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Coronavirus disease 2019:
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Summary. - An outbreak of new severe acute respiratory syndrome coronavirus disease, coronavirus
disease 2019 (COVID-19), has emerged during December 2019. The ongoing outbreak in Wuhan City spread
rapidly throughout China, where the fatality rate ranged from 2.1 to 4.9%. Due to its high transmissibil-
ity, the World Health Organization (WHO) declared a public health emergency of international concern
on 30 January 2020. The current outbreak has the potential to become the first pandemic of the new
millennium. Most patients who were first diagnosed with COVID-19 worked at or lived in the vicinity
of the local Huanan Seafood Wholesale Market, where live animals were also on sale. The concerted ef-
forts of Chinese scientists led to the independent isolation from patients and identification of a novel
coronavirus, SARS coronavirus 2 (SARS-CoV-2), on 6 January 2020; this has been an important step in the
development of treatment. The purpose of this article is to overview the history, epidemiology, clinical
characteristics, diagnosis, and treatment of COVID 2019 reported in recently published studies. Based on
the results of virus genome sequencing and a model of the interaction between host cells and the virus,
we propose several possible targets for antiviral drugs, which may provide new ideas for epidemic control

and vaccine development.
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Introduction

The first reports of the current outbreak of the new
coronavirus disease (COVID-19) during early December
2019 were from Wuhan, China (Huang et al., 2020). With
the spread of the epidemic, there were cases reported
in 27 countries and 5 continents, and more than 60,000
infected people as of 10 February 2020, and more than
75,000 infected people as of 25 February 2020. The rapid

‘Corresponding author. E-mail: 993964218@qq.com; phone:
+8613971086426. “These authors contributed equally to this
work.

Abbreviations: COVID-19 = coronavirus disease 2019; SARS-
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spread of the virus led to disease outbreaks worldwide,
and the World Health Organization (WHO) declared a
Public Health Emergency of International Concern on 30
January 2020 (WHO; Zhu et al.,2020). Many countries have
declared states of emergency and evacuated their citizens
from China. Chinainitiated a first-level response to major
public health emergencies in response to the epidemic.

China promptly released relevant information on
measures to be used for prevention and control of the
epidemic,and provided epidemiological datatothe WHO
and relevant countries and regions. The WHO website
regularly provides the numbers of daily new cases. At
present, people in the general population have limited
knowledge about the virus,and no effective therapies are
available. The number of infections continues to increase
and the epidemic is now very serious.
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Table 1. Recent viral epidemics associated with high mortality

Year Disease Virus Family Location
2003 Severe acute respiratory syndrome Coronaviridae Worldwide
2009 HIN1 swine flu Orthomyxoviridae Worldwide
2013 H7N9 bird flu Orthomyxoviridae China
2014 Ebola Filoviridae West Africa
2014 Polio Picornaviridae Worldwide
2015 Middle East respiratory syndrome Coronaviridae Middle East
2016 Zika Flaviviridae Brazil
2019 Ebola Filoviridae Congo

History

There were several serious human viral epidemics
during the past 20 years (Table 1), and most of the infec-
tious agents originated from poultry or wild animals.
Gene sequencing indicated that the new coronavirus
from Wuhan (SARS-CoV-2) belongs to the family Coro-
naviridae, the subgenus Sarbecovirus. Compared with
SARS-CoV (identified in 2003), SARS-CoV-2 is more simi-
lar to two bat-derived coronavirus strains, SL-CoVZC45
and SL-CoVZXC21 (Lu et al.,2020). Ji et al. (2020) believe
that SARS-CoV-2 has a codon preference similar to that
of snakes, rather than other animals such as hedgehogs
and pangolins, and that snakes are the most likely car-
riers of this novel coronavirus. Huaiqgiu Zhu's team at
the Peking University School of Technology used a viral
host prediction (VHP) method based on deep learning
algorithms and speculated that bats and minks were
the two potential hosts for this new coronavirus, and
that minks might function as intermediate hosts for
virus transmission (Guo et al., 2020). Researchers at the
Indian Institute of Technology suggested that the new
coronavirus may be man-made (Pradhan et al.,2020), but
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most scientists reject this assertion. The latest research
by Zhouet al. at the Wuhan Institute of Viruses suggests
that bats are a possible source of the new coronavirus
(Zhou et al.,2020). The results of Nanshan Zhong's team
support this conclusion, but whether the virus needs
anintermediate host requires further study (Zhouet al.,
2020). Thus, the animal source of SARS-CoV-2 remains
to be determined.

