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Abstract. – In December 2019, an outbreak 
of coronavirus disease 2019 (COVID-19) caused 
by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) was reported in Wu-
han, China, and it subsequently spread in ma-
ny countries around the world. Many efforts 
have been applied to control and prevent the 
spread of COVID-19, and many scientific studies 
have been conducted in a short period of time. 
Here we present an overview of the viral struc-
ture, pathogenesis, diagnosis, and clinical fea-
tures of COVID-19 based on the current state of 
knowledge, and we compare its clinical charac-
teristics with SARS and Middle East Respirato-
ry Syndrome (MERS). Current researches on po-
tentially effective treatment alternatives are dis-
cussed. We hope this review can help medical 
workers and researchers around the world con-
tain the current COVID-19 pandemic.
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Introduction

At the end of 2019, coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) caused 
an outbreak in Wuhan, China, and then, spread 
rapidly around the world by human-to-human 
transmission. By March 23, 2020, in China, the-
re were 81093 confirmed cases, 72703 cured 
patients and 3270 deaths. In China so far, the 
cure rate is 89.65% and mortality rate is 4.0%. 
Outside China, 210644 cases have been confir-
med, accounting for 72.1% of the total number of 
confirmed cases in the world. SARS-CoV-2 has 
spread worldwide and so far affected 186 coun-
tries. However, the diagnosis is difficult and there 

are no specific drugs for COVID-19. Therefore, 
it is important to learn more about the virus in 
order to develop rapid and accurate diagnostic 
methods, as well as potentially effective drugs. 

SARS-CoV-2 is a single-stranded, positi-
ve-sense RNA virus, which belongs to a new 
evolutionary branch of coronavirus. It belongs 
to the genus β-coronavirus together with SARS 
coronavirus (SARS-CoV) and Middle East re-
spiratory syndrome coronavirus (MERS-CoV)1. 
SARS-CoV-2 shares 96% genomic sequence 
identity with bat coronavirus2, indicating that it 
may have been initially hosted by bats, similarly 
to SARS-CoV. However, protein sequence dif-
ferences between SARS-CoV-2 and SARS-CoV 
suggest that the former is not a descendant of 
SARS-CoV3. Based on the previous studies of 
SARS-CoV and MERS-CoV, researchers found 
that SARS-CoV-2 shares the same receptor as 
SARS-CoV, angiotensin-converting enzyme 2 
(ACE2)4. The discovery of the receptor can gre-
atly contribute to learn about the pathogenesis of 
COVID-19 and guide the development of targeted 
therapies. 

Currently, there are more than 80 ongoing or 
scheduled clinical trials of COVID-19, but no 
specific coronavirus treatment or SARS-CoV-2 
vaccine of proven efficacy has yet been developed 
for clinical use. In this review, we summarize 
data about SARS-CoV-2 structure and about CO-
VID-19 pathogenesis, diagnosis, clinical features 
and experimental therapeutics. This synthesis 
may provide guidance for the response to the 
outbreak around the world.

The Virus 
Coronaviruses are single-stranded, positi-

ve-sense RNA viruses of the Coronaviridae fa-
mily and Orthocoronavirinae subfamily that in-
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fect animals and humans. Coronaviruses are clas-
sified into four major genera: alphacoronavirus 
(α), betacoronavirus (β), gammacoronavirus (γ), 
and deltacoronavirus (δ)1. Currently, seven kinds 
of human coronaviruses have been identified, 
including HCoV 229E and HCoV NL63, which 
belong to the α genus; and HCoV-OC43, HCo-
VHKU1, SARS-CoV, MERS-CoV, and SARS-
CoV-2, which belong to the β genus. 

SARS-CoV-2 is an enveloped virus with dia-
meters ranging from 50 to 200 nm, and round or 
elliptic, often pleomorphic, shape. An electron 
micrograph of the virus is shown in Figure 1. The 
single-stranded RNA genome of SARS-CoV-2 
contains 29,891 nucleotides. One study found 
that SARS-CoV-2 has already mutated, and there 
are two types (L and S). At position 28144 of the 
viral RNA genome, the L-type contains a T base, 
while the S-type contains a C base. The S-type 
is relatively “old”, while the L-type carries more 
mutations5. The genome encodes at least 27 pro-
teins, including the following reading frames in 
sequence: 5’-replicase (orf1/ab)-structural protein 
[spike (S)-envelope (E)-membrane (M)-nucleo-
capsid (N)]-3’. The spike protein S is responsi-
ble for virus entry into the cell, and comprises 
subunits S1 and S24. The S1 subunit contains a 
signal peptide followed by an N-terminal domain 
(NTD) and a receptor-binding domain (RBD); 
while the S2 subunit contains a conserved fusion 
peptide (FP), a heptad repeat (HR) 1 and 2, a 

transmembrane domain (TM), and a cytoplasmic 
domain (CP). The S2 subunit of SARS-CoV-2 is 
highly conserved and shares 99% sequence iden-
tity with the S2 subunits of two bat SARS-like 
coronaviruses (SL-CoV ZXC21 and ZC45) as 
well as human SARS-CoV6.

The proteins encoded by the SARS-CoV-2 
genome differ from SARS-CoV at the amino 
acid level7. The most significant variation in the S 
protein of SARS-CoV-2 is the Flynn protease re-
cognition site (RRAR) at the S1/S2 protease cle-
avage site, which differs from the single arginine 
in SARS-CoV8. This indicates that SARS-CoV-2 
and SARS-CoV may differ in their efficiency of 
infecting humans. Researchers analyzed the ge-
nome of the SARS-CoV-2 to determine its origin 
and evolutionary history and found 96% geno-
mic sequence identity to the bat coronavirus3. 
SARS-CoV-2 shares 98.7% nucleotide similarity 
to bat coronavirus strain BtCoV/4991 based on 
a 370-nt sequence of the RdRp gene (GenBank 
KP876546) and 87.9% nucleotide similarity to 
bat coronavirus strains bat-slcovzc45 and bat-
sl-covzxc21, indicating that it is less genetically 
similar to currently known human coronavirus 
strains, including SARS-CoV (79.7%)9. Phylo-
genetic analysis showed that SARS-CoV-2 be-
longs to sarbecoviruses of the β genus, and is 
connected only by a relatively long branch to 
its closest relatives bat-sl-covzc45 and bat-sl-co-
vzxc21, confirming the genetic differences from 

Figure 1. Structure of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). A, Viral particles in ultrathin sections 
under the electron microscope at 200 kV. Chinese name: 2019-nCoV Wuhan strain 02 (English name: C-F13-nCoV Wuhan 
strain 02). B, SARS-CoV-2 pattern diagram: SARS-CoV-2 includes a single-stranded, positive-sense RNA and four structural 
proteins: the spike protein (S), envelope protein (E), membrane protein (M), and nucleocapsid protein. Note: the picture in 
Figure 1A was obtained from the National Pathogen Microbial Resource Bank at the China Center for Disease Control and 
Prevention (NPRC: 2020.00002).
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SARS-CoV10. In conclusion, SARS-CoV-2 is not 
a descendant of SARS-CoV, but an independently 
evolved branch of coronavirus. The branch may 
have been initially hosted by bats and transmitted 
to humans via pangolins as intermediate hosts11.

Pathogenesis 
SARS-CoV-2 uses highly glycosylated ho-

motrimeric S proteins to enter host cells. The 
S1 subunit of the S protein binds to the host 
cell receptor, which causes its shedding and the 
transition of the S2 subunit to a highly stable 
post-fusion conformation12. To access the host 
cell receptor, the RBD in the S1 subunit undergo-
es a hinge-like movement, very similar to that of 
SARS-CoV and MERS-CoV. However, the RBD 
structure in SARS-CoV-2 is closer to the central 
part of the trimer. One of the three RBDs in the S 
protein protrudes upwards, allowing the S protein 
to adopt a structure that can easily bind to the 
host receptor8. 

