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Abstract. The last two decades have witnessed
two large-scale pandemics caused by corona-
viruses, including severe acute respiratory syn-
drome (SARS) and the Middle East respiratory
syndrome (MERS). At the end of 2019, another
novel coronavirus, designated as severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2),
hit Wuhan, a city in the center of China, and sub-
sequently spread rapidly to the whole world. Lat-
est reports revealed that more than 800 thou-
sand people in over 200 countries are involved in
the epidemic disease by SARS-CoV-2. Due to the
high mortality rate and the lack of optimum ther-
apeutics, it is crucial to understand the biological
characteristics of the virus and its possible patho-
genesis to respond to the SARS-CoV-2. Rapid di-
agnostics and effective therapeutics are also im-
portant interventions for the management of in-
fection control. However, the rapid evolution of
SARS-CoV-2 exerted tremendous challenges on
its diagnostics and therapeutics. Therefore, there
is an urgent need to summarize the existing re-
search results to guide decision-making on the
prioritization of resources for research and de-
velopment. In this review, we focus on our cur-
rent understanding of epidemiology, pathogene-
sis, diagnostics and therapeutics of coronavirus
disease 2019 (COVID-19).

Key Words:
COVID-19, Epidemiology, Pathogenesis, Diagnos-
tics, Therapeultics.

Introduction

Coronaviruses that infect humans are single
positive stranded RNA virus (26-32 kb) and are
genetically classified into four major genera: al-
pha-coronavirus, beta-coronavirus, gamma-coro-
navirus, and delta-coronavirus'?. Based on the
aggressiveness, six known human coronaviruses

were divided into highly and low invasive sub-
group. The coronaviruses with low aggressive-
ness comprise HCoV-NL63, HCoV-229E, HCoV-
0C43 and HCoV-HKUI1, which mainly caused
upper respiratory tract infections and mild respi-
ratory illnesses™. In comparison, the coronavi-
ruses with high invasion ability, including severe
acute respiratory syndrome (SARS) coronavirus
(SARS-CoV) and the Middle East respiratory
syndrome coronavirus (MERS-CoV), predomi-
nantly infect lower airways and cause life-threat-
ening pneumonia®’.

In the late of December 2019, a series of uniden-
tified pneumonia disease outbreaks were found
in Wuhan, China®*'. The full-length genome
sequences of potential pathogens obtained from
patients revealed that above 99.9% sequence was
shared with each other'''?, and the analysis based
on the phylogenetic tree indicated the pathogen
is another novel coronavirus' (severe acute respi-
ratory syndrome Coronavirus 2, SARS-CoV-2).
Due to the accumulating evidence pointing to
continuous person-to-person transmission'*"”,
the World Health Organization (WHO) declared
the coronavirus disease 2019 (COVID-19) a pub-
lic health emergency of international concern
on February 5, 2020. As of March 31, 2020, the
pandemic has resulted in 42,412 deaths among
over 80 thousand patients in 200 countries, with a
case-fatality rate of 4.9%.

Though there are still no specific drugs or vac-
cine available against SARS-CoV-2, the past three
months have witnessed our tremendous progress
toward unraveling the epidemiology, pathogene-
sis, diagnostics and therapeutics of COVID-19. In
this review, we timely summarized the existing
research results and compared the difference be-
tween SARS-CoV-2 and SARS-CoV/MERS-CoV
in biological characteristics.
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Epidemiology

Similar to SARS-CoV and MERS-CoV,
SARS-CoV-2 is characterized by continuous hu-
man-to-human transmission and general suscep-
tibility to human''®. The comparative data on
the epidemiology of the three coronaviruses were
shown in Table I. Up to March 31, 2020, the out-
break of SARS-CoV-2 has grown substantially to
infect 82,631 people in China with 3321 deaths
and to infect 778,172 people in 200 other coun-
tries with 39,091 deaths. Though the case-fatali-
ty rate of 4.9% for SARS-CoV-2 is significantly
lower than that 10% for SARS-CoV and 40% for
MERS-CoV, it is estimated that the transmissibil-
ity of SARS-CoV-2 (RO: 2.2-3.6)""* may exceed
both SARS-CoV (RO: 2-4)*2? and MERS-CoV
(RO: <1)®. The majority of cases and deaths oc-
curred in China at early stage of the outbreak,
but the number of newly confirmed cases has
decreased significantly and fluctuated within 50
cases since March 7, 2020. In comparison, there is
a significant increase outside of China, especially
in USA, Italy, Spain, Germany, France and Iran
after mid-February, 2020.

