
en
,h
ua
ng
-q
in
,l
ia
n-
qi
ao
,

zh
e-
be
i-
m
u,
zh
i-
m
u,
ni
u-
ba
ng
-z
i,
qi
ng
-h
ao
,b
ao
-h
e,
ga
n-
ca
o

M
ed
ic
al
ob
se
rv
at
io
n

pe
ri
od
—
cl
in
ic
al

m
an
if
es
ta
tio

n
2

Fe
ve
r,
he
ad
ac
he
,s
or
e
bo
dy
,s
or
e
th
ro
at
,c
ou
gh
,b
ad

w
in
d
or

co
ld
,r
un
ny

no
se
,

re
d
to
ng
ue
,t
hi
n
ye
llo

w
fu
r

H
uo
xi
an
gz
he
ng
qi

ca
ps
ul
e
(p
ill
,o
ra
l

liq
ui
d)

C
an
g-
zh
u,
ch
en
-p
i,
ho
u-
pu
,b
ai
-z
hi
,f
u-
lin

g,
da
-f
u-
pi
,b
an
-x
ia
,

ga
n-
ca
o,
hu
o-
xi
an
g,
an
d
zi
-s
u-
ye

M
ed
ic
al
ob
se
rv
at
io
n

pe
ri
od
—
cl
in
ic
al

m
an
if
es
ta
tio

n
1

A
ve
rs
io
n
to

co
ld

w
ith

ou
ts
w
ea
t,
he
ad
ac
he

bo
dy

w
ei
gh
t,
lim

b
pa
in
,c
he
st

D
ia
ph
ra
gm

fu
ll,

th
ir
st
no
tt
o
dr
in
k,
lo
os
e
st
oo
ls
,d
ro
w
ni
ng

sh
or
t,
an
d
ye
llo

w

L
ia
nh
ua

Q
in
gw

en
ca
ps
ul
es

(g
ra
nu
le
s)

L
ia
n-
qi
ao
,j
in
-y
in
-h
ua
,m

a-
hu
an
g,
xi
ng
-r
en
,s
hi
-g
ao
,

ba
n-
la
n-
ge
n,
gu
an
-z
ho
ng
,y
u-
xi
ng
-c
ao
,h
uo
-x
ia
ng
,d
a-
hu
an
g,

ho
ng
-j
in
g-
tia
n,
ba
o-
he
,g
an
-c
ao

M
ed
ic
al
ob
se
rv
at
io
n

pe
ri
od
—
cl
in
ic
al

m
an
if
es
ta
tio

n
2

Fe
ve
r
or

hi
gh

fe
ve
r,
ch
ill
s,
m
us
cl
e
so
re
ne
ss
,s
tu
ff
y
no
se
,r
un
ny

no
se
,c
ou
gh
,

he
ad
ac
he
,d
ry

th
ro
at
,s
or
e
th
ro
at
,r
ed

to
ng
ue
,y
el
lo
w
,o
r
gr
ea
sy

fu
r

Ji
ng
yi
n
gr
an
ul
es

Ji
ng
-j
ie
,y
in
-h
ua
,n
iu
-b
an
g-
zi
,d
a-
qi
ng
-y
e,
si
-j
i-
qi
ng

/
C
le
ar
in
g
he
at
an
d
de
to
xi
fy
in
g,
m
oi
st
en
in
g
lu
ng
,a
nd

th
ro
at

Sh
uf
en
g
Ji
ed
u

ca
ps
ul
es

(g
ra
nu
le
s)

