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Introduction

The outbreak of a new infection that occurred in Wuhan, China, in 
December 2019 became officially known as coronavirus disease 
2019 (COVID-19). Its potential for widespread and severe disease 
led to the declaration of a pandemic by the World Health Organiza-

tion (WHO). The lack of experience to fight it, scientific informa-
tion and treatment tools, the unusual behavior of the virus and the 
uncertainty of outcomes in the fight against a new infection cre-
ated a public health emergency around the world, which generated 
panic in society about the impending danger.1 This was the basis 
for an unprecedented appeal to the world scientific community for 
a comprehensive study of this problem, based on which almost all 
the scientific journals of the world opened their pages for the first 
publications of information on this topic. Despite a sharp increase 
in relevant information (since the beginning of 2020, the num-
ber of publications on the COVID-19 problem has grown <1,000 
times), to date there are many more questions than answers.

The scale and duration of the pandemic stimulated a flurry of 
clinical trials that assessed many different drugs aimed at aspects of 
the virus life cycle and at maintaining the organism’s vitality. Cur-
rently, determining the efficacy of potential pharmacological agents 
for the treatment of COVID-19 is an urgent task. However, readily 
available, and effective treatments are lacking, and there is a high 
mortality rate globally.2,3 A comprehensive analysis of the reasons 
for the difficulties encountered and the recent divergent opinions of 
scientists on this problem means that a deep understanding of the sit-
uation is required, and it is popular to find ways out of this situation.
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Methods

Searches were conducted using the following databases: PubMed, 
Clinical Key, ScienceDirect, WHO, Food and Drug Administration 
(FDA), and Google Scholar’s online libraries to identify published 
and prepublished studies that reported COVID-19 treatment out-
comes from January 2020 to March 2022. Keywords for the search 
included: COVID-19, SARS-CoV-2, clinical trial, therapy, anti-
virals, vaccines, and antibodies. Publication types and language 
were not limited, except for unpublished studies. The following 
studies were excluded: conference abstracts, case reports, letters, 
editorials, or comments. The articles of overview, meta-analysis 
and original nature were used in the review.

Structure and life cycle of severe acute respiratory syndrome 
coronavirus 2

The cause of the pandemic is a virus officially called severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), the genome 
of which encodes many proteins necessary for its transcription and 
replication (e.g., membrane (M), spike (S), shell (E), nucleocapsid 
(N), and other proteins). Details of these components are presented 
in several overview articles.3,4

Upon entering the body, the virus enters the cell by priming 
the S protein with a transmembrane protease (TMPRSS2) of the 
cell and reacting with the angiotensin-converting enzyme (ACE2) 
receptor. A key role in this process is played by the spike glycopro-
tein, which consists of two subunits S1 and S2, the first of which 
is responsible for binding to the host receptor, and the second 
plays a role in the fusion of the viral and cell membranes. Upon 
completion of the fusion process, a viral genome enters the cell, 
the RNA of which serves as a matrix for translation into structural 
and non-structural proteins, such as papain-like protease (PLpro), 
3C-like protease (3CLpro), and RNA-dependent RNA polymerase 
(RdRp).5

Repurposing used drugs as a method of combating COVID-19

All of these interactions between SARS-CoV-2 and cellular struc-
tures have been used as targets for drugs and vaccines.6,7 There-
fore, efforts have focused on testing known drugs, because the 
development of a new drug is a long, expensive, and risky process. 
The main benefit can be the availability of available information 
on the metabolic profile of drugs, dosage requirements, risks, com-
plications, and side effects, and already produced drugs located in 
warehouses and pharmacies.8,9

There are >50,000 well-known and registered drugs and nutra-
ceuticals, and several hundred have been proposed as anti-COV-
ID-19 candidates; however, only a fraction of them have been 
tested in clinical trials.10

Table 1 shows that the bulk of repurposed drugs that were pro-
posed for clinical trials could block viral replication in SARS-
CoV-2 by synthesizing incorrect viral RNA or inhibiting 3CLpro 
and RdRp, and the rest of the drugs could inhibit the virus’s entry 
pathways into the cell.11–45

The analysis of a huge amount of data on various aspects of 
COVID-19 using artificial intelligence was the basis for the de-
velopment of a new alternative drug detection strategy. The drug 
repurposing process was carried out with various methods and 
approaches: computer modeling (an approach based on targets 

and the orientation of drugs approved by the FDA); phenotypic 
screening; binding analysis; molecular docking; microsimulation 
analysis; structure-based machine learning strategies; network ap-
proaches; and hybrid methodologies.46–49

For computer reprofiling, a three-dimensional protein target 
structure was created, based on which 7,173 drug molecules were 
tested in combined databases (DrugBank and KEGG) and 16 can-
didate drugs were proposed for future studies and an atlas of anti-
COVID-19 compounds.49–52 Similarly, differential gene expres-
sion that was associated with the development of pneumonia and 
cytokine storm syndrome in COVID-19 was analyzed.53

All drugs were tested in vitro and of these 216 had a pronounced 
blocking effect on the reproduction of SARS-CoV-2 in cell cul-
tures.46,54 However, most of these experiments were performed on 
a non-representative Vero E6 kidney cell line, which had a dis-
tant resemblance to lung epithelial cells.54,55 For example, SARS-
CoV-2 penetrates Vero E6 cells by fusion in endosomes, and into 
lung cells by fusion with the cell surface after activation of the 
virus spike by cell protease TMPRSS2.56 In addition, for an anti-
viral agent to be effective in the treatment of COVID-19, it must 
reach sufficient concentrations to suppress viral replication in any 
area of the body. In addition, there is very little information about 
these processes, and a limited number of publications have stud-
ied the pharmacokinetic and pharmacodynamic parameters of such 
drugs.14,57 Therefore, low concentrations of unbound lopinavir in 
lung tissues limited its efficacy in patients with COVID-19.58 Sim-
ilar results were shown for ribavirin and amantadine.59

Therefore, the insufficient effectiveness and safety of the drugs 
that were identified in subsequent clinical trials caused their fail-
ure, especially demonstrated by the example of the widely adver-
tised drugs, such as hydroxychloroquine and ivermectin.60

Efficacy and challenges in clinical trials of drugs against COV-
ID-19

The study of the efficacy and safety of various drugs for the treat-
ment of COVID-19 created the need for well-planned randomized 
clinical trials (RCTs). Many national and international clinical tri-
als have been conducted on drugs but most have shown conflicting 
results or identified different limitations.61,62

Therefore, why has the rush to find cures for COVID-19 led to 
problems with interpretation and deciding on the results of some 
clinical trials? It is possible that because of the emergency, many 
drugs were evaluated in clinical trials that were not randomized, 
controlled, or blinded with a clear consensus on endpoints, prima-
ry, and secondary outcomes, which did not rule out bias and lim-
ited information received.63 Therefore, the true efficacy, toxicity, 
or side effects of these drugs were detected during their subsequent 
use. Only 29% of the available data on COVID-19 pharmacothera-
py were based on moderate to high confidence in the evidence and 
were therefore reflected in clinical practice. The rest of the infor-
mation had low or very low reliability of evidence, and therefore, 
further studies were required to obtain firm conclusions.61,62,64

An example of the possibility of effective and timely clinical 
drug trials, even in emergency settings, is the large RCTs that were 
conducted by the UK NHS (RECOVERY) and WHO (SOLIDAR-
ITY). By collecting data from 12,000 patients from 176 centers 
in 3 months, the RECOVERY study demonstrated a 90% chance 
of a reduction in mortality. SOLIDARITY, due to its international 
scale, made it possible to draw conclusions for patients with dif-
ferent genetic backgrounds and allowed an insight into the mecha-
nisms of drug action to be gained.61,65 Therefore, final data were 
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Table 1.  Antiviral Drugs Used for COVID-19

Number Drugs Related disease Mechanism of action Recommendation Administration
1 Remdesivir14,18–22 Ebola virus, 

Marburg virus 
infections

RdRp inhibition In mild-to-moderate, 
severe, or critical 
COVID-19

Injection

2 Favipiravir33,34 Influenza RdRp inhibition In mild-to-moderate 
COVID-19

Orally

3 Umifenovir26 Influenza, 
HCV, HBV

Viral endocytosis inhibition In mild-to-moderate 
COVID-19

Orally

4 Sofosbuvir/daclatasvir17 HCV Nucleoside analog, 
polymerase inhibition

Severe COVID-19 Orally

5 Molnupiravi17,23–25,40 Influenza Virus RNA mutagenesis In mild-to-moderate 
COVID-19

Per orally

6 Lopinavir/ritonavir41,42 HIV/AIDS 3CLpro inhibition In mild-to-moderate, 
severe, or critical 
COVID-19

Orally

7 Interferon -β15 Multiple sclerosis, 
HBV, HCV

Balances the expression of pro- 
and anti-inflammatory agents

Severe or critical 
COVID-19

Injection

8 Amantadine17 Parkinson’s disease It inhibits viral entry into 
host cells and the release 
of RNA from the capsid

In mild-to-moderate 
COVID-19

Orally

9 Paxlovid (PF-07321332/
ritonavir)40,43

New 3CLpro inhibition In mild-to-moderate 
COVID-19

Orally

10 Camostat mesylate11 Pancreatitis TMPRSS2 inhibition Severe COVID-19 Orally
11 Nirmatrelvir/

ritonavir39,45
New It inhibits protease 

Mpro or 3CLpro
In mild-to-moderate 
COVID-19

Orally

12 Ivermectin35–38 Antiparasitic agent It binds and destabilizes the 
IMPα/β1 complex inhibiting 
SARS-CoV-2 infection

In mild-to-moderate 
COVID-19

Orally

13 Niclosamid17 Antiparasitic agent Prevention of viral entry and 
replication by altering endosomal 
pH and inhibition of autophagy

In moderate to 
severe COVID-19

Orally

14 Rivaroxaba11 Anticoagulant TMPRSS2 inhibition In moderate to 
severe COVID-19

Orally

15 Bamlanivimab/
etesevimab27,29–31

New It binds (S) protein of SARS-CoV-2 In mild-to-moderate 
COVID-19

Injection

16 Tixagevimab/
cilgavimab27,28

New It binds distinct epitopes 
of the viral spike protein 
receptor-binding domain

In mild-to-moderate 
COVID-19

Injection

17 Casirivimab/
imdevimab32

New It binds distinct epitopes 
of the viral spike protein 
RBD SARS-CoV-2

In mild-to-moderate 
COVID-19

Injection

18 Amubarvimab/
romlusevimab44

New It binds distinct epitopes 
of the viral spike protein 
RBD SARS-CoV-2

In mild-to-moderate 
COVID-19

Injection

19 Sotrovimab16 New It binds (S) protein of SARS-CoV-2 In mild-to-moderate 
COVID-19

Injection

20 Regdanvimab16,44 New It binds distinct epitopes 
of the viral spike protein 
receptor-binding domain

In mild-to-moderate 
COVID-19

Injection

21 Adintrevimab16 New It binds distinct epitopes 
of the viral spike protein 
receptor-binding domain

In mild-to-moderate 
or prevention 
of COVID-19

Injection

AIDS, acquired immunodeficiency syndrome; HBV, viral hepatitis B; HCV, viral hepatitis C; RBD, receptor binding domain; TMPRSS2, transmembrane serine protease 2; 3CLpro, 
3C-like protease.
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obtained on the effectiveness or the inefficiency of several drugs.
The consideration of COVID-19 clinical stages and severity is 

extremely important when prescribing certain drugs, which de-
pends on the mechanism of their action and the correct assessment 
of treatment effectiveness (e.g., to determine the endpoints, pri-
mary, and secondary outcomes of clinical trials).

According to clinical data, COVID-19 is divided into three se-
quential stages. The first stage is defined as early or viral when 
SARS-CoV-2 replicates intensively in the body with the manifes-
tation of positive PCR tests and acute inflammatory symptoms. 
During this period, patients have mild-to-moderate severity of 
states and, depending on the ratio of innate immune response and 
depletion of target cells available for infection, with appropriate 
care under outpatient conditions, usually recover.66–68 The most 

preferred treatment here is the antiviral drug administration that 
has been repurposed for other viral infections (Table 1).

