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Abstract
Introduction and objective. COVID-19 is a human infectious disease manifested by acute respiratory syndrome. On 30 
January, 2020, the Word Heath Organization (WHO) declared a COVID-19 pandemic. The purpose of this article is to review 
publications on the search for substances that show inhibitory activity against SARS-CoV-2 infectivity, paying particular 
attention to the effect on different stages of the life cycle of the virus. �  
Review methods. The review was based on an analysis of the latest available scientific literature and international databases. 
The data collected relate to the years 2020–2021.�  
Brief description of the state of knowledge. Extremely intensive research is underway to find compounds that inhibit 
infection with the SARS-CoV-2 virus. Promising areas of research among the many current endeavours are antiviral compounds 
that stimulate the immune system, counter proliferation or affect individual viral replication cycles. These include, among 
others, interferons, monoclonal antibodies, natural compounds, peptides, aptamers, metal salts, and anti-inflammatory 
agents, inhibitors of viral enzymem, such as the RNA-dependent RNA polymerase. Preparations that help the body to 
combat the effects of infection have also assumed much importance. �  
Conclusions. The ongoing research is focused on the development of new antiviral agents, as well as the use of the existing 
drugs on the market. The results of clinical trials are promising and give hope for the development of effective therapies 
against SARS-CoV-2 and emerging variants of this virus.
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INTRODUCTION

COVID-19 is a serious, extremely fast-spreading human 
infectious disease, the course of which is severe acute 
respiratory syndrome and the aetiological agent of which is 
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 
2). The disease was first detected in 2019 in Wuhan, Hubei 
province in China. Despite the imposition of severe 
restrictions, the disease quickly spread around the world; 
therefore, on 30 January 30 the World Health Organization 
(WHO) declared the SARS-CoV-2 COVID-19 pandemic 
a public health emergency of international concern. As of 
10 September 2021, there have been more than 223 million 
human cases of this disease and more than 3 million deaths 
worldwide [1].

Structure of SARS-CoV-2. Coronaviruses are members of the 
Coronaviridae family, which consists of the two subfamilies, 
Torovirinae and Coronavirinae, the latter of which is divided 
into four types: alpha, beta, gamma and delta. SARS-CoV-2 
is one of the Betacoronaviruses, which is an enveloped RNA 
virus with a positive-sense, single-stranded genome with 
a size of approximately 30 kb, encoding 14 open reading 

frames (ORF). In total, 29 viral proteins have been identified, 
of which 25 are non-structural and four are structural [2]. 
The 16 non-structural proteins (NSPs) encoded by ORF1a/
ORF1ab form a replicase–transcriptase complex containing 
a number of enzymes, such as proteases, polymerases and 
endonucleases. The four structural proteins are the spike 
protein (S), a surface fusion protein consisting of two subunits 
S1 and S2; the nucleocapsid protein (N), the membrane 
protein (M), and the envelope protein (E). The published 
genome sequences of SARS-CoV-2 indicate existing targets 
that can be used for COVID-19 treatment [2]. A collection of 
SARS-CoV-2 samples and sequences has been amassed and 
is being expanded to monitor emerging strains among the 
population [3]. Changes in nucleotide sequences diminish 
the efficacy of monoclonal antibodies used in therapy, 
strengthen the virus’ ability to evade innate or vaccine-
induced immunity, and carry the risk that commercial 
diagnostic tests will work less efficiently [4].

Methods of combating SARS-CoV-2. Three main methods 
are used to control coronavirus infections: protective 
vaccination, drug therapy and containment of the spread of 
the virus. Several viral vaccines are available: vector-based 
(e.g. AstraZeneca), mRNA (e.g. Moderna, Pfizer/BioNTech) 
and subunit (e.g. Novavax). Prophylactic vaccination-based 
coronavirus control strategies have been introduced, mainly 
targeting the virus S protein, although vaccines targeting 
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other molecular targets are being developed aimed at 
emerging virus variants [5].

The current pandemic caused by SARS-CoV-2 presents 
many contradictions as to the prevention or treatment 
methods used [6]. Researchers’ efforts are also aimed at 
finding substances that will inhibit the replication of the virus 
and the progress of infection. A practical approach is to use 
preparations already approved and available on the market 
[2]. Attention has fallen on medicines containing peptides 
and antibodies or small-molecule chemicals that can interact 
with enzymes important for viral replication, preparations 
that help the body fight the effects of infection are also 
proposed for therapeutic use. Numerous bioinformatics 
analyses of a number of medicines already on the market have 
been carried out investigating drug–gene interactions, which 
have led to the identification of a catalogue of substances 
with potential to fight SARS-CoV-2 infection. The analyses 
and clinical trials concern drugs that are already widely 
used in the treatment of bacterial, fungal, parasitic, and viral 
infections, as well as anti-inflammatories, antibiotics and 
natural substances [7].

Life cycle of SARS-CoV-2
Mechanisms of action of therapeutic agents. In the first 
stage of infection, the major role in gaining entry into 
the host cell is played by the S glycoprotein, which has an 
affinity for the host cell receptor, the angiotensin-converting 
enzyme 2 (ACE 2). This enzyme hydrolyses angiotensin II 
as a cell surface peptidase and is expressed in most organs, 
particularly the lungs and small intestine [2]. After binding 
of the viral S protein to the host ACE 2, fusion of the virus 
membrane with the host occurs, and the virus then enters the 
host cell by endocytosis. Acidic pH endosomes are formed 
where proteolytic cutting of the S protein by transmembrane 
serine protease 2 (TMPRSS2) occurs [8]. Disruption of the 
interaction of the S protein with virus-infected cells can be 
of significant therapeutic value. In the next stage of infection, 
viral RNA uses the translation apparatus of the host cell and 
polyproteins are produced, intersected by 3C-like protease 
(SARS coronavirus main peptidase) and Papain-like protease 
produced by ORF1a and ORF1ab, resulting in the formation 
of all non-structural proteins of the virus. Inhibitors of 
3C-like protease and Papain-like proteases have a virus-
specific sequence recognising the cut site, and are also a key 
element for the production of new mature virions [2]. Non-
structural proteins form a replicase-transcriptase complex 
consisting of the elements necessary for the replication of the 
viral genetic material and the formation of mRNA, which 
is the matrix for the translation of the structural S, M, N, 
and E proteins of the virus. The proteins produced are then 
transported to the endoplasmic reticulum of the host cell 
where mature virions are assembled. These are then released 
from the cell by exocytosis, after being previously transported 
in the secretory vesicles to the cell membrane [9]. In the fight 
against SARS-CoV-2, the strategies being sought are based on 
the use of drugs that inhibit the growth and multiplication 
of the virus at each stage of its development [7]. They can 
inhibit the adsorption of the virus to the host cells, block 
the fusion of the virus with the membrane of the infected 
cell, and inhibit the release of nucleic acid from the virus. 
Inhibitors of viral enzymes find application in this fight, i.e. 
inhibitors of protease, RNA-dependent RNA polymerase, 
transcription and cell release [8].

