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Abstract—The first part of this paper presented the current knowledge on two very significant respiratory dis-
eases with high pandemic potential, COVID-19 and influenza. The second part reviews other pathogens that
cause acute respiratory viral infections, ARVI, including parainfluenza viruses, adenoviruses, pneumoviruses
and specifically respiratory syncytial virus, enteroviruses, rhinoviruses, bocaviruses, and seasonal coronavi-
ruses. The review presents modern data on the structure and replication of viruses, epidemiology and immu-
nopathogenesis of diseases, diagnostics, preventive vaccination, and antiviral drugs. Topical issues regarding
ARVI vaccination and the search for new broad-spectrum antiviral drugs are discussed.

Keywords: ARVI, respiratory viruses, SARS-CoV-2, viral replication, immunopathogenesis, ARVI prophy-
laxis
DOI: 10.3103/S0891416822030053

BIBLIOMETRICS IN THE STUDY
OF RESPIRATORY VIRUSES

Influenza viruses are widespread in human popu-
lations and circulate in wild-animal species. Influenza
A viruses have a high potential to cause pandemics,
and, hence, they are the most studied respiratory
viruses, as is shown in a number of bibliometric anal-
ysis [1–3]. The rest of viruses that cause acute respira-
tory diseases have been studied significantly less,
which is probably because they do not have so many
negative health effects on the human population.
Bursts of research are commonly caused by the
increasing threat to the population in cases of epidem-
ics and pandemics. A significant rise in the number of
publications on influenza viruses was observed in
2009–2010, including up to 650 publications per year,
which was associated with the pandemic caused by the
A/H1N1pdm09 influenza virus. However, the emer-
gence of the SARS-CoV-2 virus at the end of 2019 and
outbreak of the COVID-19 pandemic led to an unseen
avalanche-like growth in the number of studies and,
hence, publications devoted to this novel pathogen

and the search for and creation of therapeutic and pre-
ventive medicines against the new disease (with there
being more than 23000 publications in 2020) [4, 5].

The main properties of the most common respira-
tory viruses are shown in Table 1.

CIRCULATION OF RESPIRATORY VIRUSES 
DURING THE COVID-19 PANDEMIC

At the end of 2019, the novel coronavirus (SARS-
CoV-2) originated in China and, then, spread around
the world. This led to the COVID-19 pandemic,
which continues to this day. Adoption of strict public
health and social measures (for example, remote work,
cancellation of mass gatherings, improved hand
hygiene, wearing masks, etc.) rapidly mitigated the
circulation of seasonal respiratory viruses.

To illustrate, in Parma (northern Italy), in the epi-
demic season of 2019 until February 2020, f lulike ill-
ness was caused mainly by the respiratory syncytial
virus (HRSV). The percentage of tests positive for this
virus was then reduced dramatically, and, starting at
the end of February 2020, only SARS-CoV-2 was
detected in patients. Mixed infections were very rare
during 2020–2021 compared to the prepandemic
period and were found only in children less than 1 year
of age. Low circulation of non-SARS-CoV2 respira-

1 Ilyicheva, T.N., Netesov, S.V., Gureyev, V.N., COVID-19, influ-
enza, and other acute respiratory viral infections: etiology, immu-
nopathogenesis, diagnosis, and treatment. Part I. COVID-19 and
influenza, Molecular Genetics, Microbiology and Virology, 2022,
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COVID-19, INFLUENZA, AND OTHER ACUTE RESPIRATORY 109
tory viruses was also observed in Lombardy (northern
Italy) [6]. Influenza viruses and HRSV circulated until
the end of February (week 9 of 2020), when they sud-
denly ceased to circulate 7 weeks earlier than during
the previous five influenza seasons. SARS-CoV-2
remained the only respiratory virus identified in
patients from week 10 of 2020 to the end of the year [7].
A similar mode of circulation was observed in South-
east Asia [8].

Intriguing data were collected by a group of Cana-
dian scientists. They analyzed data from the Canadian
Respiratory Virus Detection Surveillance System from
August 30, 2014, to February 13, 2021. It was shown
that, during the pandemic, the circulation of influenza
A and B virus, respiratory syncytial virus, paramyxovi-
rus, seasonal coronavirus, metapneumovirus, and
adenovirus was reduced significantly. Meanwhile,
enterovirus/rhinovirus continued to circulate, with
regional differences in the epidemic intensity [9].