Distribution and spread

As of February 25, 2020, there were COVID-19 cases in
35 countries, with 67,120 confirmed infections and 1526
deaths. China accounted for 99.22% of infections and
99.87% of deaths (Fig. 1). Hubei province, the epicenter of
the epidemic, had 81.69% of the reported cases. Since the
WHO declared COVID-19to be a Public Health Emergency
of International Concern, governments took aggressive
action, and the number of new diagnoses in many coun-
tries hasbeen declining. In China, however, the situation
remains disturbingly out of control due to the massive
population movement during the Chinese New Year. As
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Fig.1

Geographic distribution of diagnoses, cures, and deaths from COVID-19 as of 15 February 2020
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Table 2. Demographics and clinical symptoms of COVID-19 patients at presentation in six different studies
Study # Huang et al. (2020) Chen et al.(2020) Wang et al.(2020) Guan etal. (2020) DeChangetal.(2020)
Demographics
Patients, n 41 99 138 1099 13
Age, mean(range) 49.0 (41.0-58.0) 55.5 (21-82) 56 (42-68) 47,0 (34.0-57.0) 34 (34-48)
Men, n(%) 30 (73%) 67 (68%) 75 (54.3%) 640 (58.2%) 10(76.9%)
Women, (%) 11(27%) 32 (32%) 63 (45.7%) 459 (41.8%) 3(23.1%)
Symptoms n (%)
Fever 40 (98%) 82 (83%) 136 (98.6%) 437 (43.1%) 12 (92.3%)
Cough 31(76%) 81(82%) 82 (59.4%) 74y (67.7%) 6 (46.2%)
Breathlessness 22/40 (55%) 31(31%) 43 (31.2%) 204 (18.6%) 1(7.7%)
Diarrhoea 1(3%) 2 (2%) 14 (10.1%) 41(3.7%) 1(7.7%)
Myalgia 11(11%) 438 (34.8%) 163 (14.8%)
Fatigue 18 (44%) 419 (38.1%)
Sputum production 11(28%) 367 (33.4%)
Headache 3(8%) 8 (8%) 9(6.5%) 150 (13.6%)
Haemoptysis 2 (5%) 10 (0.9%)
Sore throat 5(5%) 24 (17.4%) 153 (13.9%)
Chest pain 2(2%)
Vomiting 1(1%) 5 (3.6%) 55 (5.0%)
Nausea 1(1%) 14 (10.1%) 55 (5.0%)
Confusion 9(9%) 13 (9.4%)
Anorexia 55 (39.9%)
Expectoration 37(26.8%)
Abdominal pain 3(2.2%)
Conjunctival congestion 9(0.8%)
Nasal congestion 53 (4.8%)
Chill 125 (11.4%)
Throat congestion 19 (1.7%)
Tonsil swelling 23 (2.1%)
Enlargement of lymph nodes 2(0.2%)
Rash 2(0.2%)
Rhinorrhea 1(7.7%)
Upper airway congestion 8(61.5%)

the number of confirmed cases continues to rise, newly
infected patients do not have access to hospitals in Wu-
han. Although the data are incomplete, there are 14,046
occupied beds in 35 designated hospitals in Wuhan, and
these are mainly for the treatment of patients with severe,
critical, and suspected critical conditions. In addition,
15 military compounds (11,600 beds) were set up for the
treatment and isolation of less severely ill patients and
17 university dormitories (11,455 beds) were acquired
and renovated to serve as a centralized isolation place for
people who had contact with patients.