Substances exerting systemic action
Interferons. Interferons (INFs) are naturally produced 
glycoproteins in response to pathogens as a part of innate 
immunity and can be divided into three groups: alpha, 
beta and gamma. When SARS-CoV-2 enters the host 
cells, interferon production is inhibited with the level of 
interferon in the human body therefore correlating with the 
severity of COVID-19 [10]. Administration of IFN-α/β in 
combination with antiviral agents is a promising therapeutic 
strategy, and indeed clinical trials have been conducted to 
evaluate the therapeutic efficacy especially of INF-β, which 
was administered intramuscularly in combination with 
the antiviral agents lopinavir/ritonavir and chloroquine. 
The trials showed a significant relationship between the 
use of interferon IFN-β in the treatment of COVID-19 and 
a reduction in the need for intensive care. In addition, a 
significant decrease in interleukin 6 (IL-6) levels was 
observed. Interferon therapy reduced hospital stay duration 
and mortality [11]. Besides interferon, INF-α2b also seems to 
be therapeutically promising. It is a genetically recombinant 
interferon with additional sugar chains in its structure. Its 
use also accelerates the elimination of the virus from the 
respiratory tract and reduces the level of the circulating IL-6 
and CRP inflammatory biomarkers. In an interferon-treated 
group, 95.4% of patients were discharged from hospital with 
a negative SARS-CoV-2 test result, while in the control group 
26.1% had the same result. The case fatality rate (CFR) was 
0.92% in interferon-treated patients and 2.95% in the control 
group [10]. In vitro studies have revealed that SARS-CoV-2 
inhibits the release of INF-β, which adversely affects the 
strength of the body’s initial innate immune response. It has 
been observed that in people diagnosed with asthma who 
are suffering from infections with SARS-CoV-2, those who 
receive INF-β 1 recover more quickly. COVID-19 patients 
were administered nebulised SNG001 (a preparation by 
Synairgen), which is recombinant INF-β for the treatment 
of upper respiratory tract infections, and were medicated by 
inhalation to deliver the maximum dose to the lungs. The 
results of the therapy with SNG001 and statistical analyses 
indicate that the use of inhaled interferon in COVID-19 
patients increases the improvement in the ordinal scale for 
clinical improvement (OSCI) score two-fold by day 15, and 
three-fold by day 28, compared to the placebo group. During 
14 days of therapy, the probability of recovery was twice 
as high in the SNG001 group as in the placebo group. In 
addition, the occurrence of respiratory symptoms, i.e. cough 
and dyspnoea were milder in interferon-treated subjects than 
in control group patients [12]. In other studies, a comparative 
analysis of the effectiveness of interferon administered by 
aerosol or injection was undertaken. Injectable INF-β 1b 
requires very high doses and has not been effective. Other 
researchers using nebulised INF-α2b showed its positive effect 
on viral load and the level of interleukin 6 and C-reactive 
protein biomarkers. Similar results were obtained for inhaled 
INF-κ. The administration of interferon in the form of an 
aerosol allows the dose to be increased and optimised and 
in this form it reaches the lungs directly, demonstrating a 
better therapeutic effect. The therapeutic effect of interferons 
depends on the route and timing of administration and the 
type of interferon used. The results obtained with interferon 
therapy are promising and encourage larger-scale clinical 
trials [12].
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Acetylsalicylic acid. Acetylsalicylic acid, commonly used 
in the treatment of cardiovascular diseases, can also be 
used in the treatment of COVID-19. Studies have shown 
that COVID-19 duration is shorter and mortality is lower 
in people taking aspirin. In addition, a lower probability of 
contracting COVID-19 was observed in a group of patients 
taking this medication. The host response to and clearance of 
viral infections depend to a large extent on the expression of 
type 1 interferon, which modulates lymphocyte response. In 
addition, in order to evade the immune response of the host, 
RNA viruses elicit an increase in the level of prostaglandin 
E2 in the serum, and hence inhibit IFN production and can 
replicate more quickly [13]. Small doses of aspirin inhibit 
prostaglandin synthesis, which can enhance the mechanism 
of the immune response to the virus by inducing IFN 1 
secretion. Aspirin directly affects the cGMP-AMP (cyclic 
guanosine monophosphate–adenosine monophosphate) 
synthase enzyme, and then the production of signal molecules 
binding to the STING (stimulator of interferon genes) protein 
occurs. The STING pathway is activated, which induces the 
expression of genes encoding immunomodulating molecules, 
i.e. IFN 1 or cytokines. COVID-19 uses the transmembrane 
angiotensin-converting enzyme (ACE2) as a transmembrane 
host cell receptor to infect cells. Higher expression of ACE2 
may be beneficial in preventing COVID-19 infection because 
molecules of the virus may compete with angiotensin-2 
protein for cell surface binding sites and uptake by cells. 
The activation of the STING pathway may be due to over-
expression of angiotensin II due to poor conversion of the 
hormone via ACE2 on the cell surface [13].

