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Abstract: Despite the global decline in the severity of the coronavirus disease 2019 (COVID-19) cases, the disease still represents a major concern to the relevant scientific and medical communities. The primary concern of drug scientists, virologists, and other concerned specialists in this respect is to find ready-to-use suitable and potent anticoronaviral therapies that are broadly effective against the different species/strains of the coronaviruses in general, not only against the current and previous coronaviruses (e.g., the recently-appeared severe acute respiratory syndrome coronavirus 2 “SARS-CoV-2”), i.e., effective antiviral agents for treatment and/or prophylaxis of any coronaviral infections, including those of the coming ones from the next species and strains (if any). As an expert in this field, I tried, in this up-to-date perspective “viewpoint” article, to evaluate the suitability and applicability of using the currently-available anticoronaviral agents for the next coronavirus diseases (COVIDs) and coronaviral pandemics, highlighting the most important general guidelines that should be considered in the next pandemics from the therapeutic points of view.
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Introduction

It has been more than three years since the emergence of the fatal severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus and the coronavirus disease 2019 (COVID-19) outbreak. Despite the relative success of safe and effective vaccines for COVID-19, people still suffer severely from illness due to this viral infection and its ensuing unlimited complications. With the continual evolution of more resistant pathogenic SARS-CoV-2 variants of interest (VOI), the threat is far from over. Mystery still clouds the functional roles of a few protein components of the virus; hence, no definitive, clear, and 100%-effective therapy against all the strains of the virus. That is why scientists are still discussing the most effective pharmacological and clinical strategies that can be employed to develop new efficient potent therapies against COVID-19, along with discussing the latest updates about the known anti-COVID-19 agents from the clinical and toxicological points of view. Bringing a new life to shelved drugs (i.e., evaluation of the repurposing potentials and capacities of old drugs) against the new infectious disease “COVID-19” is considered one of the most important strategies tried for COVID-19 therapy since 2020. However, the traditional novel-drug design/discovery strategy still remains a prominent strategy for having therapies specifically targeting the virus, not the COVID-19 and its associated complications as a whole.

In general, there is a tetragonal therapeutic approach that must be efficiently applied and achieved for successful and comprehensive management and treatment of the COVID-19 disease (Rabie and Abdalla, 2022a): (I) potent antiviral/virucidal medications that significantly limit SARS-CoV-2 transmission, cell entry, replication, intercellular spread, and pathogenicity (this is the focal point of COVID-19 treatment); (II) effective immunoregulatory medications that immediately mitigate the acute nonproductive immune responses and thence considerably diminish end-organ damage; (III) direct-action antifibrotic medications that possess strong effects in COVID-19 patients having acute respiratory distress syndrome (ARDS) and accordingly withstand the long-term sequelae of this irritating disease; and (IV) rapid-action thrombolytic medications that effectively resist the induced blood clotting throughout the entire cardiovascular system. There is a clear shortage of medicines that act to meet principally the first requirement among the four requirements; thus, the current expert-opinion editorial article specifically covers this pivotal key point.