SARS-CoV-2 uses the SARS-coronavirus re-
ceptor ACE2 and the cellular transmembrane pro-
tease serine 2 (TMPRSS2) for entry into target 
cells4. Cryo-electron microscopy showed ACE2 
to exist as a dimer, to be able to adopt “open” 
or “closed” conformations13. Sequence analy-
sis showed that the overall sequence similarity 
between SARS-CoV-2 spikes and SARS-CoV 
spikes (isolated from humans, civet cats or bats) 
was about 76-78% for the entire protein and 73-
76% for RBD, which provides a structural basis 
for the ability of SARS-CoV-2 and SARS-CoV to 
use the same receptor14.

Virus infectivity is studied using HeLa cel-
ls expressing, or not expressing, ACE2 protein 
from humans, Chinese horseshoe bat, civet, 
pig, or mouse. SARS-CoV-2 was able to use 
all but mouse ACE2 as an entry receptor in the 
ACE2-expressing cells, while it was unable to 
enter cells without ACE2, suggesting that ACE2 
is the receptor for SARS-CoV-2 entry into cells2. 
Kinetic measurements indicated that the affinity 
of SARS-CoV-2 for ACE2 is much higher than in 
the case of SARS-CoV, which may be the main 
reason for the strong infectivity of SARS-CoV-28. 
SARS-CoV-2 does not use other coronavirus re-
ceptors, such as aminopeptidase N or dipeptidyl 
peptidase 42. 

TMPRSS2 is expressed in target cells of SARS-
CoV in the lung and has been shown to promote 
virus entry in studies involving a TMPRSS2-po-
sitive cell line15. Inhibition of TMRPSS2 expres-
sion in target cells reduces the efficiency of 

SARS-CoV-2 entry into target cells, suggesting 
that SARS-CoV-2-S may use TMPRSS2 for ini-
tiation4.

ACE2 shows relatively high expression in al-
veolar type 2 cells, thus allowing the virus to 
enter cells and multiply in large numbers through 
the mechanism mentioned above. The virus may 
downregulate ACE2 and activate the renin-angio-
tensin system (RAS) system, thereby increasing 
vascular permeability and altering alveolar epi-
thelial cells, leading to lung injury16. ACE2 is an 
ACE homologue that regulates the homeostasis of 
angiotensin. ACE converts inactive angiotensin I 
(Ang I) to active angiotensin II (Ang II), while 
ACE2 converts Ang I to angiotensin 1-9 and Ang 
II to angiotensin 1-7. The rise in Ang II level acti-
vates the RAS system, primarily through the type 
1 receptor for angiotensin II (AT1R) (Figure 2).

Some diseases, such as hypertension, diabetes 
mellitus, and cardiovascular and cerebrovascular 
diseases, more common in the elderly, can lead 
to decreased glomerular arterial pressure, hypo-
tension, and hyponatremia, leading to an increase 
in renin secretion. This, in turn, increases ACE2 
secretion through positive feedback regulation. 
Individuals with these diseases are expected to 
be more susceptible to severe COVID-19 due to 
the upregulation of ACE2 expression, consistent 
with the fact that most COVID-19-associated 
mortality involves elderly patients with more co-
morbidities17. ACE2 expression is also higher in 
smoker lung tissue samples, so smokers may be 
more susceptible to COVID-1918. 

SARS-CoV-2 enters alveolar cells and rapidly 
multiplies, causing a rapid and massive production 
of a variety of cytokines, including interferons 
(IFNs), interleukin (ILs), chemokines, colony-sti-
mulating factors (CSFs), and tumor necrosis fac-
tors (TNFs), in body fluids. These cytokines in 
turn continuously activate immune cells and ac-
cumulate at sites of inflammation. This immune 
process is called a cytokine storm17,19. As a result, 
congestion, edema, fever, and lung tissue injury 
occur, potentially giving rise to acute respiratory 
distress syndrome (ARDS) and lung function 
failure. Moreover, excessive activation of T cells, 
manifested by an increase in T helper 17 (Th17) 
and cytotoxic CD8+ T cells, may cause hypoim-
munity in some patients20. 

ACE2 is expressed not only in the respiratory 
organs, but also in the small intestine, duode-
num, kidney, and testis. The entry of the virus in 
target cells may result in intestinal dysfunction, 
renal insufficiency, reduced fertility, and other 
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damage21. Single-cell RNA sequencing showed 
that bile duct cells express the SARS-CoV-2 
receptor ACE2, and the virus may bind directly 
to ACE2-positive bile duct cells22. This may 
result in bile duct dysfunction, damaging liver 
function. 

Clinical Features
At the beginning of the outbreak, most of 

the patients with COVID-19 had a history of 
direct or indirect contact with the Wuhan epi-
demic area. However, local transmission is cur-
rently occurring in many countries. All ages 
are susceptible to infection, and the median age 
of COVID-19 patients is 48.4 years. Moreover, 
around 59.1% of COVID-19 patients are men in 
China23. The main clinical symptoms are fever, 
dry cough, fatigue, expectoration, and dyspnea. 
Some patients also develop symptoms, such as 
myalgia, pharyngodynia, headache, nausea, up-
per respiratory tract congestion, and diarrhea. 
Some patients are asymptomatic carriers24. About 

27.7% of COVID-19 patients have preexisting 
systemic morbidity, mainly hypertension, dia-
betes, and cardiovascular and cerebrovascular 
diseases. Most patients show a mild presentation 
of the disease and have good prognosis, while 
about 17.8% of patients require intensive care. 
Patients over 50 years of age with a neutrophil/
lymphocyte ratio (NLR) ≥ 3.13 are at high risk of 
severe COVID-1925. Compared with non-cancer 
patients, cancer patients are at higher risk of de-
veloping severe COVID-1926. The more frequent 
serious complications are ARDS and shock, with 
a higher incidence of complications among elder-
ly patients with comorbidities. 63% of COVID-19 
patients have renal diseases, such as proteinuria21, 
and nearly 50% of patients have abnormal liver 
function22.

Laboratory tests indicate decreased absolute 
lymphocyte counts in most patients, suggesting 
that SARS-CoV-2 may act on lymphocytes in a 
similar way as SARS. Patients frequently pre-
sent lymphopenia (70.3%), prolonged coagula-

Figure 2. Pathogenesis of co-
ronavirus disease (COVID-19) 
caused by SARS-CoV-2. The vi-
rus uses the SARS-coronavirus 
receptor angiotensin-converting 
enzyme 2 (ACE2) and the cellu-
lar transmembrane protease se-
rine 2 (TMPRSS2) to enter host 
cells. Then the virus proliferates 
substantially within the host cell 
and reduces ACE2 expression, 
which in turn causes an incre-
ase in angiotensin II (Ang II). 
Increased Ang II activates the re-
nin-angiotensin system (RAS), le-
ading to coronavirus disease (CO-
VID-19). Abbreviations: AT2R: 
the type 1 receptor for angiotensin 
II; ER: Endoplasmic Reticulum.
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tion (58%), and increased lactate dehydrogenase 
levels (39.9%)27. White blood cells, hemoglobin, 
and platelets are lower than the normal range 
in some patients17, while C-reactive protein and 
erythrocyte sedimentation rate are elevated17,23.

Computed tomography (CT) shows shadows 
or frosted glass opacity in the lung in most CO-
VID-19 patients27. Clinically relevant indicators 
of the disease that significantly deviate from nor-
mal values (including oxygen saturation, respi-
ratory rate, white blood cell/lymphocyte count, 
and chest X-ray/CT findings) predict poor clinical 
outcomes28. 