Dexamethasone. A glucocorticosteroid with a strong 
anti-inflammatory and anti-allergic effect. In patients who 
required mechanical ventilation, responder mortality was 
observed to be lower at 29.3% in the dexamethasone-treated 
group than the 41.4% rate in the control group. In patients 
who received standard oxygen therapy and dexamethasone 
treatment, the mortality rate was 23.0%, and in the placebo 
group – 26.2%. Dexamethasone treatment was effective 
in patients who had symptoms for up to seven days, and 
increased the likelihood of discharge from hospital within 28 
days. Patients receiving oxygen therapy with dexamethasone 
were less likely to experience clinical deterioration and 
require mechanical ventilation. No significant effect was 
observed in patients who were hospitalised but needed no 
oxygen therapy or invasive ventilation. Dexamethasone 
is recommended by the European Medicines Agency in 
COVID-19 cases requiring respiratory support [14].

Colchicine. The main threat to life for COVID-19 patients 
is an abnormal immune response, not the cytopathic effect 
caused by virus. Patients with a severe course of virus 
infection have elevated levels of tumour necrosis factor alpha 
(TNF-α), IL-1 and IL-6 inflammatory cytokines and IL-8 
chemokine. As a treatment for COVID-19, colchicine inhibits 
the formation of the nucleotide-binding oligomerisation 
domain-like receptor family pyrin domain containing 3 
(NLRP3) inflammasome, which in turn reduces the release 
of a range of interleukins [15]. Colchicine is a powerful 
anti-inflammatory medicine used in the treatment of gout, 
pericarditis and coronary artery disease, which, when 
used in the treatment of COVID-19 patients, can be used 
to treat an excessive immune response in the form of a 

cytokine storm. The mechanism of action of the drug is 
to inhibit the polymerisation of tubulin and formation of 
inflammasomes, cell adhesion molecules and inflammatory 
chemokines. In the treatment of COVID-19, it reduces the 
inflammation which causes lung damage and respiratory 
failure by interfering with the activation and recruitment 
of leukocytes [15]. Administration of colchicine to patients 
hospitalised with COVID-19 and with pneumonia confirmed 
by computed tomography resulted in lower mortality and 
faster recovery than those of patients in the control group. 
At 21 days, mortality was 7.5% in the colchicine group and 
28.5% in the control group. Improvement in health occurred 
in 40% of patients treated with colchicine and in 26.6% of 
patients in the control group. In 7% of patients, colchicine 
treatment was discontinued due to severe adverse reactions, 
i.e. diarrhoea and skin rash [16].

Allocetra-OTS. These are early apoptotic cells which were 
originally intended to treat sepsis and have a beneficial effect on 
cytokine storms. Cell therapy proposed by Israeli researchers 
[17] involves targeted programming of macrophages, which 
are key regulators of the immune system. The substance for 
administration includes mononuclear peripheral blood cells 
from healthy patients; the therapy consists in transfusing 
them intravenously to the patient, which stabilises immune 
system activity and establishes homeostasis. The proposed 
therapy can be used in a patient at any stage of the disease 
in whom there are disorders of the immune system. Clinical 
studies are being conducted on the stability of the proposed 
therapy. In phase Ib and II clinical trials, 90.5% of patients 
who were in critical or serious condition recovered after 
28 days, mortality was zero and significant side-effects did 
not manifest. Further research is needed to determine the 
exact mechanisms of action of the proposed therapy, its 
effectiveness and side-effects [18].

Baricitinib. An application has also been submitted for 
the approval of a product called Olumiant, which contains 
the active substance baricitinib with an inhibitory effect on 
inflammation through action on JAK tyrosine kinases. It is 
a substance used in the treatment of rheumatoid arthritis, 
which in the treatment of COVID-19 is expected to reduce 
inflammation and tissue damage in patients requiring oxygen 
therapy with severe SARS-CoV-2 infection [19, 20].

S protein binding inhibition
Aptamers. A team of researchers have conceived DNA 
aptamers to fight infection designed to specifically recognise 
and block the receptor binding domain (RBD) of the S1 
subunit of the viral spike protein [21]. The S1 subunit plays 
a significant role in the host cell infection process, as it 
recognises and binds to ACE2, leading to viral infiltration 
of the host cell and initiation of the SARS-CoV-2 replication 
process. The aptamers which have been designed have been 
shown in studies to be effective in inhibiting infection by 
binding to RBD, thereby limiting the S1 subunit’s ability to 
recognise and bind to ACE2. The promising results of the 
proposed solution show it to have high potential for use in 
antiviral therapy or prophylaxis against SARS-CoV-2 [21]. 
The many favourable aspects of aptamers make the case for 
their use. Due to their small molecular size, they can be 
administered intranasally, and their similarity to nucleic 
acids ensures their high thermal stability, which facilitates 
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transport and storage. In addition, fast kinetics and stability 
by design are advantageous traits of aptamers. In in vitro 
studies, shorter aptamer nucleotide sequences with a hairpin 
structure showed the greatest efficacy in binding to the RBD 
domain. The shorter sequences demonstrated up to 66.8% 
inhibitory effectiveness against infection; by comparison, 
the control group showed only 1.91%. The results obtained 
are promising, and ongoing research to design aptamers 
with different structures and sizes could provide an effective 
therapeutic solution for the treatment of SARS-CoV-2 
infection, and a prophylactic one against such infection [22].

HTCC (N-(2-hydroxypropyl)-3-trimethylammonium 
chitosan chloride) as polymeric inhibitors based on 
chitosan. These were the subject of research by a Polish team 
from the Jagiellonian University in Cracow. They are based 
on cation-modified chitosan. Studies in vitro and in tissue 
models have shown that chitosans have very low cytotoxicity 
and very high efficacy in inhibiting the binding of the S spike 
protein to the ACE2 cell receptor applicable to almost all 
coronaviridae viruses. These substances have not yet been 
authorised for therapeutic use [23].

Artemizan. Artemisia annua extract is routinely used to treat 
malaria. When administered early in the disease, it shows 
antiviral activity at the stage of infection in which membrane 
proteins are involved. In addition, it has anti-inflammatory 
properties and may reduce the level of inflammatory 
cytokines and thus protect a patient with mild or moderate 
symptoms against deterioration of health [24].

