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Abstract – The novel coronavirus pneumonia is an acute infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The global pandemic of this novel coronavirus pneumonia
has greatly threatened human health and brought enormous economy losses. By the end of May 20, 2020, the
pandemic of this disease had caused more than 2.70 million infections and more than 320 thousand deaths. This
paper reviewed the recent advances in the treatment of the novel coronavirus pneumonia to provide basic
references for disease control.
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1. Introduction
At present, an infectious disease called coronavirus
disease 2019 (COVID-19), broke out in the world, leading
to a severe public health issue and severely endangering
human health. This disease is caused by a novel coronavirus, i.e. the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. The virulence of SARS-CoV-2
is poorer than SARS, but it’s more infectious, bringing a
much bigger challenge to epidemic prevention in the world
[2]. The COVID-19 has caused more than 2.7 million infections and more than 320 thousand deaths so far. The ﬁrst
paper documenting the epidemiology and genome characteristics of SARS-CoV-2 was published in the journal Lancet on January 30, 2020 [3]. This study conﬁrmed the
considerable difference between SARS-CoV-2 and SARSCoV through the next generation sequencing technology
and phylogenetic analysis [3]. SARS-CoV-2 is considered
as a novel b-coronavirus infecting human. Structural
analysis showed that SARS-CoV-2 probably invades
human by binding to human angiotensin-converting
enzyme 2 (ACE2).
At present, although there is no speciﬁc preventative or
therapeutic drug available for COVID-19, medical workers
have accumulated some experiences and found some potential medicines and treatment methods for this disease after
months of investigation. COVID-19 is mainly treated by
using the modern chemical medicines, traditional Chinese
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medicines and a combination of both. In particular, some
long-term used traditional antiviral medicines and newly
developed antiviral medicines were both used for
COVID-19 control. It is noteworthy that some Chinese
medicines including Lianhuaqingwen capsule have very
good effects in COVID-19 control after clinical experiments
and basic studies. This paper reviewed the treatment of
COVID-19 to provide some basic references for the control
of this disease.

2. Introduction to coronavirus
2.1. Characteristic of coronavirus
The coronavirus, CoV, was ﬁrst isolated from birds in
1937 [4]. Mature CoVs have envelopes without segments.
CoV is a single-strand sense RNA virus. The virus is a
polymorphic particle and it is called coronavirus because
there is solar corona-like or emperor crown-like crest at
the surface under electron microscope observation. Depending on the origin, virulence, tissue tropism and transmissibility, the CoV is classiﬁed into four genera, a, b, c and d.
Present study indicated that the a and b-CoV are originated from bats, while the c and d-CoV are from birds
and pigs. Generally speaking, the a and b-CoV can infect
mammals, while the c and d-CoV infect birds, but some
of the c and d-CoV can also infect mammals [5–7]. It was
proven that SARS-CoV-2 differs considerably from the
severe acute respiratory syndrome CoV, SARS-CoV [8].
So it is not the resurgence of SARS-CoV, and nor is it
the same as the middle east respiratory syndrome CoV,
MERS-CoV. It is possible that SARS-CoV can recombine
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or variation, and it has the ability to infect new hosts
(human or other animals).
2.2. Pathogenesis
The pathogenesis of COVID-19 is not clear as yet. Similar to other coronavirus, SARS-CoV-2 can bind to the
speciﬁc receptor on its host cells using the S-protein [9].
SARS-CoV-2 enters host cells through receptor-mediated
endocytosis, replicates, reproduces new virus, and then
infects new hosts. Preliminary studies showed that the
SARS-CoV-2 and SARS-CoV have the same receptor, the
angiotensin converting enzyme, ACE2 [10]. This suggests
that both SARS-CoV-2 and SARS-CoV have the same host
speciﬁcity and tissue tropism. Some scholars also found that
the afﬁnity of S-protein in SARS-CoV-2 is much higher
than that in SARS-CoV [11, 12]. This probably explains
the higher infectivity of SARS-CoV-2 than SARS.