Young patients may mount strong immune 
responses, and some of them are prone to suffer 
cytokine storms, worsening their prognosis29,30. 
Compared with the adverse pregnancy outco-
mes caused by SARS-CoV infection, pregnant 
COVID-19 patients show milder symptoms and 
better prognosis31. So far, pediatric clinical ma-
nifestations are not typical, and relatively mil-
der, compared with that of adult patients32. Most 
deaths caused by SARS-CoV-2 are due to mul-
tiple organ dysfunction syndrome, rather than 
respiratory failure26. Compared with SARS and 
MERS, the clinical symptoms of COVID-19 are 
more similar to SARS, and the overall clinical 
symptoms are lighter than SARS. The incidence 
of severe cases of COVID-19 and SARS is signi-
ficantly lower than that of MERS35 (Supplemen-
tary Table I25-28,32-34,36-49).

Diagnosis
The diagnosis of COVID-19 mainly relies on 

genetic tests, such as Real Time-PCR (RT-PCR) 
and gene sequencing50. Respiratory tract speci-
mens (including nasopharyngeal swabs, bron-
choalveolar lavage fluid, sputum or bronchial 
inhalation fluid) or blood specimens of patients 
are used for RT-PCR detection51, which com-
monly amplifies open reading frames 1a or 1b 
and the nucleocapsid protein52. Gene sequencing 
can reveal whether genes in the specimen are 
highly homologous to SARS-CoV-210. A positive 
RT-PCR result indicates that the patient may have 
SARS-CoV-2 infection, but a negative result can-
not exclude SARS-CoV-2 infection. The RT-PCR 
positive rate of patients is about 38%53. Negative 
results may be attributed to degradation of RNA 
or to inadequate methods of material collection, 
cryopreservation, or quality control of detection 
reagents. Probable cases must be evaluated throu-
gh clinical observations, patient history, and epi-
demiological information again. 

High-resolution CT (HRCT) is another important 
method for patient assessment. Chest CT of ear-
ly-stage COVID-19 patients shows multiple small 
patchy shadows and interstitial changes, which are 
evident in the lung periphery. Further development 
of multiple ground-glass shadows and diffuse sha-
dows in the lungs may lead to consolidation of the 
lung54, while pleural effusion or lymphadenopathy 
are rare. Hematology tests are not specific, but the 
absolute lymphocyte count is decreased in most 
patients, which can be used for early diagnosis of 
non-febrile patients at their first visit23. 

Treatment
There is currently no specific treatment for 

COVID-19. In clinical practice, the treatment 
of COVID-19 in China mainly includes oxygen 
therapy, antiviral therapy, and traditional Chine-
se medicine treatment. For patients with severe 
disease, invasive oxygen therapy and circulatory 
support are needed, but the results are not sati-
sfactory. 

Studies55,56 have shown that the key drug-bin-
ding sites in the corresponding enzymes of 
SARS-CoV-2, SAR-CoV and MERS-CoV may 
be the same. Therefore, at the emergency stage, 
drugs used against SARS and MERS may guide 
the quick discovery of specific drugs to treat 
COVID-19. As of March 23, 2020, we have com-
piled information on approximately 81 kinds of 
promising therapeutic drugs for COVID-19 from 
ClinicalTrials.gov of the US National Institutes 
of Health, the Chinese Clinical Trial Registry, 
and other clinical and scientific research centers 
around the world. We present promising treat-
ments that may be effective for COVID-19 patien-
ts divided into three categories: antiviral therapy 
(Supplementary Table II57-63), immune therapy 
(Supplementary Table III17,64), and traditional 
Chinese medicine treatment (Supplementary 
Table IV). Among them, antiviral drugs are di-
vided into those with virus-based or host-based 
effects, while immune therapies are divided into 
immunosuppressive or immunoenhancing. 

Antiviral Therapy

Virus-Based Treatment Strategies

Nucleoside analogs
Nucleoside analogs exert antiviral effects by 

blocking RNA synthesis by the RNA-dependent 
RNA polymerase. Representative drugs include 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-9377.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-9377.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-9377.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-IV-9377.pdf
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favipiravir, ribavirin, and remdesivir. Favipira-
vir and ribavirin are RNA polymerase inhibitors 
with broad-spectrum antiviral effect in vitro. 
Favipiravir is completed in clinical studies and 
shows good curative effects. It is recommended 
that favipiravir can be included in the treatment 
programs as soon as possible65. According to in 
vitro activity tests, favipiravir can effectively 
inhibit the replication of SARS-CoV-2 without 
toxic effects on cells. For treating SARS, pa-
tients treated with the combination lopinavir/
ritonavir (Kaletra®, Abbvie, North Chicago, IL, 
USA) and ribavirin were found to be at lower 
risk of ARDS or death than patients treated with 
ribavirin alone66. 

Remdesivir is widely used in the treatment of 
Ebola virus infection, and relatively complete 
data are available on its human pharmacokinetics 
and safety57. Not only can remdesivir inhibit nu-
cleoside RNA-dependent RNA polymerase, but 
its triphosphate form can compete with ATP 
binding to the polymerase, interfering with viral 
RNA synthesis. Remdesivir was highly effective 
at treating a patient with severe SARS-CoV-2 
infection67.

Protease inhibitors
Kaletra (lopinavir and ritonavir) inhibits the 

3C-like protease. Kaletra is mainly used to treat 
human immunodeficiency virus-1 (HIV-1) in-
fection in adults and children older than two ye-
ars, and it can be combined with other antiretro-
viral drugs. Kaletra may have therapeutic effects 
in SARS and MERS by reducing the ability of the 
replicated virus to infect cells. The therapeutic 
effect of Kaletra on COVID-19 may be mainly 
due to the inhibitory effect of ritonavir on coro-
navirus endopeptidase C3066,68. 

Nafamostat is a broad-spectrum serine pro-
tease inhibitor that targets S protein-mediated 
membrane fusion to block the virus from entering 
the cell69. It has been proposed as a potential can-
didate for the treatment of COVID-1958.

Virus-cell fusion inhibitors 
Arbidol® (umifenovir; Pharmstandard, Dolgo-

prudny, Russia) is an antiviral drug used in Russia 
and China for influenza infection. Arbidol blocks 
the replication of the virus by inhibiting the fu-
sion of influenza virus lipid membranes with host 
cells and inducing an immune response. Arbidol 
hydrochloride can be used to treat SARS70, and 
it can significantly inhibit replication of SARS-
CoV-2 in vitro71.

Neuraminidase inhibitors
Oseltamivir is a broad-spectrum anti-influenza 

drug functioning as a neuraminidase inhibitor 
to block the release of the virus from host cells. 
It can effectively treat MERS-CoV infection72. 
Oseltamivir is used against COVID-19 only when 
flu is present61, because evidence of its efficacy 
against SARS-CoV-2 is lacking.

Host-Based Treatment Strategies

Interferons
IFN-α, a type I IFN that activates the IFN-α/β 

receptor complex, activates the intracellular Jak/Stat 
signaling pathway and regulates the transcription of 
multiple target genes, the so-called IFN-stimulated 
genes. Modulation of IFN-stimulated genes causes 
an antiviral response in target cells that limits the 
replication and transmission of virus. Based on its 
extensive antiviral effects, IFN-α is one of the clini-
cal candidates for COVID-19 treatment.

Polyinosinic-polycytidylic acid injection, a 
broad-spectrum antiviral drug, produces anti-
viral effects by inducing IFN and stimulating 
phagocytosis of macrophages. It is currently in 
clinical trials to treat COVID-19. 

Nitazoxanide is a broad-spectrum antiviral and 
antiparasitic drug used to treat the flu. Nitazoxa-
nide promotes the production of type I IFNs 
(α and β) by host fibroblasts and blocks viral 
maturation. In cell culture studies, nitazoxanide 
showed promise for the treatment of viral respi-
ratory infections, and it may be effective for the 
treatment of COVID-1958.

Antimalarial agents
Chloroquine is a widely used drug against 

malaria and some autoimmune diseases. Chloro-
quine prevents SARS-CoV from invading cells 
by changing the glycosylation of the virus re-
ceptor ACE2 in vitro73. A time-of-addition assay 
demonstrated that chloroquine functioned at both 
entry and post-entry stages of SARS-CoV-2 in-
fection in Vero E6 cells58. Chloroquine also has 
an immune-modulating activity, which may sy-
nergistically enhance its antiviral effect in vivo. 
Chloroquine phosphate is therefore an antiviral 
drug option which was clinically tested against 
COVID-19.