Monoclonal antibodies, polyclonal antibodies and cocktails. 
Monoclonal antibodies are proteins that are designed to attach 
to a specific structure, which is a viral antigen or important 
inflammatory receptor. The antibodies considered for SARS-
CoV-2 attach to its spike protein, which stops the virus 
from entering the host cells. Preliminary antibody therapy 
investigations indicate that their use leads to a decrease in the 
viral load [25]. On the other hand, tocilizumab monoclonal 
antibody (an interleukin 6 receptor inhibitor which disrupts 
the cytokine storm) – routinely used for rheumatoid 
arthritis – has been evaluated in the context of treatment 
of COVID-19 patients. Patients with hypoxia and other 
indicators of advanced infection were eligible for the study. 
After treatment with the proposed antibody, a significant 
improvement in patients’ health was observed [25]. In clinical 
trials evaluating alternative monoclonal antibody therapy, 
patients who had tested positive for viral RNA within the 72 
hours prior to the study commencement and had experienced 
their first symptoms within one to seven days previously, 
were treated with the casirivimab and imdevimab antibody 
pair active against S protein. Viral RNA levels decreased in 
patients receiving the antibody therapy compared to those 
receiving a placebo. The use of the casirivimab and imdevimab 
monoclonal antibody pair is recommended in the early stages 
of the disease and in high-risk patients with severe disease. In 
the later stages of the disease, inflammation and coagulopathy 
play greater roles than the presence and multiplication of 
the virus [26]. The health of patients with sustained viral 
RNA levels in nasopharyngeal swabs over a longer term is 
more likely to deteriorate. Improvement can be obtained 
with antibody treatment, which may be an alternative to 
vaccination in situations immediately after exposure. The 

effectiveness of this solution is being tested in clinical trials 
conducted in medical centres [27]. However, multicentre 
clinical trials do not confirm the effectiveness of plasma from 
recovered individuals in the standard treatment of COVID-19 
patients. There was no significant clinical improvement or 
reduction in mortality compared to the control group. Patients 
with a median onset of symptoms of eight days were enrolled 
[28]. A therapeutic effect in the treatment of COVID-19 using 
plasma from recovered sufferers was nevertheless observed in 
the group of patients whose symptoms occurred after three 
days and to whom the plasma administered had a high anti-
RBD IgG titre [29]. Combinations of two or more monoclonal 
antibodies have a higher therapeutic value than monotherapy. 
In phase three clinical trials, the regdanvimab [CT-P59] 
monoclonal antibody was effective to the extent of achieving a 
70% reduction in the risk of hospitalisation or death in patients 
with mild or moderate COVID-19, compared to the placebo 
group. Studies in vivo in ferrets have shown these antibodies 
to be effective against newly emerging worldwide variants of 
SARS-CoV-2, i.e. the B.1.526 (a variant first detected in New 
York), B.1.525 (a variant detected in Nigeria), B.1.617 (an 
Indian variant), and B.1.351 (a South African variant) [30].

RB-100. A promising therapeutic agent is the RB-100 
monoclonal antibody against the S. protein, which has 
shown activity in preclinical studies against new variants of 
SARS-CoV-2 appearing in the UK, South Africa, Brazil, and 
California and New York in the USA. Its effectiveness against 
new variants is due to its ability to bind to two different sites 
of the SARS-CoV-2 spike protein [31].

Sotrovimab. It is a monoclonal antibody for use in high-
risk group patients with COVID-19, used in the early phase 
of infection. Patients with mild to moderate symptoms of 
infection showed clinical improvement under sotrovimab 
therapy. The risk of COVID-19 patients’ health deteriorating 
was reduced by 85% in those receiving sotrovimab treatmen, 
compared to the placebo group. A monoclonal antibody 
which neutralises SARS-CoV-2 appears to be an effective 
response to new variants emerging as a result of changes 
in the virus genome [32]. The action of the monoclonal 
antibody targets a conservative epitope which does not 
include rapidly changing host cell receptor binding motifs, 
thereby building the strength of the immunological barrier. 
In studies in vitro, sotrovimab has shown antiviral activity 
against sarbecoviruses, including variants emerging in the 
UK, Brazil, South Africa, and California in the USA [32]. 
The European Medicines Agency is currently analysing data 
on the use of the casirivimab/imdevimab, bamlanivimab, 
etesevimab and sotrovimab monoclonal antibodies for the 
treatment of patients not requiring oxygen therapy, but at 
the risk of severe disease. Bamlanivimab and etesevimab 
are monoclonal antibodies targeting the SARS-CoV-2 spike 
protein. The combination of the two monoclonal antibodies 
casirivimab and imdevimab (REGN-COV2), targeting the 
spike protein, is being evaluated, as is sotrovimab [33].

Infliximab. An anti-inflamntory monoclonal antibody used 
in the treatment of autoimmune disorders, i.e. arthritis and 
Crohn’s disease. Administration to COVID-19 patients is 
intended to protect against severe infection and worsening 
clinical status [34].
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Effect on the ACE2 receptor
2-deoxy-D-glucose. The virus entering the host cell 
changes its metabolism so as to create optimal conditions 
for efficient replication. Disturbances in glucose metabolism 
accompanying a persistent hyperglycaemic state in people 
with diabetes may increase the activity of ACE2, and thus 
increase the infectivity of SARS-CoV-2. The increase in 
glucose in the body accelerates the replication of the virus and 
the production of pro-inflammatory cytokines such as TNF-α 
(tumour necrosis factor alpha) and IL-1β. An experiment on 
a cell line used engineered 2-deoxy-D-glucose which, by 
inhibiting glycolysis, effectively inhibited the replication 
of SARS-CoV-2 virus and the expression of ACE2 and pro-
inflammatory cytokines. In diabetics, whose metabolism is 
disordered by the condition, it is diabetes which explains 
their increased susceptibility to SARS-CoV-2 infection, and 
the role of glucose Z in the induction of pro-inflammatory 
cytokines increases the risk of severe infection. Glucose-
targeted therapy may be an effective antiviral therapy, 
particularly in individuals with metabolic disorders [35].