In the period from week 40 of 2020 to week 8 of
2021, the WHO European Office received data from 37
countries and territories where more than 25 thousand
samples from sentinel surveillance sources were
tested, which included only 33 samples positive for the
influenza virus. More than 400 thousand samples
were tested from nonsentinel surveillance sources, of
which 679 tested were positive for the influenza virus.
Most positive samples, i.e., 488 (72%), were collected
in the United Kingdom [10]. Experts of the WHO
European Office believe that the strict anti-epidemic
measures implemented in European countries follow-
ing outbreak of the COVID-19 pandemic led to this
sharp reduction in the circulation of influenza virus.
Herein, it is unclear why anti-epidemic measures had
an insignificant effect on the circulation of enterovi-
rus/rhinovirus. This is apparently because of the biol-
ogy of the pathogens.

ENTEROVIRUSES
The Enterovirus genus is one of 35 genera in the

family Picornaviridae and includes 13 species, seven
of which are human pathogens: Enterovirus A–D
(more than 100 types) and Rhinovirus A–C (more
than 160 types) [11].

Enteroviruses (Fig. 1b) are an abundant group of
pathogens with a high mutation rate and recombina-
tion frequency, which leads to the emergence of new
viral strains.

Enteroviruses are transmitted by the fecal–oral or
respiratory routes. They are able to advance from the
primary site of infection (gastrointestinal or respira-
tory tract) to infect other organs, including the central
nervous system. Most people with respiratory entero-
virus do not get sick or have mild symptoms, like those
of the common cold. The symptoms may include
fever, runny nose, sneezing, cough, skin rash, mouth
blisters, and/or muscle aches. Occasionally, these
MOLECULAR GENETICS, MICROBIOLOGY AND VIRO
viruses can cause more serious illness, including neu-
rological injury (encephalitis, viral meningitis, and
peripheral paralysis) [12]. The D68 (EV-D68) and A71
(EV-A71) are the two most common types of respira-
tory enteroviruses.

With the exception of two inactivated EV-A71
enterovirus vaccines recently licensed in China, there
are no effective measures to prevent or treat respiratory
enterovirus infection [13].

RHINOVIRUSES
Human rhinoviruses (RVs) were first discovered in

the 1950s in an effort to identify the etiology of the
common cold. Human rhinoviruses (Fig. 1b), simi-
larly to all members of the family Picornaviridae, are
viruses with a single strand of positive-sense RNA
having approximately 7200 bp in its genome. The viral
genome consists of a single gene translated into a sin-
gle polypeptide that is cleaved by viral proteases to
produce 11 individual proteins [14]. The viral capsid
contains four structural proteins, i.e., VP1, VP2, VP3,
and VP, and encloses the genome. The remaining pro-
teins are nonstructural and participate in genome repli-
cation and viral-particle assembly. Proteins VP1, VP2,
and VP3 account for the virus antigenic diversity, and
VP4 creates viral RNA-capsid interface. Based on
genome similarity, more than 160 RV strains were classi-
fied into three genetic clades, which are now recognized
as three species (A, B, and C): RV-A (80 serotypes), RV-B
(32 serotypes), and RV-C (55 serotypes) [15].

After binding to cell-surface receptors, viruses are
internalized via endocytosis or macropinocytosis.
Exposure to acid pH in the endosome leads to uncoat-
ing of the virus to release its genome into the cytosol.
RNA also enables both the production of virus-spe-
cific proteins and synthesis of the antigenomes, which
serve to generate RNA genome of new virus particles.
New virions are assembled and packaged in intracellu-
lar plasma–membrane compartments and are
exported via cell lysis [16].

Rhinovirus infection is transmitted mainly via
direct contact or infected objects (fomites). Rhinovi-
ruses cause lytic infection of airway epithelial cells.
Rhinoviruses are mainly the etiological agents of
upper respiratory tract infections because they grow
better at 34°C than at 37°C. Rhinoviruses are the caus-
ative agents of from half to two-thirds of common
colds [17]. Children may have from 8 to 12 rhinovirus
infections and adults two or three infections per year;
peaks of illness occur throughout the year [18].
Although most rhinovirus infections are mild, rhinovi-
rus is a pathogen associated with bronchiolitis in infants,
pneumonia with immunosuppression, and viral-induced
exacerbations of respiratory diseases, such as asthma and
chronic obstructive lung disease [19].

