
ISSN 0891-4168, Molecular Genetics, Microbiology and Virology, 2020, Vol. 35, No. 2, pp. 53–60. © Allerton Press, Inc., 2020.
Russian Text © The Author(s), 2020, published in Molekulyarnaya Genetika, Mikrobiologiya i Virusologiya, 2020, No. 2, pp. 51–58.

REVIEWS
The New Coronavirus COVID-19 Infection
M. R. Bevovaa, S. V. Netesovb, and Yu. S. Aulchenkob, c, *

aUniversity of Liège, Liège, 4000 Belgium
bNovosibirsk State University, Novosibirsk, 630090 Russia

cFederal Research Center Institute of Cytology and Genetics, Siberian Branch,
Russian Academy of Sciences, Novosibirsk, 630090 Russia

*e-mail: yurii@bionet.nsc.ru
Received April 3, 2020; revised April 16, 2020; accepted April 18, 2020

Abstract—In December 2019, the first cases of pneumonia of unknown etiology were found in Wuhan
(China). Later, the pneumonia was associated with a new coronavirus; in February 2020, the World Health
Organization (WHO) gave the name COVID-19 to the new disease, while the International Committee on
Taxonomy of Viruses (ICTV) gave the name SARS-CoV-2 to the virus causing it. By March 11, 2020, when
the virus had spread to 114 countries, the number of diagnosed patients had reached 118 thousand and the
number of deaths was 4000, the WHO declared the outbreak of the disease a pandemic. In this review, we
summarize the relevant information about the origin and spread of SARS-CoV-2, its epidemiology and diag-
nostics, and the clinical course and treatment of COVID-19.
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ORIGIN AND SPREAD OF COVID-19
In December 2019, cases of pneumonia of

unknown etiology appeared in China in Hubei prov-
ince. Almost all the first cases of the disease were
found in individuals working in the market or visiting
the seafood market in Wuhan. In January 2020, a new
coronavirus was detected in patients with pneumonia
[1]. In February 2020, the World Health Organization
(WHO) gave the name COVID-19 to the new disease,
while the International Committee on Taxonomy of
Viruses (ICTV) gave the name SARS-CoV-2 to the virus.

By February 15, 2020, the number of individuals who
had been diagnosed with COVID-19 in China exceeded
50 thousand, while a few (less than 50, except for Singa-
pore and the cruise ship Diamond Princess) cases of the
disease were observed in other countries [2]. Despite the
quarantine measures that were taken, the disease spread
rapidly. On March 11, 2020, the WHO declared the out-
break of the disease to be a pandemic [3]; by this time, the
virus had spread to 114 countries, with the number of
diagnosed patients having reached 118 thousand and the
number of deaths 4 thousand [4]. When this article was
written (April 16, 2020), the pandemic spanned 213 coun-
tries; in the world, there are more than 2 million cases
and more than 134 thousand deaths from COVID-19
[5]. In many countries, the number of cases and deaths
are growing exponentially. The current statistics is
available on the WHO website (https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/situa-
tion-reports/), on a Russian site (https://www.coro-

navirus-monitor.ru), and on a web aggregator supported
by Johns Hopkins University, United States (https://
gisanddata.maps.arcgis.com/apps/opsdashboard/index.
html#/bda7594740fd40299423467b48e9ecf6).

By mid-April, after China, the largest number of
cases occurred in the United States, Italy, Spain, Ger-
many, France, and the United Kingdom. While the
epidemic in China had been brought under control by
this time, with less than 100 new patients per day being
detected, the center of the pandemic had moved to the
United States and Europe, where tens of thousands of
new cases were diagnosed in total every day. In the
Russian Federation, there had been more than 24
thousand cases and more than 200 deaths as of April
16, 2020 [5].

The reproduction number (the number of second-
ary cases of infection caused by one infected individual,
R0) is estimated for COVID-19 as 2.2 (95% confi-
dence interval from 1.4 to 3.9) [6]. For comparison,
seasonal influenza usually has a reproduction number
of about 1.3 [7].