The typical and initial clinical symptoms of pa-
tients with Coronavirus Disease 2019 (COVID-19)
are fever (87.9%) and cough (67.7%), whereas ap-
proximately 15% of patients also complained of
gastrointestinal disorders, such as diarrhea, nau-

sea and vomiting®!®?, Furthermore, accumulat-
ing evidence??? confirmed that stool specimens
from confirmed patients with COVID-19 tested
positive to SARS-CoV-2. These findings indi-
cated that SARS-CoV-2 not only travels through
respiratory tract, but may spread by fecal-oral
routes. In addition, there are also some reports
about recovered patients with following-up pos-
itive RT-PCR test results® and transmission from
asymptomatic carriers!®**, which indicated that
identifying and managing suspected cases at ear-
ly stage and following up discharged patients at
late stage is another key for disease and outbreak
management.

The results of whole-genome sequencing
demonstrated that SARS-CoV-2 share 88% se-
quence identity with SARS-like bat coronavirus
bat-SL-CoVZC45 and bat-SL-CoVZXC21, and
96% with bat coronavirus RaTG13'"!2. Besides,
another coronavirus from Malayan pangolins pos-
sessed over 90% sequence identity with SARS-
CoV-2 at amino acid level, and the receptor-bind-
ing domain (RBD) of their S protein has only one
amino acid difference®-°. Due to the lack of bats
on sale in the origin of the epidemic, Huanan Sea-
food Wholesale Market, it is estimated that bats
and pangolins may act as the possible natural res-
ervoirs and intermediary hosts of SARS-CoV-2,
respectively. Population genetic analyses of the
whole genomes of 103 samples indicated that

Table I. Epidemiology and pathogenesis of SARS-CoV, MERS-CoV, and SARS-CoV-2.

SARS-CoV MERS-CoV SARS-CoV-2
Clinical epidemiology
Affected countries 29 27 More than 200
Affected people 8098 2254 More than 800 thousand
Mortality More than 10% More than 35% More than 4%
Mean incubation period 4.6 days** 5.2 days® 3.0 days?*
Basic reproduction number  2.0-4.0'? <]® 2.2-3.6%

Transmission routes Droplet transmission;

Close contact;

From animal to human
From human to human

Transmission patterns

Droplet transmission;
Close contact;

Potential fecal-oral routes
From animal to human
From human to human

Droplet transmission;
Close contact;

Potential fecal-oral routes
From animal to human
From human to human

Possible natural reservoir ~ Bat Bat Bat
Possible intermediary host  Palm civet Dromedary camel?’ Malayan pangolin
Predominant receptor ACE2 DPP4% ACE2

Receptor distribution

Respiratory tract epithelium;
monocytes and macrophages;
vascular endothelium;
arterial smooth muscle;
small intestine

Respiratory tract epithelium;
kidney; small intestine;
liver and prostate;
activated leukocytes

Respiratory tract epithelium;
gastrointestinal epithelium,;
renal tubular and testicular
cells; pancreatic cells;
oral mucosa

Principal affected organs

Lung and immune organ

Lung and kidney

Lung and digestive system
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SARS-CoV-2 has evolved into two major types
(70% L type and 30% S type). The number of L
type with stronger aggressiveness had started to
fall after early January, 2020*”. Though human in-
tervention imposed severe selective pressure on
the evolution of SARS-CoV-2, a larger set of data
is needed to have a better understanding of its ep-
idemiology.

Pathogenesis

Similar with other coronaviruses, SARS-
CoV-2 is a single positive-stranded RNA virus
that encodes 27 proteins, including 15 non-struc-
tural proteins (NSP, NSPI1-10 and NSP12-16),
eight accessory proteins (3a, 3b, p6, 7a, 7b, 8b,
9b and orf14) and four major structural proteins
(spike (S), envelope (E), membrane (M), and nu-
cleocapsid (N) proteins) (Figure 1)'"3., Among
the four structural proteins, spike protein plays a
vital functional role in receptor-binding and sub-
sequent viral entry into host cells®. The findings
of SARS-CoV-2 sharing 79.5% amino acid iden-
tity with SARS-CoV indicated that they might
have some common pathogenesis (as shown in
Table 1)!"'2, The RBD in SARS-CoV-2 that di-
rectly interacted with human receptor angiotensin
converting enzyme Il (ACE2) protein is almost

identical to that in SARS-CoV!. The latest exper-
iment from Yan et al* also revealed that SARS-
CoV-2 can enter into cells expressing ACE2, but
not into cells without ACE2 or other coronavirus
receptors. These results indicated that SARS-
CoV-2 enters and replicates in target cells by its
spike proteins binding to ACE2, then releases
from host cells and infects new target cells. Spike
protein of SARS-CoV-2 has a higher affinity with
ACE2 than SARS-CoV*, and SARS-CoV-2 in-
fection can significantly upregulate the expres-
sion of ACE2 in host cells*, which may partly
explain the high transmission and aggressiveness
of SARS-CoV-2.