H
u-
zh
an
g,
lia
n-
qi
ao
,b
an
-l
an
-g
en
,c
ha
i-
hu
,b
ai
-j
ia
ng
-c
ao
,

m
a-
bi
an
-c
ao
,l
u-
ge
n,
ga
n-
ca
o

M
ed
ic
al
ob
se
rv
at
io
n

pe
ri
od
—
cl
in
ic
al

m
an
if
es
ta
tio

n

Fe
ve
r,
ba
d
w
in
d,
so
re

th
ro
at
,h
ea
da
ch
e,
st
uf
fy

no
se
,r
un
ny

no
se
,c
ou
gh
,r
ed

tip
of

to
ng
ue
,t
hi
n
w
hi
te
dr
y
or

ye
llo

w
to
ng
ue

co
at
in
g,
fl
oa
tin

g
pu
ls
e

X
iy
an
pi
ng

in
je
ct
io
n

C
hu
an
-x
in
-l
ia
n

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
se
ve
re

Se
ve
re

fe
ve
r
an
d
po
ly
di
ps
ia
,d
ys
pn
ea

an
d
an
he
la
tio

n,
de
lir
iu
m
,b
lu
rr
ed

vi
si
on
,

ra
sh
,o
r
he
m
at
em

es
is
an
d
ep
is
ta
xi
s,
or

co
nv
ul
si
on

of
th
e
lim

bs
.T

on
gu
e
w
ith

lit
tle

or
no

fu
r,
de
ep

an
d
co
un
tp

ul
se
,o
r
la
rg
e
an
d
ra
pi
d
pu
ls
e

X
ue
bi
jin

g
in
je
ct
io
n

H
on
g-
hu
a,
ch
i-
sh
ao
,c
hu
an
-x
io
ng
,d
an
-s
he
n,
da
ng
-g
ui

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
se
ve
re

an
d

cr
iti
ca
l

Se
ve
re

fe
ve
r
an
d
po
ly
di
ps
ia
,d
ys
pn
ea

an
d
an
he
la
tio

n,
de
lir
iu
m
,b
lu
rr
ed

vi
si
on
,

ra
sh
,o
r
he
m
at
em

es
is
an
d
ep
is
ta
xi
s,
or

co
nv
ul
si
on

of
th
e
lim

bs
.T

on
gu
e
w
ith

lit
tle

or
no

fu
r,
de
ep

an
d
co
un
tp

ul
se
,o
r
la
rg
e
an
d
ra
pi
d
pu
ls
e.

R
ed
un
in
g
in
je
ct
io
n

Q
in
g-
ha
o,
jin

-y
in
-h
ua
,z
hi
-z
i

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
se
ve
re

an
d

cr
iti
ca
l

Se
ve
re

fe
ve
r
an
d
po
ly
di
ps
ia
,d
ys
pn
ea

an
d
an
he
la
tio

n,
de
lir
iu
m
,b
lu
rr
ed

vi
si
on
,

ra
sh
,o
r
he
m
at
em

es
is
an
d
ep
is
ta
xi
s,
or

co
nv
ul
si
on

of
th
e
lim

bs
.T

on
gu
e
w
ith

lit
tle

or
no

fu
r,
de
ep

an
d
co
un
tp

ul
se
,o
r
la
rg
e
an
d
ra
pi
d
pu
ls
e

Sh
en
fu

in
je
ct
io
n

H
on
g-
sh
en
,f
u-
zi

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
cr
iti
ca
l

D
ys
pn
ea
,a
st
hm

a
re
qu
ir
es

as
si
st
ed

ve
nt
ila
tio

n,
di
zz
in
es
s,
ir
ri
ta
bi
lit
y,
co
ld

sw
ea
ty

lim
bs
,p
ur
pl
e
to
ng
ue
,t
hi
ck

or
dr
y
fu
r,
la
rg
e
fl
oa
tin

g,
an
d
ro
ot
le
ss

pu
ls
e.

Sh
en
gm

ai
in
je
ct
io
n

H
on
g-
sh
en
,m

ai
-d
on
g,
w
u-
w
ei
-z
i

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
cr
iti
ca
l

D
ys
pn
ea
,a
st
hm

a
re
qu
ir
es

as
si
st
ed

ve
nt
ila
tio

n,
di
zz
in
es
s,
ir
ri
ta
bi
lit
y,
co
ld

sw
ea
ty

lim
bs
,p
ur
pl
e
to
ng
ue
,t
hi
ck

or
dr
y
fu
r,
la
rg
e
fl
oa
tin

g,
an
d
ro
ot
le
ss

pu
ls
e.