COVID-19 is transmitted by airborne droplet, air-
borne dust, and contact ways. It has been demon-
strated that infection can be transmitted, including
from asymptomatic carriers and infected individuals,
already in the incubation period of their disease or
even within a few days after clinical recovery [8–10].
Outside the human organism, SARS-CoV-2 virus can
maintain an ability to infect for up to 3 days on surfaces
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made of plastic and stainless steel, up to 24 h on card-
board, and up to 4 h on copper surfaces [11].

SARS-CoV-2 VIRUS

The virus genome was for the first time sequenced
in China and uploaded to GenBank on January 10,
2020 [12]. The first ten sequenced genomes were iden-
tical by 99.98%, which indicates a single initial source
of the epidemic. The sequence of SARS-CoV-2 was
96% identical to those for the bat CoV RaTG13 virus,
92% identical to those for the Javan pangolin Pango-
lin-CoV virus [13], 79% to those for the SARS-CoV
virus, and 50% to those for the MERS-CoV virus. It is
now believed that bats are a natural reservoir of the
virus, but, apparently, there was an intermediate host,
which is not currently identified; pangolins, cats, and
dogs are under suspicion. Phylogenetic analysis of the
genomes of virus isolates as compared with genomic
sequences of more than 1000 natural strains and con-
structed laboratory strains confirms that SARS-CoV-2
virus has a natural origin [14–16].

SARS-CoV-2 virus belongs to the Riboviria realm,
Nidovirales order, Cornidovirineae suborder, Coronaviri-
dae family, Orthocoronavirinae subfamily, Betacoronavi-
rus genus, Sarbecovirus subgenus, SARS-coronavirus
species [17]. SARS-CoV and MERS-CoV viruses
causing severe acute respiratory syndrome (SARS)
and Middle East respiratory syndrome (MERS)
belong to the same genus, subgenus, and species.
Coronaviruses have a single-stranded plus RNA
genome ranging in size from 26 to 32 Kb [15, 16] and
are divided into four genera: α, β, γ, and δ [17]. Of
them, α- and β-coronaviruses are mainly pathogens of
mammals, while γ- and δ-viruses infect mammals and
birds. SARS-CoV-2 belongs to the groups of β-coro-
naviruses. SARS-CoV-2 virus is the seventh known
coronavirus that can cause disease in human beings.
Of them, α-CoVs HCoV-229E, HCoV-NL63, β-CoVs
HCoV-HKU1, and HCoV-OC43 viruses usually have
a low pathogenicity and mainly cause mild or moder-
ate respiratory disease similar to influenza, although
sometimes can cause severe pneumonia. SARS-CoV-1
and MERS-CoV viruses also belong to the genus of
β-coronaviruses. SARS-CoV-1 virus caused the out-
break of atypical pneumonia in 2002–2003 [18], while
MERS-CoV virus caused the outbreak of Middle East
respiratory syndrome in 2012 and subsequent years [19].

To penetrate into human cells, SARS-CoV-2 uses
the same receptor as SARS-CoV-1—namely, angio-
tensin-converting enzyme 2 (ACE2). The fusion of
cell and virus membranes takes place with the involve-
ment of cellular serine protease TMPRSS2 [20].

In vitro, SARS-CoV-2 viral particles can penetrate
into the same cell cultures as SARS-CoV-1, for exam-
ple, cultures of HEK-293T human cells, Vero E6 and
Vero CCL81 green monkey cells, MDCKII dog cells,
human adenocarcinoma cells (A549), and liver cells
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(HUH7.0) [20]. In studies of viral replication and
cytotoxicity, a number of cell lines were inoculated
with the virus with a high multiplicity and was studied
24 h thereafter. No cytopathic effect was observed,
except for in Vero cells, in which virus titers reached
>107 PFU 24 h after infection. In contrast to this,
HUH7.0 and HEK-293T cells demonstrated only a
low level of replication, while A549 cells were not
infected at all.