However, in-depth studies revealed that SARS-CoV-2
not only invades lungs, but also inﬂicts several other organs.
Many studies showed that hearts, brains, kidneys and
reproductive systems of COVID-19 patients have been
injured in addition to lungs. This has increased the difﬁculty for the treatment of COVID-19 [13, 14].

3. Antiviral medicines
At present, it is very difﬁcult to design and develop
antiviral medicines for COVID-19 due to the following reasons. Firstly, the coronavirus is a RNA virus. During viral
RNA replication, the enzyme correcting wrong replication
is very low, leading to an occurrence of virus mutants.
Secondly, the current animal models of SARS-CoV and
MERS-CoV are not sufﬁcient enough for the research and
development of antiviral medicines. It is therefore necessary
to establish and apply use new effective models and
approaches for rapid screening in vivo and in vitro [15–17].
Although it is difﬁcult to develop new antiviral medicines
for coronavirus, a number of researchers believe that some
old medicines such as Chloroquine and Lopinavir can be
effective to a certain degree for the treatment of COVID-19.
Meanwhile, the Chinese medicine decoction Lianhuaqingwen capsule or Chinese patent medicines have played a very
decisive role in the treatment of COVID-19.
3.1. Chloroquine
Chloroquine is the abbreviation of chloroquine phosphate. This medicine has been widely used for the treatment of malaria and autoimmune disease for more than
70 years [18]. Recently, it was reported that chloroquine
is a potential wide-spectrum antiviral medicine. A lot of
research groups have found the anti-SARS-CoV activities
of chloroquine at the molecular level [19]. A research from
Catholic University of Louvain found that chloroquine
could inhibit the replication of SARS-CoV, and its antiviral
activity can last for more than 5 h after infection [20]. The
results of a disease control center in America further conﬁrmed that chloroquine could inhibit virus replication by

interfering with the binding of SARS-CoV to membrane
receptor [21]. The results above suggest that chloroquine
has a very good effect on coronavirus. An article published
on January 21, 2020 conﬁrmed a high protein similarity
between the novel coronavirus and SARS-CoV. It can also
infect host cells by binding to the surface receptor. This
further promotes studies regarding the antiviral effect of
chloroquine on the novel coronavirus [22]. However, the
effect of chloroquine is still debatable. A recent study from
Columbia University published in the New England Journal
of Medicine documented that chloroquine couldn’t reduce
death risk or the need for respirators. Therefore, the effect
of chloroquine on COVID-19 treatment needs further investigation [23].
3.2. Lopinavir
Lopinavir is an enhanced proteinase inhibitor developed
by the American Abbott Laboratories [24]. It is also the
ﬁrst proteinase inhibitor compound for AIDS treatment.
Lopinavir is administrated to treat adults, adolescents,
and children above six months old (in America) or below
2 years old (in European Union) infected with HIV, which
can signiﬁcantly reduce the mortality of AIDS [25]. It was
reported that Lopinavir has some effect in the treatment
of severe ARDS caused by COVID-19 [26]. In an in vitro
antiviral test, Lopinavir can inhibit SARS-CoV-induced
pathological lesion [27]. In addition, clinical studies found
that when SARS patients were treated with Lopinavir for
21 days, the diarrhea, resurgent fever and deteriorating
chest imaging were markedly improved and virus load
was markedly reduced [28]. At present, an open, randomized and controlled study concerning the effectiveness and
safety of Lapinavir and Ritonavir for COVID-19 patients
is being conducted. Lopinavir was an antiviral medicine
registered by the afﬁliated Tongji Hospital, Tongji Medical
University, Huazhong University of Science and Technology, on February 3, 2020 is being conducted (Registration
No. Chi-CTR2000029539).