A
ng
on
gn
iu
ha
un
g-
w
an

N
iu
-h
ua
ng
,s
he
-x
ia
ng
,z
he
n-
zh
u,
zh
u-
sh
a,
xi
on
g-
hu
an
g,

hu
an
g-
lia
n,
hu
an
g-
qi
n,
zh
i-
zi
,y
u-
jin

,b
in
g-
pi
an

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
cl
in
ic
al

pe
ri
od

2

C
le
ar
in
g
aw

ay
he
at
,d
et
ox
if
yi
ng
,c
al
m
in
g
an
d
re
su
sc
ita
tin

g,
fe
ve
r,
pa
th
og
en

in
to

pe
ri
ca
rd
iu
m
,f
eb
ri
le
co
nv
ul
si
on
,d
el
ir
iu
m
,r
ed

or
cr
im

so
n
to
ng
ue
,p
ow

er
fu
lp

ul
se

nu
m
be
r;
ap
op
le
xy

co
m
a
an
d
en
ce
ph
al
iti
s,
m
en
in
gi
tis
,t
ox
ic
en
ce
ph
al
op
at
hy
,

ce
re
br
al
he
m
or
rh
ag
e,
se
pt
ic
em

ia

X
ia
ng
sh
al
iu
ju
n-
w
an

B
an
-x
ia
,c
he
n-
pi
,m

u-
xi
an
g,
sh
a-
re
n,
da
ng
-s
he
n,
ba
i-
zh
u,

fu
-l
in
g,
jiu

-g
an
-c
ao

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
cl
in
ic
al

pe
ri
od

3

In
vi
go
ra
te
th
e
sp
le
en

an
d
st
om

ac
h.
U
se
d
fo
r
sp
le
en

de
fi
ci
en
cy

an
d
qi

st
ag
na
tio

n,
in
di
ge
st
io
n,
be
lc
hi
ng

Sh
ao
,w

an
ab
do
m
in
al
di
st
en
si
on

an
d

fu
lln

es
s,
lo
os
e
st
oo
l,
to
ng
ue

pa
le
m
os
s
w
hi
te
gr
ea
sy

T
an
re
qi
ng

in
je
ct
io
n

H
ua
ng
-q
in
,x
io
ng
-d
an
,s
ha
n-
ya
ng
-j
ia
o,
-j
in
-y
in
-h
ua
,l
ia
n-
qi
ao