In 5%–10% of cases, a transition to the second stage was ob-
served with the development of a severe course of the disease with 
respiratory and multi-organ insufficiency (up to critical with fa-
tal outcome), which required hospitalization. This stage, defined 
as late or hyperinflammatory (cytokine storm), was characterized 
by the explosive release of cytokines, of which IL-6 appeared to 
be predominant and was correlated with the severity of the con-
dition. Since IL-6 hyperproduction was detected in many dis-
eases, including chronic inflammatory diseases and cancer, the 
drugs used to treat them showed their effectiveness against COV-
ID-1915-17,27,28,47,50,53,57,68–74 (Table 2). Survivors in stage three 
might develop some organ problems, the treatment of which is not 

Table 2.  Immunomodulatory drugs used for COVID-19

Number Drugs Related disease Mechanism of action Recommendation Adminis-
tration

1 Mavrilimumab53,73 Rheumatoid arthritis GM-CSF receptor inhibition Severe COVID-19 Injection

2 Infliximab16,73 Autoimmune arthritis 
and Crohn’s disease

TNF-α inhibition Severe or critical 
COVID-19

Injection

3 Adalimumab28,70 Rheumatoid arthritis TNF-α inhibition Severe COVID-19 Injection

4 Tocilizumab57,71 Rheumatoid arthritis, Castleman’s 
disease, giant cell arteritis

IL-6 receptor inhibition Severe COVID-19, 
cytokine storm

Injection

5 Sarilumab16,27 Rheumatoid arthritis IL-6 receptor inhibition In moderate to 
severe COVID-19

Injection

6 Levilimab16 Rheumatoid arthritis IL-6 receptor inhibition Cytokine storm Injection

7 Sirukumab28,70 Rheumatoid arthritis, 
Castleman’s disease

IL-6 receptor inhibition Cytokine storm Injection

8 Siltuximab70 Rheumatoid arthritis IL-6 inhibition Cytokine storm Injection

9 Lenzilumab28,50 Chronic myelomono 
cytic leukemia

GM-CSF receptor inhibition Severe COVID-19 Injection

10 Risankizumab73 Psoriasis IL-12/IL-23 inhibition Cytokine storm Injection

11 Ixekizumab15 Autoimmune diseases IL-17 inhibition Cytokine storm Injection

12 Canakinumab15,27 Juvenile idiopathic arthritis 
and active Still’s disease

IL1 β inhibition Cytokine storm Injection

13 Emapalumab28 Hemophagocytic 
lymphohistiocytosis

Interferon-γ inhibition Cytokine storm Injection

14 Anakinra53 Rheumatoid arthritis IL-1 receptor inhibition Cytokine storm Injection

15 Baricitinib53 Rheumatoid arthritis JAK1 H JAK2 inhibition Severe COVID-19, 
cytokine storm

Orally

16 Imatinib53 Cancers JAK inhibition Severe COVID-19 Orally

17 Tofacitinib53,72 Rheumatoid arthritis JAK1, JAK2, JAK3 inhibition Severe COVID-19 Orally

18 Ruxolitinib47,69 Myelofibrosis, polycythaemia 
vera, rheumatoid arthritis

JAK inhibition In moderate to 
severe COVID-19

Orally

19 Colchicine53,74 Gout, pericarditis, and 
coronary artery disease

Inflammasome formation and 
interleukins release inhibition

severe COVID-19, 
cytokine storm

Injection
Orally

20 Dexamethason50 Skin diseases, severe 
allergies, asthma etc.

Proinflammatory cytokine 
production inhibition

Severe COVID-19 Injection
Orally

21 Budesonide17 Asthma TMPRSS2 and ACE2 
expression decrease

Severe COVID-19 Inhalation

ACE2, angiotensin-converting enzyme 2; GM-CSF, Granulocyte-macrophage colony-stimulating factor; GM-CSF, granulocyte–macrophage colony-stimulating factor; IL, interleukin; 
JAK, Janus kinases; TMPRSS2, transmembrane serine protease 2; TNF-α, tumor necrosis factor.
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a subject of this review.
As described previously, this could explain why most antiviral 

drugs did not show their effectiveness in mortality, steroids and 
some anti-cytokine drugs could worsen the patient’s condition in 
the early stages of COVID-19, and a universal drug was never de-
tected.

Clinical trials of drugs repurposed for COVID-19

At the beginning of the pandemic, there were no specific anti-
SARS-CoV-2 agents, and clinical outcomes were associated with 
the use of maintenance therapy. The first antiviral drug to receive 
permission for emergency use (EUA) (in May 2020) was remdesi-
vir, a prodrug in the form of adenosine monophosphate, which, ac-
cording to some RCTs, led to accelerated clinical improvement in 
hospitalized patients and reduced the incidence of hospitalizations 
during the early stage of the disease by 80%.18 However, SOLI-
DARITY and multicenter DisCoVeRy studies failed to identify re-
ductions in remdesivir mortality.19,20,65 Because of these conflict-
ing results, >RCTs have been or continue to be conducted to date 
to comprehensively assess the efficacy of remdesivir, alone and in 
combination with other drugs.21,22

A similar outcome was determined for molnupiravir, which 
demonstrated a strong antiviral effect in in vitro studies.23 Under 
its effect, on day 5 of outpatient treatment, complete disappearance 
of the virus from the body and an approximately 50% decrease 
in the frequency of hospitalizations were revealed.24 However, if 
hospitalized patients with non-severe COVID-19 had a decrease 
in the rate of disease progression and mortality, then in the pro-
gressive and severe course of disease no significant results were 
achieved.23,25

Hydroxychloroquine and chloroquine, which are used for the 
treatment of rheumatoid arthritis and malaria, were among the 
first drugs used in the fight against COVID-19.75 Although they 
were quite effective from in vitro experiments, large RCTs, such as 
SOLIDARITY and RECOVERY showed no significant benefit for 
them in severe conditions.26,60,65 Therefore, they were not recom-
mended for use in monotherapy; however, they continued to be 
tested in combination with other drugs. However, their use as a 
monotherapy and in combination with azithromycin could increase 
the risk of extending the QT interval, threatening cardiac arrest 
in some people, especially those suffering from heart disease.76 
Based on analysis of many RCTs, WHO does not currently recom-
mend the use of hydroxychloroquine or chloroquine, azithromy-
cin, and lopinavir or ritonavir for the treatment of COVID-19.65

Clinical trials of monoclonal antibodies against SARS-CoV-2

Monoclonal antibodies (mAb) were used as antiviral drugs, most 
of which (Table 1) inhibit the entry of SARS-CoV-2 into cells by 
their attachment to various epitopes of its (S) protein.27,70,73 The 
results of clinical trials demonstrated that the best efficacy of such 
antibodies was manifested in the treatment of patients in the early 
phase of COVID-19 and with mild-to-moderate severity of the 
condition.

However, the ability of SARS-CoV-2 to rapidly mutate, espe-
cially in the region of the (S) protein, caused the loss of antibody 
activity that had a target in the mutated region.28,70 An example 
of this is bamlanivimab, which was the first mAb to receive FDA 
approval in November 2020 based on successful test results under 
RCT BLAZE-1, ACTIV-2, and ACTIV-3. The emergence of new 

variants of the bamlanivimab-resistant SARS-CoV-2 virus forced 
the FDA in April 2021 to revoke its permission for the emergency 
use of bamlanivimab, when prescribed as monotherapy.29 How-
ever, the detected sensitivity of the Delta variant of SARS-CoV-2 
to the combination of bamlanivimab and etesevimab allowed the 
FDA to reconsider its opinion and issue a permit for their emergen-
cy use as post-exposure prevention for COVID-19 in individuals at 
high risk of disease progression.30,31

Antibody combinations prevent the mutated virus from escap-
ing neutralization; therefore, biotechnology companies have be-
gun to develop cocktails of mAb pairs that target various structural 
epitopes of the (S) protein. This proved successful for antibody 
cocktails, such as casirivimab + imdevimab (Regeneron Pharma-
ceuticals) and tixagevimab + cilgavimab (Astra Zeneca). Although 
the efficacy of the first cocktail is still being tested as part of the 
RECOVERY study, to date, permission for its emergency use 
for the treatment of COVID-19 has been granted in 15 countries 
around the world. For the second cocktail, decisions will be made 
by USA and EU regulators on conditional permission to sell.32,70 
To date, only one mAb (sotrovimab) has not lost its activity to 
mutated SARS-CoV-2. Therefore, sotrovimab, which showed the 
possibility of reducing the risk of patient deterioration by 85% in 
24 h, received approval for use in COVID-19 in the USA, UK, and 
EU from December 2021.27

Drug combination considering their pharmacokinetic profile 
to improve the treatment effectiveness of COVID-19

Analysis of the results of anti-COVID-19 drug trials allowed 
White et al.77 to propose the development of drug combinations 
to increase efficacy, reduce doses, and side effects, which has 
been achieved for human immunodeficiency viruses and hepatitis 
C. They identified 34 reports on 77 combinations of unique pairs 
of low molecular weight drugs against SARS-CoV-2. The largest 
number of them (62 pairs) included remdesivir or molnupiravir, 
which are inhibitors of RdRp with different biochemical mecha-
nisms.

When using paired synergy for potential therapeutic action, the 
pharmacokinetic profiles of drug components might be crucial. 
Since in vitro evaluation can give 5–10 times an overestimated 
picture of antiviral effects in humans, to establish the association 
between the plasma concentration of drugs with antiviral effect, it 
is important to carry out serial measurements of viral load com-
bined with mathematical modeling.59,78

An example is the clinical trials of favipiravir (nine RCTs main-
ly in China and some Asian countries), which showed accelerated 
virus elimination and clinical improvement in patients with mild-
to-moderate COVID-19.33 However, in severe cases of patients 
that received the recommended dose of favipiravir, a low level of 
the drug in the blood (1 µg/mL) was detected, which did not have 
the desired therapeutic effect.34 This might be due to a change in 
the activity of enzymes (in particular, CYP450-3A) due to the seri-
ous condition of the patients or the direct influence of favipiravir 
on them.79 That is why small studies failed to show significant 
differences in the co-administration of favipiravir with other drugs 
(e.g., hydroxychloroquine, lopinavir or ritonavir, and baloxavir), 
the inefficiency of which was proved later.33

The possibility of enhancing the effect of co-administrated drug 
under the influence of CYP450 inhibitors was characteristic of 
remdesivir. It is a prodrug that metabolizes rapidly into an active 
analog of GS-441524. The enzymes that activate it are expressed 
more in liver and kidney cells than in the lungs, the impaired func-
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tions of these organs can significantly reduce the active substance 
concentration of remdesivir.14,79 A similar situation occurred with 
ivermectin, whose pharmacokinetics are characterized by rapid 
metabolism in the liver (by the CYP450 enzyme system).35,79 Al-
though ivermectin in cell cultures could inhibit 5,000-fold SARS-
CoV-2 replication in 48 h of incubation, clinical studies have pro-
duced conflicting results regarding mortality, disease progression, 
and duration of hospitalization, especially when the patients have 
a serious condition.36–38 Therefore, it was not recommended for 
routine use with COVID-19.