Peptides. The research team of Laure et al. [36], have designed 
a panel of peptides based on the interaction of RBD with 
the ACE2 receptor. Two peptides were isolated that bound 
to RBD, inhibiting SARS-CoV-2 infection. Models based on 
the interaction of RBD with ACE2 allowed the isolation of 
the six-amino-acid motif of ACE2, which was used to design 
peptide-based inhibitors. When modelling inhibitors, the 
following criteria were adopted: interaction with at least 
three residues interacting with RBD, not being bound in 
crystalline structures, and being from six to 30 amino acids 
long. Studies on HEK293T-ACE2 cell lines have demonstrated 
the ability of three of the six engineered peptides to inhibit 
viral multiplication. In addition, despite the differences in the 
genomes of SARS-CoV-2 and SARS-CoV, which are found 
mainly in the genes encoding the S protein, the binding 
mechanisms of RBD to the ACE2 receptor were found to 
be identical and the compositions of the side chains to be 
conservative. The peptides designed with the EDLFYQ 
short motif were shown to inhibit SARS-CoV-2 infection, 
confirming the involvement of the α1 ACE2 N-terminal helix 
in the interaction with the virus spike protein. The studies 
confirm the potential of these peptides in the treatment of 
COVID-19 [36]. A peptide known as EK1 developed by Xia 
et al. [37] shows high activity against SARS-CoV-2 as well as 
MERS and SARS-CoV-1 in animal models. The mechanism 
of action of the engineered peptide is to inhibit the fusion of 
the virus with the host cells [37]. Another peptide proposed 
by a group of researchers led by Zhao [38] is P9, derived from 
β-defensin 4. P9 changes the pH of the endosomes from 
acidic to alkaline, which prevents the virus from activating 
the fusion proteins necessary to initiate fusion with the 
host cells. This mechanism has been shown to be effective 
not only against SARS-CoV but also against MERS and 
influenza viruses. In addition, the in vivo experiment by 
Zhao et al. in a mouse model showed P9 to have therapeutic 
and prophylactic properties [38].

Effect on virus infiltration of cells
Budesonide. This synthetic glucocorticosteroid with anti-
inflammatory and anti-allergic effects can be used in the 
treatment of COVID-19. Administration of budesonide by 
inhalation decreases the expression of ACE2 and TMPRSS2, 

thereby inhibiting viral infiltration of host cells. In in vitro 
studies using inhaled budesonide, a reduction in SARS-CoV-2 
replication in airway epithelial cells resulted. Clinical trials in 
patients diagnosed with SARS-CoV-2 infection and treated 
with budesonide showed that this treatment is effective and 
achieved a three-day reduction in recovery time compared 
to that of the control group [39].

Camostat mesylate. The preparation is a medicine approved 
in Japan for the treatment of pancreatitis. It was shown that 
replication of SARS-CoV-2 can occur not only in the lungs in 
some patients, but also in the liver, colon, heart, kidneys and 
blood. Expression of various types of enzyme transmembrane 
serine, protease 2 (TMPRSS2) was determined. In the liver, 
colon, heart and blood low-level expression of TMPRSS11D, 
TMPRSS11E, TMPRSS11F, and TMPRSS13 was observed. 
TMPRSS2 was expressed at similar levels in kidney, liver 
and colon cells, although at significantly lower levels than 
in the lungs. TMPRSS11 and TMPRSS13, expressed in the 
lungs and blood, were shown to activate virus 37 [40]. The 
antiviral activity of another serine protease inhibitor has 
been demonstrated in ex vivo studies. Camostat mesylate 
is another agent with inhibitive activity with respect to 
TMPRSS11D and TMPRSS13, which are mainly expressed in 
the upper respiratory tract. The agent is rapidly hydrolysed in 
the body to the active metabolite 4-(4-guanidinobenzoyloxy) 
phenylacetic acid (GBPA) The use of camostat in the 
treatment of COVID-19 may reduce the risk of multiple organ 
failure in severe SARS-CoV-2 infection. Anti-inflammatory 
medicines used to treat pancreatitis, such as camostat and 
nafamostat, may block the replication of SARS-CoV-2 in 
lung tissue. SARS-CoV-2 virus enters human cells using the 
S protein and human ACE2 membrane protein. Then using 
human enzymes, i.e. TMPRSS2 protease, the S protein is 
activated, the viral membrane is connected to the target cell 
and the virus’ genetic information is released. The proteases 
TMPRSS11D and TMPRSS13, which are mainly expressed in 
the upper respiratory tract, can also be used to activate the 
S protein. Camostat, its metabolite gamma-aminobutyric 
acid (GABA) and nafamostat are responsible for blocking 
the proteases TMPRSS2, TMPRSS13 and TMPRSS11D, 
which consequently blocks virus entry into cells and its 
multiplication [40].

Umifenovir. Prevents the entry of the virus into the host 
cells by inhibiting the fusion of the viral envelope and 
the cytoplasmic membrane of the host cell and inhibiting 
endocytosis, in which clathrin participates. It is a medicine 
used to treat influenza types A and B in Russia and China. 
Clinical studies showed a decrease in viraemia and mortality 
in the group of infected patients diagnosed with COVID-19, 
compared with the control group. It has antiviral activity 
against hepatitis C, hepatitis B, ebolaviruses, Lassa virus, 
polio virus and vesicular stomatitis virus [8]. The potential 
of umifenovir, also known as Arbidol, for COVID-19 
treatment is also related to its ability to inhibit the release 
of SARS-CoV-2 from intracellular vesicles. The effect of the 
preparation on the two stages of the viral replication cycle 
can be used both prophylactically and post-exposure [41].

Inhibitors of viral enzymes
Lopinavir and ritonavir. They are inhibitors of the 3C-like 
protease 1 viral enzyme which have been used in a combination 
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therapy and found to be effective in HIV-infected patients. 
Lopinavir is an HIV-1 protease inhibitor and is combined 
with ritonavir, which contributes to an increase in its plasma 
half-life. In an in vitro study, a combination of these agents 
was shown to inhibit SARS-CoV, SARS-CoV-2 and MERS. 
In studies using animal models, there was an improvement 
in the clinical status of ferrets, but no change in viral load 
[42]. Clinical trials have been initiated in China, Hong Kong, 
the Republic of Korea, and Europe. However, clinical trials 
in patients undergoing COVID-19 treatment with ritonavir 
in combination with lopinavir did not show a significant 
difference in patients’ viral load or bring improvement in 
their health [8].