Upon observation, the plaques were more distin-
guishable and visible on Vero E6 culture. Two days
after infection with a stronger dilution, VeroE6 cells
produced separately distinguishable plaques clearly
visible when stained with neutral red. In contrast to
this, less transparent plaques were obtained on Vero
CCL81 cells more distinguishable when stained with
neutral red 3 days after infection [20].

For in vivo studies of SARS-Cov-2, such animals
as rhesus macaques and transgenic (humanized)
hACE2 laboratory mouse line were used. However,
neither macaques nor mice develop a severe respira-
tory form of infection [21]. It was demonstrated that
SARS-CoV-2 can replicate in the upper respiratory tract
of ferrets, minks and domestic cats, while cats can infect
other cats. At the same time, dogs, pigs, chickens, and
ducks are little susceptible to infection [22].

EPIDEMIOLOGY AND RISK FACTORS

According to the results of studies of Chinese sci-
entists, most patients (87%) were 30–79 years of age;
1%, less than 9 years; 1%, 10–19 years; and 3%, over
80 years [23, 24]. The estimation of the case–fatality
rate (portion of deaths divided by the total number of
cases) for the disease varies from 1 to 7% [24, 25]
depending on the sex and age composition of the pop-
ulation; strategies of testing, diagnostics, and treat-
ment; bureaucratic peculiarities of healthcare in a par-
ticular country; and congestion of healthcare systems.
On March 3, 2020, the WHO estimated the mortality
rate to be 3.4% [26]. However, the results of observa-
tions of the crew and passengers of the cruise ship Dia-
mond Princess, on which 11 out of 712 patients died [5],
lead to an estimation of the case–fatality rate of 1.5%
(a 95% confidence interval from 0.6 to 2.4%).

Many studies have already demonstrated that the
course of the disease and mortality are highly depen-
dent on the patient’s age and the presence of other dis-
eases. In children, isolated cases of death have been
registered. In the group up to 30 years, the mortality is
about 0.2%; after 40 years, the risk increases by three
to four times with each additional decade, reaching
approximately 8% in patients aged 70–79 years and
15–20% after 80 years [23–25].

In addition to the elderly, individual with chronic
diseases are in the high risk group. It has been demon-
strated that arterial hypertension, heart diseases, diabe-
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tes, and obesity with a body mass index above 40 worsen
the prognosis [24, 27].

At the same time, a severe course with a fatal out-
come is also observed in individuals of middle age
(30 years or older) without concomitant diseases. It is
likely that these individuals have unknown risk fac-
tors—for example, an unfavorable genotype.

At present, there are insufficient data on the course
of COVID-19 in pregnant women and on the effect of
the disease on fetal and newborn development. Pre-
liminary data from small samples have not shown the
course of the disease to be more severe during preg-
nancy. The course of the disease was mild or moderate
in most pregnant women [28] and newborns [29–32].
There are no data on the effect of COVID-19 on fetal
development in the first and second trimesters of
pregnancy.

CLINICAL COURSE

The incubation period of COVID-19 is from 2 to
14 days, with an average time of the onset of symptoms
about 5 days [6]. Cases of the disease with an incuba-
tion period of more than 14 days have been described
[23], but they are isolated and it is likely that they
involved repeated and unrecorded contacts with virus
carriers.

The clinical picture of the disease varies from
asymptomatic cases to severe cases requiring hospital
and resuscitation treatment. The typical clinical
symptoms of COVID-19 include fever, dry cough,
shortness of breath, myalgia, and fatigue. Other symp-
toms include headache, confusion, sternal pain, and
diarrhea [33]. In more severe cases, bilateral pneumo-
nia, acute respiratory distress syndrome (ARDS),
multiple organ failure, and sepsis develop [34].
According to severity, the forms of the disease are clas-
sified into mild, moderate, and extremely severe [35].

Most clinical cases (81%) of COVID-19 are classi-
fied as mild and moderate. In 14% of patients, the dis-
ease is severe with the presence of shortness of breath,
a respiratory rate of ≥30/min, blood oxygen saturation
of ≤93%, and a presence of infiltrates in the lungs of
>50% for 24–48 h. About 5% of patients have the dis-
ease in an extremely severe form. The development of
respiratory failure, septic shock, and failure of other
organs are observed in them [23, 24].