The scarcity of therapies targeting the previously-mentioned first requirement may be significantly attributed to the unsuccessful outcomes of many inappropriate clinical trials of COVID-19 (Rabie and Abdalla, 2022b; Battaglini et al., 2022; Demasi, 2022). Some of these trials, e.g., the DisCoVeRy clinical trial (Vanden Eynde, 2021), faced complete failures, while others, e.g., the PINETREE clinical trial (Gottlieb et al., 2022), faced partial failures. In my personal standpoint, the significant fails (key pitfalls) of many COVID-19 clinical trials could be principally imputed to (in a decreasing order of incidence frequency) (Rabie and Abdalla, 2022b; Battaglini et al., 2022; Demasi, 2022): (I) actual inefficacies of the investigated target compounds, especially those repurposed/repositioned ones, (II) inappropriate and inconvenient trial designs, (III) apparent time picking biases, considering various time trend scenarios, different COVID-19 stages/severities, as well as chronological bias in the treatment effect estimate, (IV) considerable population selection favoritisms induced by the picking of individuals/groups/data for analysis with improper selection randomization and unclear or ineffective exclusion criteria, (V) dose biases due to imprecise/unclear study design characteristics, unplanned random dosage changes during the course of the trial, and/or ineffective equivalence dosages, (VI) variable “inconstant” treatment durations, (VII) short follow-up periods (in most cases), (VIII) very low fragility indices, rendering the study outcomes less robust in terms of final statistical significance, (IX) absence of standard proven effective treatment, i.e., lack of a very potent/efficacious positive-control reference anti-COVID-19 drug, (X) insufficient personnel and low morale (specifically during the pandemics), (XI) increased rate of unethical acts within COVID-19 clinical trials, such as falsifying data, failing to gain informed consents, and/or failing to disclose adverse effects in a proper and timely manner, (XII) challenge and difficulty in unifying the immunological status and previous immunization status among all participants in most trials, (XIII) apparent various effects of geographical and environmental differences on the SARS-CoV-2 virus and COVID-19 patient status, and (XIV) rapid evolutionary nature of the SARS-CoV-2 virus (i.e., continuous rapid emergence of new SARS-CoV-2 variants/lineages), which might expose the previous, recent, and ongoing trials results to relative future invalidity since the new SARS-CoV-2 strains were not examined in these trials.

Major Targeted SARS-CoV-2 Proteins

The drug targets for SARS-CoV-2 were verified and confirmed employing a number of logic approaches based on the previous relevant species/strains of the virus (but with some modifications related mainly to the new genome of the current coronavirus, SARS-CoV-2). These approaches include, for instance, evaluating the highly potential chemical agents against the virus’s structural/binding proteins, nonstructural/functional proteins (almost all are enzymes), and/or virulence factors/pathogenic enzymes (Rabie and Abdalla, 2022a, 2022b). Although a considerable number of structural and nonstructural proteins form the entire SARS-CoV-2 particle, mainly three crucial coronaviral proteins among these that have been specifically targetable and druggable at high rates until now. The first is the spike (S) protein, which is the coronaviral-2 key required for binding to and opening any accessible host gate (cell) (Huang et al., 2020). The intracellular entry could be considered the first step in the identified life cycle of the SARS-CoV-2 virus. The S protein is a clove-shaped trimeric glycoprotein having two functionally distinct subunits symbolized as S1 (the receptor binding domain) and S2 (the membrane fusion domain) (Huang et al., 2020). It is worth mentioning that the S1 domain is substantially involved in binding with the host cells by effectively interacting with the host angiotensin-converting enzyme 2 (ACE2) (Huang et al., 2020). On the other hand, the S2 domain (which is anchored mainly via the S1 domain) significantly aids in the fusion of the viral contents, e.g., RNA genomes, in the host cells (Huang et al., 2020). Due to the crucial role of the S1 domain, it could be considered a priceless nonenzymatic therapeutic target in anticoronaviral drug design strategies for hindering virus entry into human cells.