PF-07321332. A serine protease inhibitor that interacts with 
the cysteine residue of the CL3 viral protease to inhibit the 
proteolytic cleavage of long viral proteins essential for the 
viral replication process. In animal model studies, antiviral 
activity has been demonstrated in vivo. As an agent for 
oral use, it reaches therapeutic levels in plasma after oral 
administration [43].

Effect on RNA-dependent RNA polymerase
Remdesivir (GS-441524). The antiviral activity of this 
preparation is through the inhibition of the activity of 
RNA-dependent RNA polymerase. The drug, which is an 
analogue of adenine nucleotide, is incorporated into viral 
RNA, disrupting the action of polymerase and inhibiting 
the elongation of the RNA chain, thereby inhibiting the 
process of viral replication. It is also a drug originally used 
to treat Ebola, proposed by the WHO under the ‘Solidarity’ 
programme. It acts on viruses that have single-stranded 
RNA, and studies confirm its effectiveness against SARS-
CoV2, MERS, and Ebola in preventing the development 
of infection in respiratory system tissue. Clinical trials of 
remdesivir have been conducted in patients diagnosed with 
COVID in a number of countries: the USA, Hong Kong, 
Republic of Korea, Singapore, Taiwan, France and China. The 
European Medicines Agency has approved a medicine called 
Veklury, which contains the active substance remdesivir, for 
antiviral therapy in the treatment of COVID-19 [8].

Analogue GS-5743. This substance was the subject of 
research in vitro and animal model studies by an international 
research team including a group from Poland. Its broad-
spectrum activity against coronaviruses, including MERS, 
has been demonstrated by the inhibition of RNA polymerase. 
Activity against SARS-CoV-2 is also posited [44].

AT-527. An analogue of guanosine and a pro-drug effective 
in the treatment of liver infections, which has been studied 
for activity against SARS-CoV-2. When used alone in the 
treatment of SARS CoV-2, it exhibits strong antiviral activity 
by selectively inhibiting the enzyme RNA-dependent RNA 
polymerase. The pharmacologically active form of AT-
527 arises when it enters the respiratory tract where it is 
metabolised to AT-9010, which inhibits viral replication. In 
clinical trials conducted in a group of patients with moderate 
symptoms of COVID-19, an 80% decrease in the viral load 
was noted over two days. As an oral drug without strong 
side-effects, it has high potential to be a treatment modality 
for both outpatient and inpatient treatment [45, 46].

Favipiravir [T-705]. A pro-drug preparation obtained 
through chemical synthesis by modification of pyrazine. In 
Japan, it has been approved for the treatment of influenza. 
When it enters the body, it is phosphorylated and becomes the 
active form favipiravir-RTP, which has a structural similarity 
to guanine, this being a substrate for the enzyme RNA-
dependent RNA polymerase. Incorporation of the favipiravir 
molecule by polymerase during replication achieves 
inhibition of viral protein synthesis. The action of favipiravir 
at the stage of viral replication provides diverse opportunities 
for the use of the preparation in antiviral therapy. It also 
has antiviral activity against influenza viruses, filoviruses, 
bunyaviruses, arenaviruses, noroviruses, ebolaviruses, and 
Lassa virus. Clinical studies on favipiravir conducted in 
several countries, including China, Japan, Saudi Arabia, the 
USA and India, showed clinical efficacy in the treatment of 
COVID-19 patients with mild to moderate disease symptoms. 
In patients with severe COVID-19, favipiravir was not shown 
to have a beneficial effect on patients’ health [8, 47].

MK-448/EIDD-2801. This substance is an analogue of the 
N4-hydroxycytidine (NHC) nucleoside and its mechanism 
of action is to induce errors in viral replication. It has a 
broad spectrum of antiviral activity against RNA viruses. 
Antiviral activity against alphaviruses, pneumoviruses, 
orthomyxoviruses (influenza viruses) and betacoronaviruses 
was demonstrated in animal models. In addition to 
improvement in the health of infected animals, effective 
suppression of viral spread from infected animals to untreated 
animals was manifested [48].

Molnupiravir. A pro-drug that acts on the virus after cell 
infiltration, disrupting the replication process. It is a synthetic 
analogue of the β-D-N hydroxycytidine ribonucleoside which 
is converted into NHC in plasma, and then, by binding to the 
host kinase, converts into the active form of 5ʹ-triphosphate. 
This active form serves as a substrate for RNA-dependent 
RNA polymerase, causing errors in the newly-formed viral 
RNA, the number of which increases with each replication 
cycle. Studies in mice and ferrets treated with molnupiravir 
showed reduced replication of SARS-CoV-2. Studies in 
human patients infected with SARS-CoV-2 assessed antiviral 
activity and the safety of molnupiravir therapy. An RT-PCR 
study of nasopharyngeal swabs was performed, the virus 
was isolated on Vero C1008 cells, and samples taken from 
patients were sequenced. In the samples taken on day three of 
treatment with molnupiravir (800 mg), the prevalence of the 
infectious virus was only 1.9% in the treatment group, but was 
16.7% in the placebo group. The viral load in nasopharyngeal 
swabs also decreased significantly in the treated group. A 
sequencing study of the mechanism of action of the agent 
showed twice the frequency of nucleotide changes in RNA-
dependent RNA polymerase, compared to the placebo group. 
These results indicate the efficacy of molnupiravir in the 
treatment of COVID-19. Inhibition of viral replication leads 
to interruption of development in the early stages of the 
disease, thereby preventing further transmission of SARS-
CoV-2 [49].

Immunomodulatory effects
Factor D Inhibitor. The complement system plays a 
significant role in the fight against pathogens in the human 
body and works in concert with the protective functions 
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of antibodies. The action of the supplement is exerted by 
interaction with antibodies, and on an alternative lectin 
pathway. It is a complex of numerous proteins present in 
body fluids, the activation of which involves cascading 
enzymatic and non-enzymatic reactions [50]. Activation 
of the complement system leads to the production of two 
enzymes, convertase C3 and convertase C5, and ultimately 
the pathogen membrane-attacking complex (Mac). It has been 
observed that coronaviruses have developed the ability to 
mimic the complement proteins and those of the coagulation 
system, leading to excessive activation of these systems. 
In patients with severe COVID-19 who have experienced 
acute respiratory failure, thrombosis, and embolism, these 
symptoms validate the role of the complement system in 
the pathogenesis of COVID-19. Studies in animal models 
suggest that the increase in respiratory symptoms and the 
deterioration of systemic status in SARS-CoV-2 infection is 
due to activation of the complement system [50].