The need to maintain an appropriate concentration of drugs in 
the body was a reason to combine some antivirals with ritonavir 
in a single dose form. In addition, ritonavir which is inhibitory 
against viral proteases and CYP450-mediated metabolism contrib-
uted to increased concentrations of lopinavir and nirmatrelvir.39,40 
However, individual differences in CYP450 enzyme activity and 
this situation could cause ambiguity in the results of clinical trials. 
Faster recovery and lower mortality relative to standard treatments 
were shown in one open RCT that was conducted in China at the 
start of the COVID-19 pandemic, subsequent RCTs, such as SOLI-
DARITY and RECOVERY, did not reveal any significant efficacy 
of the drugs among patients hospitalized with COVID-19.41,42 The 
individual differences in efficacy could not yet been established 
for other such drugs, since they have not yet reached major clinical 
trials. For example, paxlovid, which is a combination of nirmatrel-
vir with ritonavir, showed an 89% decrease in hospitalization and 
mortality rates during an intermediate phase III analysis of clinical 
trials, based on which it was submitted to the FDA for EUA.40,43

Use of vaccines for COVID-19

It is widely recognized that vaccine prevention is the most effec-
tive method of preventing and eliminating any infection. Accord-
ing to WHO, almost 7.7 billion doses of vaccines were used at 
the beginning of 2022, and approximately 53.2% of the world’s 
population has received at least the first dose of the vaccine.80,81

Immediately after the pandemic began, several laboratories be-
gan to create vaccines against SARS-CoV-2 and >200 candidate 
vaccines were involved in this process. According to WHO, 69 
vaccines are in clinical development worldwide, and 181 are in 
different stages of preclinical development.82

To date, there is no unified world policy or consensus on the 
choice of vaccines. In addition to efficiency and safety parameters, 
many factors play a role in the implementation of the latter, which 
include costs, accessibility, warehouses, national competition, and 
commercial considerations.83 Although the international debate on 
the risk or benefit assessment of vaccines has been driven by some 
commercial considerations, in general, most approved SARS-
CoV-2 vaccines have proved to be somewhat effective. However, 
data on the evaluation of the effectiveness of vaccines against 
COVID-19 are limited and contradictory, and numerous studies 
have revealed a weakening of immunity acquired because of vac-
cination.84–86 However, there is no available information on the 
long-term toxic or adverse effects of various vaccines that are nor-
mally required in drug development, which is due to extraordinary 
and rapid regulatory approvals.86,87

In general, the use of most vaccines has been concentrated in 
a small number of highly developed countries, and the rest of the 
world remains susceptible to this infection.83,88 In addition, during 
the pandemic, it was not possible to completely prevent infection 
of the population, since emerging mutations in new versions of the 
SARS-CoV-2 allowed them to avoid an immune response. There-

fore, this is currently relevant due to the extremely rapid spread of 
the new viral variant Omicron.89

The problem of combating Omicron, a new version of the mu-
tation SARS-CoV-2

During the pandemic, WHO named five variants of SARS-CoV-2 
(Alpha, Beta, Gamma, Delta, and Omicron) that have already 
spread throughout the world.1,2 In addition, >80 mutations have 
been identified in various areas of the SARS-CoV-2 virion, of 
which the (S) protein is the most often modified.89,90 In addition, 
the existing types of vaccines are mainly aimed at this particular 
protein, and the developed types of vaccines could be aimed at 
other molecular targets.3,84

Calculating the rate of mutation formation in SARS-CoV-2 
showed that the virus accumulated approximately 2 single-nucle-
otide mutations per month in its genome. Moreover, the largest 
number of mutations (>50) was detected in the Omicron variant, 
of which 32 mutations were localized in the spike protein. This 
appeared to have increased its ability to evade antibodies and the T 
cell response.91–93 Therefore, the existing vaccines were less effec-
tive against Omicron.94,95 Therefore, the effectiveness of the Pfiz-
er-BioNTech vaccine for Omicron decreased to 33%, and for the 
Delta variant, it was 80%. In addition, the potential of re-infection 
with the Omicron variant reached 60% for people who had Beta 
variant SARS-CoV-2 but was only 40% for people who had Delta 
variant SARS-CoV-2.96

Therefore, in this development, the importance of antiviral ther-
apy increased significantly, especially for the protection of people 
most vulnerable to severe COVID-19.97 However, with the advent 
of new variants of the virus, the risk of them forming a resistance 
to vaccines and antiviral therapy increased.98,99 Therefore, accord-
ing to some in vitro studies, the sensitivity of Beta and Gamma var-
iants of SARS-CoV-2 was reduced to combinations of monoclonal 
antibodies, such as bamlanivimab and etesevimab, in contrast to 
the Alfa, Delta, and Lambda variants.44,100 Therefore, many of the 
drugs that showed good efficacy in vitro studies showed conflict-
ing results or had various limitations in clinical use.

Intensive research has begun with the Omicron variant of SARS-
CoV-2. Therefore, testing the dose-dependent effects of drugs that 
had various methods of application and mechanisms of antiviral 
action (e.g., remdesivir, favipravir, ribavirin, nirmatrelvir, nafamo-
state, camostat, and aprotinin) revealed the same sensitivity of the 
Omicron and Delta variants to them. In addition, the first four drugs 
could inhibit RdRp in various ways, and the last three could block 
cleavage of the viral (S) protein by cell proteases, in particular, TM-
PRSS2.101 Similar results were obtained by Vangeel et al.45 for rem-
desivir, molnupiravir, and nirmatrelvir. This demonstrated that in the 
Omicron SARS-CoV-2 variant there were no mutations that caused 
significant changes in medicinal sensitivity patterns.

However, by the end of 2021, the Omicron SARS-CoV-2 vari-
ant revealed a second subvariant of BA.2, which was 1.5 times 
more transmissible than BA.1. BA.2 spike protein, in addition to 
all mutations BA.1, has six mutations and three deletions, three 
of which lie in the receptor-binding domain.4,102,103 According to 
Zhou et al.,99 monoclonal antibodies authorized by FDA for EUA, 
which included Regeneron’s REGN10933 and REGN10987 and 
Eli Lilly’s LY-CoV555 and LY-CoV016 were inactive against 
BA.1, and GlaxoSmithKline’s Vir Vir-7831 and the cocktail As-
traZeneca Evusheld (AZD8895 + AZD1061), could neutralize it. 
For the subvariant BA.2, only the last cocktail was neutralizing. 
This showed that the Omicron variant poses a serious threat to 
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the effectiveness of current therapies, especially monoclonal an-
tibody therapy. In this situation, Zhou et al.99 suggest the use of 
molnupiravir and nirmatrelvir, which act on viral targets outside of 
the highly mutated (S) protein. For vaccination, they recommend 
the use of vaccines that induce cross-reactive antibodies and T cell 
responses against unmutated (S) protein epitopes.

Omicron is seven times more contagious than the Delta vari-
ant, and the number of reported cases and deaths in Africa; how-
ever, according to the African Medical Association, continues to 
decline, and Omicron infection is not accompanied by a serious 
deterioration in the condition of patients.94,104,105 The lower path-
ogenicity of Omicron might be due to a greater sensitivity than 
Delta variant SARS-CoV-2 to the interferon response in human 
cells, since many proteins that inhibit the action of interferon (e.g., 
S, N, and M) have been mutated in the Omicron variant.106 The 
low resistance of this variant of the SARS-CoV-2 to interferon was 
proved in the studies of Bojkova et al.101 by infection with the 
Delta, Omicron (BA.1 and BA.2 variants), different types of cell 
culture, which have a different interferon response (Vero cells have 
a defective response to interferon as opposed to Caco-2 and Calu-3 
cells). This indicated the possibility of beneficial therapeutic and 
prophylactic effects of interferon-containing or interferon-stimu-
lating drugs when infected with the Omicron variant of SARS-
CoV-2, unlike other variants.

For patients with COVID-19, under the influence of interferons 
(INF) β-1a and INF-α2b administered through a nebulizer, more 
than a twofold increase in the probability of recovery and a de-
crease in viral load and mortality levels can be achieved.107 For 
INF-β-1b, it was necessary to administer it in very high doses as an 
aerosol and an injection. According to Chong et al.,108 for the Omi-
cron variant, the interferon-λ administered by inhalation was most 
effective since this method of administration is most convenient 
in the early stages of COVID-19 at home. These data showed that 
the therapeutic efficacy of interferon in COVID-19 depends on its 
type, route, and time of administration, and indicates the need for 
larger clinical trials.

Preparation of optimal dosage forms for the treatment of 
COVID-19

In general, only one antiviral drug (remdesivir) and one monoclo-
nal antibody (sotrovimab) have been approved and recommended 
for the treatment of COVID-19, and they are more effective in the 
early stage and non-severe forms of the disease.8,17 However, these 
drugs need to be administered parenterally, which makes their use 
difficult, especially at home. In such cases, oral and inhalation 
pathways are the best options to rapidly reduce viral load during 
the post-contact period or at the onset of illness. Therefore, re-
search is being carried out on ways to create tablet forms of anti-
viral drugs (i.e., GS-441524 which is an analog of remdesivir in 
tablet form has been prepared for clinical trials).109

The use of inhalation to deliver drugs for the direct prevention 
and treatment of COVID-19 has received limited attention, al-
though it might be more effective and less toxic than systemic drug 
delivery. Several inhalation drugs for the treatment of COVID-19 
are currently being prepared for clinical trials, such as interferon, 
remdesivir, ciclesonide, heparin, budesonide, nicklosamide, and 
the small inhalation biologics minibinders and peptide fusion in-
hibitors.110,111

In inhalation, drugs are delivered directly to the primary focus 
of infection in the airways, and there are significant prospects 
for the use of nanoparticles to carry drug substances on their sur-

face.112,113

Program to prepare for new outbreaks of viral pandemics

Recent reports of a reduction in the pathogenicity of coronavirus 
give hope about the potential of an end to the pandemic after Omi-
cron. However, it is predicted that SARS-CoV-2 will not disappear, 
since its ability to mutate extremely quickly might be the basis for 
the emergence of new pandemic waves with pathogenicity that is 
unknown to us. In addition, the likelihood of the appearance of 
new dangerous types of viruses has not been ruled out. For exam-
ple, in the literature, there was information about the detection of a 
novel coronavirus of NeoCoV that could penetrate cells, similar to 
SARS-CoV-2.114 The lack of understanding of the NeoCoV nature, 
which combines high mortality MERS-CoV, and the high rate of 
current SARS-CoV-2 spread poses a potential threat to biosafety 
for humanity.

The world was not prepared for the current pandemic and re-
mains vulnerable to future pandemics. If we do not learn from the 
events of the last 2 years, the consequences could be devastating. 
According to Brüssow,61 the pandemic has created several prob-
lems for some groups in society (e.g., industry, governments, clini-
cians, and researchers) that require quick solutions. In addition to 
the imperfect designs, a lack of coordination and the capacity of 
clinical trials of drugs, which included extremely low funding for 
the development of antiviral drugs, compared with investments in 
the creation of vaccines, and the dual responsibility of the pharma-
ceutical industry to its shareholders and the public (i.e., the con-
sumers of their products), and the need to develop antiviral drugs 
with pancoronaviral inhibitory activity.

Therefore White et al.77 proposed a proactive drug develop-
ment strategy against dangerous viral pathogens. It is necessary to 
develop plans for two scenarios in the long or short-term, which 
are based on the possibility of a serious viral outbreak: (1) after 
approximately 5–10 years; or (2) between ≤1 and 2 years. In ad-
dition, both plans should focus on drug combinations; however, 
in scenario 1 on the development of new chemical compounds, in 
particular direct-acting antiviral drugs, and in scenario 2 on exist-
ing repurposed antiviral drugs.

The drug development program for both scenarios will need to 
be based on the following five key principles:
1.	 Providing the benefit of oral and inhalation drugs, which can 

be taken at home as post-exposure prophylaxis or at the onset 
of disease, to rapidly reduce viral load and prevent subsequent 
excessive immune activation.

2.	 Searching for drug combinations to reduce the possibility of 
drug-resistant mutants, reduce the necessary doses and mitigate 
side effects, based on the detection of multiplicative or syner-
gistic actions of drugs.

3.	 Creating a priority for drugs that are approved or undergoing 
extended clinical trials to enable a faster regulatory review pro-
cess. For Plan A, it is possible to additionally include drugs that 
are currently in preclinical development.

4.	 Giving preference to drugs whose effective concentrations in 
the corresponding human tissues will be significantly lower 
than their toxic concentrations and will remain in the range of 
achievable levels throughout the dosing interval.

5.	 The use of mathematical modeling at critical stages of the tran-
sition to animal testing and clinical trial design.
The results should be cocktails of panvirus drugs for oral or 

inhalation administration. To test these drugs in pandemic condi-
tions, a preplanned clinical trial could be immediately conducted. 
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The author proposes to name this approach VORTEC (prepared-
ness for viral outbreaks through effective combinations). Such 
drug cocktails for home use in combination with other non-phar-
maceutical interventions should significantly reduce the burden on 
health systems and prevent the spread of the virus.

Prospects in the development of drugs against SARS-CoV-2

Based on global experience in the search for anti-SARS-CoV-2 
agents, the blockade of viral RdRp is one of the most promising 
and effective approaches for the development of potent anti-COV-
ID-19 agents. This group includes the best drugs favipiravir and 
remdesivir.6,8

However, with the help of computational means and in vitro 
studies, the repurposing of existing drugs against COVID-19 is 
carried out and new ones are being created. Therefore, Rabie115 
reported the development of a new nucleoside or nucleotide analog 
(cyanorone-20), which is 209 and 45 times more effective than 
favipiravir and remdesivir, respectively. Such a potent antiviral 
drug, if it completed preclinical and clinical trials, would find 
widespread use in the control of COVID-19, especially when used 
in oral or inhalation forms.