The second protein is the main protease (Mpro) enzyme, the vital enzyme that SARS-CoV-2 relies on to induce the replication and, accordingly, pathogenesis of the coronaviral particles (Hu et al., 2022). It is the nonstructural protein 5 (nsp5; also called 3-chymotrypsin-like protease “3CLpro”), encoded by SARS-CoV-2 to cleave the entire coronaviral polyprotein at more than 11 fixed locations to release most of the functional proteins of the virus (mainly the nonstructural proteins from 4 to 16 “nsp4 to nsp16”) (Hu et al., 2022). It is important to know that this cysteine protease, Mpro, comprises three successive domains (subunits), domains I, II, and III (Hu et al., 2022). In addition, this enzyme has an active cysteine-histidine catalytic dyad at its known binding site, which is mainly responsible for cleaving certain peptide linkages (Hu et al., 2022). Blocking this active site could lead to the disruption of all biological processes responsible for the multiplication and pathogenesis of the virus. The active catalytic binding site of Mpro is specifically located in a particular cleft between domain I and domain II (Hu et al., 2022). The last protein is the RNA-dependent/directed RNA polymerase (RdRp). This coronaviral-2 RNA replicase is the final active or functional form of the nonstructural protein 12 (nsp12); it stimulates and activates the synthesis of a new RNA strand complementary to a certain coronaviral-2 genomic RNA template in any SARS-CoV-2 particle to initiate the replication process (Rabie, 2022a). This synthetic procedure requires some cofactors like the two nonstructural proteins 7 and 8 (nsp7 and nsp8) (Rabie and Abdalla, 2022a, 2022b; Rabie, 2022a). This highly essential enzyme “RdRp” could be considered one of the most druggable proteinous targets in SARS-CoV-2 particles (that could be used in nonspecific anticoronaviral drug design strategies to efficiently stop mass virus invasion and propagation) due to its high conservation nature, since it is nearly the most structurally-fixed protein in all coronaviruses and has an insignificant mutation tendency (Rabie and Abdalla, 2022a, 2022b). Therapeutic targeting plans for any of the three principal druggable proteins of SARS-CoV-2 usually begin with computational assessments (Rabie, 2021). Natural products/ingredients occupy a large part of these speculative preparatory studies (Rabie, 2022b; Chandra et al., 2023; Zrieq et al., 2021); however, not all of them reached the final pharmacological and clinical confirmations.

Available Approved and Investigational Anti-SARS-CoV-2/Anti-COVID-19 Therapies/Agents

Until now, only a few chemical agents have been confirmed to have certain acceptable or good degrees of effectiveness against the SARS-CoV-2 particles (belonging to different strains). Almost all of these agents act mainly on one of the aforementioned three major coronaviral-2 proteins. Very few of them have already been approved, few are on their way for official approval, and some are still under comprehensive investigation. They are either synthetic or natural, and also either new or repurposed. The most important compounds (including engineered antibodies) expected to act nonspecifically against all the newer SARS-CoV-2 strains and potential newer coronavirus species (in general) in the current and next pandemics, from my own viewpoint and actual experience as an expert in therapeutic coronavirology (an expert opinion), are summarized and presented in Table 1 (these expert recommendations include anticoronaviral drugs from all discovered generations; also, most of the suggested therapies are available orally).
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Key Therapeutic Points (10 Important General Guidelines) to Be Considered in the Expected Next Coronavirus Diseases (COVIDs) and Coronaviral Pandemics

a)   Any emerging coronavirus should be treated through the relevant healthcare management regimens and protocols as an emergent chemicobiological weapon, not a simple bacterium-like particle or microorganism.

b)   Detecting, recognizing, and tracking the RNA genomic sequences and their modifications (mutations) should be among the first critical steps in facing any newly-emerged coronavirus species.

c)   In the next potential COVIDs and coronaviral pandemics, people should be prepared for the coronaviral infection earlier, not later, by taking prophylactic agents (not only vaccines) that act mainly against the S proteins (or even against all the three major targets, the S/Mpro/RdRp proteins) in the form of easy-to-use aerosols, drops, gels, and creams.

d)   After the occurrence of any confirmed coronaviral infections, the focus must primarily be on disrupting the master step in the virus life cycle, the replication phase, by slowing its rate to the maximum via using effective anti-RdRp and/or anti-Mpro agents.

e)   For rapid and successful treatment of the infection, using combination therapy that acts on the three principal phases (or at least two of them) of the virus life cycle (including the damaging pathogenic phase) is much more recommended than using monotherapy (that acts only on just one phase).

f)   All pathogenic sequelae of the coronaviral infection in the diverse tissues of the human body should be carefully tracked and accordingly managed and cured with specific relevant remedies, side by side with the primary anticoronaviral therapy administration in the first days/weeks of infection.

g)   After the viral titer declines to approximately zero values, anticoronaviral therapy (especially drugs acting on Mpro/RdRp) should not be discontinued for at least one week to ten days to prevent relapse.