The role of the viral spike protein of SARS-CoV-2 in 
the activation of an alternative complement pathway is 
perceptible. Both protein subunits S1 and S2 activate the 
alternative pathway of complement (APC) on the cell 
surface. A small molecule factor D inhibitor is proposed 
that actively blocks APC activation induced by SARS-CoV-2 
spike proteins. APC is activated by the binding of the SARS-
CoV-2 spike protein to heparan sulphate (HS) on the cell 
surface, which results in disruption of the function of factor 
H. Studies suggest that the binding of the SARS-CoV-2 spike 
protein to HS leads to disruption of the correct conformation 
of factor H involved in the breakdown of the C3 convertase 
of the APC. Elevated levels of C5a and C5b-9 have been 
observed in moderate to severe patients. Studies using a C5 
monoclonal antibody called ravulizumab have determined 
that it prevents the accumulation of C5b-9 in the body but 
does not prevent the activation of the complement system. 
Therefore, factor H–targeted complement inhibitors may be 
more effective in the treatment of COVID-19 [50].

Effect on viral replication
Ion channel blockers. The SARS-CoV-2 viral ion channel is 
a complex of protein E, which in contrast to viral S protein, 
retains highly conserved sequences in its structure showing 
93% similarity in SARS-CoV and SARS-CoV-2. For the S 
protein, the similarity among coronaviruses is only 76.2%. 
The conservativeness of protein E suggests that ion channels 
can be used in antiviral therapies. Protein E is an essential 
building block of the virus, and is involved in many aspects 
related to the life cycle of the virus: in the formation of the 
viral envelope, multiplication and release from host cells, and 
the maintenance of the microenvironment of the host cell. 
Inhibition of protein E may weaken or suppress the virulence 
of SARS-CoV-2 [51]. As part of the preliminary studies in 
the form of a search of the database of available agents that 
affect the action of ion channels, eight compounds were 
obtained from the 2,839 in the database. The ion channel 
blockers selected in the screening study were azacitidine, 
plerixafor, mebrofenin, mavorixafor, cyclen, kasugamycin 
and saroglitazar [51].

Ivermectin. An antiparasitic agent with a wide spectrum of 
action. The efficacy of ivermectin in vitro has been proved in 
reducing the RNA titre of viruses including the Dengue virus, 
West Nile virus and influenza virus. The IMPα/β1 importin 

transport protein heterodimer complex, which binds to 
SARS-CoV proteins in the cytoplasm, and then transported 
to the nucleus via the nuclear pore complex, is expected to 
play a significant role in the postulated mechanism of virus 
entry into host cells [52]. In the cell nucleus, the protein 
complex of the virus breaks down. Ivermectin binds and 
destabilises the IMPα/β1 complex, preventing the binding of 
the IMPα/β1 heterodimer to the viral protein. The described 
mechanism of action of ivermectin is likely to inhibit SARS-
CoV-2 infection. In vitro studies by a team of researchers led 
by Caly [52] showed antiviral activity of ivermectin. A Vero/
human signalling lymphatic activation molecule (hSLAM) 
cell line infected with VIC01 SARS-CoV-2 isolated in 
Australia was used for the study and the efficacy of ivermectin 
was tested by RT-PCR assay. After 48 hours, there was a 
5,000-fold reduction in viral RNA. Ivermectin manifests 
no toxic effects. It is a drug approved by the US Food and 
Drug Administration (FDA) for anti-parasitic therapy, and 
its antiviral activity against HIV-1 and Dengue, West Nile, 
Venezuelan equine encephalitis, and influenza viruses, has 
been verified. Such a broad spectrum of action is due to the 
dependence of many RNA viruses on the importin transport 
protein IMPa/β1, of which ivermectin is an inhibitor [52]. 
However, in order to impart a comparable effect in clinical 
conditions to that obtained in vitro, it would be necessary 
to achieve a much higher concentration of the drug in the 
body than is currently allowed when ivermectin is used for 
its antiparasitic effect, and potential side-effects may limit the 
originally expected positive effect. However, in a very small 
number of countries, ivermectin is, or has been, approved 
for use in COVID-19 [52].

Multi-modal and synergistic action
Brilacidin. A drug that has shown strong antiviral activity 
against SARS-CoV-2 in cell-line studies. Brilacidin is a 
small, synthetically produced molecule that is a non-peptide 
mimetic. It has antiviral properties both as monotherapy 
and in combination with remdesivir [53]. Studies conducted 
on Vero cell lines have shown the ability of brilacidin to 
reduce viral load, even in the early stages of infection, by 
interfering with the interaction of the SARS-CoV-2 spike 
protein with the host cell receptor ACE2. Further studies 
are planned to demonstrate the activity of brilacidin as an 
inhibitor of host cell viral infiltration and viral replication. 
An effect on replication of the main viral 3C-like protease has 
been demonstrated by analysis in silico. The aim of further 
research is to select drugs which affect many stages of the 
viral replication cycle [53].

Amantadine. A medicine is used to treat Parkinson’s disease 
and is integral to the process of dopamine release. It was 
also used to treat H1N1 flu in 1976, but is not currently 
recommended for the treatment of infections with this 
virus. Studies on amantadine as a COVID-19 therapeutic 
showed that a group of patients diagnosed with the disease 
and administered the drug recovered, and in Parkinson’s 
patients treated with amantadine, SARS-CoV-2 infection 
was asymptomatic [54]. In SARS-CoV-2 studies, amantadine 
has been shown to interfere with the multiplication of the 
virus in host cells. Ongoing in vitro investigations into the 
effectiveness of amantadine using Vero E6 cells lines have 
not shown any antiviral effect of this therapeutic agent. A 
number of scientific reports have suggested the possibility of 
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amantadine inhibiting the binding of the virus spike protein 
to the human ACE2 receptor, but these theories have not 
been confirmed in laboratory studies. However, analyses of 
the mechanisms of action of SARS-CoV-2 indicate antiviral 
potential for amantadine. Literature reports indicate that 
by inhibiting viral enzymes, it inhibits viral entry into host 
cells and the release of RNA from the capsid. Another target 
for amantadine’s action are viral ion channels: amantadine 
entering the channel formed by the SARS-CoV-2 E protein 
inhibits conduction in the channel [51, 54]. SARS-CoV-2 
causes damage to the central nervous system, which can 
lead to acute respiratory failure. Amantadine is a potent 
N-methyl-D-aspartate glutamate receptor antagonist, which 
may suggest a protective effect in the treatment of COVID-19. 
The clinical effect on which the publications are based is only 
a description of individual cases and observations. Numerous 
clinical trials are currently under way to evaluate the efficacy 
of antiviral therapy with amantadine [55].