To solve the mutating SARS-CoV-2 problem, Zou et al.116 
performed structural and functional analysis on natural antibod-
ies that were isolated from the blood of patients recovering from 
COVID-19. By scanning them using a library of receptor bind-
ing domains of yeast spike protein, they revealed rare, ultrapotent, 
mutation-resistant antibodies against SARS-CoV-2. The target of 
such antibodies is the epitope K378 of SARS-CoV-2 (S) protein, 
which was not mutated in any of the virus variants, since this led to 
a complete loss of pathogenicity. This opens the prospect of creat-
ing antiviral drugs and vaccines that do not lose their effectiveness 
in any SARS-CoV-2 mutations.

ASOs, which are short synthetic DNA or RNA molecules, have 
great promise in the fight against COVID-19.117 They are designed 
to target coding and non-coding RNA to adjust the level of their 
expression. If used as antiviral agents, they act as structural block-
ers, which by masking a certain RNA sequence make it inaccessi-
ble to spliceosome members or transcription factors.118 In addition, 
there is almost no consumption of ASOs, which allows them to be 
used at nanomolar concentrations, reducing the possibility of side 
effects and other negative phenomena associated with the action of 
traditional drugs.118,119 High target specificity and dual mechanism 
of action, the possibility of use for viruses with a high frequency of 
mutations, minimal toxicity, and relatively low cost of production 
due to simplicity of design and speed of development suggest that 
ASOs have significant potential as drugs against COVID-19.117,120

Currently, several firms have patented some ASO against the 
SARS-CoV-2 virus that has various targets and mechanisms of ac-
tion, such as destroying the pseudoknot in the place of frameshift 
of virus RNA (Ionis Pharmaceuticals), inhibiting replication of a 
virus by the impact on 3′-the end of a negative chain of virus RNA 
(AVI BioPharma, Inc), the blocking ORF1 AUG (217-245 items 
of N) the site of a virus genome (Stein David).117 The antiviral 
capability of ASOs has long been known; however, none of these 
molecules have been approved by the FDA.

Conclusions

Since the beginning of the COVID-19 pandemic, humanity has 
been faced with the problem of finding treatments and drugs for 

a completely new disease for which there was no evidence-based 
therapy. Initial efforts focused on a drug repurposing strategy, 
which was a quick way to use new prescribing of existing drugs. 
Many clinical trials were conducted, most of which were poorly 
coordinated and insufficiently powerful; therefore, they ended 
with conflicting conclusions. The incorrect choice of trial end-
points and lack of knowledge of drug pharmacokinetics and phar-
macodynamics parameters in several small clinical trials contrib-
uted to decisions predominantly based on probability rather than 
clinical evidence, which later proved ineffective.

The most informative and defining were large, randomized trials 
of treatments, and based on the results remdesivir and sotrovimab 
have been recommended to date. However, mutations appearing 
in new SARS-CoV-2 variants (especially in Omicron) created an 
opportunity for them to avoid an immune response, which reduced 
the effectiveness of vaccinations and treatments; therefore, combi-
nations of drugs and antibodies with different targets and mecha-
nisms of action were created and tested. In addition, RdRp and un-
mutating K378 epitope of SARS-CoV-2 (S) protein is an excellent 
target for the development of drugs and vaccines against this virus 
in the future. A powerful inhibitor of RdRp (cyanorone-20) and 
a new class of drugs (ASO) have great potential as drugs against 
COVID-19. A proactive drug development strategy based on pan-
virus cocktails for oral or inhalation administration has been pro-
posed. In the future, these developments could be a powerful tool 
when creating new therapeutic strategies to combat COVID-19 
and possible future pandemics.

Acknowledgments

None.

Funding

None.

Conflict of interest

The authors have no conflict of interest related to this publication.

Author contributions

AKA is the sole author.

References

[1]	 Tazerji SS, Shahabinejad F, Tokasi M, Rad MA, Khan MS, Safdar M, et 
al. Global data analysis and risk factors associated with morbidity and 
mortality of COVID-19. Gene Rep 2022;26:101505. doi:10.1016/j.gen-
rep.2022.101505, PMID:35071820.

[2]	 Aimrane A, Laaradia MA, Sereno D, Perrin P, Draoui A, Bougadir B, et 
al. Insight into COVID-19’s epidemiology, pathology, and treatment. 
Heliyon 2022;8(1):e08799. doi:10.1016/j.heliyon.2022.e08799, PMID: 
35071819.

[3]	 Ahmad W, Shabbiri K. Two years of SARS-CoV-2 infection (2019-2021): 
structural biology, vaccination, and current global situation. Egypt J In-
tern Med 2022;34(1):5. doi:10.1186/s43162-021-00092-7, PMID:350 
43040.

https://doi.org/10.14218/ERHM.2022.00034
https://doi.org/10.1016/j.genrep.2022.101505
https://doi.org/10.1016/j.genrep.2022.101505
http://www.ncbi.nlm.nih.gov/pubmed/35071820
https://doi.org/10.1016/j.heliyon.2022.e08799
http://www.ncbi.nlm.nih.gov/pubmed/35071819
https://doi.org/10.1186/s43162-021-00092-7
http://www.ncbi.nlm.nih.gov/pubmed/35043040
http://www.ncbi.nlm.nih.gov/pubmed/35043040


DOI: 10.14218/ERHM.2022.00034  |  Volume 8 Issue 1, March 202344

Ashirmetov A.K.: Pharmacotherapeutic Strategies COVID-19Explor Res Hypothesis Med

[4]	 Wu CR, Yin WC, Jiang Y, Xu HE. Structure genomics of SARS-CoV-2 and 
its Omicron variant: drug design templates for COVID-19. Acta Phar-
macol Sin 2022. doi:10.1038/s41401-021-00851-w, PMID:35058587.

[5]	 Wang Y, Liu C, Zhang C, Wang Y, Hong Q, Xu S, et al. Structural basis 
for SARS-CoV-2 Delta variant recognition of ACE2 receptor and broadly 
neutralizing antibodies. Nat Commun 2022;13(1):871. doi:10.1038/
s41467-022-28528-w, PMID:35169135.

[6]	 Menéndez JC. Approaches to the Potential Therapy of COVID-19: A Gen-
eral Overview from the Medicinal Chemistry Perspective. Molecules 
2022;27(3):658. doi:10.3390/molecules27030658, PMID:35163923.

[7]	 Yan W, Zheng Y, Zeng X, He B, Cheng W. Structural biology of SARS-
CoV-2: open the door for novel therapies. Signal Transduct Target Ther 
2022;7(1):26. doi:10.1038/s41392-022-00884-5, PMID:35087058.

[8]	 Martinez MA. Efficacy of repurposed antiviral drugs: Lessons from 
COVID-19. Drug Discov Today 2022. doi:10.1016/j.drudis.2022.02.012, 
PMID:35192924.

[9]	 Elvidge J, Summerfield A, Nicholls D, Dawoud D. Diagnostics and 
Treatments of COVID-19: A Living Systematic Review of Economic 
Evaluations. Value Health 2022;25(5):773–784. doi:10.1016/j.jval. 
2022.01.001, PMID:35181207.

[10]	 Kontoghiorghes GJ, Fetta S, Kontoghiorghe CN. The need for a multi-
level drug targeting strategy to curb the COVID-19 pandemic. Front 
Biosci (Landmark Ed) 2021;26(12):1723–1736. doi:10.52586/5064, 
PMID:34994185.

[11]	 Mantzourani C, Vasilakaki S, Gerogianni VE, Kokotos G. The discovery 
and development of transmembrane serine protease 2 (TMPRSS2) in-
hibitors as candidate drugs for the treatment of COVID-19. Expert Opin 
Drug Discov 2022;17(3):231–246. doi:10.1080/17460441.2022.20298
43, PMID:35072549.

[12]	 Sharma G, Song LF, Merz KM. Effect of an Inhibitor on the ACE2-
Receptor-Binding Domain of SARS-CoV-2. J Chem Inf Model 2022. 
doi:10.1021/acs.jcim.1c01283, PMID:35118864.

[13]	 Kandeel M, Kim J, Fayez M, Kitade Y, Kwon HJ. Antiviral drug discovery 
by targeting the SARS-CoV-2 polyprotein processing by inhibition of 
the main protease. PeerJ 2022;10:e12929. doi:10.7717/peerj.12929, 
PMID:35186496.

[14]	 Humeniuk R, Mathias A, Kirby BJ, Lutz JD, Cao H, Osinusi A, et al. Phar-
macokinetic, Pharmacodynamic, and Drug-Interaction Profile of Rem-
desivir, a SARS-CoV-2 Replication Inhibitor. Clin Pharmacokinet 2021; 
60(5):569–583. doi:10.1007/s40262-021-00984-5, PMID:33782830.

[15]	 van de Veerdonk FL, Giamarellos-Bourboulis E, Pickkers P, Derde 
L, Leavis H, van Crevel R, et al. A guide to immunotherapy for COV-
ID-19. Nat Med 2022;28(1):39–50. doi:10.1038/s41591-021-01643-9, 
PMID:35064248.

[16]	 Kaplon H, Chenoweth A, Crescioli S, Reichert JM. Antibodies to watch 
in 2022. MAbs 2022;14(1):2014296. doi:10.1080/19420862.2021.201
4296, PMID:35030985.

[17]	 Niknam Z, Jafari A, Golchin A, Danesh Pouya F, Nemati M, Rezaei-Ta-
virani M, et al. Potential therapeutic options for COVID-19: an update 
on current evidence. Eur J Med Res 2022;27(1):6. doi:10.1186/s40001-
021-00626-3, PMID:35027080.

[18]	 Falcone M, Suardi LR, Tiseo G, Barbieri C, Giusti L, Galfo V, et al. Early 
Use of Remdesivir and Risk of Disease Progression in Hospitalized Pa-
tients with Mild to Moderate COVID-19. Clin Ther 2022;44(3):364–373. 
doi:10.1016/j.clinthera.2022.01.007, PMID:35120742.

[19]	 Ader F, Bouscambert-Duchamp M, Hites M, Peiffer-Smadja N, Poissy 
J, Belhadi D, et al. Remdesivir plus standard of care versus standard 
of care alone for the treatment of patients admitted to hospital with 
COVID-19 (DisCoVeRy): a phase 3, randomised, controlled, open-
label trial. Lancet Infect Dis 2022;22(2):209–221. doi:10.1016/S1473-
3099(21)00485-0, PMID:34534511.

[20]	 Tanni SE, Silvinato A, Floriano I, Bacha HA, Barbosa AN, Bernardo WM. 
Use of remdesivir in patients with COVID-19: a systematic review and 
meta-analysis. J Bras Pneumol 2022;48(1):e20210393. doi:10.36416/ 
1806-3756/e20210393, PMID:35137874.

[21]	 Gupte V, Hegde R, Sawant S, Kalathingal K, Jadhav S, Malabade R, et 
al. Safety and clinical outcomes of remdesivir in hospitalised COV-
ID-19 patients: a retrospective analysis of active surveillance data-
base. BMC Infect Dis 2022;22(1):1. doi:10.1186/s12879-021-07004-8, 
PMID:34983406.

[22]	 Finn A, Jindal A, Andrea SB, Selvaraj V, Dapaah-Afriyie K. Association 

of Treatment with Remdesivir and 30-day Hospital Readmissions in 
Patients Hospitalized with COVID-19. Am J Med Sci 2022;363(5):403–
410. doi:10.1016/j.amjms.2022.01.021, PMID:35151637.

[23]	 Zarenezhad E, Marzi M. Review on molnupiravir as a promising oral 
drug for the treatment of COVID-19. Med Chem Res 2022:1–12. 
doi:10.1007/s00044-021-02841-3, PMID:35002192.

[24]	 Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gon-
zalez A, Delos Reyes V, et al. Molnupiravir for Oral Treatment of Cov-
id-19 in Nonhospitalized Patients. N Engl J Med 2022;386(6):509–520. 
doi:10.1056/NEJMoa2116044, PMID:34914868.