There are current\ly no approved antiviral thera-
pies for rhinovirus infection, and treatment remains
LOGY  Vol. 37  No. 3  2022



110 ILYICHEVA et al.

Fig. 1. Schematic structure of main respiratory viruses.
(a) Bocavirus, (b) enterovirus, (с) adenovirus, (d) influenza virus, (e) coronavirus, (f) parainfluenza virus, and (g) pneumovirus.
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primarily supportive, which includes amelioration of
the symptoms of the illness.

PARAINFLUENZA VIRUSES

Human parainfluenza viruses (HPIVs) (Fig. 1f)
were first discovered in the 1950s [20]. They belong to
the family Paramyxoviridae, Respirovirus genus.
HPIVs are classified antigenically and genetically into
MOLECULAR GENETICS, MICR
four types (HPIV-1, -2, -3, and -4) and two subtypes
(HPIV-4a and HPIV-4b). HPIV types 1 and 3 are
classified as belonging to the Respirovirus genus, while
HPIV types 2 and 4 are in the Rubulavirus genus [21].

The genome of parainfluenza viruses encodes eight
proteins [22]. The three surface proteins are the fusion
(F) protein, the receptor-binding protein hemaggluti-
nin–neuraminidase (HN), and the small hydrophobic
(SH) protein. Mature virions consist of the nucleo-
OBIOLOGY AND VIROLOGY  Vol. 37  No. 3  2022



COVID-19, INFLUENZA, AND OTHER ACUTE RESPIRATORY 111
capsid and the matrix (M) protein surrounded by the
lipid envelope derived from the host plasma mem-
brane. The nucleocapsid is made of RNA enwrapped
with the N protein to form the ribonucleoprotein
(RNP); the P phosphoprotein; the V protein, which is
a suppressor of the host innate immune system; and
the RNA-dependent RNA polymerase. The N protein
encapsidates the RNA genome to protect and prevent
it from degradation by nucleases. The RNP serves as
the template for the viral polymerase. The life cycle of
the virus is similar to the infectious cycle of the respi-
ratory syncytial virus described below [23].

Parainfluenza viruses can infect people of any age
group and commonly cause mild respiratory illnesses
in adults, but frequently result in pediatric hospitaliza-
tions for lower respiratory infections in children up to
5 years of age. HPIV-1 is the most common cause (in
more than 50% of cases) of severe croup (laryngotra-
cheobronchitis). HPIV-3 is second only to respiratory
syncytial virus as a cause of pneumonia and bronchi-
olitis in young children [24].

There are no vaccines and licensed treatments
against parainfluenza viruses. Paracetamol or ibupro-
fen may be used for relief of symptoms.

PNEUMOVIRUSES
Paramyxoviruses and pneumoviruses used to be

classified in the same family Paramyxoviridae. How-
ever, in 2016, the International Committee on Taxon-
omy of Viruses (ICTV) separated these viruses into
distinct families (Paramyxoviridae and Pneumoviridae)
[25]. The family Pneumoviridae includes two genera:
Metapneumovirus and Orthopneumovirus.

Respiratory Syncytial Viruses (HRSVs)
In 2016, the ICTV gave a new Latin name to the

viruses, i.e., Human Orthopneumovirus, and classified
them on the Orthopneumovirus genus within the family
Pneumoviridae [26]. HRSVs are a globally prevalent
cause of lower respiratory tract infection in infants [27].
The virus was first isolated in 1956. The virus’ name is
derived from its ability to produce syncytia, that is, is
the large cells that are formed when infected cells fuse.

The HRSV genome is a single-stranded, nonseg-
mented, linear RNA genome of negative polarity
15.2 kb in size. The RNA contains ten genes and
encodes for 11 proteins. The proteins are as follows: eight
proteins are internal and include a matrix protein (M);
two are nonstructural proteins (NS1 and NS2); a
nucleocapsid-associated transcription factor (M2-1)
and the associated polypeptide involved in genome
replication (M2-2), which are both transcribed from
the same M2 gene; nucleoprotein (N), and
phosphoprotein (P) (Fig. 1g). N and P proteins inter-
act with the RNA-dependent RNA polymerase to pro-
mote nucleocapsid formation. The three remaining
proteins accumulate in the viral envelope: the small
MOLECULAR GENETICS, MICROBIOLOGY AND VIRO
hydrophobic (SH) protein forms a ion channel pore
that facilitates ion transport across host cell mem-
branes, the HRSV attachment (G) glycoprotein medi-
ates viral attachment, and the fusion (F) protein medi-
ates viral and host membrane fusion. Compared to
influenza viruses, HRSVs are antigenically relatively
stable, and only the G protein is important antigeni-
cally and exhibits antigenic drift similar to the influ-
enza virus hemagglutinin and neuraminidase. This
antigenic variability led to emergence of two major
antigenic groups of circulating HRSVs: A and B.
Group A consists of 11 genotypes, and 23 genotypes
were described for HRSV-B [28]. It is believed that
this genetic and serological diversity is the main cause
of a large number of repeated infections throughout
life. The antigenic and serologic differences that occur
among these viruses may contribute to the ability of
HRSVs to establish reinfections throughout life and
lack of long-term immunity [21].