Chloroquine / hydroxychloroquine. The original drugs 
proposed to inhibit the process of virus entry into infected 
cells were chloroquine and hydroxychloroquine, antimalarial 
drugs that act at multiple stages of viral replication. They 
have analgesic, anti-inflammatory and immunomodulatory 
effects, inhibiting the production of cytokines. The main 
postulated specific mechanism of action of chloroquine 
and hydroxychloroquine was inhibition of terminal 
phosphorylation of ACE2 and elevation of the pH level in 
the endosomes, which would prevent the virus from entering 
the host cells by interfering with the glycosylation of the cell 
receptor. The drugs would then block intracellular transport. 
In addition, blocking MAP kinase would inhibit the process 
of virion folding in the final phase of viral replication [8]. 
Clinical trials in patients hospitalised for COVID-19 and 
treated with hydroxychloroquine in combination with 
azithromycin did not show therapeutic efficacy. There was 
no improvement in patients’ health compared to the control 
group. The results of the trials led to the withdrawal of the 
initial recommendations for the use of these drugs [56].

Metal compounds. These are a group of medicines the 
properties of which may indicate activity potentially useful 
for the treatment of SARS-CoV-2 infections. Such drugs 
are based on individual metals from a wide range and their 
pharmacological properties are due to the electron structure 
of the metal, oxidation state, redox potential, etc. Their action 
can be directed to individual elements of pathogenesis or have 
a systemic effect. The mechanisms of metal-based drug action 
range broadly and they may affect cells by directly inhibiting 
enzymes, altering transcription factors, interacting with 
various biomolecules, increasing lipophilicity, altering cell 
membrane function, or disrupting the cell cycle. Among 
the proposed metal-based drugs is auranofin containing 
gold, which is currently used to treat rheumatoid arthritis, 
although its effect has not been fully understood. Tests 
carried out in vitro in Huh7 cell lines infected with SARS-
CoV-2 showed a 70% and 85% reduction in viral load in the 
supernatant after 24 hours and 48 hours, respectively, while 
intracellular RNA was reduced by 85% and 95% at the same 
intervals. In addition, auranofin has been shown to be able 
to reduce the expression of SARS-CoV-2–induced cytokines 
in Huh7 cell culture. Other COVID-19 treatment candidates 
are bismuth salts, the activity of which has been reported with 

respect to nucleotide triphosphatase, RNA helicase and the 
non-structural protein nsp13 [57].

Natural substances. Products of natural origin from 
traditional Chinese medicine can interact with receptors 
by inhibiting the penetration of the virus into the host cell, 
or inhibiting the process of viral replication. Inhibitors of 
proteins involved in viral replication proposed by Jin et al. 
[58] include the traditional Chinese preparations also known 
in contemporary Western medicine as ebselen, disulfiram, 
tideglusib, carmofur, shikonin, and imidazole derivative 
PX-12. Other triterpenes which interact with viral proteins 
and are commonly found in nature are oleanolic acid, ursolic 
acid, and hederagenin. In addition, mixtures of ascorbic acid, 
curcumin and glycyrrhizic acid have been shown to bind to 
viral proteins. Substances of natural origin exhibiting similar 
properties to antiviral drugs, i.e. nelfinavir and lopinavir, are 
kaempferol, quercetin, lutein, naringenin, and coumarin. 
Flavonoid derivatives of rosmarinic acid and the indole 
derivative amantadine are other examples of compounds 
of natural origin that have been shown to interact with the 
3C-like viral protease. All the compounds of natural origin 
mentioned have similar mechanisms of action to antiviral 
drugs [7].

Echinacea. Due to their strong antiviral and 
immunomodulatory properties which affect macrophages 
and NK cells, extracts of Echinacea species plants have been 
considered for use in the treatment of COVID-19. Extracts 
obtained mainly from E. purpurea contain caftaric acid, 
chicory acid, caffeic acid, ferulic acid, chlorogenic acid, 
polysaccharides, and glycoproteins [59]. In in vitro studies on 
cell lines it was observed that the antiviral effect of Echinacea 
extracts is limited only to the phases before the virus enters 
the host cell. The putative mechanism of action of the extracts 
is based on the interaction with the structural proteins of the 
viral glycoprotein S or the membrane protein M; therefore, 
the extracts may play a significant role in protection against 
infection as prophylactic agents [60].

Preparations of indeterminate mechanism of action
Imatinib. A tyrosine kinase inhibitor and a drug that has 
been on the market for over 20 years, which is used in anti-
cancer therapies [61]. In treating COVID-19, the main goals 
for its administration were to reduce alveolar oedema and 
pulmonary capillary leakage. On the other hand, its antiviral 
properties have been confirmed in vitro, but subsequent 
studies have not confirmed its effect on replication or the 
process of virus penetration into host cells. Further studies 
on the antiviral mechanism of imatinib are required [62].

CONCLUSIONS

There are thousands of studies in the world aimed at finding 
preparations against the SARS-CoV-2 virus which may be 
useful in the treatment of COVID-19. The research directions 
discussed in this article indicate a high chance of effective 
therapeutics being obtained acting at different stages of 
SARS-CoV-2 infection in the near future. Having medicines 
at the clinician’s disposal is particularly important in the 
context of the emergence of new strains of the virus, and the 
possible consequent ineffectiveness of vaccinations, and the 
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presence in the population of people with immunological 
deficiencies and those who have not been vaccinated.
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