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Abstract. On December 31, 2019, the first case of a novel coro‑
navirus infection was reported in Wuhan, China. The ongoing 
outbreak of the 2019 novel coronavirus (2019‑nCoV) has 
caused immense global concern. According to the recommen‑
dations of the International Health Regulations Emergency 
Committee and the facts and cases that 215 other countries 
have also reported to date, the World Health Organization 
Director‑General announced that the outbreak of 2019‑nCoV 
constitutes a public health emergency of international concern 
and a severe threat to the human health worldwide. To date, 
the prevalence of the virus has continued in waves and is 
increasing globally. The present review briefly introduces the 
epidemiology of 2019‑nCoV, as well as viral structural char‑
acteristics, and receptors and cells that may act after entering 
the body, laboratory examinations, imaging and pathological 
features, clinical manifestations, complications, treatment and 
management.
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1. Introduction

Coronavirus is an enveloped positive‑stranded RNA virus, 
whose gene‑encoding contents include a trimer structure 
spike protein, a homodimeric cysteine proteinase, an RNA 
polymerase and several nonstructural proteins, belonging 
to the Coronaviridae and single‑stranded virus orders order 
(Nidovirales); it is widely distributed in humans and other 
mammals (1,2). Prior to the emergence of 2019‑nCoV, two 
other highly pathogenic coronaviruses emerged in the 21st 
century, namely the severe acute respiratory syndrome corona‑
virus (SARS‑CoV) and the Middle East respiratory syndrome 
coronavirus (MERS‑CoV) (3). However, the coronaviruses 
that have been discovered to date may be just the tip of the 
iceberg, and there may be other novel and more severe animal 
infectious diseases which will be present in the future (1).

In December 2019, a series of unexplained pneumonia 
cases were reported in Wuhan, Hubei, China (4). The clinical 
manifestations of these cases were highly similar to viral 
pneumonia (5). According to deep sequencing analysis of 
respiratory tract samples, a novel coronavirus was identified 
and named as 2019‑nCoV (1), which is the seventh member 
of the coronavirus family that infects humans (4). This is 
the third coronavirus outbreak in recent years following 
SARS‑CoV and MERS‑CoV (6). Pneumonia caused by 
2019‑nCoV is termed as COVID‑19. The virus subsequently 
spread throughout China and worldwide and poses a global 
threat to human health.
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The aim of the present review was to summarize and discuss 
the characteristics of 2019‑nCoV, the possible receptors and 
cells with which it interacts following its entry into the human 
body, as well as the epidemiology, laboratory examinations, 
features of imaging and pathology, clinical manifestations, 
complications, therapy and management of COVID‑19. The 
objective was to provide information regarding the char‑
acteristics of 2019‑nCoV itself and COVID‑19 to improve 
understanding and response to the virus. The present review 
also aimed to discuss the necessary means for the rapid control 
of subsequent outbreaks and for the prompt development of a 
vaccine.

2. Epidemiology of COVID‑19

According to data from the National Health Commission 
of the People's Republic of China, as of November 2, 2020 
>46,800,000 cases of the virus have been reported worldwide, 
where >80,000 cases have been diagnosed in China (7,8). In 
addition, >9,470,000 cases of COVID‑19 have been confirmed 
in the United States, according to data from the Johns Hopkins 
website (8). Currently, the United States has the highest number 
of confirmed 2019‑nCoV cases worldwide. This is followed by 
India, which has >8,220,000 cumulative cases (7,8).

Regarding the population most susceptible to COVID‑19, 
middle‑aged and elderly patients with underlying chronic 
diseases, such as hypertension, diabetes, cardiovascular and 
respiratory diseases, are more likely to become infected, while 
children and adolescents have a relatively low infection rate, 
ranging from 0.80‑4.0% (9). Males are slightly more sensitive 
to COVID‑19 and have a poorer prognosis than females due to 
high expression of angiotensin‑converting enzyme 2 (ACE2), 
smoking and reduced vitamin D production (10‑12). In 
terms of mortality rates, significant differences have also 
been reported among countries. It has been noted that this 
mortality rate is particularly high in countries with an aging 
population (9). For example, to date, 83% of deaths associ‑
ated with COVID‑19 in Italy were in patients >70 years (9), 
where the median age of patients with 2019‑nCoV infection 
is 62 years, whilst the median age of patients who have died 
from COVID‑19 is 78 years (9). In a Korean study, although 
the overall mortality rate was 0.9%, the rate was 9.3% for 
individuals aged ≥80 years (9). Similar results were reported 
in the United States. Some reports in China have indicated 
that most patients who have succumbed to the disease were 
>80 years (9,13).