Somewhat reassuringly, the latest reports from Hubei
and other provinces show that the number of new cases
has begun to decline. However, many factors that influ-
ence the outbreak's future evolution remain unknown.
The COVID-19 outbreak in China has not peaked, and the
turning point has not yet been achieved. Many of the con-

firmed patients had never been to Wuhan and apparently
had no contact with COVID-19 patients, making it difficult
todiagnose and screen patients with atypical symptoms.
A study by Guan et al. (2020) that examined 1199 patients
in 31 provinces found that human-to-human transmission
was an important feature of COVID-19 pneumonia, and
that the median incubation period was 3 days (range 0 to
24 days). In addition, there appears to be a potential for
fecal-oral transmission, and SARS-CoV-2 was detected in
stool samples from patients with abdominal symptoms
(Chan et al., 2020b; Phan et al., 2020; Zhang et al., 2020).
Because of the increasing numbers of international cases
caused by travelers from China, many countries, includ-
ing the United States, Singapore, Australia, have taken
emergency measures to regulate international flights,
restrict the entry of Chinese citizens, and even evacuate
their residents from China.
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Clinical features

Withtheincreasing number of patients diagnosed with
COVID-19, several published studies have characterized
the demographics and clinical features of these patients
(Table 2). There was a report that treatment with intrave-
nous remdesivir (a novel nucleotide analogue prodrug
currently in the development in the United States) had
a significant effect (Holshue et al., 2020; Sheahan et al.,
2020). But this was a case study, and clinical studies are
therefore required for confirmation. Most patients receive
antiviral and antibacterial therapy, and patients with
severe disease receive systemic corticosteroids. How-
ever, the clinical benefit appears to be limited, and many
patients continue to deteriorate (Wang et al., 2020). The
median duration from the onset of the first symptoms of
dyspnea to hospital admission is 5 days,and to ARDS is 7
days. A total of 5.00% of patients are admitted to an ICU,
2.18% require invasive ventilation, and 1.36% die (Guan et
al.,2020).

Diagnosis

There were initially no reliable laboratory tests for the
diagnosis of COVID-19. However, based on early findings
in hospitals, the National Health Commission of China has
updated and issued the sixth edition of diagnostic criteria,
and redefined the case definitions for suspected and con-
firmed cases (http://news.hbtv.com.cn/p/1787740.html).

Suspected case (any single criterion):

» history of travel or residence in Wuhan and surround-
ing areas or other communities that had case reports
within 14 days before symptom onset

« history of contact with new coronavirus-infected
nucleic acid-positive persons within 14 days before
symptom onset

» feverorrespiratory symptoms and presence in Wuhan
or surrounding areas or other communities that had
case reports within 14 days before symptom onset

» presencein aregion that had clustering of cases.

Confirmed case (any single criterion):
» fluorescence RT-PCR positivity for SARS-CoV-2
» viral gene sequence with high similarity to SARS-CoV-2

The Coronaviridae family

The newly discovered SARS-CoV-2 belongs to the
Coronaviridae family and the Betacoronavirus genus.
It has a spindle or oblong shape with pleomorphism, a
diameter of 60 to 140 nm, is enclosed by an envelope, and

has a positive-sense single-stranded RNA genome. Simi-
lar to SARS-CoV and MERS-CoV, the SARS-CoV-2 genome
encodes non-structural proteins (e.g., 3-chymotrypsin-
like protease, papain-like protease, helicase, and RNA-
dependent RNA polymerase), structural proteins (e.g.,
spike glycoprotein), and accessory proteins. However,
there are distinctive genetic differences between SARS-
CoV-2 and other coronaviruses. For example, SARS-CoV-2
has a homology of up to 85% with SL-CoVZC45, isolated
from bats (Chan et al., 2020a) .

The Coronaviridae family has two genera: Coronavirus
(serogroups I, 11, and III) and Torovirus. Both genera have
species that are human pathogens, and researchers have
isolated numerous biologically distinct avian and mam-
malian coronaviruses (Knudsen et al.,2003). SARS-CoV-2
has 88% identity with two bat-derived SARS-like coronavi-
ruses (SL-CoVZC45 and SL-CoVZXC21) that were collected
during 2018 in Zhoushan (eastern China)(Lu et al., 2020).
As typical RNA viruses, the average rate of coronavirus
evolution is roughly 10 nucleotide substitutions per
site per year (Luk et al.,2019). There is scientific evidence
that SARS-CoV-2 originated from one source within a very
short period of time and was detected relatively rapidly.
However, because the virus is transmissible among hu-
mans, constant surveillance for new mutations is needed
(Suetal.,2016).

