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Abstract

There is little or no research initiated on enlightening Nigerians about the pathogenesis, targets for
drug development, and drug repositioning for SARS-CoV-2 infection. COVID-19 is a viral infection
causing symptoms like dry cough, sore throat, nasal congestion, tiredness, fever, loss of taste and
smell etc. Th disease was first reported in Wuhan, China, in December 2019. The infection is caused
by SARS-CoV-2, which is the third introduction of a highly pathogenic coronavirus into the human
population. Coronaviruses are viruses with a positive RNA envelope assigned to a, B, y, and 6 genera.
Moreover, SARS-CoV-2 belongs to the B genus. The four structural proteins of B coronavirus are
membrane (M), envelope (E), spike (S), and nucleocapsid (N) protein, mediation of coronavirus host
infection is established by spike (S) protein. Therefore, the search for drug development targets and
repositioning of existing therapeutics is essential for fighting the present pandemic. It was reviewed
that therapeutics targeting SARS-CoV-2 binding to ACE2 receptor, viral RNA synthesis and
replication, 3CLpro, RdRp, and helicase will play a crucial role in the development of treatment for
SARS-CoV-2 infection. Furthermore, the RdRp and spike protein of SARS-CoV-2 are the most
promising targets for drug development and repositioning and vaccine development. Remdesivir
combination with chloroquine/hydroxychloroquine are promising drug repositioning for the
treatment of COVID-19, and mRNA-1273 targeting spike protein is the promising vaccine. However,
as patient management and drug repositioning are taking place, it is imperative to identify other
promising targets used by SARS-CoV-2 to establish infection, to develop novel therapeutics.

Keywords: SARS-CoV-2; COVID-19; Molecular Pathogenesis; Acute respiratory disease; Drug
development targets

1. Introduction

There is little or no research initiated to enlighten Nigerians about the pathogenesis and targets for
drug development for the newly discovered severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection as a way forward to achieve long-lasting future treatment of the disease, also many
citizens of the country are not aware on the deadliness of the disease. Coronavirus disease 2019
(COVID-19) is a kind of viral infection causing pneumonia-like symptoms was first reported in
Wuhan, China, in December 2019, and the disease is caused by SARS-CoV-2 [1,2]. The outbreak was
declared a pandemic by WHO on 30" of January 2020, and it is regarded as the third introduction of
a highly pathogenic virus into the human population. The severity at which the virus causes infection
to the human population is age and immune status dependent. It is shorter among patients greater
than 70-years old compared with those under the age of 70 with early symptoms which include
fever, cough, and fatigue, other symptoms include sputum production, headache, haemoptysis,
dyspnoea, and lymphopenia (Figure 1) [3]. Clinical features unmask by a chest computer
tomography (CT) scan presented as pneumonia, however, there are also abnormal features such as
RNAaemia, acute respiratory distress syndrome, acute cardiac injury, and incidence of ground-glass
opacities that can lead to death [3].
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Figure 1. The disorders caused by SARS-CoV-2 after infecting human cells.

Unfortunately, the use of interferon inhalation for the treatment of some cases did not show clinical
progress but worsen the condition and can lead to pulmonary opacities [4]. Besides, patients
infected with SARS-CoV-2 also developed gastrointestinal associated symptoms like diarrhea [3,5].
To minimize the transmission of the SARS-CoV-2 through health care workers and patients, it is
important to develop methods for the identification of various modes of viral transmission such as
through fecal and urine samples [3].

Genome sequencing of the virus of five patients with pneumonia hospitalized from December 18 to
December 29, 2019, showed the presence of a previously unknown B coronavirus (B-CoV) strain in
all of them [6]. Upon isolation and sequencing of the B-CoV, it shows 88% identity to the sequence of
two bat-derived severe acute respiratory syndromes (SARS)-like coronaviruses, batSL-CoVZC45 and
bat-SL-CoVZXC21, and about 50% identity to the sequence of middle east respiratory syndrome
coronavirus (MERS-CoV) [7]. There are similarities in the genome sequences of SARS-CoV-2 with a
minimum number of ten open reading frames (ORFs) with the genome sequences of other CoVs
such as MERS-CoV and SARS-CoV. The first ORF making up two-third of the SARS-CoV-2 RNA
undergoes translation to two polyproteins. In comparison to MERS-CoV and SARS-CoV, in which their
two polyproteins (ppla and pplab) are then further processed by a post-translational modification
to 16 non-structural proteins (nsps), which are nspl to nsp16 [8]. Those nsps are then translocated
from the rough endoplasmic reticulum into double-membrane vesicles where the replication and
transcription of the virus occurred [9,10]. While the remaining ORFs of the SARS-CoV-2 that are
localized on the one-third of the remaining genome are responsible for encoding non-replicating
participating accessory proteins with unknown functions and structural proteins such as membrane
(M), nucleocapsid (N), envelope (E), and spike proteins (S). An investigation by scientists in China
revealed that the SARS-CoV requires angiotensin-converting enzyme 2 (ACE2) receptor for their
binding and invasion of the host. Also, the binding is significant in the determination of the