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
se
ve
re

an
d

cr
iti
ca
l

Se
ve
re

fe
ve
r
an
d
po
ly
di
ps
ia
,d
ys
pn
ea

an
d
an
he
la
tio

n,
de
lir
iu
m
,b
lu
rr
ed

vi
si
on
,

ra
sh
,o
r
he
m
at
em

es
is
an
d
ep
is
ta
xi
s,
or

co
nv
ul
si
on

of
th
e
lim

bs
.T

on
gu
e
w
ith

lit
tle

or
no

fu
r,
de
ep

an
d
co
un
tp

ul
se
,o
r
la
rg
e
an
d
ra
pi
d
pu
ls
e

X
in
gn
ao
jin

g
in
je
ct
io
n

Sh
e-
xi
an
g,
bi
ng
-p
ia
n,
zh
i-
zi
,y
u-
jin

C
lin

ic
al
tr
ea
tm

en
t

pe
ri
od
—
se
ve
re

an
d

cr
iti
ca
l

Se
ve
re

fe
ve
r
an
d
po
ly
di
ps
ia
,d
ys
pn
ea

an
d
an
he
la
tio

n,
de
lir
iu
m
,b
lu
rr
ed

vi
si
on
,

ra
sh
,o
r
he
m
at
em

es
is
an
d
ep
is
ta
xi
s,
or

co
nv
ul
si
on

of
th
e
lim

bs
.T

on
gu
e
w
ith

lit
tle

or
no

fu
r,
de
ep

an
d
co
un
tp

ul
se
,o
r
la
rg
e
an
d
ra
pi
d
pu
ls
e

148 Curr Pharmacol Rep  (2020) 6:146–154



time for adults with 2 to 3 intravenous injections per day,
could control and improve patient’s condition, but the thera-
peutic process should be limited to 10 days [32]. Notably,
patients with contraindications should be excluded before
clinical application for the reason that the incidence of adverse
reactions of ribavirin is high and the individualized differences
are obvious [54]. Studies on the effect of ribavirin in vitro
showed that ribavirin could reduce viral infection [55].
However, the effectiveness and safety of ribavirin for
COVID-19 still need further clinical trials to confirm.
Medical workers should carefully and comprehensively eval-
uate the patient’s various indicators to ensure the safety of
patients’ medication.

Arbidol

Arbidol is a non-nucleoside antiviral drug developed by the
research center for pharmaceutical chemistry of the Soviet
Union. Arbidol exerts an antiviral effect by inhibiting the fu-
sion of the viral lipid membrane with the host cell to block the
replication of the virus [56, 57]. It is active against many
enveloped and non-enveloped viruses and has an interferon-
inducing effect [58]. It has been found that 10–30 μmol of
arbidol could effectively inhibit SARS-CoV-2 proliferation by
60 times compared with a drug-untreated control group and
significantly inhibit the pathological effects of viruses in vitro
[54, 59].

Remdesivir

Remdesivir is a nucleoside drug and an RNA polymerase
(RdRp) inhibitor which was developed by Gilead Sciences
in the USA [60, 61]. Accumulating evidence indicates that
remdesivir could inhibit virus replication and play an antiviral
role through blocking the synthesis of negative-strand RNA
by inhibiting SARS-CoV-2 RdRp, subgenomic mRNA, and
subviral genomic RNA [62, 63]. Remdesivir has shown good
anti-MERS-CoV and anti-SARS-CoV activities in vitro and
in animal models [64] and has anti-SARS-CoV-2 activity
in vitro, indicating it could be used as a potential anti-
SARS-CoV-2 drug [65]. On January 31, 2020, the prestige
medical journal “New England Medical Journal” (NEJM) re-
ported the diagnosis and treatment process of the first SARS-
CoV-2 infected patient in the USA, showing that remdesivir
has a certain role in the treatment [25, 54, 66]. Cell research
published an article stating that among the six antiviral drugs
tested, remdesivir had the strongest inhibitory effect of
COVID-19 in vitro (EC50 = 0.77 μmol/L) [32]. Currently,
remdesivir’s clinical trials have been officially launched in
China that a total of 761 patients are planned to be included
in this study.

Favipiravir

Favipiravir is a wide-spectrum nucleoside antiviral drug de-
veloped by FUJIFILMToyama Chemical Co., Ltd. [67]. It is a
precursor drug that could be metabolized into the active me-
tabolite favipiravir-ribofuranosyl-5′-triphosphate (favipiravir-
rtp) in vivo, which has an inhibitory effect on the RNA virus
RdRp. The drug’s initial indication was against influenza [68].
But subsequent studies have shown that the drug has inhibi-
tory activity against almost all RNA viruses, such as West
Nile virus, yellow fever virus, enterovirus, and Ebola virus
[69–72]. On February 15, 2020, favipiravir tablets were
marketed in China, and the indication was approved for the
treatment of new or recurrent epidemics in adults. Thus,
favipiravir became a potential drug for treatment of COVID-
19 patients [73]. In a small-scale clinical trial of COVID-19,
favipiravir has shown promising efficacy and low adverse
reactions. It has been shown that favipiravir is effective
against SARS-CoV-2 (EC50 = 61.88 μmol/L) [32].