Single cell transcriptome analysis showed that
ACE2 was not only highly expressed in the epi-
thelial cells of alveoli, but also in renal tubular and
testicular cells, pancreatic cells, oral mucosa and
absorptive enterocytes from ileum and colon**“°,
The autopsy report of COVID-19 cases revealed
that SARS-CoV-2 mainly resulted in inflamma-
tory reaction of lower airways and alveolar inju-
ry*. In addition, positive RT-PCR results of anal
swabs and the presence of alimentary symptom
supported that digestive system may be another
target of SARS-CoV-2°"%2, However, there is still
no direct evidence of the damage of SARS-CoV-2
to kidney, testis, pancreas and central nervous
system.
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Figure 1. Coronavirus schematic diagram and genome composition. A, The schematic diagram of SARS-CoV-2 obtained
from bronchoalveolar lavage fluids. B, the schematic diagram of the genome.
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Table II. The comparison of NGS kits, RT-PCR kits and immunology Kkits.

Advantages Disadvantages
NGS kits 1) high sensitivity and specificity; 1) high cost;
2) Monitoring virus evolution 2) long testing cycle (2-3 days);
3) unavailable facilities in most healthcare institutions
RT-PCR kits 1) shorter turnaround time (2-3 hours); 1) high false negative rates;

2) lower cost;
3) high specificity

2) medical staff have a high risk of exposure
to SARS-CoV-2 when taking swab samples

Immunology Kits
2) high sensitivity and specificity

1) generate results within only 15 minutes

1) there may be cross-reactivity with SARS-CoV;
2) need to collect paired serum samples
to eliminate potential cross-reactivity from
non-specific antibodies

Diagnosis

Highly sensitive and specific laboratory diag-
nostics for COVID-19 are essential for case identi-
fication and infection control. Currently, there are
three broad categories of commercially available
laboratory detection kits, including next-genera-
tion genome sequencing (NGS), reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and
immunology kits (as shown in Table II). As the
rapid development of NGS technology, it is pos-
sible for patients with low viral load to be diag-
nosed at early stage'>*. However, the use of NGS
for establishing rapid diagnosis is not practical due
to high cost, long testing cycle and unavailable fa-
cilities in most healthcare institutions. The results
of whole-genome sequencing exerted considerable
influence on the development of specific primers
targeting RNA-dependent RNA polymerase, en-
velope and nucleocapsid genes'?3%3!, Therefore,
due to its shorter turnaround time and lower cost,
RT-PCR test for specific gene has become the
standard diagnostic method for patients infected
COVID-19. Nevertheless, RT-PCR kits also have
their own limitation. First, many factors in the pro-
cess of sample collection and analysis could result
in high false negative rates of the kits, such as non-
standard sampling and RNA extraction, delayed
sample delivering, and low viral load**. Second, it
will take about 2-3 hours to generate results, which
could not meet the requirements for rapid screen-
ing of suspected populations™. Third, medical staff
have a high risk of exposure to SARS-CoV-2 when
taking swab samples. To remedy the limitations
of RT-PCR kits, another kind of testing kits for
detection of IgM and IgG against SARS-CoV-2
within 15 minutes, with high sensitivity (88.66%)
and specificity (90.63%), has been developed and
is being validated in Chinese Centers for Disease
Control (CDC) agencies®*. However, the key lim-
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itations of serological testing are required to collect
paired serum samples in the acute and convales-
cent phases to eliminate potential cross-reactivity
from non-specific antibodies from past exposure or
infection by other coronaviruses.

In addition, Clinical diagnostic criteria of
COVID-19 based on clinical manifestation, lab-
oratory findings and chest imaging examination,
and response to antibiotics treatment, was recom-
mended in hyper-infection areas, especially when
laboratory testing kits are in short supply. These
criteria were adopted to ensure timely treatment
and isolation measures. It was reported that com-
puted tomography (CT) positive changes have
been observed in asymptomatic patients and some
patients with initial negative RT-PCR results®-.
Therefore, repeated swab in combination with
other findings (such as body temperature rising,
lymphocytes and white blood cells decreasing,
and CT changes) may play an important role in
differentiating the patients from those with high
clinical suspicion but negative RT-PCR screening.

Therapeutics

The treatment of COVID-19 is a major chal-
lenge for medical staff because there is no consen-
sus on the optimal therapy. The evidence-based
supportive care supplemented by diverse com-
binations of drugs is the mainstay for the man-
agement of COVID-19. In this section, we mainly
summarized the clinical application of non-ste-
roid anti-inflammatory drugs (such as corticoste-
roids) and antiviral agents.