The infectious cycle of HRSVs begins upon attach-
ment of the virion to the cell surface receptors. Surfac-
tant protein A, annexin II, and CX3CR1 have been
shown to bind HRSV G protein, and these proteins have
been proposed to be the receptors for HRSVs [29]. In
contrast to the influenza virus, acidic pH is not a rigger
of HRSV F proteins for activity. Fusion can occur at
the cell surface or within an endosomal compartment.
Once the nucleocapsid has entered the cytoplasm, a
viral positive-sense RNA is generated for protein syn-
thesis and genome replication. Viral proteins are
translated by both free ribosomes (internal proteins)
and by ribosomes bound to the endoplasmic reticulum
(surface proteins). Viral glycoproteins are transported
to the plasma membrane. At the plasma membrane,
viral structural proteins and genomic RNA coordinate
with viral glycoproteins to form new virus particles,
which are then released.

To date, ribavirin is the only approved antiviral
treatment of HRSVs [30]. At the same time, clinical
trials have not found sufficient evidence of ribavirin
efficacy in the treatment of HRSV infection in chil-
dren less than 1 year of age. In addition, ribavirin is a
toxic medication and, hence, indications for its inha-
lation include severe laboratory-confirmed HRSV
infection in young children and patients with congen-
ital heart disease [31].

Currently, palivizumab is the only product avail-
able to prevent HRSVs. Palivizumab, an antiviral
monoclonal antibody, reduces HRSV hospitalizations
in high-risk infants by up to 80% [32]. However, due to
its high cost, it is recommended for high-risk infants
only. To date, several candidate vaccines are engi-
neered, but none of them have yet been licensed [33].

Metapneumoviruses

Human metapneumovirus (HMPV) (Fig. 1g) was
first reported in 2001 in samples taken from children
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with acute illnesses of the lower respiratory tract [34].
Symptoms commonly associated with HMPVs
include cough, fever, nasal congestion, and shortness
of breath. Clinical symptoms of HMPV infection may
progress to bronchitis or pneumonia and are similar to
other upper and lower respiratory tract infections. The
estimated incubation period is 3–6 days, and the
median duration of illness can vary depending upon
severity, but it is similar to other respiratory infections.
HMPVs can cause upper and lower respiratory disease
in people of all ages, especially among young children,
older adults, and people with weakened immune sys-
tems [35].

The genome organization of HMPV and HRSV is
similar, but HMPV possesses several genes different
from that of HRSV, in addition to lacking nonstruc-
tural proteins NS1 and NS2 [36]. The effects of
metapneumovirus proteins on the host immune sys-
tem have not been fully characterized. Nevertheless,
G-protein, one of the two proteins responsible for
virus entry into the target cell, has been well studied,
since it plays a key role in immune evasion by inhibit-
ing interferon synthesis in an infected cell [37]. This
distinguishes it from HRSV, in which nonstructural
proteins NS1 and NS2 hinder the host’s innate
immune response.

In general, the replication of human metapneumo-
virus is similar to HRSV replication. Several laborato-
ries in different countries are developing vaccines and
medicines for the prevention and treatment of HMPV
infection, but so far no drug has been approved for reg-
ular clinical use [38].

Human Adenoviruses

Adenoviruses (AdVs) are a large group of viruses
that have a double-stranded DNA genome. These
viruses are members of the family Adenoviridae in the
Mastadenovirus genus. The first human adenovirus
was isolated in 1953, when an infectious agent was
detected from adenoidal tissue. To date, more than
100 human adenovirus (HAdV) serotypes have been
classified, divided into seven types, A–G [39].