[25]	 Whitley R. Molnupiravir - A Step toward Orally Bioavailable Therapies 
for Covid-19. N Engl J Med 2022;386(6):592–593. doi:10.1056/NE-
JMe2117814, PMID:34914869.

[26]	 Vegivinti CTR, Evanson KW, Lyons H, Akosman I, Barrett A, Hardy N, 
et al. Efficacy of antiviral therapies for COVID-19: a systematic re-
view of randomized controlled trials. BMC Infect Dis 2022;22(1):107. 
doi:10.1186/s12879-022-07068-0, PMID:35100985.

[27]	 Hwang YC, Lu RM, Su SC, Chiang PY, Ko SH, Ke FY, et al. Monoclonal 
antibodies for COVID-19 therapy and SARS-CoV-2 detection. J Biomed 
Sci 2022;29(1):1. doi:10.1186/s12929-021-00784-w, PMID:34983527.

[28]	 O’Horo JC, Challener DW, Speicher L, Bosch W, Seville MT, Bierle 
DM, et al. Effectiveness of Monoclonal Antibodies in Prevent-
ing Severe COVID-19 With Emergence of the Delta Variant. Mayo 
Clin Proc 2022;97(2):327–332. doi:10.1016/j.mayocp.2021.12.002, 
PMID:35120695.

[29]	 U.S. Food and Drug Administration. Coronavirus (COVID-19) update: 
FDA revokes emergency use authorization for monoclonal antibody 
bamlanivimab [April 16, 2021]. Available from: www.fda.gov/news-
events/press-announcements/coronavirus-covid-19-update-fda-
revokes-emergency-use-authorization-monoclonal-antibody-bam-
lanivimab. Accessed May 20, 2022.

[30]	 Bavaro DF, Diella L, Solimando AG, Cicco S, Buonamico E, Stasi C, et al. 
Bamlanivimab and Etesevimab administered in an outpatient setting 
for SARS-CoV-2 infection. Pathog Glob Health 2022:1–8. doi:10.1080/2
0477724.2021.2024030, PMID:35138229.

[31]	 U.S. Food and Drug Administration. FDA authorizes bamlanivimab and 
etesevimab monoclonal antibody therapy for post-exposure prophy-
laxis (prevention) for COVID-19. [September 16, 2021]. Available from: 
www.fda.gov/drugs/drug-safety-and-availability/fda-authorizes-bam-
lanivimab-and-etesevimab-monoclonal-antibody-therapy-post-expo-
sure-prophylaxis. Accessed May 20, 2022.

[32]	 Yoshida J, Shiraishi K, Tamura T, Otani K, Kikuchi T, Mataga A, et al. 
Casirivimab-imdevimab neutralizing SARS-CoV-2: post-infusion clini-
cal events and their risk factors. J Pharm Health Care Sci 2022;8(1):1. 
doi:10.1186/s40780-021-00233-8, PMID:34980269.

[33]	 Hassanipour S, Arab-Zozani M, Amani B, Heidarzad F, Fathalipour M, 
Martinez-de-Hoyo R. Addendum: The efficacy and safety of Favipira-
vir in treatment of COVID-19: a systematic review and meta-analysis 
of clinical trials. Sci Rep 2022;12(1):1996. doi:10.1038/s41598-022-
05835-2, PMID:35105913.

[34]	 Chen PJ, Chao CM, Lai CC. Clinical efficacy and safety of favipiravir in 
the treatment of COVID-19 patients. J Infect 2021;82(5):186–230. 
doi:10.1016/j.jinf.2020.12.005, PMID:33301818.

[35]	 Zaidi AK, Dehgani-Mobaraki P. RETRACTED ARTICLE: The mechanisms 
of action of Ivermectin against SARS-CoV-2: An evidence-based clinical 
review article. J Antibiot (Tokyo) 2022;75(2):122. doi:10.1038/s41429-
021-00430-5, PMID:34127807.

[36]	 Hill A, Mirchandani M, Ellis L, Pilkington V. Ivermectin for the preven-
tion of COVID-19: addressing potential bias and medical fraud. J Anti-
microb Chemother 2022;77(5):1413–1416. doi:10.1093/jac/dkac052, 
PMID:35190831.

[37]	 Zubair SM, Chaudhry MW, Zubairi ABS, Shahzad T, Zahid A, Khan IA, et 
al. The effect of ivermectin on non-severe and severe COVID-19 dis-
ease and gender-based difference of its effectiveness. Monaldi Arch 
Chest Dis 2022. doi:10.4081/monaldi.2022.2062, PMID:35044137.

[38]	 Shirazi FM, Mirzaei R, Nakhaee S, Nejatian A, Ghafari S, Mehrpour O. 
Repurposing the drug, ivermectin, in COVID-19: toxicological points of 
view. Eur J Med Res 2022;27(1):21. doi:10.1186/s40001-022-00645-8, 
PMID:35123559.

[39]	 McDonald EG, Lee TC. Nirmatrelvir-ritonavir for COVID-19. CMAJ 2022; 
194(6):E218. doi:10.1503/cmaj.220081, PMID:35115376.

https://doi.org/10.14218/ERHM.2022.00034
https://doi.org/10.1038/s41401-021-00851-w
http://www.ncbi.nlm.nih.gov/pubmed/35058587
https://doi.org/10.1038/s41467-022-28528-w
https://doi.org/10.1038/s41467-022-28528-w
http://www.ncbi.nlm.nih.gov/pubmed/35169135
https://doi.org/10.3390/molecules27030658
http://www.ncbi.nlm.nih.gov/pubmed/35163923
https://doi.org/10.1038/s41392-022-00884-5
http://www.ncbi.nlm.nih.gov/pubmed/35087058
https://doi.org/10.1016/j.drudis.2022.02.012
http://www.ncbi.nlm.nih.gov/pubmed/35192924
https://doi.org/10.1016/j.jval.2022.01.001
https://doi.org/10.1016/j.jval.2022.01.001
http://www.ncbi.nlm.nih.gov/pubmed/35181207
https://doi.org/10.52586/5064
http://www.ncbi.nlm.nih.gov/pubmed/34994185
https://doi.org/10.1080/17460441.2022.2029843
https://doi.org/10.1080/17460441.2022.2029843
http://www.ncbi.nlm.nih.gov/pubmed/35072549
https://doi.org/10.1021/acs.jcim.1c01283
http://www.ncbi.nlm.nih.gov/pubmed/35118864
https://doi.org/10.7717/peerj.12929
http://www.ncbi.nlm.nih.gov/pubmed/35186496
https://doi.org/10.1007/s40262-021-00984-5
http://www.ncbi.nlm.nih.gov/pubmed/33782830
https://doi.org/10.1038/s41591-021-01643-9
http://www.ncbi.nlm.nih.gov/pubmed/35064248
https://doi.org/10.1080/19420862.2021.2014296
https://doi.org/10.1080/19420862.2021.2014296
http://www.ncbi.nlm.nih.gov/pubmed/35030985
https://doi.org/10.1186/s40001-021-00626-3
https://doi.org/10.1186/s40001-021-00626-3
http://www.ncbi.nlm.nih.gov/pubmed/35027080
https://doi.org/10.1016/j.clinthera.2022.01.007
http://www.ncbi.nlm.nih.gov/pubmed/35120742
https://doi.org/10.1016/S1473-3099(21)00485-0
https://doi.org/10.1016/S1473-3099(21)00485-0
http://www.ncbi.nlm.nih.gov/pubmed/34534511
https://doi.org/10.36416/1806-3756/e20210393
https://doi.org/10.36416/1806-3756/e20210393
http://www.ncbi.nlm.nih.gov/pubmed/35137874
https://doi.org/10.1186/s12879-021-07004-8
http://www.ncbi.nlm.nih.gov/pubmed/34983406
https://doi.org/10.1016/j.amjms.2022.01.021
http://www.ncbi.nlm.nih.gov/pubmed/35151637
https://doi.org/10.1007/s00044-021-02841-3
http://www.ncbi.nlm.nih.gov/pubmed/35002192
https://doi.org/10.1056/NEJMoa2116044
http://www.ncbi.nlm.nih.gov/pubmed/34914868
https://doi.org/10.1056/NEJMe2117814
https://doi.org/10.1056/NEJMe2117814
http://www.ncbi.nlm.nih.gov/pubmed/34914869
https://doi.org/10.1186/s12879-022-07068-0
http://www.ncbi.nlm.nih.gov/pubmed/35100985
https://doi.org/10.1186/s12929-021-00784-w
http://www.ncbi.nlm.nih.gov/pubmed/34983527
https://doi.org/10.1016/j.mayocp.2021.12.002
http://www.ncbi.nlm.nih.gov/pubmed/35120695
www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
https://doi.org/10.1080/20477724.2021.2024030
https://doi.org/10.1080/20477724.2021.2024030
http://www.ncbi.nlm.nih.gov/pubmed/35138229
www.fda.gov/drugs/drug-safety-and-availability/fda-authorizes-bamlanivimab-and-etesevimab-monoclonal-antibody-therapy-post-exposure-prophylaxis
www.fda.gov/drugs/drug-safety-and-availability/fda-authorizes-bamlanivimab-and-etesevimab-monoclonal-antibody-therapy-post-exposure-prophylaxis
www.fda.gov/drugs/drug-safety-and-availability/fda-authorizes-bamlanivimab-and-etesevimab-monoclonal-antibody-therapy-post-exposure-prophylaxis
https://doi.org/10.1186/s40780-021-00233-8
http://www.ncbi.nlm.nih.gov/pubmed/34980269
https://doi.org/10.1038/s41598-022-05835-2
https://doi.org/10.1038/s41598-022-05835-2
http://www.ncbi.nlm.nih.gov/pubmed/35105913
https://doi.org/10.1016/j.jinf.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33301818
https://doi.org/10.1038/s41429-021-00430-5
https://doi.org/10.1038/s41429-021-00430-5
http://www.ncbi.nlm.nih.gov/pubmed/34127807
https://doi.org/10.1093/jac/dkac052
http://www.ncbi.nlm.nih.gov/pubmed/35190831
https://doi.org/10.4081/monaldi.2022.2062
http://www.ncbi.nlm.nih.gov/pubmed/35044137
https://doi.org/10.1186/s40001-022-00645-8
http://www.ncbi.nlm.nih.gov/pubmed/35123559
https://doi.org/10.1503/cmaj.220081
http://www.ncbi.nlm.nih.gov/pubmed/35115376


DOI: 10.14218/ERHM.2022.00034  |  Volume 8 Issue 1, March 2023 45

Ashirmetov A.K.: Pharmacotherapeutic Strategies COVID-19 Explor Res Hypothesis Med

[40]	 Wen W, Chen C, Tang J, Wang C, Zhou M, Cheng Y, et al. Efficacy and 
safety of three new oral antiviral treatment (molnupiravir, fluvoxamine 
and Paxlovid) for COVID-19:a meta-analysis. Ann Med 2022;54(1):516–
523. doi:10.1080/07853890.2022.2034936, PMID:35118917.

[41]	 Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A Trial of Lopinavir-
Ritonavir in Adults Hospitalized with Severe Covid-19. N Engl J Med 
2020;382(19):1787–1799. doi:10.1056/NEJMoa, PMID:32187464.

[42]	 Deng J, Zhou F, Hou W, Heybati K, Ali S, Chang O, et al. Efficacy of lopi-
navir-ritonavir combination therapy for the treatment of hospitalized 
COVID-19 patients: a meta-analysis. Future Virol 2021. doi:10.2217/fvl- 
2021-0066, PMID:35145560.

[43]	 Mahase E. Covid-19: Pfizer’s paxlovid is 89% effective in patients 
at risk of serious illness, company reports. BMJ 2021;375:n2713. 
doi:10.1136/bmj.n2713, PMID:34750163.

[44]	 Huang KA, Zhou D, Tan TK, Chen C, Duyvesteyn HME, Zhao Y, et al. Struc-
tures and therapeutic potential of anti-RBD human monoclonal antibod-
ies against SARS-CoV-2. Theranostics 2022;12(1):1–17. doi:10.7150/ 
thno.65563, PMID:34987630.

[45]	 Vangeel L, Chiu W, De Jonghe S, Maes P, Slechten B, Raymenants J, 
et al. Remdesivir, Molnupiravir and Nirmatrelvir remain active against 
SARS-CoV-2 Omicron and other variants of concern. Antiviral Res 
2022;198:105252. doi:10.1016/j.antiviral.2022.105252, PMID:3508 
5683.