Darunavir

Darunavir is an inhibitor of protease dimerization and catalytic
activity of HIV-1 [74, 75]. It can selectively inhibit the cleav-
age of HIV encoded gag-pol precursor protein in virus infect-
ed cells, thus blocking the formation ofmature infectious virus
particles [76, 77]. Clinically, darunavir is mainly used as a
drug for AIDS. On February 4, 2020, it was announced that
darunavir could significantly inhibit the replication of the vi-
rus at concentration of 300 μmol/L [32, 54].

Emtricitabine and Denofovir Alafenamide

Emtricitabine is a nucleoside reverse transcriptase inhibitor
which is used in AIDS treatment [78, 79]. It blocks the reverse
transcription process of HIV by inhibiting reverse transcrip-
tase and can also effectively inhibit hepatitis B virus (HBV)
reverse transcription process [77, 80]. It has been reported that
the combination of emtricitabine and denofovir alafenamide
in clinical trial for the treatment of COVID-19 was applied
with great therapeutic effects [32].

Chloroquine Phosphate

Chloroquine phosphate is mainly used in the treatment of
malaria and rheumatism in clinical [81–83]. Numerous studies
have presented that it has broad-spectrum antiviral effect [84].
Recently, it has been found that chloroquine phosphate could
effectively inhibit the infection of coronavirus at the cellular
level [85–87]. It has been recommended for antiviral treatment
of the COVID-19 as well [88].
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Hydroxychloroquine

Hydroxychloroquine was developed as an antimalarial drug and
has been used for the treatment of rheumatoid arthritis and lupus
erythematosus [89–91]. Due to its antiviral activity,
hydroxychloroquine has also been used as an adjuvant therapy
fo r AIDS [92–94] . I t has been conf i rmed tha t
hydroxychloroquine also has therapeutic effect against Ebola
virus and dengue virus in in vitro studies [95]. Recently, it has
been reported that some COVID-19 patients benefited from the
treatment with hydroxychloroquine [96–99]. Moreover, its effect
for virus elimination could be reinforced by azithromycin [97].

Biological Medicine

Interferon α

Interferon (IFN) is a kind ofmultifunctional cytokine family with
broad-spectrum antiviral, antiproliferative, and immunomodula-
tory activities. According to different binding receptors, it can be
divided into type I, type II, and type III. Among them, type II IFN
(mainly α/β IFN) plays an important role in the control of virus
infection. Naturally, IFN-α is a very important immune protec-
tive cytokine in human response to virus infection [100, 101]. It
could induce the same cell to produce antiviral protein and limit
the further replication and spread of the virus [102, 103].
Moreover, IFN-α has been recommended to be applied in the
treatment of COVID-19 recently [32].

Tocilizumab Injection

Tocilizumab injection is a recombinant humanized monoclo-
nal antibody against human IL-6 receptor, which specifically
binds to soluble and membranous IL-6 receptor to block sig-
nal transduction, thus inhibiting the activity of IL-6 receptor
and achieving the goal of treating rheumatoid arthritis
[104–106]. IL-6R plays an important role in the occurrence
and development of some inflammatory and autoimmune dis-
eases. As an activator of IL-6, sIL-6R can enhance the sensi-
tivity of cells to IL-6 [107]. It has been found that as an an-
tagonist of cytokine interleukin-6 (IL-6), tocilizumab injection
is likely to block cytokine storm and thus prevent COVID-19
patients from turning to severe and critical diseases [108].
Tocilizumab injection has been recommended as a treatment
for COVID-19 by researchers at University of Science and
Technology of China.

Glucocorticoids

Glucocorticoid is an extremely important regulatory molecule
in the human body [109]. It plays an important role in regu-
lating the body’s development, growth, metabolism, and

immune function. It is the most important regulatory hormone
in the body’s stress response, and it is also the most widely
used and effective antiinflammatory and immunosuppressive
agent in clinical practice [110, 111]. During the treatment of
COVID-19, it is recommended to be used for severe cases
with high inflammatory response or children with acute respi-
ratory distress syndrome [32, 112]. However, the side effects
of glucocorticoids are severe; WHO recommends that gluco-
corticoids are not suitable for the routine treatment of COVID-
19 except in clinical trials [11, 113, 114].