pathogenesis of the infection caused by SARS-CoV [11]. Nevertheless, dipeptidyl peptidase 4 is a
receptor required by MERS-CoV for invasion [12]. To predict the specificity of zoonotic coronaviruses
in the infection of humans and adaptation possibility, a better understanding of the proteases action
and receptor binding is essential. Therefore, the development of therapeutics for the treatment of
SARS-CoV-2 is highly warranted [3]. However, this review aims to discuss the molecular pathogenesis
of SARS-CoV-2, its target for drug development, to enlighten Nigerians on the deadliness of the
disease, and the way forward to achieve future treatment of the current pandemic.

2. Molecular Basis of SARS-CoV-2 Pathogenesis
2.1 Replication of coronavirus in the host

The molecular pathogenesis of SARS-CoV-2 is poorly understood up to date. Nevertheless, MERS-
CoV and SARS-CoV mechanisms can shed light on the pathogenesis of SARS-CoV-2. The essential
protein of SARS-CoV-2 that mediates binding to a human cell is spike protein (a protein involved in
the first step of infection), the protein is composed of S1 and S2 subunit, in which according to
cryogenic electron microscopy (CryoEM) studies the receptor-binding domain (RBD) is a 3D structure
with the size of ~12kDa which is localized in the S1 subunit. The vibrational movement of the RBD
has been examined during the characterization of the structure of related MERS-CoV and SARS-CoV
and was found to have the same mechanism of action with SARS-CoV-2. Interestingly, there are
similarities in the structure of SARS-CoV-2 and SARS-CoV spike glycoprotein but the only structural
difference is in the RBD, where the SARS-CoV-2 RBD is an angle closer to the central cavity of the
trimer in the down conformation, while SARS-CoV RBD can packs tightly against the domain of the
N-terminal of the neighboring protomer in the down conformation [13]. The binding affinity of the
two viruses was investigated using surface plasmon resonance which showed that even though
SARS-CoV and SARS-CoV-2 share the same binding receptor ACE-2, the binding affinity of SARS-CoV-
2 is ~15nM which is almost 10-15 fold higher than SARS-CoV binding to ACE-2 receptor, this is the
reason why SARS-CoV-2 can easily be transmitted from human to human. Whereas, the complex
formed by SARS-CoV-2 S-ectodomain and ACE-2 has been studied using high-resolution CryoEM,
which revealed that the complex is similar to the SARS-CoV complex. The spike structural protein
mediates entry of SARS-CoV-2 into human cells, it is a trimetric protein of class 1 fusion protein with
metastable prefusion conformation, it undergoes structural rearrangement before human cell
membrane fusion. The rearrangement is activated upon binding of RBD of the S1 subunit to the host
cell receptor ACE2 [13]. Destabilization of the prefusion trimer will then take place upon receptor
binding (viral membrane with the host cell membrane) which will lead to the shedding of the S1 and
S2 subunit transition to more stable postfusion conformation. The RBD of the S1 will pass through
hinge-like movement leading to transient hiding (down conformation receptor inaccessible state) or
exposing (up confirmation i.e. receptor accessible state) of the receptor binding determinant,
therefore this is the mechanism of engaging host cell receptor by SARS-CoV-2 [14-16].

Before entry into human cells, MERS-CoV binds to the dipeptidyl peptidase-4 (DPP4) receptor and
SARS-CoV binds to the ACE2 receptor. Membrane fusion and viral infectivity of coronavirus occurred
by proteolytic cleavage of 520 position of S protein, this occurred in SARS-CoV pathogenesis. The use
of two-step furin activation is essential for the fusion of MERS with the host membrane [17]. The
entry of SARS-CoV is also mediated by clathrin-dependent and -independent endocytosis [18,19].