Janus kinase inhibitors
Baricitinib is a Janus kinase inhibitor that not 

only interrupts virus entry, but also disrupts the 
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assembly of virus particles in cells. Bioinformatic 
analysis has proposed baricitinib as a potential 
drug that may inhibit SARS-CoV-274.

Immune Therapy

Immunosuppressive Therapies

Glucocorticoid therapies
Glucocorticoids have powerful anti-inflamma-

tory and immunosuppressive effects; methylpre-
dnisolone is the main hormone in clinical use. 
This hormone may have a good effect on the 
cytokine storm produced by patients with severe 
COVID-1917. While glucocorticoids can reduce 
mortality among patients with severe pneumo-
nia, they can have serious adverse effects on 
patients with mild pneumonia75. The World He-
alth Organization recommends glucocorticoids 
for treating patients with severe, but not mild, 
COVID-19. A prospective clinical trial evaluating 
the efficacy and safety of methylprednisolone in 
the treatment of patients with severe COVID-19 
is ongoing (the Chinese Clinical Trial Registry, 
ChiCTR2000029386).

Host-directed therapies
Based on experience with SARS and MERS, a 

range of host-directed therapies, such as metfor-
min, glitazones, fibrates, sartans, and atorvastin 
have demonstrated an acceptable safety profi-
le76,77. These drugs can also be combined wi-
th antiviral drugs to enhance antiviral efficacy. 
Host-directed therapies may be effective against 
SARS-CoV-2 infection in patients with severe 
COVID-19 and frequent cytokine storms17.

Cell therapies
Cell therapy is the engineering of bone marrow 

mesenchymal stem cells (BMSCs) to release the-
rapeutic factors. Such substances can reduce the 
inflammatory response and pulmonary edema in 
ARDS78. Therefore, they may be useful for tre-
ating ARDS in patients with severe COVID-19. 

Immuno-enhancing Therapies

Antioxidant treatment
Vitamin C prevents oxidative damage and im-

proves immunity. Studies have shown that si-
gnificant doses of vitamin C not only increase 
antiviral ability, but more importantly prevent 
and treat acute lung injury and acute respiratory 
distress caused by other respiratory viruses64. A 

team from Wuhan University is conducting a cli-
nical trial of vitamin C for COVID-19 (Clinical-
Trials.gov of the US National Institutes of Health, 
NCT04264533). 

Antibody therapies
Antibody therapies include plasma and mo-

noclonal antibody therapies. Plasma therapy is a 
kind of passive immunotherapy, in which mul-
tivalent specific antibodies are extracted from 
the plasma of cured individuals to make con-
valescent blood products (CBP), which are then 
injected into sick patients. The use of antiviral 
antibodies from recovered patients was evalua-
ted during the SARS outbreak79. This approach 
has also been tested on a large scale against 
Ebola virus, without particular evident effects. 
This technique requires further development 
in order to achieve greater results in the battle 
against viruses. Monoclonal antibody therapy 
refers to the extraction of memory B cells from 
patients in the recovery stage, which then produ-
ce specific antibodies for antiviral therapy given 
to patients not recovered. Monoclonal antibodies 
can be obtained by cloning antibody genes from 
a small number of memory B cells that have 
neutralizing and specific effects. Studies have 
shown that monoclonal antibody treatment can 
significantly reduce the mortality of patients 
infected with Ebola virus80. Monoclonal antibo-
dy therapy has become a focus of research for 
COVID-19 treatment.

Traditional Chinese Medicine Therapy
Traditional Chinese medicine has gained wi-

despread attention in the clinic and plays an 
important role in the current coronavirus epi-
demic in China. As of March 23, 2020, we 
retrieved approximately 28 Chinese medicines 
and their extracts from clinical trials registered 
in the Chinese Clinical Trial Registry, such as 
glycyrrhizin, and shuanghuanglian oral solution. 
Traditional Chinese medicine has the advanta-
ges of bypassing drug resistance and targeting 
multiple processes to treat viral infections81. The 
combination of traditional Chinese medicine and 
Western medicine has played an important role in 
the treatment of SARS81. The following Chinese 
medicines may be useful for the treatment of 
SARS-CoV-2.

Glycyrrhizin
Five traditional Chinese medicines (glycyrrhi-

zin, baicalin, scutellarin, hesperetin, and nicotia-
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namine) can bind ACE2 on cells82, and thereby 
prevent SARS-CoV-2 from entering cells. For 
example, glycyrrhizic can inhibit the replica-
tion and adsorption of SARS-CoV83. Glycyrrhizic 
can also inhibit the production of inflammatory 
factors and block inflammatory responses. The-
refore, glycyrrhizic may be useful for treating 
patients with COVID-19. One study at Wuhan 
University found that diammonium glycyrrhizi-
nate combined with vitamin C treatment showed 
good efficacy in patients with COVID-19. The 
treatment scheme of diammonium glycyrrhizi-
nate combined with vitamin C has been tested 
in clinical trials in Wuhan (the Chinese Clinical 
Trial, ChiCTR2000029768).

Shuanghuanglian
Shuanghuanglian injection has also attracted 

wide attention as an extensive antiviral Chi-
nese medicine preparation. It may relieve the 
symptoms of cough and fever in acute upper 
respiratory tract infections84. On January 31, 
2019, a Chinese study announced preliminary 
findings showing that shuanghuanglian oral so-
lution exerts anti-viral against SARS-CoV-2. 
A clinical trial for COVID-19 is underway to 
verify its efficacy (the Chinese Clinical Trial, 
ChiCTR2000029605).

Overview
SARS-CoV-2 is rapidly transmitted from hu-

man to human and is spreading globally, posing 
a current threat to public health. Given such a 
serious outbreak, timely prevention and control 
measures were taken in China: the movement of 
people was restricted to control the spread across 
regions, and all large gatherings were canceled. 
The importance of wearing masks and washing 
hands frequently was emphasized. Within one 
month of the outbreak, rapid progress was made 
in etiology identification, diagnostic reagent de-
velopment, virus characterization analysis, and 
clinical treatment strategies. However, no specific 
treatment for COVID-19 is yet available, and the-
refore it is necessary to conduct further studies 
on the pathogenesis of SARS-CoV-2 infection to 
identify appropriate therapeutic targets. Current-
ly, a number of potential drugs and therapies are 
under development. The greatest challenge will 
be deciding how to select and evaluate different 
approaches to develop effective treatments of 
COVID-19. In this process, effective communica-
tion and cooperation among institutional partners 
are required. Given current research, it seems 

likely that one or more potential therapeutic agen-
ts currently in later stages of development will 
prove effective against COVID-19.

Conclusions

Strict and timely epidemiological measures 
are essential to prevent the rapid spread of the 
virus and gain time to develop vaccines and 
drugs. Under a situation where SARS-CoV-2 is 
rapidly spreading around the world, the lessons 
and experience acquired in China should be given 
adequate attention in many other countries, and 
the same or similar approaches infection contain-
ment should be adopted as soon as necessary.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Cui J, Li F, Shi Z-L. Origin and evolution of patho-
genic coronaviruses. Nat Rev Microbiol 2019; 17: 
181-192.

 2) Zhou P, Yang XL, Wang Xg, hu B, Zhang L, Zhang 
W, Si hR, Zhu Y, Li B, huang CL, Chen hD, Chen J, 
Luo Y, guo h, Jiang RD, Liu MQ, Chen Y, Shen XR, 
Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, 
Yan B, Zhan FX, Wang YY, Xiao gF, Shi ZL. A pneu-
monia outbreak associated with a new coronavi-
rus of probable bat origin. Nature 2020; 579: 270-
273.