Studies have indicated that the virus may have first been 
transmitted through bats and may be a zoonotic disease (14,15). 
Although it is a controllable disease, it has a medium to high 
transmissibility (16). This disease is mainly spread through 
the respiratory tract and human contact, but also through the 
fecal‑oral route (17). Therefore, timely and effective control 
measures are warranted to prevent further transmission.

3. Structural characteristics and possible binding receptors 
of 2019‑nCoV

In order to determine the genomic structural characteristics of 
2019‑nCoV, Ceraolo and Giorgi (18) collected 54 full genomic 
sequences of the virus. It was found that the genomes of 

these viruses and SARS species were highly similar through 
multiple alignment analysis. A large gene encoding a polypro‑
tein, followed by four major structural proteins (including S, E, 
M and N proteins) and ≥ six other open reading frames (ORFs) 
related to viral assembly were found at the 5' end of the genome 
of these viruses (18,19) (Fig. 1). Concurrently, they indicated 
that all sequenced 2019‑nCoV genomes had a high degree of 
sequence identity (>99%), whilst 96.2% of the sequence was 
most similar to bat coronavirus, which confirmed the concept 
of the zoonotic origin of 2019‑nCoV (19). The RNA‑dependent 
RNA polymerase and main protease (3C‑like protein) of 
2019‑nCoV are critical to genomic replication and transla‑
tion (2,20). Among the four structural proteins, the N and S 
proteins are the most crucial. Studies have found that the N 
protein of 2019‑nCoV has an almost 90% amino acid sequence 
identity with SARS‑CoV (21). The N protein antibody of 
SARS‑CoV may cross‑react with 2019‑nCoV, although there 
is no cross‑immunization (21). Similar to SARS‑CoV, the N 
protein of 2019‑nCoV may play an important role in inhib‑
iting RNA interference to resist host defense (21). Vankadari 
and Wilce (22) reported the homotrimeric structure of the 
2019‑nCoV S protein in closed (no ligand binding) and open 
(ligand binding) conformations. The S protein is a key protein 
of receptor binding (23). It undergoes a wide range of struc‑
tural rearrangement to fuse the virus into the cell membrane 
of the host, and its affinity with receptor proteins of human 
cells is much higher than that of SARS‑CoV (23). Therefore, 
it is considered to be involved in host cell adhesion and as 
a key target for vaccine development (22,23). The specific 
adhesion process includes the binding of the virus S1 subunit 
to the host cell receptor to trigger the occurrence of trimer 
instability, which leads to the S1 subunit to detach from the 
S2 subunit to form a highly stable post‑fusion structure (22). 
The S protein has a unique N‑ and O‑linked glycosylation 
site, which can be distinguished from SARS‑CoV and plays 
a role in the protection and camouflaging of 2019‑nCoV to 
the host defense system (22). In addition, it was also found 
that the S1 region may be able to bind with human CD26 
receptor, a key immune‑regulatory factor, via van der Waals 
forces or hydrogen bonds (23). Their interaction induces T‑cell 
activation by CD26, cleaving the amino terminal dipeptide for 
defense against COVID‑19 (22). These findings may contribute 
to the development of novel therapies.

Early studies have confirmed that the human receptor 
for 2019‑nCoV may be the ACE2 receptor, similar to 
SARS‑CoV (24). Plasma ACE2 levels were shown to 
be significantly increased in patients with 2019‑nCoV 
infection and are linearly associated with viral load and 
lung injury (25). ACE2 is widely distributed in a variety of 
tissues, including the heart, kidneys and testes, and plays an 
important role in controlling blood pressure and preventing 
heart failure and kidney injury (24). The loss of ACE2 in 
the lungs can enhance vascular permeability and pulmonary 
edema, resulting in severe lung injury (24). Therefore, the 
treatment of novel coronavirus with ACE2 as the target may 
be counterproductive and have negative effects. Recently, 
Wang et al (26) discovered a novel mechanism via which 
2019‑nCoV invades the host cell, where the S protein can 
bind to the receptor CD147 on the host cell, subsequently 
infecting the cell. This novel receptor provides an important 
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direction for the discovery of specific and novel anti‑corona‑
virus drugs (26).