After discharge, some patients are still virus carri-
ers, this being confirmed by positive results of labora-
tory tests. Moreover, a relapse of the disease is
observed in some patients [36]. Thus, at least in some
patients, the immune response does not develop suffi-
ciently to eliminate the virus. This may mean that vac-
cination can be inefficient for a certain group of indi-
viduals.
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DIAGNOSTICS

On the basis of clinical symptoms, it is impossible
to distinguish COVID-19 from other respiratory infec-
tions—in particular, from a cold or other acute respi-
ratory viral infection. The collection of epidemiologi-
cal data (travel history, patient contacts, etc.) is a key
factor in differential diagnostics. The final diagnosis is
made according to the results of laboratory tests, such as
polymerase chain reaction (PCR), serological tests, and
instrumental diagnostics (computed tomography).

PCR DIAGNOSTICS

The diagnostics is based on the amplification
(reproduction) of specific viral genome regions by the
reverse transcription PCR (RT-PCR) method [37, 38].
A nasopharyngeal and/or oropharyngeal swab is the
main biomaterial for this study. At present, PCR diag-
nostics is used for many infectious diseases. Its advan-
tages include the possibility of rapid development and
production of the test as soon as the genomic sequence
of the virus becomes known, as well as a very high sen-
sitivity (up to just ten RNA molecules in the sample)
and specificity of tests. The testing of SARS-CoV-2 is
performed on the N, S [39], ORF1ab, and E genes and
their combinations. For example, the Chinese Center
for Disease Control and Prevention recommends the
use of primers to the ORF1ab and N genes. The test is
considered positive if both genome regions are deter-
mined [40]. A number of Russian manufacturers reg-
istered their test systems at the end of March and
already established production.

SEROLOGICAL TESTS

Using serological tests, it is possible to detect the
presence of specific antibodies to the virus or the pres-
ence of an antigen in an organism. At the same time,
combined testing using IgM and IgG antibodies to the
virus is most frequently used. Testing for immuno-
globulins M allows the fact of recent infection with a
virus to be determined, while testing for immunoglob-
ulins G detects either a late stage of infection or
immune response after recovery. An antibody test is
very useful in the assessment of the immune status of
the population and can allow an individual exit from
the quarantine, as well as is required to estimate the
immune status after vaccination. The minimum test-
ing time is 15 min, while final sensitivity and specific-
ity during testing have been found to be 88.66 and
90.63%, respectively [41].

An enzyme immunoassay test for a viral antigen,
especially its express version, helps to identify a coro-
navirus etiology in the acute phase of infection. How-
ever, exact information about these tests or their sensi-
tivity and specificity was unavailable at the time of
writing this article. There are no data in the published
literature yet concerning the possibility of differentiat-
LOGY  Vol. 35  No. 2  2020
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ing different human coronaviruses using serological
tests.

OTHER TESTS
At present, tests based on the CRISPR method (for

example, SHERLOCK and DETECTR) are being
developed. Tests are based on the ability of the
CRISPR system to recognize specific genome regions
and cut them.

The specific high sensitivity enzymatic reporter
unlocking (SHERLOCK) method is based on the use
of Cas13 for detecting viral RNA at a concentration
from 10 to 100 RNA molecules per microliter. The
results are visualized using an indicator test strip for
1 h. The DETECTR method uses Cas12 to detect
cDNA and is faster in execution (about 30 min), but
less sensitive, determining the presence of a viral
genome in the sample with an initial concentration of
70–300 viral RNA molecules per microliter. At the
time of writing this article, both tests were undergoing
clinical trials [42].

Quick tests based on both simple PCR and isother-
mal PCR (including cartridge, for a field use) have
also been developed. However, their sensitivity may be
lower than in standard PCR tests. The analysis time
for these tests is about 30 min, which is acceptable for
testing passengers at airports.