 3) anDeRSen Kg, RaMBaut a, LiPKin Wi, hoLMeS eC, gaR-
RY RF. The proximal origin of SARS-CoV-2. Nat 
Med 2020. Doi: https://doi.org/10.1038/s41591-
020-0820-9.

 4) hoFFMann M, KLeine-WeBeR h, KRügeR n, MüLLeR 
M, DRoSten C, PöhLMann S. The novel corona-
virus 2019 (2019-nCoV) uses the SARS-coro-
navirus receptor ACE2 and the cellular pro-
tease TMPRSS2 for entry into target cells. 
bioRxiv 2020; 2020.2001.2031.929042. doi: 
10.1101/2020.01.31.929042. [Epub ahead of 
print].

 5) tang X, Wu C, Li X, Song Y, Yao X, Wu X, Duan Y, 
Zhang h, Wang Y, Qian Z, Cui J, Lu J. On the or-
igin and continuing evolution of SARS-CoV-2. 
National Science Review 2020. Doi: https://doi.
org/10.1093/nsr/nwaa036.

 6) Chan JF, KoK Kh, Zhu Z, Chu h, to KK, Yuan S, Yuen 
KY. Genomic characterization of the 2019 nov-
el human-pathogenic coronavirus isolated from a 
patient with atypical pneumonia after visiting Wu-
han. Emerg Microbes Infect 2020; 9: 221-236.



Coronavirus disease 2019: a clinical review

4593

 7) Wu a, Peng Y, huang B, Ding X, Wang X, niu P, 
Meng J, Zhu Z, Zhang Z, Wang J, Sheng J, Quan L, 
Xia Z, tan W, Cheng g, Jiang t. Genome compo-
sition and divergence of the novel Coronavirus 
(2019-nCoV) originating in China. Cell Host Mi-
crobe 2020; 27: 325-328.

 8) WRaPP D, Wang n, CoRBett KS, goLDSMith Ja, hSieh 
C-L, aBiona o, gRahaM BS, MCLeLLan JS. Cryo-EM 
structure of the 2019-nCoV spike in the prefusion 
conformation. Science 2020; 367: 1260.

 9) Chen L, Liu W, Zhang Q, Xu K, Ye g, Wu W, Sun Z, 
Liu F, Wu K, Zhong B, Mei Y, Zhang W, Chen Y, Li Y, 
Shi M, Lan K, Liu Y. RNA based mNGS approach 
identifies a novel human coronavirus from two in-
dividual pneumonia cases in 2019 Wuhan out-
break. Emerg Microbes Infect 2020; 9: 313-319.

10) Lu R, Zhao X, Li J, niu P, Yang B, Wu h, Wang W, 
Song h, huang B, Zhu n, Bi Y, Ma X, Zhan F, Wang 
L, hu t, Zhou h, hu Z, Zhou W, Zhao L, Chen J, 
Meng Y, Wang J, Lin Y, Yuan J, Xie Z, Ma J, Liu WJ, 
Wang D, Xu W, hoLMeS eC, gao gF, Wu g, Chen 
W, Shi W, tan W. Genomic characterisation and 
epidemiology of 2019 novel coronavirus: implica-
tions for virus origins and receptor binding. Lan-
cet 2020; 395: 565-574.

11) Xiao K, Zhai J, Feng Y, Zhou n, Zhang X, Zou J-J, 
Li n, guo Y, Li X, Shen X, Zhang Z, Shu F, huang 
W, Li Y, Zhang Z, Chen Ra, Wu YJ, Peng SM, 
huang M, Xie WJ, Cai Qh, hou Fh, Liu Y, Chen W, 
Xiao L, Shen Y. Isolation and characterization of 
2019-nCoV-like Coronavirus from Malayan pan-
golins. bioRxiv 2020; 2020.2002.2017.951335. 
doi: 10.1101/2020.02.17.951335. [Epub ahead of 
print].

12) WaLLS aC, toRtoRiCi Ma, SniJDeR J, Xiong X, BoSCh 
B-J, ReY Fa, VeeSLeR D. Tectonic conformational 
changes of a coronavirus spike glycoprotein pro-
mote membrane fusion. Proc Natl Acad Sci U S 
A 2017; 114: 11157.

13) Yan R, Zhang Y, Li Y, Xia L, Zhou Q. Structure of 
dimeric full-length human ACE2 in complex with 
B0AT1. bioRxiv 2020; 2020.2002.2017.951848. 
doi: 10.1101/2020.02.17.951848. [Epub ahead of 
print].

14) Wan Y, Shang J, gRahaM R, BaRiC RS, Li F. Recep-
tor recognition by the novel Coronavirus from Wu-
han: an analysis based on decade-long structur-
al studies of SARS Coronavirus. J Virol 2020; 94: 
e00127-00120.

15) BeRtRaM S, heuRiCh a, LaVenDeR h, gieReR S, DaniSCh 
S, PeRin P, LuCaS JM, neLSon PS, PöhLMann S, SoiL-
LeuX eJ. Influenza and SARS-Coronavirus activat-
ing proteases TMPRSS2 and HAT are expressed 
at multiple sites in human respiratory and gastro-
intestinal tracts. PLoS One 2012; 7: e35876.

16) Wu Y. Compensation of ACE2 function for possi-
ble clinical management of 2019-nCoV-Induced 
acute lung injury. Virol Sin 2020. doi: 10.1007/
s12250-020-00205-6. [Epub ahead of print].

17) Chen n, Zhou M, Dong X, Qu J, gong F, han Y, 
Qiu Y, Wang J, Liu Y, Wei Y, Xia Ja, Yu t, Zhang X, 
Zhang L. Epidemiological and clinical characteris-

tics of 99 cases of 2019 novel coronavirus pneu-
monia in Wuhan, China: a descriptive study. Lan-
cet 2020; 395: 507-513.

18) Cai g. Bulk and single-cell transcriptomics 
identify tobacco-use disparity in lung gene ex-
pression of ACE2, the receptor of 2019-nCov. 
medRxiv 2020; 2020.2002.2005.20020107. doi: 
10.1101/2020.02.05.20020107. [Epub ahead of 
print].

19) Liu WJ, Zhao M, Liu K, Xu K, Wong g, tan W, gao 
gF. T-cell immunity of SARS-CoV: Implications 
for vaccine development against MERS-CoV. An-
tivir Res 2017; 137: 82-92.

20) Xu Z, Shi L, Wang Y, Zhang J, huang L, Zhang C, Liu 
S, Zhao P, Liu h, Zhu L, tai Y, Bai C, gao t, Song J, 
Xia P, Dong J, Zhao J, Wang FS. Pathological find-
ings of COVID-19 associated with acute respira-
tory distress syndrome. Lancet Respir Med 2020. 
pii: S2213-2600(20)30076-X. doi: 10.1016/S2213-
2600(20)30076-X. [Epub ahead of print].

21) Li Z, Wu M, guo J, Yao J, Liao X, Song S, han M, Li J, 
Duan g, Zhou Y, Wu X, Zhou Z, Wang t, hu M, Chen 
X, Fu Y, Lei C, Dong h, Zhou Y, Jia h, Chen X, Yan J. 
Caution on kidney dysfunctions of 2019-nCoV pa-
tients. medRxiv 2020; 2020.2002.2008.20021212. 
doi: 10.1101/2020.02.08.20021212. [Epub ahead 
of print].

22) Chai X, hu L, Zhang Y, han W, Lu Z, Ke a, 
Zhou J, Shi g, Fang n, Fan J, Cai J, Fan J, Lan 
F. Specific ACE2 expression in cholangiocytes 
may cause liver damage after 2019-nCoV in-
fection. bioRxiv 2020; 2020.2002.2003.931766. 
doi: 10.1101/2020.02.03.931766. [Epub ahead of 
print].