[46]	 Alizadehmohajer N, Behmardi A, Najafgholian S, Moradi S, Mohamma-
di F, Nedaeinia R, et al. Screening of potential inhibitors of COVID-19 
with repurposing approach via molecular docking. Netw Model Anal 
Health Inform Bioinform 2022;11(1):11. doi:10.1007/s13721-021-
00341-3, PMID:35136710.

[47]	 Kumar S, Kovalenko S, Bhardwaj S, Sethi A, Gorobets NY, Desenko SM, 
et al. Drug repurposing against SARS-CoV-2 using computational ap-
proaches. Drug Discov Today 2022. doi:10.1016/j.drudis.2022.02.004, 
PMID:35151891.

[48]	 Reguly IZ, Csercsik D, Juhász J, Tornai K, Bujtár Z, Horváth G, et al. Mi-
crosimulation based quantitative analysis of COVID-19 management 
strategies. PLoS Comput Biol 2022;18(1):e1009693. doi:10.1371/jour-
nal.pcbi.1009693, PMID:34982766.

[49]	 Rasheed J, Jamil A, Hameed AA, Al-Turjman F, Rasheed A. COVID-19 
in the Age of Artificial Intelligence: A Comprehensive Review. Inter-
discip Sci 2021;13(2):153–175. doi:10.1007/s12539-021-00431-w, 
PMID:33886097.

[50]	 Kandwal S, Fayne D. Repurposing drugs for treatment of SARS-CoV-2 
infection: computational design insights into mechanisms of action. J 
Biomol Struct Dyn 2022;40(3):1316–1330. doi:10.1080/07391102.202
0.1825232, PMID:32964805.

[51]	 Liu Y, Gan J, Wang R, Yang X, Xiao Z, Cao Y. DrugDevCovid19: An At-
las of Anti-COVID-19 Compounds Derived by Computer-Aided Drug 
Design. Molecules 2022;27(3):683. doi:10.3390/molecules27030683, 
PMID:35163948.

[52]	 Luttens A, Gullberg H, Abdurakhmanov E, Vo DD, Akaberi D, Talibov 
VO, et al. Ultralarge Virtual Screening Identifies SARS-CoV-2 Main Pro-
tease Inhibitors with Broad-Spectrum Activity against Coronaviruses. 
J Am Chem Soc 2022;144(7):2905–2920. doi:10.1021/jacs.1c08402, 
PMID:35142215.

[53]	 Rommasi F, Nasiri MJ, Mirsaeidi M. Immunomodulatory agents 
for COVID-19 treatment: possible mechanism of action and im-
munopathology features. Mol Cell Biochem 2022;477(3):711–726. 
doi:10.1007/s11010-021-04325-9, PMID:35013850.

[54]	 Dittmar M, Lee JS, Whig K, Segrist E, Li M, Kamalia B, et al. Drug repur-
posing screens reveal cell-type-specific entry pathways and FDA-ap-
proved drugs active against SARS-Cov-2. Cell Rep 2021;35(1):108959. 
doi:10.1016/j.celrep.2021.108959, PMID:33811811.

[55]	 Ko M, Jeon S, Ryu WS, Kim S. Comparative analysis of antiviral effi-
cacy of FDA-approved drugs against SARS-CoV-2 in human lung cells. J 
Med Virol 2021;93(3):1403–1408. doi:10.1002/jmv.26397, PMID:327 
67684.

[56]	 Tummino TA, Rezelj VV, Fischer B, Fischer A, O’Meara MJ, Monel B, 
et al. Drug-induced phospholipidosis confounds drug repurposing for 
SARS-CoV-2. Science 2021;373(6554):541–547. doi:10.1126/science.
abi4708, PMID:34326236.

[57]	 Leung E, Crass RL, Jorgensen SCJ, Raybardhan S, Langford BJ, Moore 
WJ, et al. Pharmacokinetic/Pharmacodynamic Considerations of 

Alternate Dosing Strategies of Tocilizumab in COVID-19. Clin Phar-
macokinet 2022;61(2):155–165. doi:10.1007/s40262-021-01092-0, 
PMID:34894345.

[58]	 Wang Y, Chen L. Lung tissue distribution of drugs as a key factor for 
COVID-19 treatment. Br J Pharmacol 2020;177(21):4995–4996. 
doi:10.1111/bph.15102, PMID:32424836.

[59]	 Chiu MN, Bhardwaj M, Sah SP. Safety profile of COVID-19 drugs in a real 
clinical setting. Eur J Clin Pharmacol 2022;78(5):733–753. doi:10.1007/
s00228-021-03270-2, PMID:35088108.

[60]	 Taccone FS, Hites M, Dauby N. From hydroxychloroquine to iver-
mectin: how unproven “cures” can go viral. Clin Microbiol Infect 
2022;28(4):472–474. doi:10.1016/j.cmi.2022.01.008, PMID:35124262.

[61]	 Brüssow H. Clinical trials with antiviral drugs against COVID-19: 
some progress and many shattered hopes. Environ Microbiol 2021; 
23(11):6364–6376. doi:10.1111/1462-2920.15769, PMID:34519154.

[62]	 Iturricastillo G, Ávalos Pérez-Urría E, Couñago F, Landete P. Scientific 
evidence in the COVID-19 treatment: A comprehensive review. World 
J Virol 2021;10(5):217–228. doi:10.5501/wjv.v10.i5.217, PMID:3463 
1473.

[63]	 Kaye DK. Navigating ethical challenges of conducting randomized 
clinical trials on COVID-19. Philos Ethics Humanit Med 2022;17(1):2. 
doi:10.1186/s13010-022-00115-3, PMID:35086524.

[64]	 Stewart J, Krows ML, Schaafsma TT, Heller KB, Brown ER, Boonyaratan-
akornkit J, et al. Comparison of Racial, Ethnic, and Geographic Location 
Diversity of Participants Enrolled in Clinic-Based vs 2 Remote COVID-19 
Clinical Trials. JAMA Netw Open 2022;5(2):e2148325. doi:10.1001/ja-
manetworkopen.2021.48325, PMID:35157053.

[65]	 WHO Solidarity Trial Consortium, Pan H, Peto R, Henao-Restrepo AM, 
Preziosi MP, Sathiyamoorthy V, et al. Repurposed Antiviral Drugs for 
Covid-19 - Interim WHO Solidarity Trial Results. N Engl J Med 2021; 
384(6):497–511. doi:10.1056/NEJMoa2023184, PMID:33264556.

[66]	 Mueller YM, Schrama TJ, Ruijten R, Schreurs MWJ, Grashof DGB, van 
de Werken HJG, et al. Stratification of hospitalized COVID-19 patients 
into clinical severity progression groups by immuno-phenotyping and 
machine learning. Nat Commun 2022;13(1):915. doi:10.1038/s41467-
022-28621-0, PMID:35177626.

[67]	 Eroglu A, Kartal S, Kongur E. Therapeutic options for Corona Virus Dis-
ease 2019 (COVID-19). J Anesth Crit Care Open Access 2021;13(3):129–
132. doi:10.15406/jaccoa.2021.13.00483.

[68]	 Shen Q, Li J, Zhang Z, Guo S, Wang Q, An X, et al. COVID-19: systemic 
pathology and its implications for therapy. Int J Biol Sci 2022;18(1):386–
408. doi:10.7150/ijbs.65911, PMID:34975340.

[69]	 Alefishat E, Jelinek HF, Mousa M, Tay GK, Alsafar HS. Immune re-
sponse to SARS-CoV-2 variants: A focus on severity, susceptibility, 
and preexisting immunity. J Infect Public Health 2022;15(2):277–288. 
doi:10.1016/j.jiph.2022.01.007, PMID:35074728.

[70]	 Villaescusa L, Zaragozá F, Gayo-Abeleira I, Zaragozá C. A New Approach to 
the Management of COVID-19. Antagonists of IL-6: Siltuximab. Adv Ther 
2022;39(3):1126–1148. doi:10.1007/s12325-022-02042-3, PMID:3507 
2887.

[71]	 Radulescu A, Istrate A, Muntean M. Treatment with Tocilizumab 
in Adult Patients with Moderate to Critical COVID-19 Pneumonia: 
A Single-Center Retrospective Study. Int J Infect Dis 2022;117:1–7. 
doi:10.1016/j.ijid.2022.01.048, PMID:35093528.

[72]	 Murugesan H, Cs G, Nasreen HS, Santhanam S, Gowrishankar M, Ravi 
S, et al. An Evaluation of Efficacy and Safety of Tofacitinib, A JAK Inhibi-
tor in the Management of Hospitalized Patients with Mild to Moder-
ate COVID-19 - An Open-Label Randomized Controlled Study. J Assoc 
Physicians India 2022;69(12):11–12. PMID:35057599.

[73]	 Al-Hajeri H, Baroun F, Abutiban F, Al-Mutairi M, Ali Y, Alawadhi A, et 
al. Therapeutic role of immunomodulators during the COVID-19 pan-
demic- a narrative review. Postgrad Med 2022;134(2):160–179. doi:10
.1080/00325481.2022.2033563, PMID:35086413.

[74]	 Kow CS, Lee LH, Ramachandram DS, Hasan SS, Ming LC, Goh HP. The ef-
fect of colchicine on mortality outcome and duration of hospital stay in 
patients with COVID-19: A meta-analysis of randomized trials. Immun 
Inflamm Dis 2022;10(2):255–264. doi:10.1002/iid3.562, PMID:349 
70856.

[75]	 Choudhury M, Dhanabalan AK, Goswami N. Understanding the binding 
mechanism for potential inhibition of SARS-CoV-2 Mpro and exploring 
the modes of ACE2 inhibition by hydroxychloroquine. J Cell Biochem 