4. 2019‑nCoV‑infected target cells

Yao et al (27) demonstrated that in patients who succumbed 
to COVID‑19, coronavirus particles were mainly distributed 
in the bronchial mucosal epithelium and type II alveolar 
epithelium of the lungs through electron microscopy obser‑
vation. In addition, Zhao et al (28) revealed that ~0.64% of 
human alveolar cells express ACE2, and 83% of these cells 
are alveolar type 2 (AT2) cells. AT2 cells expressing ACE2 
account for ~1.4% of all AT2 cells. ACE2 is also expressed 
by other cells, such as alveolar type 1 cells, airway epithelial 
cells, fibroblasts, endothelial cells and macrophages (28). 
However, the proportion is very low and there is a marked 
difference among individuals (28). In patients infected with 
2019‑nCoV, the expression levels of numerous genes in AT2 
cells expressing ACE2 are significantly increased (28). These 
genes are involved in viral replication, assembly and life cycle 
regulation (28). Moreover, Wang et al (29) found that alveolar 
macrophages expressing ACE2 are also the target cells of 
coronavirus infection, particularly in patients with severe and 
late advanced acute respiratory distress syndrome (ARDS), 
and macrophage injuries may be a critical cause of pulmonary 
inflammatory and fibrosis. Therefore, the lungs are the main 
target organs and AT2 cells and alveolar macrophages are 
the main target cells for 2019‑nCoV infection. In addition, 
2019‑nCoV can also cause kidney injury by targeting renal 
tubular epithelial cells (30), as well as damage to hepatocytes 
and bile duct epithelial cells (31,32). In order for viruses to enter 
the cells in the body, they must find the corresponding receptor 
on human cells. Thus, each receptor functions as a ‘lock’, 
which requires a corresponding ‘key’ to be opened, where 
viruses can then enter the cell. The S protein of 2019‑nCoV 
undergoes a variety of structural rearrangements to bind the 
virus to the receptor ACE2 and/or CD147 on host cells, leading 
to cell damage (26,33). Therefore, the ‘key’ of 2019‑nCoV is 
the S protein, and the receptors ACE2 and CD147 on the host 
cell are the ‘locks’.

5. Clinical manifestations and complications of COVID‑19

It was reported that patients with underlying diseases, such as 
hypertension, respiratory diseases, diabetes and cardiovascular 
diseases, are at a greater risk of 2019‑nCoV infection (34), and 
patients with previous cardiovascular or metabolic diseases are 

also at a greater risk of developing severe diseases, and this may 
have a marked impact on the prognosis of COVID‑19 (35). The 
clinical characteristics of patients infected with 2019‑nCoV 
are group onset and are more likely to infect older males (3). 
Its main clinical symptoms in the prodromal period include 
fever, dry cough, myalgia, fatigue and diarrhea, and a number 
of patients also have dyspnea (1), which can lead to severe 
and even fatal respiratory diseases (3). Fever and cough are 
the most common first symptoms which were reported in 
patients who have succumbed to the disease (36). In addition, 
Mao et al (37) observed that patients with 2019‑nCoV also 
exhibit central nervous system symptoms, including agitation, 
rising body temperature, cramps in the hands and feet and 
even coma. Feng et al (38) found that patients with COVID‑19 
may have liver damage or dysfunction, mainly characterized 
by moderately elevated serum aspartate transaminase levels. 
Chen et al (39) also found that the conjunctival swab of 
COVID‑19 contained 2019‑nCoV, which led to conjunctival 
infection. Hedou et al (40) found that a small number of 
patients also have skin manifestations, such as morbilliform 
rash, urticaria and vesicles. Patients with COVID‑19 may also 
present with acute kidney injury, and the mechanisms may 
be related to cell damage caused by 2019‑nCoV by targeting 
ACE2 on renal tubular epithelial cells (30). Complications of 
2019‑nCoV infection include ARDS, venous thromboembo‑
lism, acute heart injury and secondary infections (1,3,41).