23) guan WJ, ni ZY, hu Y, Liang Wh, ou CQ, he 
JX, Liu L, Shan h, Lei CL, hui DSC, Du B, Li LJ, 
Zeng g, Yuen KY, Chen RC, tang CL, Wang t, 
Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng 
YX, Wei L, Liu Y, hu Yh, Peng P, Wang JM, Liu 
JY, Chen Z, Li g, Zheng ZJ, Qiu SQ, Luo J, Ye 
CJ, Zhu SY, Zhong nS. Clinical characteristics 
of 2019 novel coronavirus infection in China. 
medRxiv 2020; 2020.2002.2006.20020974. doi: 
10.1101/2020.02.06.20020974. [Epub ahead of 
print].

24) aSSoCiation egoPaConCPoCPM. New understand-
ing of epidemiological characteristics of new 
coronavirus pneumonia. Chinese Journal of Ep-
idemiology 2020.

25) Liu J, Liu Y, Xiang P, Pu L, Xiong h, Li C, Zhang 
M, tan J, Xu Y, Song R, Song M, Wang L, Zhang 
W, han B, Yang L, Wang X, Zhou g, Zhang t, Li 
B, Wang Y, Chen Z, Wang X. Neutrophil-to-lym-
phocyte ratio predicts severe illness patients 
with 2019 Novel Coronavirus in the early stage. 
medRxiv 2020; 2020.2002.2010.20021584. doi: 
10.1101/2020.02.10.20021584. [Epub ahead of 
print].

26) Liang W, guan W, Chen R, Wang W, Li J, Xu K, Li C, 
ai Q, Lu W, Liang h, Li S, he J. Cancer patients in 
SARS-CoV-2 infection: a nationwide analysis in 
China. Lancet Oncol 2020; 21: 335-337.



C.-L. Yang, X. Qiu, Y.-K. Zeng, M. Jiang, H.-R. Fan, Z.-M. Zhang

4594

27) Wang D, hu B, hu C, Zhu F, Liu X, Zhang J, Wang 
B, Xiang h, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang 
X, Peng Z. Clinical characteristics of 138 hospi-
talized patients with 2019 Novel Coronavirus-in-
fected pneumonia in Wuhan, China. JAMA 2020; 
323: 1061-1069.

28) Chang D, Lin M, Wei L, Xie L, Zhu g, DeLa CRuZ CS, 
ShaRMa L. Epidemiologic and clinical characteris-
tics of novel coronavirus infections involving 13 
patients outside Wuhan, China. JAMA 2020; 323: 
1092-1093.

29) Wang Jt, Sheng Wh, Fang Ct, Chen YC, Wang JL, 
Yu CJ, Chang SC, Yang PC. Clinical manifestations, 
laboratory findings, and treatment outcomes of 
SARS patients. Emerg Infect Dis 2004; 10: 818-
824.

30) Who. Summary of probable SARS cases with 
onset of illness from 1 November 2002 to 31 
July 2003. Geneva: World Health Organization 
2004.

31) Chen h, guo J, Wang C, Luo F, Yu X, Zhang W, Li 
J, Zhao D, Xu D, gong Q, Liao J, Yang h, hou W, 
Zhang Y. Clinical characteristics and intrauterine 
vertical transmission potential of COVID-19 infec-
tion in nine pregnant women: a retrospective re-
view of medical records. Lancet 2020; 395: 809-
815.

32) hong h, Wang Y, Chung ht, Chen CJ. Clinical 
characteristics of novel coronavirus disease 2019 
(COVID-19) in newborns, infants and children. Pe-
diat Neonatol 2020. pii: S1875-9572(20)30026-7. 
doi: 10.1016/j.pedneo.2020.03.001. [Epub ahead 
of print].

33) Lee n, hui D, Wu a, Chan P, CaMeRon P, JoYnt gM, 
ahuJa a, Yung MY, Leung CB, to KF, Lui SF, SZeto 
CC, Chung S, Sung JJY. A major outbreak of severe 
acute respiratory syndrome in Hong Kong. N Engl 
J Med 2003; 348: 1986-1994.

34) ChRiStian MD, Poutanen SM, LoutFY MR, MuLLeR MP, 
LoW De. Severe acute respiratory syndrome. Clin 
Infect Dis 2004; 38: 1420-1427.

35) tSang KW, ho PL, ooi gC, Yee WK, Wang t, Chan-
Yeung M, LaM WK, Seto Wh, YaM LY, Cheung tM, 
Wong PC, LaM B, iP MS, Chan J, Yuen KY, Lai Kn. A 
cluster of cases of severe acute respiratory syn-
drome in Hong Kong. N Engl J Med 2003; 348: 
1977-1985.

36) ZuMLa a, hui DS, PeRLMan S. Middle East respira-
tory syndrome. Lancet (London, England) 2015; 
386: 995-1007.

37) Booth CM, MatuKaS LM, toMLinSon ga, RaChLiS aR, 
RoSe DB, DWoSh ha, WaLMSLeY SL, MaZZuLLi t, aVen-
Dano M, DeRKaCh P, ePhtiMioS ie, Kitai i, MeDeRSKi BD, 
ShaDoWitZ SB, goLD WL, haWRYLuCK La, Rea e, Chen-
Kin JS, CeSCon DW, Poutanen SM, DetSKY aS. Clini-
cal features and short-term outcomes of 144 Pa-
tients with SARS in the greater Toronto area. JA-
MA 2003; 289: 2801-2809.

38) Poutanen SM, LoW De, henRY B, FinKeLStein S, RoSe 
D, gReen K, teLLieR R, DRaKeR R, aDaChi D, aYeRS M, 
Chan aK, SKoWRonSKi DM, SaLit i, SiMoR ae, SLutSKY 
aS, DoYLe PW, KRaJDen M, PetRiC M, BRunhaM RC, 

MCgeeR aJ. Identification of severe acute respi-
ratory syndrome in Canada. N Engl J Med 2003; 
348: 1995-2005.

39) hSu LY, Lee CC, gReen Ja, ang B, Paton ni, Lee 
L, ViLLaCian JS, LiM PL, eaRneSt a, Leo YS. Severe 
acute respiratory syndrome (SARS) in Singapore: 
clinical features of index patient and initial con-
tacts. Emerg Infect Dis 2003; 9: 713-717.

40) Choi KW, Chau tn, tSang o, tSo e, Chiu MC, tong 
WL, Lee Po, ng tK, ng WF, Lee KC, LaM W, Yu WC, 
Lai JY, Lai St; the PRinCeSS MaRgaRet hoSPitaL SSg. 
Outcomes and prognostic factors in 267 patients 
with severe acute respiratory syndrome in Hong 
Kong. Ann Intern Med 2003; 139: 715-723.

41) FoWLeR Ra, LaPinSKY Se, haLLett D, DetSKY aS, SiB-
BaLD WJ, SLutSKY aS, SteWaRt te; toRonto SCCg. 
Critically Ill patients with severe acute respiratory 
syndrome. JAMA 2003; 290: 367-373.

42) aSSiRi a, aL-taWFiQ Ja, aL-RaBeeah aa, aL-RaBiah Fa, 
aL-haJJaR S, aL-BaRRaK a, FLeMBan h, aL-naSSiR Wn, 
BaLKhY hh, aL-haKeeM RF, MaKhDooM hQ, ZuMLa ai, 
MeMiSh Za. Epidemiological, demographic, and 
clinical characteristics of 47 cases of Middle East 
respiratory syndrome coronavirus disease from 
Saudi Arabia: a descriptive study. Lancet Infect 
Dis 2013; 13: 752-761.

43) aL-taWFiQ Ja, hineDi K, ghanDouR J, KhaiRaLLa h, 
MuSLeh S, uJaYLi a, MeMiSh Za. Middle East respira-
tory syndrome coronavirus: a case-control study 
of hospitalized patients. Clin Infect Dis 2014; 59: 
160-165.

44) aRaBi YM, aRiFi aa, BaLKhY hh, naJM h, aLDaWooD 
aS, ghaBaShi a, haWa h, aLothMan a, KhaLDi a, aL 
RaiY B. Clinical Course and outcomes of critically 
ill patients with Middle East respiratory syndrome 
coronavirus infection. Ann Intern Med 2014; 160: 
389-397.