https://doi.org/10.14218/ERHM.2022.00034
https://doi.org/10.1080/07853890.2022.2034936
http://www.ncbi.nlm.nih.gov/pubmed/35118917
https://doi.org/10.1056/NEJMoa
http://www.ncbi.nlm.nih.gov/pubmed/32187464
https://doi.org/10.2217/fvl-2021-0066
https://doi.org/10.2217/fvl-2021-0066
http://www.ncbi.nlm.nih.gov/pubmed/35145560
https://doi.org/10.1136/bmj.n2713
http://www.ncbi.nlm.nih.gov/pubmed/34750163
https://doi.org/10.7150/thno.65563
https://doi.org/10.7150/thno.65563
http://www.ncbi.nlm.nih.gov/pubmed/34987630
https://doi.org/10.1016/j.antiviral.2022.105252
http://www.ncbi.nlm.nih.gov/pubmed/35085683
http://www.ncbi.nlm.nih.gov/pubmed/35085683
https://doi.org/10.1007/s13721-021-00341-3
https://doi.org/10.1007/s13721-021-00341-3
http://www.ncbi.nlm.nih.gov/pubmed/35136710
https://doi.org/10.1016/j.drudis.2022.02.004
http://www.ncbi.nlm.nih.gov/pubmed/35151891
https://doi.org/10.1371/journal.pcbi.1009693
https://doi.org/10.1371/journal.pcbi.1009693
http://www.ncbi.nlm.nih.gov/pubmed/34982766
https://doi.org/10.1007/s12539-021-00431-w
http://www.ncbi.nlm.nih.gov/pubmed/33886097
https://doi.org/10.1080/07391102.2020.1825232
https://doi.org/10.1080/07391102.2020.1825232
http://www.ncbi.nlm.nih.gov/pubmed/32964805
https://doi.org/10.3390/molecules27030683
http://www.ncbi.nlm.nih.gov/pubmed/35163948
https://doi.org/10.1021/jacs.1c08402
http://www.ncbi.nlm.nih.gov/pubmed/35142215
https://doi.org/10.1007/s11010-021-04325-9
http://www.ncbi.nlm.nih.gov/pubmed/35013850
https://doi.org/10.1016/j.celrep.2021.108959
http://www.ncbi.nlm.nih.gov/pubmed/33811811
https://doi.org/10.1002/jmv.26397
http://www.ncbi.nlm.nih.gov/pubmed/32767684
http://www.ncbi.nlm.nih.gov/pubmed/32767684
https://doi.org/10.1126/science.abi4708
https://doi.org/10.1126/science.abi4708
http://www.ncbi.nlm.nih.gov/pubmed/34326236
https://doi.org/10.1007/s40262-021-01092-0
http://www.ncbi.nlm.nih.gov/pubmed/34894345
https://doi.org/10.1111/bph.15102
http://www.ncbi.nlm.nih.gov/pubmed/32424836
https://doi.org/10.1007/s00228-021-03270-2
https://doi.org/10.1007/s00228-021-03270-2
http://www.ncbi.nlm.nih.gov/pubmed/35088108
https://doi.org/10.1016/j.cmi.2022.01.008
http://www.ncbi.nlm.nih.gov/pubmed/35124262
https://doi.org/10.1111/1462-2920.15769
http://www.ncbi.nlm.nih.gov/pubmed/34519154
https://doi.org/10.5501/wjv.v10.i5.217
http://www.ncbi.nlm.nih.gov/pubmed/34631473
http://www.ncbi.nlm.nih.gov/pubmed/34631473
https://doi.org/10.1186/s13010-022-00115-3
http://www.ncbi.nlm.nih.gov/pubmed/35086524
https://doi.org/10.1001/jamanetworkopen.2021.48325
https://doi.org/10.1001/jamanetworkopen.2021.48325
http://www.ncbi.nlm.nih.gov/pubmed/35157053
https://doi.org/10.1056/NEJMoa2023184
http://www.ncbi.nlm.nih.gov/pubmed/33264556
https://doi.org/10.1038/s41467-022-28621-0
https://doi.org/10.1038/s41467-022-28621-0
http://www.ncbi.nlm.nih.gov/pubmed/35177626
https://doi.org/10.15406/jaccoa.2021.13.00483
https://doi.org/10.7150/ijbs.65911
http://www.ncbi.nlm.nih.gov/pubmed/34975340
https://doi.org/10.1016/j.jiph.2022.01.007
http://www.ncbi.nlm.nih.gov/pubmed/35074728
https://doi.org/10.1007/s12325-022-02042-3
http://www.ncbi.nlm.nih.gov/pubmed/35072887
http://www.ncbi.nlm.nih.gov/pubmed/35072887
https://doi.org/10.1016/j.ijid.2022.01.048
http://www.ncbi.nlm.nih.gov/pubmed/35093528
http://www.ncbi.nlm.nih.gov/pubmed/35057599
https://doi.org/10.1080/00325481.2022.2033563
https://doi.org/10.1080/00325481.2022.2033563
http://www.ncbi.nlm.nih.gov/pubmed/35086413
https://doi.org/10.1002/iid3.562
http://www.ncbi.nlm.nih.gov/pubmed/34970856
http://www.ncbi.nlm.nih.gov/pubmed/34970856


DOI: 10.14218/ERHM.2022.00034  |  Volume 8 Issue 1, March 202346

Ashirmetov A.K.: Pharmacotherapeutic Strategies COVID-19Explor Res Hypothesis Med

2022;123(2):347–358. doi:10.1002/jcb.30174, PMID:34741481.
[76]	 El Kadri M, Al Falasi O, Ahmed R, Al Awadhi A, Altaha Z, Hillis A, et 

al. Changes in QTc interval after hydroxychloroquine therapy in pa-
tients with COVID-19 infection: a large, retrospective, multicentre 
cohort study. BMJ Open 2022;12(2):e051579. doi:10.1136/bmjopen- 
2021-051579, PMID:35140148.

[77]	 White JM, Schiffer JT, Bender Ignacio RA, Xu S, Kainov D, Ianevski A, et 
al. Drug Combinations as a First Line of Defense against Coronaviruses 
and Other Emerging Viruses. mBio 2021;12(6):e0334721. doi:10.1128/
mbio.03347-21, PMID:34933447.

[78]	 Moradi M, Golmohammadi R, Najafi A, Moosazadeh Moghaddam 
M, Fasihi-Ramandi M, Mirnejad R. A contemporary review on the im-
portant role of in silico approaches for managing different aspects of 
COVID-19 crisis. Inform Med Unlocked 2022;28:100862. doi:10.1016/j.
imu.2022.100862, PMID:35079621.

[79]	 Wang G, Xiao B, Deng J, Gong L, Li Y, Li J, et al. The Role of Cytochrome 
P450 Enzymes in COVID-19 Pathogenesis and Therapy. Front Pharmacol 
2022;13:791922. doi:10.3389/fphar.2022.791922, PMID:35185562.

[80]	 Kirson N, Swallow E, Lu J, Mesa-Frias M, Bookhart B, Maynard J, et al. 
The societal economic value of COVID-19 vaccines in the United States. 
J Med Econ 2022;25(1):119–128. doi:10.1080/13696998.2022.202611
8, PMID:34989654.

[81]	 The PLOS Medicine Editors. Vaccine equity: A fundamental impera-
tive in the fight against COVID-19. PLoS Med 2022;19(2):e1003948. 
doi:10.1371/journal.pmed.1003948, PMID:35192620.

[82]	 Pordanjani SR,  Pordanjani AR,  Askarpour H,  Arjmand M,  Babakha-
nian M, Amiri M, et al. A Comprehensive Review on Various Aspects 
of SARS-CoV-2 (COVID-19) Vaccines. Int J Prev Med 2022;13:151. 
doi:10.4103/ijpvm.ijpvm_513_21, PMID:36911005.

[83]	 Shakeel CS, Mujeeb AA, Mirza MS, Chaudhry B, Khan SJ. Global COV-
ID-19 Vaccine Acceptance: A Systematic Review of Associated Social 
and Behavioral Factors. Vaccines (Basel) 2022;10(1):110. doi:10.3390/
vaccines10010110, PMID:35062771.

[84]	 Li CX, Noreen S, Zhang LX, Saeed M, Wu PF, Ijaz M, et al. A critical 
analysis of SARS-CoV-2 (COVID-19) complexities, emerging variants, 
and therapeutic interventions and vaccination strategies. Biomed 
Pharmacother 2022;146:112550. doi:10.1016/j.biopha.2021.112550, 
PMID:34959116.

[85]	 Olliaro P, Torreele E, Vaillant M. COVID-19 vaccine efficacy and effective-
ness-the elephant (not) in the room. Lancet Microbe 2021;2(7):e279–
e280. doi:10.1016/S2666-5247(21)00069-0, PMID:33899038.

[86]	 Ashwlayan VD, Antlash C, Imran M, Asdaq SMB, Alshammari MK, 
Alomani M, et al. Insight into the biological impact of COVID-19 and 
its vaccines on human health. Saudi J Biol Sci 2022;29(5):3326–3337. 
doi:10.1016/j.sjbs.2022.02.010, PMID:35185356.

[87]	 Rackimuthu S, Narain K, Lal A, Nawaz FA, Mohanan P, Essar MY, et al. 
Redressing COVID-19 vaccine inequity amidst booster doses: chart-
ing a bold path for global health solidarity, together. Global Health 
2022;18(1):23. doi:10.1186/s12992-022-00817-5, PMID:35193616.

[88]	 Abba-Aji M, Stuckler D, Galea S, McKee M. Ethnic/racial minorities’ 
and migrants’ access to COVID-19 vaccines: A systematic review of 
barriers and facilitators. J Migr Health 2022;5:100086. doi:10.1016/j.
jmh.2022.100086, PMID:35194589.

[89]	 Cheng MH, Krieger JM, Banerjee A, Xiang Y, Kaynak B, Shi Y, et al. Im-
pact of new variants on SARS-CoV-2 infectivity and neutralization: A 
molecular assessment of the alterations in the spike-host protein inter-
actions. iScience 2022;25(3):103939. doi:10.1016/j.isci.2022.103939, 
PMID:35194576.

[90]	 Cerutti G, Guo Y, Liu L, Liu L, Zhang Z, Luo Y, et al. Cryo-EM struc-
ture of the SARS-CoV-2 Omicron spike. Cell Rep 2022;38(9):110428. 
doi:10.1016/j.celrep.2022.110428, PMID:35172173.

[91]	 Oróstica KY, Contreras S, Sanchez-Daza A, Fernandez J, Priesemann V, 
Olivera-Nappa Á. New year, new SARS-CoV-2 variant: Resolutions on 
genomic surveillance protocols to face Omicron. Lancet Reg Health Am 
2022;7:100203. doi:10.1016/j.lana.2022.100203, PMID:35187522.

[92]	 Zhao H, Lu L, Peng Z, Chen LL, Meng X, Zhang C, et al. SARS-CoV-2 Omi-
cron variant shows less efficient replication and fusion activity when 
compared with Delta variant in TMPRSS2-expressed cells. Emerg Mi-
crobes Infect 2022;11(1):277–283. doi:10.1080/22221751.2021.2023
329, PMID:34951565.

[93]	 Fang Z, Peng L, Filler R, Suzuki K, McNamara A, Lin Q, et al. Omicron-

specific mRNA vaccination alone and as a heterologous booster 
against SARS-CoV-2. bioRxiv [Preprint] 2022:480449. doi:10.1101/ 
2022.02.14.480449, PMID:35194606.

[94]	 Ren SY, Wang WB, Gao RD, Zhou AM. Omicron variant (B.1.1.529) of 
SARS-CoV-2: Mutation, infectivity, transmission, and vaccine resist-
ance. World J Clin Cases 2022;10(1):1–11. doi:10.12998/wjcc.v10.i1.1, 
PMID:35071500.

[95]	 Dejnirattisai W, Huo J, Zhou D, Zahradník J, Supasa P, Liu C, et al. SARS-
CoV-2 Omicron-B.1.1.529 leads to widespread escape from neutraliz-
ing antibody responses. Cell 2022;185(3):467–484.e15. doi:10.1016/j.
cell.2021.12.046, PMID:35081335.

[96]	 Zou J, Xia H, Xie X, Kurhade C, Machado RRG, Weaver SC, et al. Neutral-
ization against Omicron SARS-CoV-2 from previous non-Omicron infec-
tion. Nat Commun 2022;13(1):852. doi:10.1038/s41467-022-28544-w, 
PMID:35140233.

[97]	 Robinson BWS, Tai A, Springer K. Why we still need drugs for COVID-19 
and can’t just rely on vaccines. Respirology 2022;27(2):109–111. 
doi:10.1111/resp.14199, PMID:34970812.

[98]	 Lu H. More effective vaccines and oral antivirals: Keys for the bat-
tle against Omicron. Biosci Trends 2022;16(1):1–3. doi:10.5582/
bst.2022.01062, PMID:35173108.

[99]	 Zhou H, Tada T, Dcosta BM, Landau NR. Neutralization of SARS-CoV-2 
Omicron BA.2 by Therapeutic Monoclonal Antibodies. bioRxiv [Pre-
print] 2022:480166. doi:10.1101/2022.02.15.480166, PMID:35194604.

[100]	 Planas D, Saunders N, Maes P, Guivel-Benhassine F, Planchais C, Bu-
chrieser J, et al. Considerable escape of SARS-CoV-2 Omicron to an-
tibody neutralization. Nature 2022;602(7898):671–675. doi:10.1038/
s41586-021-04389-z, PMID:35016199.

[101]	 Bojkova D, Widera M, Ciesek S, Wass MN, Michaelis M, Cinatl J Jr. Re-
duced interferon antagonism but similar drug sensitivity in Omicron 
variant compared to Delta variant of SARS-CoV-2 isolates. Cell Res 2022; 
32(3):319–321. doi:10.1038/s41422-022-00619-9, PMID:35064226.

[102]	 Majumdar S, Sarkar R. Mutational and phylogenetic analyses of the 
two lineages of the Omicron variant. J Med Virol 2022;94(5):1777–
1779. doi:10.1002/jmv.27558, PMID:34964502.

[103]	 Madhi SA, Ihekweazu C, Rees H, Pollard AJ. Decoupling of omicron var-
iant infections and severe COVID-19. Lancet 2022;399(10329):1047–
1048. doi:10.1016/S0140-6736(22)00109-X, PMID:35189080.

[104]	 Quarleri J, Galvan V, Delpino MV. Omicron variant of the SARS-CoV-2: a 
quest to define the consequences of its high mutational load. Gerosci-
ence 2022;44(1):53–56. doi:10.1007/s11357-021-00500-4, PMID:3492 
1354.