3.3. Remdsivir
Remdsivir is a highly concerned medicine for COVID-19
treatment. This medicine is initially developed for the treatment of the Ebola virus, but its effectiveness is very low
[29]. Luckily, results from in vivo and in vitro animal tests
showed that this medicine has surprisingly a high antiviral
activity in vitro for human-infecting coronavirus and batsborn coronavirus [30, 31]. The ﬁrst case for the treatment
of COVID-19 using Remdsivir was reported by some
Americans in the New England Journal of Medicine [32].
After that, clinical observation reports from America,
Europe, Canada and Japan all documented the effectiveness of Remdsivir for the treatment of severe COVID-19
patients. Results showed that the accumulated clinical
improvement for COVID-19 patients using Remdsivir was
almost 84% during a 28-day follow up visit [33–35].
However, the efﬁciency of remdesivir is still debatable at
present. A recent ﬁnding from a Chinese Research Group
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showed that the difference between combined treatment
with remdesivir and standard treatment is not signiﬁcantly
statistically. Also, remdesivir could not accelerate the recovery or reduce lethal rates of hospitalized COVID-19
patients as compared to the placebo control group. In addition, an enhanced reduction in virus load was not observed
in the specimens collected from the upper and lower respiratory tract compared to the placebo control group as well
[36]. Therefore, more large-sized high quality clinical studies
are necessary to conﬁrm the clinical efﬁciency in the future.
3.4. Arbidol
Arbidol is a wide-spectrum antiviral medicine. It was initially available in the market in 1993, which is mainly used
to prevent and treat inﬂuenza A and inﬂuenza B [37]. Further in-depth studies found that Arbidol also had some
effects in the treatment of Hepatitis A, Hepatitis B, respiratory syncytial virus, rhinovirus, Chikungunya virus, and
Hantaan virus [38]. Arbidol can block virus infection by disturbing the network protein pathway. It was reported earlier
that arbidol could inhibit the activity of coronavirus, mainly
SARS-CoV [39]. Study results showed that SARS-CoV
activity can be markedly inhibited by 50 lmol/L of arbidol.
Clinical studies regarding the treatment of SARS-CoV-2
using arbidol have been started. Wang et al. treated 69 cases
of COVID-19 patients in Wuhan using arbidol, and the
results showed that arbidol had markedly increased the
discharge rate and reduced death rate.

4. Chinese medicine
4.1. Lianhuaqingwen capsule
The Lianhuaqingwen capsule contains fructus forsythia,
Lonicera japonica, roasted bitter almond, gypsum,
Radix Isatidis, male Fern Rhizome, Houttuynia cordata,
Pogostemon Cablin, rheum ofﬁcinale, Rhodiola rosea,
mentholated camphor and Glycyrrhiza [40]. It is a representative medicine for the treatment of respiratory disease,
which is developed on the Theory of Collateral disease
[41]. The up-to-date network pharmacology study showed
that Lianhuaqingwen can act on coronavirus through its
multiple ingredients, multiple targets and multiple pathways. The main ingredients Mpro and ACE2 have a very
good binding capacity and the functioning mechanism is
probably related to its wide-spectrum antiviral activity, bacterial inhibition, heat removal, cough relief, phlegm reduction and immune regulation [42]. A retrospective study
with 42 cases of COVID-19 patients found that a combination of routine treatment and Lianhuaqingwen had signiﬁcantly alleviated fever, coughing, expectoration and
clinical symptoms compared to the routine treatment alone,
and the time for fever recession has been shortened by 1.5 D
compared to the routine treatment group [43]. An another
multiple-centered randomized study with 284 cases of
COVID-19 patients indicated that the combination of
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routine treatment and Lianhuaqingwen capsule had markedly increased the proportion of rehabilitated patients,
shortened the time for patient’s recovery and decreased
the negative rate of virus after 14 days of treatment [44].