Targets for intervention

At present, existing antiviral drugs appear to have
limited effects on SARS-CoV-2, and there is no specific
drug or vaccine approved for the treatment of any of the
human coronavirus diseases. Several possible approaches
can be envisaged to control or prevent new infections of
SARS-CoV-2,including vaccines, monoclonal antibodies,
oligonucleotide-based therapies, peptides, interferon
therapy, and small molecule drugs. The different isolates
of SARS-CoV-2 have differences in sequence, mostly single
nucleotide variations. In particular, there are changes in
amino acids 62 and 84 of ORF8, a polypeptide implicated
indriving the coronavirus transition from bats to humans
(Lau et al., 2015). Some studies found that SARS-CoV-2 is
actively acquiring new mutations that may enable it to
escape antiviral drugs;if so, thisraises a serious challenge
to the development of conventional drugs and vaccines
(Nguyen et al., 2020). Some researchers reported that
SARS-CoV-2,similar to severe acute respiratory syndrome
SARS-CoV, belongs tothelineage B of Betacoronavirus and
has the ability to utilize human angiotensin-converting
enzyme 2 (ACE2) as areceptor to infect human cells (Zhou
et al., 2020). The SARS-CoV-2 spike protein subunit S2
seems to play a key role in mediating virus fusion and
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entry into the host cell. In this process, heptad repeat 1
(HR1) and heptad repeat 2 (HR2) interact to form a six-
helical bundle (6-HB), thereby bringing viral and cellular
membranes into close proximity for fusion, suggesting
that these proteins could be therapeutic targets (Xia et
al., 2020).

Perspectives

As the number of confirmed cases of COVID-19 con-
tinues torise, the situation in China remains serious. We
cannot yet predict the success of sustained efforts to con-
tain and eradicate SARS-CoV-2. Given the urgency of the
outbreak, some clinical studies have begun using existing
antiviral drugs, such asremdesivir and ribavirin, based on
our knowledge of coronaviruses. Although our data may
be incomplete, there are currently more than 80 clinical
studies examining SARS-CoV-2, and scientists from all
over the world are working on early development of vac-
cines. The existing body of knowledge on coronaviruses
presents scientists with a multitude of potential targets
for medical interventions. In addition, the strategy for
containment outlined by the WHO has proven to be effec-
tiveinindustrialized countries and developing countries.

The coronaviruses have numerous potential targets for
possible medical interventions. In addition, the preven-
tion and control strategies of the WHO have proven to be
effective worldwide. The most serious questionis whether
COVID-19 has reached an uncontrollable level in China.
Coronaviruses have evolved since the SARS epidemic of
17 years ago, and they continue to threaten human health
and even pose a major threat to international public
health, especially in densely populated countries with
poor infrastructures and in areas with immunocompro-
mised populations. However, we believe that the efforts
of many scientists will accelerate the pace of controlling
this epidemic.

Actualization of the situation

Since the outbreak of the epidemic, China hastaken ac-
tive prevention and control measures and achieved good
results. The epidemic has been largely contained, with
zero increases in confirmed cases in many areas of China.
But recently the epidemic situation in other countries
has begun to develop into an uncontrollable situation.
On February 29, the “China-WHO NCP (COVID-19) Joint
Inspection Report” stated that almost everyone is suscep-
tible to COVID-19,and on March 11, the WHO declared the
SARS-CoV-2 outbreak as pandemic. According to the latest
data from Johns Hopkins university, there were 735,457

confirmed COVID-19 cases and 34,582 deaths worldwide
and it hasreached 193 countries. Affected by COVID-19, the
global economy has fallen sharply and mankind is facing
unprecedented challenges. At this critical moment, only
with the nations of the world united to fight the virus,
mankind can overcome this pandemic.
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