[105]	 Maslo C, Friedland R, Toubkin M, Laubscher A, Akaloo T, Kama B. 
Characteristics and Outcomes of Hospitalized Patients in South Af-
rica During the COVID-19 Omicron Wave Compared With Previous 
Waves. JAMA 2022;327(6):583–584. doi:10.1001/jama.2021.24868, 
PMID:34967859.

[106]	 Xu D, Biswal M, Neal A, Hai R. Review Devil’s tools: SARS-CoV-2 an-
tagonists against innate immunity. Curr Res Virol Sci 2021;2:100013. 
doi:10.1016/j.crviro.2021.100013, PMID:34812428.

[107]	 Monk PD, Marsden RJ, Tear VJ, Brookes J, Batten TN, Mankowski 
M, et al. Safety and efficacy of inhaled nebulised interferon beta-
1a (SNG001) for treatment of SARS-CoV-2 infection: a randomised, 
double-blind, placebo-controlled, phase 2 trial. Lancet Respir 
Med 2021;9(2):196–206. doi:10.1016/S2213-2600(20)30511-7, 
PMID:33189161.

[108]	 Chong Z, Karl CE, Halfmann PJ, Kawaoka Y, Winkler ES, Yu J, et al. 
Nasally-delivered interferon-λ protects mice against upper and 
lower respiratory tract infection of SARS-CoV-2 variants includ-
ing Omicron. bioRxiv 2022:2022. doi:10.1101/2022.01.21.477296, 
PMID:35118466.

[109]	 Sukeishi A, Itohara K, Yonezawa A, Sato Y, Matsumura K, Katada Y, et 
al. Population pharmacokinetic modeling of GS-441524, the active 
metabolite of remdesivir, in Japanese COVID-19 patients with renal 
dysfunction. CPT Pharmacometrics Syst Pharmacol 2022;11(1):94–
103. doi:10.1002/psp4.12736, PMID:34793625.

[110]	 Chowdhury MNR, Alif YA, Alam S, Emon NU, Richi FT, Zihad SMNK, et 
al. Theoretical effectiveness of steam inhalation against SARS-CoV-2 
infection: updates on clinical trials, mechanism of actions, and tra-
ditional approaches. Heliyon 2022;8(1):e08816. doi:10.1016/j.heli-
yon.2022.e08816, PMID:35097233.

https://doi.org/10.14218/ERHM.2022.00034
https://doi.org/10.1002/jcb.30174
http://www.ncbi.nlm.nih.gov/pubmed/34741481
https://doi.org/10.1136/bmjopen-2021-051579
https://doi.org/10.1136/bmjopen-2021-051579
http://www.ncbi.nlm.nih.gov/pubmed/35140148
https://doi.org/10.1128/mbio.03347-21
https://doi.org/10.1128/mbio.03347-21
http://www.ncbi.nlm.nih.gov/pubmed/34933447
https://doi.org/10.1016/j.imu.2022.100862
https://doi.org/10.1016/j.imu.2022.100862
http://www.ncbi.nlm.nih.gov/pubmed/35079621
https://doi.org/10.3389/fphar.2022.791922
http://www.ncbi.nlm.nih.gov/pubmed/35185562
https://doi.org/10.1080/13696998.2022.2026118
https://doi.org/10.1080/13696998.2022.2026118
http://www.ncbi.nlm.nih.gov/pubmed/34989654
https://doi.org/10.1371/journal.pmed.1003948
http://www.ncbi.nlm.nih.gov/pubmed/35192620
http://doi.org/10.4103/ijpvm.ijpvm_513_21
http://www.ncbi.nlm.nih.gov/pubmed/36911005
https://doi.org/10.3390/vaccines10010110
https://doi.org/10.3390/vaccines10010110
http://www.ncbi.nlm.nih.gov/pubmed/35062771
https://doi.org/10.1016/j.biopha.2021.112550
http://www.ncbi.nlm.nih.gov/pubmed/34959116
https://doi.org/10.1016/S2666-5247(21)00069-0
http://www.ncbi.nlm.nih.gov/pubmed/33899038
https://doi.org/10.1016/j.sjbs.2022.02.010
http://www.ncbi.nlm.nih.gov/pubmed/35185356
https://doi.org/10.1186/s12992-022-00817-5
http://www.ncbi.nlm.nih.gov/pubmed/35193616
https://doi.org/10.1016/j.jmh.2022.100086
https://doi.org/10.1016/j.jmh.2022.100086
http://www.ncbi.nlm.nih.gov/pubmed/35194589
https://doi.org/10.1016/j.isci.2022.103939
http://www.ncbi.nlm.nih.gov/pubmed/35194576
https://doi.org/10.1016/j.celrep.2022.110428
http://www.ncbi.nlm.nih.gov/pubmed/35172173
https://doi.org/10.1016/j.lana.2022.100203
http://www.ncbi.nlm.nih.gov/pubmed/35187522
https://doi.org/10.1080/22221751.2021.2023329
https://doi.org/10.1080/22221751.2021.2023329
http://www.ncbi.nlm.nih.gov/pubmed/34951565
https://doi.org/10.1101/2022.02.14.480449
https://doi.org/10.1101/2022.02.14.480449
http://www.ncbi.nlm.nih.gov/pubmed/35194606
https://doi.org/10.12998/wjcc.v10.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/35071500
https://doi.org/10.1016/j.cell.2021.12.046
https://doi.org/10.1016/j.cell.2021.12.046
http://www.ncbi.nlm.nih.gov/pubmed/35081335
https://doi.org/10.1038/s41467-022-28544-w
http://www.ncbi.nlm.nih.gov/pubmed/35140233
https://doi.org/10.1111/resp.14199
http://www.ncbi.nlm.nih.gov/pubmed/34970812
https://doi.org/10.5582/bst.2022.01062
https://doi.org/10.5582/bst.2022.01062
http://www.ncbi.nlm.nih.gov/pubmed/35173108
https://doi.org/10.1101/2022.02.15.480166
http://www.ncbi.nlm.nih.gov/pubmed/35194604
https://doi.org/10.1038/s41586-021-04389-z
https://doi.org/10.1038/s41586-021-04389-z
http://www.ncbi.nlm.nih.gov/pubmed/35016199
https://doi.org/10.1038/s41422-022-00619-9
http://www.ncbi.nlm.nih.gov/pubmed/35064226
https://doi.org/10.1002/jmv.27558
http://www.ncbi.nlm.nih.gov/pubmed/34964502
https://doi.org/10.1016/S0140-6736(22)00109-X
http://www.ncbi.nlm.nih.gov/pubmed/35189080
https://doi.org/10.1007/s11357-021-00500-4
http://www.ncbi.nlm.nih.gov/pubmed/34921354
http://www.ncbi.nlm.nih.gov/pubmed/34921354
https://doi.org/10.1001/jama.2021.24868
http://www.ncbi.nlm.nih.gov/pubmed/34967859
https://doi.org/10.1016/j.crviro.2021.100013
http://www.ncbi.nlm.nih.gov/pubmed/34812428
https://doi.org/10.1016/S2213-2600(20)30511-7
http://www.ncbi.nlm.nih.gov/pubmed/33189161
https://doi.org/10.1101/2022.01.21.477296
http://www.ncbi.nlm.nih.gov/pubmed/35118466
https://doi.org/10.1002/psp4.12736
http://www.ncbi.nlm.nih.gov/pubmed/34793625
https://doi.org/10.1016/j.heliyon.2022.e08816
https://doi.org/10.1016/j.heliyon.2022.e08816
http://www.ncbi.nlm.nih.gov/pubmed/35097233


DOI: 10.14218/ERHM.2022.00034  |  Volume 8 Issue 1, March 2023 47

Ashirmetov A.K.: Pharmacotherapeutic Strategies COVID-19 Explor Res Hypothesis Med

[111]	 Khairnar SV, Jain DD, Tambe SM, Chavan YR, Amin PD. Nebulizer sys-
tems: a new frontier for therapeutics and targeted delivery. Ther Deliv 
2022;13(1):31–49. doi:10.4155/tde-2021-0070, PMID:34766509.

[112]	 Sanna V, Satta S, Hsiai T, Sechi M. Development of targeted nano-
particles loaded with antiviral drugs for SARS-CoV-2 inhibition. Eur J 
Med Chem 2022;231:114121. doi:10.1016/j.ejmech.2022.114121, 
PMID:35114539.

[113]	 Zachar O. Nanomedicine formulations for respiratory infections by 
inhalation delivery: Covid-19 and beyond. Med Hypotheses 2022; 
159:110753. doi:10.1016/j.mehy.2021.110753, PMID:35002023.

[114]	 Xiong Q, Cao L, Ma C, Liu C, Si J, Liu P, et al. Close relatives of MERS-
CoV in bats use ACE2 as their functional receptors. bioRxiv [Preprint] 
2022:477490. doi:10.1101/2022.01.24.477490.

[115]	 Rabie AM. Cyanorona-20: The first potent anti-SARS-CoV-2 agent. 
Int Immunopharmacol 2021;98:107831. doi:10.1016/j.intimp.2021. 

107831, PMID:34247016.
[116]	 Zou J, Li L, Zheng P, Liang W, Hu S, Zhou S, et al. Ultrapotent neutraliz-

ing antibodies against SARS-CoV-2 with a high degree of mutation re-
sistance. J Clin Invest 2022;132(4):e154987. doi:10.1172/JCI154987, 
PMID:35108220.

[117]	 Quemener AM, Centomo ML, Sax SL, Panella R. Small Drugs, Huge Impact: 
The Extraordinary Impact of Antisense Oligonucleotides in Research 
and Drug Development. Molecules 2022;27(2):536. doi:10.3390/ 
molecules27020536, PMID:35056851.

[118]	 Roy V, Agrofoglio LA. Nucleosides and emerging viruses: A new story. 
Drug Discov Today 2022. doi:10.1016/j.drudis.2022.02.013, PMID:3518 
9369.

[119]	 Halloy F, Biscans A, Bujold KE, Debacker A, Hill AC, Lacroix A, et al. 
Innovative developments and emerging technologies in RNA thera-
peutics. RNA Biol 2022;19(1):313–332. doi:10.1080/15476286.2022

https://doi.org/10.14218/ERHM.2022.00034
https://doi.org/10.4155/tde-2021-0070
http://www.ncbi.nlm.nih.gov/pubmed/34766509
https://doi.org/10.1016/j.ejmech.2022.114121
http://www.ncbi.nlm.nih.gov/pubmed/35114539
https://doi.org/10.1016/j.mehy.2021.110753
http://www.ncbi.nlm.nih.gov/pubmed/35002023
https://doi.org/10.1101/2022.01.24.477490
https://doi.org/10.1016/j.intimp.2021.107831
https://doi.org/10.1016/j.intimp.2021.107831
http://www.ncbi.nlm.nih.gov/pubmed/34247016
https://doi.org/10.1172/JCI154987
http://www.ncbi.nlm.nih.gov/pubmed/35108220
https://doi.org/10.3390/molecules27020536
https://doi.org/10.3390/molecules27020536
http://www.ncbi.nlm.nih.gov/pubmed/35056851
https://doi.org/10.1016/j.drudis.2022.02.013
http://www.ncbi.nlm.nih.gov/pubmed/35189369
http://www.ncbi.nlm.nih.gov/pubmed/35189369
https://doi.org/10.1080/15476286.2022.2027150

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Methods﻿

	﻿﻿﻿Structure and life cycle of severe acute respiratory syndrome coronavirus 2﻿

	﻿﻿﻿Repurposing used drugs as a method of combating COVID-19﻿

	﻿﻿﻿Efficacy and challenges in clinical trials of drugs against COVID-19﻿

	﻿﻿﻿Clinical trials of drugs repurposed for COVID-19﻿

	﻿﻿﻿Clinical trials of monoclonal antibodies against SARS-CoV-2﻿

	﻿﻿﻿Drug combination considering their pharmacokinetic profile to improve the treatment effectiveness of COVID-19﻿

	﻿﻿﻿Use of vaccines for COVID-19﻿

	﻿﻿﻿The problem of combating Omicron, a new version of the mutation SARS-CoV-2﻿

	﻿﻿﻿Preparation of optimal dosage forms for the treatment of COVID-19﻿

	﻿﻿﻿Program to prepare for new outbreaks of viral pandemics﻿

	﻿﻿﻿Prospects in the development of drugs against SARS-CoV-2﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