45) gueRY B, PoiSSY J, eL ManSouF L, SéJouRné C, et-
tahaR n, LeMaiRe X, Vuotto F, goFFaRD a, BehiLLiL S, 
enouF V, CaRo V, MaiLLeS a, Che D, ManugueRRa J-C, 
Mathieu D, Fontanet a, Van DeR WeRF S. Clinical fea-
tures and viral diagnosis of two cases of infection 
with Middle East Respiratory Syndrome coronavi-
rus: a report of nosocomial transmission. Lancet 
2013; 381: 2265-2272.

46) Who. Mers-Cov Research G. State of knowl-
edge and data gaps of middle east respira-
tory syndrome coronavirus (MERS-CoV) 
in humans. PLoS Curr 2013; 5. pii: ecur-
rents.outbreaks.0bf719e352e7478f7478ad-
7485fa30127ddb30128.

47) SaaD M, oMRani aS, Baig K, BahLouL a, eLZein F, Ma-
tin Ma, SeLiM Maa, MutaiRi Ma, naKhLi Da, aiDa-
RooS aYa, SheRBeeni na, aL-KhaShan hi, MeMiSh Za, 
aLBaRRaK aM. Clinical aspects and outcomes of 70 
patients with Middle East respiratory syndrome 
coronavirus infection: a single-center experience 
in Saudi Arabia. Int J Infect Dis 2014; 29: 301-306.

48) De Wit e, Van DoReMaLen n, FaLZaRano D, MunSteR 
VJ. SARS and MERS: recent insights into emerg-
ing coronaviruses. Nat Rev Microbiol 2016; 14: 
523-534.



Coronavirus disease 2019: a clinical review

4595

49) aL-aBDaLLat MM, PaYne DC, aLQaSRaWi S, Rha B, 
tohMe Ra, aBeDi gR, aL nSouR M, iBLan i, JaRouR n, 
FaRag nh, haDDaDin a, aL-SanouRi t, taMin a, haR-
CouRt JL, KuhaR Dt, SWeRDLoW DL, eRDMan DD, PaL-
LanSCh Ma, haYneS LM, geRBeR Si, JoRDan M-Cit. 
Hospital-associated outbreak of Middle East re-
spiratory syndrome coronavirus: a serologic, ep-
idemiologic, and clinical description. Clin Infect 
Dis 2014; 59: 1225-1233.

50) aSSiRi a, MCgeeR a, PeRL tM, PRiCe CS, aL RaBeeah aa, 
CuMMingS Dat, aLaBDuLLatiF Zn, aSSaD M, aLMuLhiM a, 
MaKhDooM h, MaDani h, aLhaKeeM R, aL-taWFiQ Ja, Cot-
ten M, WatSon SJ, KeLLaM P, ZuMLa ai, MeMiSh Za. Hos-
pital outbreak of Middle East respiratory syndrome 
coronavirus. N Engl J Med 2013; 369: 407-416.

51) CoRMan VM, LanDt o, KaiSeR M, MoLenKaMP R, Mei-
JeR a, Chu DKW, BLeiCKeR t, BRüninK S, SChneiDeR J, 
SChMiDt ML, MuLDeRS DgJC, haagManS BL, Van DeR 
VeeR B, Van Den BRinK S, WiJSMan L, goDeRSKi g, RoM-
ette J-L, eLLiS J, ZaMBon M, PeiRiS M, gooSSenS h, 
ReuSKen C, KooPManS MPg, DRoSten C. Detection of 
2019 novel coronavirus (2019-nCoV) by real-time 
RT-PCR. Euro Surveil 2020; 25: 2000045.

52) Li Q, guan X, Wu P, Wang X, Zhou L, tong Y, Ren 
R, Leung KSM, Lau ehY, Wong JY, Xing X, Xiang n, 
Wu Y, Li C, Chen Q, Li D, Liu t, Zhao J, Liu M, tu 
W, Chen C, Jin L, Yang R, Wang Q, Zhou S, Wang 
R, Liu h, Luo Y, Liu Y, Shao g, Li h, tao Z, Yang Y, 
Deng Z, Liu B, Ma Z, Zhang Y, Shi g, LaM ttY, Wu 
Jt, gao gF, CoWLing BJ, Yang B, Leung gM, Feng 
Z. Early transmission dynamics in Wuhan, China, 
of novel coronavirus–infected pneumonia. N Engl 
J Med 2020; 382: 1199-1207.

53) Liu R, han h, Liu F, LV Z, Wu K, Liu Y, Feng Y, Zhu 
C. Positive rate of RT-PCR detection of SARS-
CoV-2 infection in 4880 cases from one hos-
pital in Wuhan, China, from Jan to Feb 2020. 
Clin Chim Acta 2020; 505:172-175. doi: 10.1016/j.
cca.2020.03.009. [Epub ahead of print].

54) Lei J, Li J, Li X, Qi X. CT Imaging of the 2019 Nov-
el Coronavirus (2019-nCoV) pneumonia. Radiolo-
gy 2020; 295: 18-18.

55) MoRSe JS, LaLonDe t, Xu S, Liu WR. Learning from 
the Past: possible urgent prevention and treat-
ment options for severe acute respiratory infec-
tions caused by 2019-nCoV. Chembiochem 2020; 
21: 730-738.

56) aRaBi YM, ShaLhouB S, ManDouRah Y, aL-haMeeD F, 
aL-oMaRi a, aL QaSiM e, JoSe J, aLRaDDaDi B, aLMotai-
Ri a, aL KhatiB K, aBDuLMoMen a, QuShMaQ i, Sin-
Di aa, MaDY a, SoLaiMan o, aL-RaDDaDi R, MaghRa-
Bi K, RagaB a, aL MeKhLaFi ga, BaLKhY hh, aL haR-
thY a, KhaRaBa a, gRaMiSh Ja, aL-aithan aM, aL-
DaWooD a, MeRSon L, haYDen Fg, FoWLeR R, FoR 
the SauDi CRitiCaL CaRe tRiaLS g. Ribavirin and in-
terferon therapy for critically ill patients with Mid-
dle East Respiratory syndrome: a multicenter ob-
servational study. Clin Infect Dis 2019. pii: ciz544. 
doi: 10.1093/cid/ciz544. [Epub ahead of print]

57) agoStini ML, anDReS eL, SiMS aC, gRahaM RL, Sheah-
an tP, Lu X, SMith eC, CaSe JB, Feng JY, JoRDan R, 
RaY aS, CihLaR t, SiegeL D, MaCKMan RL, CLaRKe Mo, 

BaRiC RS, DeniSon MR. Coronavirus susceptibility to 
the antiviral remdesivir (GS-5734) is mediated by 
the viral polymerase and the proofreading exori-
bonuclease. mBio 2018; 9: e00221-00218.

58) Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, Shi 
Z, hu Z, Zhong W, Xiao g. Remdesivir and chlo-
roquine effectively inhibit the recently emerged 
novel coronavirus (2019-nCoV) in vitro. Cell Res 
2020; 30: 269-271.

59) Sheahan tP, SiMS aC, LeiSt SR, SChäFeR a, Won J, BRoWn 
aJ, MontgoMeRY Sa, hogg a, BaBuSiS D, CLaRKe Mo, 
SPahn Je, BaueR L, SeLLeRS S, PoRteR D, Feng JY, Ci-
hLaR t, JoRDan R, DeniSon MR, BaRiC RS. Compara-
tive therapeutic efficacy of remdesivir and combina-
tion lopinavir, ritonavir, and interferon beta against 
MERS-CoV. Nat Commun 2020; 11: 222.

60) BLaiSing J, PoLYaK SJ, PéCheuR e-i. Arbidol as a 
broad-spectrum antiviral: an update. Antivir Res 
2014; 107: 84-94.