4.2. Jinhuaqinggan granules
The Jinhuaqinggan granules are made from Lonicera
japonica, herba ephedra (fried honey), gypsum, bitter
almond kernel, Scutellaria baicalensis, fructus forsythia,
Thunberg Fritillary Bulb, rhizoma anemarrhenae, burdock,
Artemisia apiacea, peppermint, and glycyrrhiza [45]. Previous studies regarding the clinical application of Jinhuaqinggan granules were mainly concentrated on the treatment of
inﬂuenza [46]. It was found that Jinhuaqinggan granules
alone, or its combination with oseltamivir both could
shorten the time for fever recession in H1N1 patients [47].
Qi studied the clinical effects of Jinhuaqinggan granules on
the treatment of inﬂuenza, as well as the cytokine level in
patient’s serum, and they concluded that Jinhuaqinggan
granules could signiﬁcantly reduce the levels of cytokines
in patient’s serum, and enhance patient’s immunity [48].
Recently, some scholars predicted the targets of Jinhuaqinggan granules for COVID-19 treatment using the network
pharmacology. It was found that the bioactive ingredients
in Jinhuaqinggan granules are kaempferol, stigmasterol,
b-sitosterol and luteolin, which could modulate the targets
CASP3, TNF, and IL6 through MAPK, NF-jB and other
signaling pathways [49]. Therefore, Jinhuaqinggan granules
have a wide spectrum antiviral, anti-inﬂammatory and
immunity-regulating function. However, the function of
Jinhuaqinggan granules in COVID-19 treatment needs to
be conﬁrmed by large-sized clinical tests.
4.3. Xuebijing injection
The main ingredients of Xuebijing injection are
carthami, radix paeoniae rubra, Ligusticum wallichii, redrooted salvia and Angelica sinensis. Xuebijing injection
functions to detoxify and to disperse blood stasis [50].
Clinically Xuebijing injection is mainly used to treat infection-induced systemic inﬂammatory response syndrome. It
can also be used to treat organs with abnormal function
syndrome during the functional impairment stage [51].
Scholars ever divided 44 cases of COVID-19 patients into
an observational group and a control group. The control
group was treated by the routine approach, while the observation group was treated by a combination of Xuebijing
injection and routine approach [52]. The results showed
that Xuebijing injection could promote the absorption of
pulmonary infectious lesion and had favorable safety. In
addition, a network pharmacological study showed that
the functioning mechanism of Xuebijing injection in
COVID-19 treatment is probably related to the regulation
of immunity and inﬂammation response. Xuebijing injection can correct the excessive immunity and inhibit inﬂammation response by upregulating the regulatory T cells,
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promoting the secretion of IL-10, and downregulating the
immune function of TNF-a, IL-6 and IL-1b.
4.4. Chinese herbs
Seen from the treatment of COVID-19 at present,
Chinese herbs probably has played a very important role
in the early prevention and later treatment of diseases, or
in the prognosis of patients. However, due to the lack of
massive high quality clinical studies, the clinical efﬁciency
of Chinese herbs for the treatment of COVID-19 is still
not clear as yet. Chinese medicine workers have to make
an effort to solve this problem in the future.

5. Antiviral vaccines
In one study from the University of Lowa and Georgia,
researchers developed a vaccine that could completely
protect mice from being injured by lethal dosage of
MERS-CoV. They delivered a MERS-CoV protein into
cells to lead to immune response by avirulent virus. This
probably supplies some hope for the development of vaccines targeted to other coronavirus in addition to COVID-19
[53]. New generation vaccines against COVID-19 are being
developed in various countries, but there is a need for
improved ways of measuring their immunological
effectiveness.
In summary, no special preventative or therapeutic
medicines are available for the treatment of COVID-19
patients so far. Based on results from in vitro cellular tests,
animal tests, clinical studies and related sports, chloroquine,
lopinavir, remdesivir and arbidol are all potential antiviral
medicines for COVID-19. Meanwhile, many Chinese patent
medicines including Lianhuaqingwen capsule, Jinhuaqinggan granules and Xuebijing injection all are effective to a
certain degree for the treatment of COVID-19. However,
more large-sized multi-centered clinical studies are necessary to provide evidence-based and clinical supports.
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