Adenovirus virions (Fig. 1c) are nonenveloped par-
ticles 80–100 nm in diameter. The icosahedral capsid
is made up of 252 subunits called “capsomeres,”
including 240 hexon proteins that are trimers, each
interacting with six other trimers to form the 20 sur-
faces and 12 penton proteins that interact with five
hexon capsomers and form 12 vertices of the capsid.
Each penton bears a penton base and a knobbed fiber.
An icosahedral protein shell surrounds a protein core that
contains the linear, double-stranded DNA linked to four
(internal) proteins: Mu, VII, V, and terminal protein
(TR). The adenovirus terminal protein (TP) is covalently
linked to the 5'-ends of the adenovirus genome [40].

The genome of adenoviruses is about 36 kbp in
length. The genome encodes 10–12 proteins. How-
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ever, 40 proteins are synthesized in infected cells, since
both strands of the double-stranded DNA code for
specific viral functions, with adenovirus also making
extensive use of alternative RNA splicing. A mature
virion has 13 proteins; the rest belong to nonstructural
proteins and are found only in an infected cell. The
assembly of this virion structure takes place in the
nucleus, where the viral DNA is “dressed up” in the
new capsid. Adenoviruses induce lysis of the host cell
to release viral progeny. HAdVs can produce persistent
or latent infections; it was the latent virus that was dis-
covered in lymphoid tissues [40].

HAdV causes a wide range of diseases depending
on the species, but respiratory infections are among
the most common, especially in children under 5 years
of age. Approximately 5–7% of respiratory-tract
infections worldwide in children are caused by HAdVs.
The adenoviral infections usually cause only mild
common cold symptoms and get better on their own
without medical treatment. However, in high-risk
groups, HAdVs can also cause more severe diseases,
such as pneumonia, bronchitis, and croup [41].

Respiratory HAdVs usually spread from infected
people to others with respiratory droplets released in
sneezes and coughs, as well as through contaminated
surfaces. Adenoviruses have a high degree of environ-
mental resistance; they are stable in the pH range of
5–9 and are resistant to isopropyl alcohol, ether, and
chloroform. HAdVs can persist on surfaces for weeks
at room temperature and longer at lower temperatures.
A person infected with HAdVs is contagious during
the incubation period, which is usually from 4 to 8
days, but can last up to 24 days depending on HAdV
serotype [42].

Currently, there are no licensed etiotropic drugs for
the treatment of adenovirus infection. A live attenu-
ated oral vaccine has been developed in the United
States, but the vaccine is approved for military person-
nel 17 through 50 years of age [43].

Human Bocaviruses

The first human bocavirus (HBoV) (Fig. 1a) was
described in the laboratory of Karolinska University
(Stockholm, Sweden) in 2005 during molecular assays
of nasopharyngeal wash collected to detect new respi-
ratory tract viruses [44]. The analysis made it possible
to identify a previously unknown member of the family
Parvoviridae referred to as “human bocavirus.” In sub-
sequent assays, three more subtypes of HBoV (HBoV-2,
-3, and -4) were detectable in the stool samples.

HBoVs belong to the family Parvoviridae, which is
represented by viruses with single-stranded DNA and
are classified to the Bocaparvovirus genus [45]. Par-
voviruses are a group of very small viruses, since they
package a genome of about 5–5.5 kbp, in addition to
having a small viral particle size, i.e., 18 to 26 nm. Par-
voviruses are nonenveloped. The capsid is composed
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of 60 copies of three capsid proteins. The HBoV
genome has three reading frames. The first two encode
nonstructural proteins NS1–4 and NP1, and the third
reading frame encodes three capsid proteins VP1–3.

The life cycle of HBoV has not yet been fully char-
acterized. Replication occurs in the nucleus and, sim-
ilarly to other parvoviruses, replication of HBoV
requires many components that are used by the cell to
replicate cellular DNA. Progeny virions leave the cell
by lysis, but progeny particles may also be exported by
exocytosis; the factors that contribute to these life
cycles remain unclear [46].

A large meta-analysis of epidemiological studies
conducted from 2005 to 2016 showed that HBoV is
detected in about 6% of cases of respiratory infections
and more than 50% of cases are a combined infection.

HBoV respiratory infection is clinically indistin-
guishable from other respiratory infections and can
only be diagnosed using molecular assays. Symptoms
associated with HBoVs range from mild respiratory ill-
ness to severe conditions. The most common symp-
toms reported in clinical studies are cough, fever,
runny nose, asthma exacerbation, bronchiolitis, acute
wheezing, and pneumonia.

Human bocaviruses are stable in the environment;
they are abundant in urban sewage [47]. There is no
clinically approved antiviral agent against bocavirus
infections.