61) aRaBi YM, FoWLeR R, haYDen Fg. Critical care man-
agement of adults with community-acquired se-
vere respiratory viral infection. Intensive Care 
Med 2020; 46: 315-328.

62) KiM uJ, Won eJ, Kee SJ, Jung Si, Jang hC. Com-
bination therapy with lopinavir/ritonavir, ribavirin 
and interferon-alpha for Middle East respiratory 
syndrome. Antivir Ther 2016; 21: 455-459.

63) RiChaRDSon P, gRiFFin i, tuCKeR C, SMith D, oeChSLe o, 
PheLan a, SteBBing J. Baricitinib as potential treat-
ment for 2019-nCoV acute respiratory disease. 
Lancet 2020; 395: e30-e31.

64) FoWLeR iii aa, KiM C, LePLeR L, MaLhotRa R, DeBeSa o, 
nataRaJan R, FiSheR BJ, SYeD a, DeWiLDe C, PRiDaY a, 
KaSiRaJan V. Intravenous vitamin C as adjunctive 
therapy for enterovirus/rhinovirus induced acute 
respiratory distress syndrome. World J Crit Care 
Med 2017; 6: 85-90.

65) neWS: MiniStRY oF SCienCe anD teChnoLogY: FaViPiRaViR 
iS CoMPLeteD CLiniCaL StuDieS. It is recommended that 
favipiravir be included in the treatment programs 
as soon as possible. http://www.chinanews.com/
gn/2020/03-17/9128190.shtml (accessed March 
17, 2020) (in Chinese).

66) Chu CM, Cheng VCC, hung iFn, Wong MML, Chan 
Kh, Chan KS, Kao RYt, Poon LLM, Wong CLP, guan 
Y, PeiRiS JSM, Yuen KY. Role of lopinavir/ritonavir in 
the treatment of SARS: initial virological and clin-
ical findings. Thorax 2004; 59: 252.

67) hoLShue ML, DeBoLt C, LinDQuiSt S, LoFY Kh, WieS-
Man J, BRuCe h, SPitteRS C, eRiCSon K, WiLKeRSon S, 
tuRaL a, DiaZ g, Cohn a, FoX L, PateL a, geRBeR Si, 
KiM L, tong S, Lu X, LinDStRoM S, PaLLanSCh Ma, WeL-
Don WC, BiggS hM, uYeKi tM, PiLLai SK. First case 
of 2019 novel coronavirus in the United States. N 
Engl J Med 2020; 382: 929-936.

68) Lin S, Shen R, he J, Li X, guo X. Molecular mod-
eling evaluation of the binding effect of ritona-
vir, lopinavir and darunavir to severe acute re-
spiratory syndrome coronavirus 2 proteas-
es. bioRxiv 2020; 2020.2001.2031.929695. doi: 
10.1101/2020.01.31.929695. [Epub ahead of print].



C.-L. Yang, X. Qiu, Y.-K. Zeng, M. Jiang, H.-R. Fan, Z.-M. Zhang

4596

69) YaMaMoto M, MatSuYaMa S, Li X, taKeDa M, KaWagu-
Chi Y, inoue J-i, MatSuDa Z. Identification of nafa-
mostat as a potent inhibitor of middle east respi-
ratory syndrome coronavirus s protein-mediated 
membrane fusion using the split-protein-based 
cell-cell fusion assay. Antimicrob Agents Chemo-
ther 2016; 60: 6532.

70) KhaMitoV Ra, LoginoVa S, ShChuKina Vn, BoRiSeViCh 
SV, MaKSiMoV Va, ShuSteR aM. [Antiviral activity of 
arbidol and its derivatives against the pathogen of 
severe acute respiratory syndrome in the cell cul-
tures]. Vopr Virusol 2008; 53: 9-13.

71) neWS: Abidol and darunavir can effective-
ly inhibit coronavirus. http://www.sd.chinanews.
com/2/2020/0205/70145.html (accessed Febru-
ary 21, 2020). (in Chinese).

72) ChoW eJ, DoYLe JD, uYeKi tM. Influenza virus-re-
lated critical illness: prevention, diagnosis, treat-
ment. Crit Care 2019; 23: 214.

73) VinCent MJ, BeRgeRon e, BenJannet S, eRiCKSon BR, 
RoLLin Pe, KSiaZeK tg, SeiDah ng, niChoL St. Chlo-
roquine is a potent inhibitor of SARS coronavirus 
infection and spread. Virol J 2005; 2: 69.

74) SegLeR MhS, PReuSS M, WaLLeR MP. Planning chem-
ical syntheses with deep neural networks and 
symbolic AI. Nature 2018; 555: 604-610.

75) RuSSeLL CD, MiLLaR Je, BaiLLie JK. Clinical evi-
dence does not support corticosteroid treatment 
for 2019-nCoV lung injury. Lancet 2020; 395: 473-
475.

76) ZuMLa a, Chan JFW, aZhaR ei, hui DSC, Yuen K-Y. 
Coronaviruses--drug discovery and therapeutic op-
tions. Nat Rev Drug Discovery 2016; 15: 327-347.

77) ZuMLa a, aZhaR ei, aRaBi Y, aLotaiBi B, Rao M, MC-
CLoSKeY B, PeteRSen e, MaeuReR M. Host-directed 
therapies for improving poor treatment outcomes 
associated with the middle east respiratory syn-
drome coronavirus infections. Int J Infect Dis 
2015; 40: 71-74.

78) hoRie S, gonZaLeZ he, LaFFeY Jg, MaSteRSon 
ChJJotD. Cell therapy in acute respiratory dis-
tress syndrome. J Thorac Dis 2018; 10: 5607-
5620.

79) MaiR-JenKinS J, SaaVeDRa-CaMPoS M, BaiLLie JK, CLeaRY 
P, KhaW F-M, LiM WS, MaKKi S, RooneY KD, ConVa-
LeSCent PLaSMa StuDY g, nguYen-Van-taM JS, BeCK 
CR, MateuS aLP, ReuteR S, Shin J, Xu X, PeReYaSLoV 
D, PaPieVa i, tegneLL a, engLunD h, eLFVing Å, CoX R, 
Mohn Kg-i, JenKinS YF. The effectiveness of conva-
lescent plasma and hyperimmune immunoglobu-
lin for the treatment of severe acute respiratory in-
fections of viral etiology: a systematic review and 
exploratory meta-analysis. J Infect Dis 2014; 211: 
80-90.

80) MuLangu S, DoDD Le, DaVeY Rt, tShiani MBaYa o, 
PRoSChan M, MuKaDi D, LuSaKiBanZa ManZo M, nZo-
Lo D, tShoMBa oLoMa a, iBanDa a, aLi R, CouLiBaLY S, 
LeVine aC, gRaiS R, DiaZ J, Lane hC, MuYeMBe-taM-
FuM JJ, the PWg. A randomized, controlled trial of 
ebola virus disease therapeutics. N Engl J Med 
2019; 381: 2293-2303.

81) Chen Z, naKaMuRa t. Statistical evidence for the 
usefulness of Chinese medicine in the treatment 
of SARS. Phytother Res 2004; 18: 592-594.

82) Chen h, Du Q. Potential natural compounds for pre-
venting SARS-CoV-2 (2019-nCoV) infection. Pre-
prints 2020. doi: 10.20944/preprints202001.0358.
v3. [Epub ahead of print].

83) CinatL J, MoRgenSteRn B, BaueR g, ChanDRa P, 
RaBenau h, DoeRR hW. Glycyrrhizin, an active 
component of liquorice roots, and replication of 
SARS-associated coronavirus. Lancet 2003; 361: 
2045-2046.

84) Zhang h, Chen Q, Zhou W, gao S, Lin h, Ye S, Xu 
Y, Cai J. Chinese medicine injection shuanghuan-
glian for treatment of acute upper respiratory tract 
infection: a systematic review of randomized con-
trolled trials. Evid Based Complement Alternat 
Med 2013; 2013: 987326-987326.