h)   When establishing a fixed anticoronaviral treatment pro-tocol at any certain hospital, city, or location, the endemic and epidemic situations of the newly-emerged coronaviral strain, as well as the sensitivity and resistance degrees of this strain to the different available anticoronaviral drugs, should be accurately considered.

i)   Expected adverse off-target effects of anticoronaviral drugs (if any) should be continuously monitored, managed, and also updated in the relevant literature.

j)   Overall, therapeutic plans for the diverse coronaviral infections cannot work in isolation from other constituents of healthcare systems, since managing viral pandemics requires a comprehensive and coordinated approach, including early detection and diagnosis, available vaccination, effective broad-spectrum antiviral therapy, supportive care, health system strengthening, continuous research and development, and good preparedness planning. Accurate and early detection and diagnosis are among the critical factors in managing any outbreak. Rapid diagnostic tests and increased surveillance systems which can help to detect and isolate cases promptly, preventing further transmission, are very important in this context. Vaccination is one of the most effective ways to prevent infections and reduce severe disease and death. The development of safe and effective vaccines remains the initial tool to control viral pandemics. During such fatal pandemics, the efforts of governments, health organizations, and individuals towards increasing vaccine accessibility and coverage worldwide should be very proactive and consistent. Several antiviral therapies have been developed and authorized for the treatment of COVID-19. Providing detailed information about these anticoronaviral drugs and discussing those research efforts must continue to identify and develop new highly effective antivirals. Patients with severe or very severe COVID-19 require intensive care and support to manage complications such as respiratory failure, sepsis, and shock; therefore, relevant hospitals must be prepared with respect to several related parameters such as the requirement of adequate oxygen supply, mechanical ventilation centers, and other supportive measures like fluid management, nutrition, and pain management. All these can improve outcomes and reduce mortality. Most importantly, the COVID-19 pandemic has highlighted the importance of strengthening therapeutic and healthcare systems, particularly in resource-limited settings. Concerned officials and scientists should discuss this issue regularly and highlight the need for increasing the capacity of healthcare workers, enhancing laboratory diagnostic capabilities, improving infection control measures, and ensuring a robust supply chain of essential medical commodities. We also know that continued research and development are essential to developing effective therapeutics, vaccines, and diagnostics. As a priority, the policies of governments, academic institutions, and the private sector regarding continuing research, development, and innovation to develop effective therapeutics, vaccines, and diagnostics to combat future coronaviral pandemics should be discussed and updated on a regular basis. Last but not least, the preparedness planning and the plans at the national and international levels for similar future pandemics (such as with regard to providing essential medical supplies and personal protective equipment, establishing surge capacity in healthcare facilities, and developing communication strategies to inform the public and healthcare providers about the outbreak) should be discussed.

Concluding Expert Opinion

In general, for almost 100% effective management and treatment of any coronaviral infection, the three principal phases of infection (the entry, multiplication, and pathogenic phases) should be successfully targeted by a combination therapy or, at least, a very potent multitarget monotherapy. Targeting only any one or two phases of the three, though effective, could not provide more than 85% successful control of the infection at most, along with the possibility of prolonging the primary treatment interval from very few days (in the case of the triple-target therapy) to some weeks. Many natural compounds have shown very promising anticoronaviral activities, rendering them ideal drug candidates to be included in the therapeutic management protocols in the next similar coronaviral pandemics. Examples of these drugs are riboprine, thymoquinone, cordycepin, quercetin, luteolin, curcumin, bromelain, and vitamin D.

Ensitrelvir fumarate, on the other hand, could be considered the most promising clinically-effective synthetic anticoronaviral agent (up to date) that may be highly efficient against the imminent invasions of the newer coronavirus species (if any). The available anticoronaviral remedies are provided in different types of formulations, e.g., oral, intravenous, subcutaneous, and nasal-spray, allowing for broad and unrestricted use of these therapies in all ages/conditions and at all levels. Continuing to track the coronaviral particles deeply in the diverse human tissues and organs, along with monitoring all scientifically-unexplained effects of the virus at the molecular, cellular, and extracellular levels, is very important to reveal the remaining mysterious secrets of the coronavirus species (including the next species) and also to potentially provide novel therapeutic targets against the virus.
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TABLE 1