Convalescent Plasma Therapy

Currently, the convalescent plasma therapy has been in the
process of promotion; some patients’ clinical indicators and
symptoms have been improved [32]. There have been a large
number of people who have recovered from coronavirus in-
fection, donating valuable serum containing immunoglobulin
which seems better than trying to produce large amounts of
monoclonal antibodies in the laboratory. However, using an-
tibodies to treat COVID-19 has some obvious problems such
as limited sources of therapeutic plasma, different concentra-
tions and activities of antibodies in human plasma of various
sources, and non-neutralizing antibodies in plasma that may
contribute to cytokine storms and other safety risks.
Therefore, the convalescent plasma therapy is only used on a
small scale, while large-scale use still needs to wait until we
understand the clinical application effect and adverse reac-
tions. The safety and efficacy of convalescent plasma transfu-
sion in SARS-CoV-2-infected patients should be studied
within the context of a well-designed clinical trial. In the ab-
sence of vaccines and specific therapeutic drugs, the recovery
plasma therapy is still an exploratory treatment. The current
diagnosis and treatment scheme is recommended to try in
severe patients and closely monitor the possible risks [115].

Other Biological Medicine

There are also other biological medicines on COVID-19 such
as human immunoglobulin and intestinal microecological reg-
ulator. Some researchers in China have suggested that human
immunoglobulins can be selectively used to treat critically
patients. Intravenous immunoglobulin in large doses could
be used for severe systemic inflammatory response syndrome
[11]. It has been suggested that intestinal microecological reg-
ulator could maintain intestinal microecological balance and
prevent secondary bacterial infection [32].

Perspective

As for a new emerging acute infectious disease caused by
SARS-CoV-2, there are still no specific antiviral drugs. All
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options for its prevention and treatment are based on previous
experience in the treatment of SARS, MERS, or other new
influenza viruses. Active treatment based on the patient’s
symptoms is still the main direction of treatment. Up to now,
China has made a great breakthrough in fighting against
COVID-19, but the situation outside China is not optimistic.
The Chinese Health Commission has established several ver-
sions of diagnosis and treatment plans on COVID-19, which
was formulated in a short time by professionals in various
fields. But it is just a temporary solution at present. Since these
drugs were not developed for the treatment of COVID-19, the
clinical therapeutic effect is surely limited. Besides, the effi-
cacy and safety of involved medicines still need to be con-
firmed in further clinical treatment and research. Even though
those medicines we used have certain therapeutic effect, it is
still urgent for medical researchers to carry on the research and
development of specific medicine and vaccine according to
the infection mechanism and characteristic structure of new
crown virus. What is more, an effective mechanism for drug
development of coronavirus should be established.

Currently, the enthusiasm for COVID-19 drug research
runs high, but whether long-term scientific research can per-
sist after the epidemic is a bit more in doubt. The isolation and
structure analysis of various coronaviruses have been com-
pleted in early period, but there is still no specific drug for
each coronavirus in the world. The reasons are as follows:
firstly, the replication mutation rate of the virus is very high,
and it is easy to produce drug-resistant strains. Secondly, after
the acute infectious period of a novel coronavirus, the patient
is likely to have developed a corresponding durable immunity.
However, compared with the transient infection of virus epi-
demic, the new drug development cycle is fairly a long time,
which is not suitable for the development of coronavirus drugs
economically. Therefore, the joint efforts of government de-
partments and drug research and development departments are
needed to achieve a breakthrough in a short period of time, for
accumulating experience of the possible future coronavirus
epidemic.

Conclusions

The drugs used for COVID-19 treatment in China based on
the emerging basic and clinical data were summarized above.
Among them, Chinese medicines have received broad adop-
tion, especially in treating cases of mild symptoms. There is
still a lot for us to do in the face of COVID-19. It is hoped that
this review will be useful to provide guidance for the preven-
tion and control of COVID-19.
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