Coronaviruses

As was mentioned in the first part of the article,
coronaviruses (CoVs) are members of the subfamily
Orthocoronavirinae (family Coronaviridae, order
Nidovirales). According to ICTV, the subfamily con-
sists of four genera: Alphacoronavirus, Betacoronavi-
rus, Gammacoronavirus, and Deltacoronavirus. α- and
β-coronaviruses infect only mammals. Gamma- and
delta-coronaviruses are largely associated with avian
hosts, but some of them can also be detected in mam-
malian species. The first human coronaviruses
(HCoV-229E and HCoV-OC43) were isolated almost
50 years ago, whereas HCoV-NL63 and HCoV-HKU
were identified only following the outbreak of SARS-CoV
in 2002–2003 [48]. Usually, seasonal coronaviruses
cause mild common colds. They are more dangerous
for patients from high-risk groups. HCoV-NL63 can
cause acute laryngotracheitis (croup) [49].

The structure of seasonal coronaviruses is similar
to the structure of SARS-CoV-2 described in the first
part of the article. Analysis of the molecular clocks of
human coronaviruses showed that HCoV-NL63 and
HCoV-229E emerged about 500–800 and 200 years
ago, respectively [50, 51]. As for SARS-CoV and
MERS-CoV, they must have separated from bat CoV
in the past 3–4 decades [52]. However, these dates are
approximate, and confidence intervals are often wide.
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Prospects for Prevention and Treatment of ARVI

The urgent need for preventive and antiviral medi-
cations to treat COVID-19 has accelerated vaccine
development worldwide substantially. It is possible
that novel approaches to vaccine development (RNA
vaccines, viral vectors, and protein vaccines with
potent adjuvants) combined with the advances of
immunotherapy will in the near future become a solu-
tion to some concerns of modern society, such as
emerging viral infections, including those caused by
respiratory viruses. Nevertheless, many obstacles
remain on this path. Thus, RNA vaccines against
COVID-19 went through preclinical trials in a record
66 days and there was progress from phase I to II of
clinical trials in less than 5 months that obtained
promising data on immunogenicity and efficacy in
human beings after 10 months [53].

In the case of viral vectors, a synthetic gene encod-
ing the target protein is inserted into the genome of
one of the viruses that cannot replicate in the human
host. The virus is then grown in cell culture and used to
deliver a synthetic gene during vaccination. Adenovi-
ruses, measles virus, modified Ankara smallpox vaccine
virus, vesicular stomatitis virus, and cytomegalovirus are
usually used as vectors [54]. On average, a vector vaccine
can be created in 3–4 week, and 3–4 months are
needed before the start of clinical trials. It is notewor-
thy that the immune response to the vector is a major
challenge with vector vaccines.

When creating protein vaccines, mammalian or
plant cells are used as expression systems for the pro-
duction of recombinant proteins, which are then puri-
fied, combined with adjuvants, and used as a vaccine.
It took two months to obtain producer cells and
another six months for preclinical trials before the first
vaccine based on the SARS-COV-2 S-protein was
approved for human trials [55]. Therefore, effective
anti-COVID-19 vaccines were developed in a record
short time, and mass vaccination began less than a year
after the outbreak of the pandemic. However, in the
case of an epidemic caused by a highly pathogenic
influenza A virus, 8–10 months without a vaccine is
an overly long period, and the consequences can be
catastrophic.

In our opinion, in the near future, we can expect
the appearance of effective drugs both against a partic-
ular pathogen and with broad antiviral activity. One
approach is to use computer technology to select sub-
stances from a huge variety of chemical compounds
that are likely to bind to viral proteins. Computers sim-
ulate the interaction of the tested substances with the
binding sites in three-dimensional models of target
proteins. The most promising compounds are then
tested experimentally in cell culture and on animals.
Successful preclinical and clinical trials allow us to
recommend some of them for the treatment of viral
diseases [56].
LOGY  Vol. 37  No. 3  2022



114 ILYICHEVA et al.
The search for drugs based on their structure has
played an important role in antiviral drug design. For
example, viracept is an antiviral medicine discovered
in the 1990s for the treatment of HIV infection was
designed using computer simulation. Since the 1990s,
the computational power of supercomputers has
increased by millions of times. More than a billion
compounds can now be analyzed in a few days [57].

Therefore, in the near future, we can expect that a
range of highly effective vaccines and new antiviral drugs
will be engineered, and we look forward to the appear-
ance of potent medicines against a multitude of respira-
tory viruses among these new antiviral medications.
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