6. Laboratory examinations, imaging and pathological 
features of COVID‑19

The most common laboratory abnormalities in patients with 
2019‑nCoV infection are hypoalbuminemia, lymphocyto‑
penia, a decreased percentage of lymphocytes (LYM) and 
neutrophils (NEU), and increased C‑reactive protein (CRP), 
interleukin‑2 receptor (IL‑2R), IL‑6 and lactate dehydroge‑
nase (LDH) levels (25). Moreover, levels of procalcitonin 
are typically normal, and high levels may indicate bacterial 
co‑infection (42). The viral load of 2019‑nCoV detected from 
the respiratory tract of patients is positively associated with 
the severity of pulmonary disease (43). In addition, albumin, 
LYM, LYM (%), IL‑2R, IL‑6, alanine aminotransferase 
(ALT) and aspartate transaminase (AST) levels, prothrombin 
time, creatinine, D‑dimer, creatine phosphokinase (CPK) 
levels, LDH, NEU (%) and CRP levels are related to acute 
lung injury and the severity of the disease (25,42,43). IgM 
and IgG antibodies can also be used as criteria for the diag‑
nosis of the disease. IgM is more specific, while IgG is more 

Figure 1. Location of the main structural protein and accessory protein ORFs for 2019‑nCoV. S, spike protein; E, envelope protein; M, membrane protein; 
N, nucleocapsid protein; ORFs, open reading frames.
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sensitive (44). In most patients, arterial blood oxygen analysis 
yields abnormal results, usually manifested as a decrease in 
partial pressure of oxygen and an increase in partial pressure 
of carbon dioxide (45). Moreover, Ganji et al (46) found that 
the expression levels of CD8 in patients with COVID‑19 were 
significantly higher compared with in healthy individuals; 
thus, the cellular immune response induced by COVID‑19 
infection may be generated by the overexpression of CD8 
and the hyperactivation of cytotoxic T lymphocytes. In addi‑
tion, reverse transcription‑quantitative PCR (RT‑qPCR) can 
also be used to detect the presence of the virus (47). The test 
samples are mainly obtained from the pharynx and blood, 
digestive tract, urine, and other body fluids, which also indi‑
cates that viral RNA can replicate outside the lungs (48,49). 
Simultaneously, Corman et al (50) and Chan et al (51) veri‑
fied that this method is highly sensitive and specific and can 
effectively distinguish 2019‑nCoV from various other human 
respiratory viruses (including SARS‑CoV) by detecting 
different segments of the virus. Currently, there is a higher 
accuracy of viral gene sequencing, which is also used in 
clinical practice (52). The two aforementioned methods are 
the most accurate methods to detect infection. However, in 
cases of lack of RT‑qPCR reagents, certain hematological 
parameters, including the white blood cell count, CRP, AST, 
ALT and LDH, can also be used as a substitute for RT‑qPCR 
to identify 2019‑nCoV‑positive patients by appropriate 
comparative analysis (52).

In terms of imaging, a chest CT scan is the first and most 
appropriate examination. In all reported cases, including 
asymptomatic patients, chest CT findings are abnormal and 
present with bilateral frosted glass shadows, while chest CT 
images of severe patients typically present with bilateral 
multiple lobules and sub‑segmental consolidation (1).

It was found that the main reason for the mortality associ‑
ated with COVID‑19 is respiratory failure caused by severe 
lung injury and the failure of other vital organs (29). The 
organ with the most pathological changes is the lung (29). 
Tian et al (53) analyzed the pathology of two patients with 
adenocarcinoma infected with 2019‑nCoV who recently 
underwent lobectomy. They found that, apart from the tumor, 
both patients had pulmonary edema, protein‑like exudate, 
focal reactive pulmonary cell hyperplasia with plaque‑like 
inflammatory cells and multicellular giant cell infiltration, 
as well as an inconspicuous transparent membrane. As 
neither patient exhibited symptoms of pneumonia during 
surgery, these changes may represent an early stage of the 
pulmonary pathology of COVID‑19 (53). Subsequently, 
Yao et al (54) found significant pathological changes in the 
lungs during an autopsy of patients infected with COVID‑19, 
including alveolar exudation and interstitial inflammation, 
alveolar epithelial proliferation and hyaline membrane 
formation. During the middle and late stages of infection 
with COVID‑19, the lungs exhibit evident pathological 
changes, including alveolar exudative inflammation and 
interstitial inflammation, alveolar succulent alterations, 
alveolar epithelial hyperplasia and hyaline membrane forma‑
tion (27,29). Wang et al (29) discovered that another feature 
of pathological changes was the retention of mucus secre‑
tions in the small airway, as well as the formation of mucus 
plug formation and the aggregation and activation of alveolar 

macrophages. Although 2019‑nCoV is mainly distributed 
in the lungs, the formation of clear thrombi in small blood 
vessels and the degeneration and necrosis of cells in the 
spleen, heart, liver and kidneys have also been observed (54). 
These changes are unique to COVID‑19 compared with the 
previously reported SARS and MERS.