TOMOGRAPHIC EXAMINATION
A computed tomography is also used for the diag-

nosis of pneumonia caused by COVID-19 [43]. Bilat-
eral infiltrates in the form of ground glass opacities or
consolidation with the primary distribution in lower
and middle zones of the lungs are detected with pneu-
monia caused by coronavirus [44].

TREATMENT
At the moment, there is no specific antiviral ther-

apy for the treatment of COVID-19. Mild cases do not
require special treatment. With the development of
respiratory failure and pneumonia, the patient is hos-
pitalized and a symptomatic therapy is provided. In
severe cases, the treatment is aimed at maintaining the
functions of vital organs. When attaching secondary
bacterial infections, antibiotics can be prescribed [33].
Oxygen therapy is the main symptomatic treatment in
severe cases. ARDS can develop against the back-
ground of a viral infection in severe patients. Such
patients are transferred to mechanical ventilation (on
a mechanical ventilator), and extracorporeal mem-
brane oxygenation is used in more severe cases. With
the severe form of the disease, the median time from
the first symptoms to the development of shortness of
breath is 5 days, to hospitalization 7 days, and to the
development of ARDS 8 days [37].
MOLECULAR GENETICS, MICR
At present, a large number of clinical trials for a
number of drugs are being carried out. Testing drugs
commonly used to treat other diseases is of special
interest. These drugs were selected from among drugs
with a potential antiviral activity or based on the
hypotheses about the mechanism of virus action. In
particular, the effect of such drugs as favipiravir
(inhibitor of viral RNA polymerases produced in
Japan), remdesivir (or GS-5743, nucleotide analogue,
inhibitor of viral RNA polymerase developed by Gilead
Sciences Co. (United States), but still at an earlier
stage of clinical trials compared to other drugs) [45],
combination of lopinavir and ritonavir (protease
inhibitors used in the treatment of hepatitis C and HIV
infection), and antimalarial drugs chloroquine and
hydroxychloroquine (increase endosomal pH and vio-
late terminal glycosylation of ACE2) are being widely
investigated. Preliminary studies did not confirm the
efficiency of treatment with lopinavir and ritonavir
[46]. The efficiency of remdesivir and chloroquine was
proven in experiments in vitro [47]. The efficiency of
hydroxychloroquine was demonstrated in preliminary,
yet very limited, clinical trials [48] that are currently
criticized for unreliability. It should be noted that
hydroxychloroquine can have severe side effects and
interact with other drugs. At present, the WHO has
initiated a global clinical study of these drugs, named
Solidarity [49].

Scientists from different countries are engaged in
the development of vaccines against the disease caused
by SARS-CoV-2. There are several approaches to the
development of antiviral vaccines. In particular, vac-
cines based on attenuated or inactivated virus, viral
vectors, recombinant mRNA and DNA, and recombi-
nant proteins are undergoing preclinical trials [50].
Phase I clinical trials started on volunteers in United
States for a vaccine based on recombinant mRNA
(Modetna Co.) and in China for a vaccine based on
recombinant live adenovirus (fifth serotype) (Can-
Sino Biologics Co.). In the event of success in the
phase I trial, the phases II and III will be held in out-
breaks in United States and China in summer. Full
cycles of testing for the efficiency and safety of vac-
cines will take at least a year.

DISCUSSION

There are currently no answers to many questions
about the COVID-19 disease and the SARS-CoV-2
virus itself. There are no accurate estimations of the
portion of virus-infected individuals who are asymp-
tomatic carriers or carry the disease in a mild form
without getting into the official statistics. If this por-
tion is high and such individuals transmit the disease,
then, on the one hand, it will be very difficult to stop
infection by currently taking quarantine measures,
which, in many countries, are based on isolation of
symptomatic cases and their contacts.
OBIOLOGY AND VIROLOGY  Vol. 35  No. 2  2020
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On the other hand, this means that the estimations
of the number of patients requiring hospital treatment
and mortality rate are overstated. According to one
such estimate, the portion of asymptomatic carriers
may be as high as 60% of the total number of infected
individuals [51], and at least some asymptomatic
infected individuals can infect other individuals [10].