The suggested top 18 anticoronaviral therapeutic formulations

Remedy

Source/Formulation

Mechanism(s)/Phase(s) of action

Reference(s)

Ensitrelvir
fumaric acid (S-
217622 fumarate)

Molnupiravir

Nirmatrelvir/
Ritonavir

Remdesivir

Sabizabulin

Pomotrelvir (PBI-
0451)

Baricitinib

SLL-0197800

Sotrovimab

Favipiravir
Casirivimab/
Imdevimab
Tixagevimab/
Cilgavimab

Quercetin/
Bromelain/
Vitamin C/
Vitamin D3/Zinc

Thymoquinone/
Luteolin/
Curcumin/Zinc
Didanosine

Riboprine

Cordycepin/
Dipyridamole/
Pentostatin

ChloViD2022

Synthetic/Monotherapy

Synthetic/Monotherapy

Synthetic/Combination therapy (e.g.,
Paxlovid)

Synthetic/Monotherapy
Synthetic/Monotherapy

Synthetic/Monotherapy

Synthetic/Monotherapy (e.g., Olumiant)

or combination therapy (e.g., with
remdesivir, dexamethasone, or
tocilizumab)

Synthetic/Monotherapy (still
investigational)

Synthetic/Monotherapy (almost)

Synthetic/Monotherapy
Synthetic/Combination therapy

Synthetic/Combination therapy (e.g.,
Evusheld)

Natural/Combination therapy

Natural/Combination therapy

Synthetic/Monotherapy (mainly)
Natural/Monotherapy

Mixed/Triple-combination therapy
(preferred in severe cases upon
hospitalization)

Synthetic/Monotherapy (almost;
preferably taken with zinc
supplementation)

Anti-MP™ (mainly; potential anti-RdRp)

Anti-RdRp
Anti-MP™

Anti-RdRp

Atypical mechanism (microtubule disruptor
effective dually against both replication and
pathogenic phases; thus, it disrupts all phases
except the binding steps of the first “entry” phase;
it inhibits the transport, replication, and assembly
of viral particles and, in addition, it inhibits the
release of proinflammatory mediators, activities
of inflammatory cells, and progression of tumors
in COVID-19)

Anti-MP™

Different indirect/atypical mechanisms (Janus
kinase “JAK” inhibitor acting as an
immunomodulatory drug and effective
comprehensively against all phases, starting from
the entry phase up to the last
(hyper)inflammatory/pathogenic phase; it
inhibits several kinases, e.g., JAK1/JAK2 “thus
inhibits many important cytokines”, numb-
associated kinases “NAKs”, and adaptor protein 2
(AP2)-associated protein kinase 1, and, in
addition, it prevents type-1 interferon-mediated
increase in expression for the SARS-CoV-2
receptor “ACE2”, thereby significantly reducing
viral endocytosis)

Anti-MP™ (mainly; potential anti-RdRp)

Many mechanisms (do not include inhibiting the
external initial ACE2 binding steps of the first
“entry” phase, though this monoclonal antibody
binds to the S protein)

Anti-RdRp
Anti-spike

Anti-spike (mainly used for pre-exposure

prophylaxis purpose and in some cases for
additional protection purposes)

All phases (including the anti-spike activities)

All phases (including the anti-spike activities)
Anti-RdRp (mainly)

Anti-RdRp (possible cytotoxicity)

Anti-RdRp (mainly; also effective against the
pathogenic phase)

Anti-RdRp (mainly; still under investigation)
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Barnette et al. (2022),
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Kearney et al. (2022)

Selvaraj et al. (2022)

Luttens et al. (2022),
Rabie et al. (2023)

Gupta et al. (2022),
Cheng et al. (2023)

Shinkai et al. (2021)
Jalbert et al. (2022)

Soeroto et al. (2023)

Clinical Trials.gov
(2023), Munafo et al.
(2022), Khan et al.
(2022)

Xu et al. (2021),
Munafo et al. (2022),
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Rabie and Abdalla
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