7. Treatment of COVID‑19

At present, commonly used antiviral drugs in clinical practice, 
including neuraminidase inhibitors (oseltamivir, peramivir and 
zanamivir), ganciclovir, aciclovir and ribavirin, are ineffec‑
tive and are therefore not recommended for 2019‑nCoV (55). 
In treatment, drugs that inhibit viral spread and destroy 
viral replication, such as an anticoagulant, namely dipyri‑
damole, may reduce the direct cytopathic effects induced by 
2019‑nCoV (56). In addition, high doses of vitamin D3 may be 
effective in individuals with COVID‑19 by attenuating the rate 
of viral replication (57). A previous report found that ceph‑
aranthine (CEP), selamectin and mefloquine hydrochloride are 
potential drugs for the treatment of 2019‑nCoV infection (58). 
CEP is a broad‑spectrum β‑RNA virus inhibitor, and it holds 
potential for the treatment of 2019‑nCoV infections (58). 
Moreover, the main protease plays a key role in the replication 
and maturation of the virus and can be used as a major drug 
target (59). There are drugs that inhibit the main proteases of 
the coronavirus, such as histidine, piperidine E and folic acid, 
which bind tightly to the 3CL hydrolase enzyme, as potential 
therapeutic strategies (60). In addition, immunomodulatory or 
immunosuppressive treatments, such as anti‑IL‑6, anti‑IL‑6R, 
anti‑IL‑1β, chloroquine and hydroxychloroquine inhibit the 
host inflammatory response by neutralizing the role of cyto‑
kines or their cognate receptors to further reduce immune 
response triggered by the virus (3,61,62). Shetty (63) found that 
the intravenous administration of human mesenchymal stem 
cells to patients with COVID‑19 could be used as a therapeutic 
measure by improving the lung microenvironment following 
2019‑nCoV infection, suppressing the overactivation of the 
immune system, and promoting endogenous repair. Since 
2019‑nCoV binds to ACE in the host, it can be hypothesized that 
ACE inhibitors and angiotensin receptor blockers can be used 
in patients with COVID‑19 under the condition of controlling 
blood pressure, which may reduce the pulmonary inflamma‑
tory response and mortality (64). Moreover, 2019‑nCoV can 
also bind to CD147 in the host; thus, CD147 is also a potential 
target, although there is currently no drug available to target 
it (26,65). Furthermore, for patients with severe coronavirus 
infection, hormone shock therapy such glucocorticoids can 
be used (66). The use of tissue plasminogen activators during 
rescue can improve the recovery of patients with ARDS, thus 
reducing the mortality rate associated with COVID‑19 (67). 
Finally, venovenous extracorporeal membrane oxygenation 
is one of the ultimate treatments for acute respiratory failure 
caused by severe COVID‑19 (68).

Moreover, controlling and eliminating the spread and 
reoccurrence of this pandemic demands a safe and effec‑
tive vaccine strategy. At present, there are several different 
strategies available for the development of vaccine against 
2019‑nCoV worldwide. These methods include: i) Targeting 
the S protein of a main inducer of the immune response by 
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using the full‑length S protein, the binding domain of the S1 
receptor, expressing the vector DNA of virus‑like protein; 
ii) creating attenuated vaccines by pulling a mutation in the 
ORF1a/b polyprotein; iii) DNA vaccines to induce or enhance 
immune responses by resisting antigens of 2019‑nCoV; 
iv) protein vaccines and v) virus‑like particle vaccines (69). 
Although the use of vaccines is typically a more effective 
prevention strategy, however, they are currently still in devel‑
opment. Very few of these vaccines are currently in different 
phases of preclinical and clinical trials. This indicates that 
their effectiveness against 2019‑nCoV has not yet been fully 
determined. Thus, the disease remains a high threat to human 
life.