Corticosteroids were widely used in confirmed
patients at the initial stage of SARS-CoV-2 out-
break, but current guidance from WHO advises
against the use of corticosteroids for COVID-19%.
Russell et al®® explained that corticosteroids might
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not only prevent pulmonary progressive fibrosis
and inhibit inflammatory storm, but also inhibit im-
mune responses and subsequent pathogen clearance.
Besides, lessons from managing SARS-CoV and
MERS-CoV prevalence revealed that corticoste-
roids application is significantly correlated with ad-
verse outcomes, including higher plasma viral load,
psychosis and viremia®¢?, However, some random-
ized clinical trials demonstrated that corticosteroids
at low-to-moderate dose were found to reduce the
duration of exiting from ICU and mechanical venti-
lation for critically ill patients®. Therefore, the guid-
ance from Peking Union Medical College Hospital
recommended systematic corticosteroids treatment
(methylprednisolone, <1-2 mg/kg.d, 3-5 days) as ad-
juvant therapy for individuals with rapid progression
of pneumonia®. However, the use of corticosteroids
for COVID-19 remains controversial at present, pro-
spective randomized controlled studies are required
to validate its clinical effects on COVID-19.
Specific agents of proven efficacy against
SARS-CoV-2 are still being developed. Currently,
there are three broad categories of antiviral agents,
including immunoenhancer, spike protein-ACE2
blocker, and broad-spectrum antiviral drugs. Inter-
feron (IFN) has been approved to have significant
effects on antivirus and immunoregulation. IFN-a.
and IFN-f could inhibit the replication of animal
and human coronaviruses®, but IFN-y did not
possess antiviral activity”’. Furthermore, IFN-a
in combination with corticosteroids was reported
to improve oxygenation and faster resolution of
chest radiograph abnormalities®®. Since ACE2 is
the sole receptor for spike protein of SARS-CoV-2,
blocking spike protein binding to ACE2 is a key
target for antivirals. Human monoclonal antibodies
elicited by active or passive immunization using
vaccines or convalescent plasma, is a promising
blocker®”. Though convalescent plasma is signifi-
cantly associated with improved mortality, the
bulk of factors limited its wide use, including the
potential contamination of plasma and limited eli-
gible donors™’'. Vaccines may play an important
role in protecting against infection when exposed
to the specific pathogen of interest, whereas there
are still no commercial vaccines available against
SARS-CoV-27. Chloroquine as a known antima-
larial drug was also found to be a potent inhibitor
of SARS-CoV through interfering with ACE2”. A
latest trial also demonstrated that chloroquine at
low-micromolar concentration could block SARS-
CoV-2 infection and was significantly correlat-
ed with improved clinical outcomes and shorten
hospital stay™. As a known inhibitor of HIV cy-

tochrome P450, the combination of lopinavir with
ritonavir was found to be associated with better
outcomes of COVID-1977. Moreover, the triple
combination therapy of LPV/RTYV, ribavirin and
IFNa was recommended as an option at early stage
of the disease”’.

In addition, the limited but emerging evidence
regarding expanded umbilical cord mesenchy-
mal stem cells in managing COVID-19 suggest-
ed that it might be considered for compassionate
use in critically ill patients to reduce morbidity
and mortality in the United States’™. Hyperten-
sion is one of the most frequent complications in
patients with COVID-19%67%% Anti-hypertensive
drugs (such as ACE2 inhibitors and angiotensin 11
receptor blockers) could increase the expression
of ACE2 in some cells (particularly alveoli)®*?,
which may raise the risk of infection with SARS-
CoV-2. However, scientific foundation of this
theory is very weak to date®. Besides, the abrupt
drop-out of anti-hypertensive treatment could be
associated with serious risks such as acute myo-
cardial infarction and death from cardiovascu-
lar causes®*. Therefore, the correlation between
COVID-19 and hypertension need to be investi-
gated further.

Conclusions

Understanding the epidemiology, potential
pathogenesis, rapid diagnostics and effective ther-
apeutics is crucial to SARS-CoV-2 surveillance
and control. Although tremendous progress has
been achieved, the continuous evolution of this
RNA virus may exert new challenges on the di-
agnosis and treatment of COVID-19. Therefore,
a larger set of prospective randomized controlled
trials and basic researches is required to have a
better understanding of COVID-19.

Due to the rapidly evolving situation of the
SARS-CoV-2, this study’s limitations deserve
commentary. First, there might be some bias
and errors in epidemiological data as a result of
many social and personal factors. Second, a pro-
portion of evidence in our review from preprints
in medRxiv and bioRxiv have not been peer re-
viewed. As a result, the reliability of the content
in these studies needs to be further validated.
Third, quality assessment and meta-analysis is
not feasible due to the limited data and heteroge-
neous style of the recruited studies. However, our
comprehensive review may provide references for
follow-up studies.
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