Although the existing estimations of the mortality
rate and the amount of patients requiring hospitaliza-
tion and intensive therapy may be overstated, it is clear
that the number of COVID-19 patients who simulta-
neously need hospitalization and resuscitation mea-
sures is many times higher than the rates of habitual
infections such as seasonal influenza. This is clear
from the fact that the healthcare systems of the regions
in Hubei and northern Italy, in which SARS-CoV-2
spread uncontrollably for some time, were close to
collapse.

The number of patients simultaneously requiring
medical assistance is affected by the virulence and the
rate of infection in the population. An exact estima-
tion of epidemiological parameters of COVID-19 is
important for the development of mathematical mod-
els that are used by experts to predict the development
of the situation. Defining a set of quarantine measures
is one of the main tasks solved by these methods.
Quarantine measures are aimed at suppressing or
slowing down the spread of the virus, thus optimizing
healthcare opportunities and minimizing the mortal-
ity and economic effect from the pandemic [52]. In
particular, the number of patients requiring hospital-
ization is an important target parameter. Their num-
ber should not exceed the number of available hospital
beds in the healthcare system.

A reliable identification of the dynamics of the
number of infected individuals is extremely important
for making government decisions and for understand-
ing how efficient the measures taken are. At present,
the WHO is calling for as many tests for SARS-CoV-2
as possible to control the spread of the disease [53],
since, apparently, it is impossible to cope with the
pandemic without it. Establishing the exact number of
infected individuals is extremely difficult due to the
difficulties of total and repeated screening of the pop-
ulation. The experience of the Netherlands and Den-
mark, where monitoring of the dynamics of the num-
ber of infected individuals is carried out by determin-
ing the content of viral RNA in the sewer, is interesting
[54]. However, the efficiency and accuracy of this
approach to fighting the epidemic is still unclear.

There is also no clear answer to the question of how
stable immunity to COVID-19 is. News sites have dis-
seminated information on several cases in which a
patient repeatedly contracted COVID-19 [55]. It is
unclear whether these are cases of reinfected individu-
als, a relapse of the disease, or a result of the first test
result being a false positive. However, a recent study
on rhesus monkeys showed that reinfection is unlikely
MOLECULAR GENETICS, MICROBIOLOGY AND VIRO
[56] (it should be noted that, by the moment of writing
this review, this article had appeared in the form of a
reprint and had not yet been reviewed).

The issue of the seasonality of COVID-19 remains
unclear. There is an hypothesis that the reproductive
number will decrease with the onset of summer in the
Northern Hemisphere, which will lead to a slowing
down of the spread of infection. There is also a
hypothesis that, due to isolation of seriously ill
patients, the most pathogenic variants of the virus will
not be distributed and will be displaced by weakly
pathogenic variants from asymptomatic carriers. The
current virus will then become just another coronavi-
rus causing ordinary acute respiratory viral infection.
These hypotheses will be tested by nature and life itself
in the next 3–4 months.

It is interesting to note that, although children are
infected with the virus, they get sick in a milder form
as compared with adults [57]; there are currently no
data on death of children under the age of 10 years
[25]. It is hypothesized that children may have a
fresher immune response to antigenically similar
infection, as well as a different level of ACE2 receptors
on lung cells [58]. Experiments on model animals
indeed demonstrated that specific number of ACE2
receptors plays an important role in the prevention of
the development of acute respiratory failure [59],
while the level of ACE2 decreases with age [60, 61].
However, no changes in the activity of ACE2 with age
were observed in human beings in studies of ARDS
[62]. The use of recombinant ACE2 was not efficient
in the treatment of human ARDS [63].

In the future, it will be important to study the asso-
ciation of the symptoms and severity of the disease
with different epidemiological and clinical risk factors,
variations in genomic sequences of virus variants, and
peculiarities of the genomes and immune systems of
patients.
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