8. Conceptions

Based on the aforementioned research reports and the charac‑
teristics of other viral infection cases, the following conceptions 
are proposed: i) At present, the search for and determination of 
viral receptors are all confirmed experiments due to the simi‑
larity of the 2019‑nCoV and SARS‑CoV sequence. However, 
considering the autopsy reports and electron microscopy 
observations, the viral number in alveolar epithelial cells 
expressing ACE2 receptors and CD147 is not consistent with 
the severity of disease. Thus, it is suggested that the S protein 
structure of 2019‑nCoV should perhaps first be computation‑
ally stimulated to observe and analyze its binding ability with 
that of existing human cell receptors. Subsequently, molecular 
biology experiments can be used to verify and identify more 
effective receptors. This will lay a solid foundation for the 
preparation of neutralizing antibodies and the development of 
vaccines. It has also been confirmed that the CD147 receptor is 
highly expressed in a variety of tumors (66). Thus, it needs to 
be determined whether the fact that patients with basic tumor 
diseases are more susceptible to infection 2019‑nCoV is closely 
related to the high expression of CD147 in tumors. This needs 
to be elucidated and supported by further research.

ii) The majority of severely affected patients are those with 
cardiovascular, respiratory and endocrine system diseases. 
It thus needs to be determined whether the metabolism and 
changes in parenchymal organ structure and function in these 
patients caused the aggravation of 2019‑nCoV infection and 
promoted the occurrence and development of the disease. 
However, this could be a serious illness caused by the poor 
tolerance of these patients to 2019‑nCoV. This is also a ques‑
tion worthy of further consideration.

iii) Some patients with COVID‑19 suffer from liver damage 
or dysfunction; however, the mechanisms responsible for this 
are not yet clear. It thus needs to be determined whether the 
liver cell damage is caused by viral infection or by the use 
of potential hepatotoxic drugs. This issue may prove to be a 
future topic of research.

iv) The activation of the immune response is the main 
source of different clinical symptoms in patients with 
2019‑nCoV infection. Therefore, whether treatment with 
novel peptide drugs that inhibit different immune signaling 
pathways can improve patient prognosis remains to be further 
verified by animal and clinical trials.

v) 2019‑nCoV directly infects alveolar cells, although 
it does not directly damage them. Thus, it remains to be 

determined whether the virus alters the metabolic function 
of alveolar cells themselves or whether it modifies certain 
proteins of alveolar cells, rendering them foreign proteins, 
subsequently activating the body's immune system. It is also 
possible that viral proteins are expressed when they enter the 
body and directly activate immune cells, eventually leading to 
severe disease states. These are unanswered questions which 
require further investigation.

vi) At present, patient pharyngeal swab samples are mainly 
obtained, and viral nucleic acid is qualitatively detected 
by RT‑qPCR to confirm infection. However, whether the 
therapeutic status and disease prognosis can be evaluated by 
detecting the content of 2019‑nCoV‑related antibodies remains 
to be further summarized and analyzed on existing clinical 
data.

9. Conclusions and future prospects

To date, no vaccine or specific antiviral drug has been 
developed for 2019‑nCoV infections. Therefore, preventing 
the spread of the virus is the main intervention strategy to 
control infection. Two standard principles are very effective, 
namely the isolation of known cases and those with a high 
risk of exposure. Over the past few months, with the efforts of 
numerous countries worldwide, great progress has been made 
in pathogen surveillance, source determination, basic etiology, 
clinical treatment, drug testing and vaccine development. It is 
hoped that this pandemic will soon end. However, the emer‑
gence of this infectious disease is also a wake‑up call. First, 
the origin of human pathogens should be reflected upon and 
humans should learn from this experience and reduce direct 
contact with wild animals. If humans continue to consume 
wild animals, the viruses carried by animals can have a devas‑
tating impact on humans, and the transition of these highly 
lethal viruses (such as SARS‑CoV, MERS‑CoV, H5N1, H7N9 
and 2019‑nCoV) from natural to human hosts will continue 
to occur, and may even escalate. Second, if early detection, 
early prevention and early isolation are adopted, the situation 
will not be extended to the whole country or even worldwide. 
Therefore, early detection, early reporting, early prevention 
and timely isolation of patients infected with 2019‑nCoV is 
mandatory, which may contribute to the elimination of the 
pandemic. Third, the identification of the main receptor and 
cells associated with 2019‑nCoV invasion, and the investiga‑
tion and elucidation of the direct and indirect mechanisms of 
2019‑nCoV, may greatly assist further vaccine research and 
development. In addition, it may also lead to the development 
of novel treatment strategies and measures with which to 
combat infection.
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