The SARS-CoV-2 binds to the angiotensin-converting enzyme receptor (ACE2) which results in its
entry into the host. The virus releases its RNA into the cytoplasm, the ORF1a, and ORFab of the RNA
is translated into polyprotein 1a (ppla) and polyprotein ab (ppab). The ORFla encodes the enzyme
protease that cleaves the polyproteins into non-structural proteins (nsps) which form the RNA
replicase-transcriptase complex that is needed for structural protein synthesis. The replicase
complex executes the formation of negative-sense RNA. Upon fragmentation of the negative-sense
RNA into sub-genomic RNA through discontinuous transcription, after which fragments that encode



spike, membrane, nucleocapsid, and envelope protein are formed, the structural proteins are then
synthesized in the rough endoplasmic reticulum, and then they pass through the endoplasmic
reticulum-Golgi intermediate compartment (ERGIC) into the Golgi apparatus where sortation and
assembly take place. Finally, viral protein and genomic RNA are then assembled as virion in the
Endoplasmic reticulum and Golgi and then released outside the cell as a vesicle [20-23]. After the
invasion of cells by SARS-CoV-2, its antigen will be attached to antigen-presenting cells as the central
anti-viral immunity. Finally, major histocompatibility complex (MHC) or human leukocyte antigen
(HLA) in humans present antigenic peptides and then cytotoxic T lymphocytes specific for the SARS-
CoV recognized viral antigen. Therefore, this pathogenesis mechanism (Figure 2) of SARS-CoV will
help in the understanding of drug development strategies for SARS-CoV-2 infection. Upon
presentation of antigen by antigen-presenting cells, cellular and humoral immunity of the body is
then stimulated by virus-specific B and T cells. Therefore, IgM and IgG are the common antibody
profile of SARS-CoV, and 12 weeks are marked as the time taken for IgM against SARS-CoV to
disappear, with IgG lasting longer [23]. More researches on the cellular immunity of coronavirus
have been carried out, and the most updated report reveals that the number of CD4p and CD8p T
cells in the peripheral blood of SARS-CoV-2 infected patients significantly reduced [24]. During the
acute phase of SARS-CoV infection, there is a decrease in CD4p and CD8p T cells. Interestingly, SARS-
CoV recovered patients have four years of T cell memory and the T cells can undergo IFN-g
production, delayed-type hypersensitivity (DTH) response, and proliferation even without the
antigen [25]. Also, T cell memories against SARS-CoV persist after six years of infection from
recovered patients [26]. Therefore, the understanding of the immunology of SARS-CoV-2 can help in
the development of a vaccine [27].
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Figure 2. An overview of SARS-CoV-2 pathogenesis. The virus binds to the ACE2 receptor to enter the
human cell and its RNA got translated to structural proteins (spike, nucleocapsid, membrane, and
envelope), these proteins are essential in the invasion and infection of the human cell.

2.2 Coronavirus cytokine released syndrome

Pathological events associated with SARS-CoV-2, SARS-CoV, and MERS-CoV infection is called acute
respiratory distress syndrome (ARD) [24]. The mechanism of acute respiratory distress syndrome
(ARDS) is that the effector immune cell uncontrollably released deadly systemic pro-inflammatory
cytokines such as IFN-a, IFN-g, IL-1b, IL6, IL-12, IL-18, IL-33, TNF-a, TGFb, etc. and also chemokines
such as CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10, etc [27,28]. The cytokine and chemokine release by
the effector cells will lead to organ failure and death, this happened in the severe case of SARS-CoV-
2 infection [24].

2.3 Ducking of immune system by the coronavirus

For better survival of MERS CoV and SARS-CoV in the invaded host, for example, pattern recognition
receptor is responsible for recognizing pathogen-associated molecule, however, the MERS and SARS
viruses will develop a way of producing double-membrane vesicle without pattern recognition
receptor, this allows the viral genome to replicate without the control of the immune system [29].
Even though IFN-I (IFN-a and IFN-b) has a protective effect on SARS-CoV and MERS-CoV infection, it



can be inhibited by MERS accessory protein through activation of melanoma differentiated
associated protein gene 5 (MDA5) by interaction with double-stranded directly [30-32]. To
elaborate, nuclear transport of IFN regulatory protein and activation of IFN b promoter is blocked by
MERS-CoV ORF4a, ORF4b, ORF5, and membrane proteins [33]. Since coronaviruses, such MERS can
destabilize the immune system by altering the antigen presentation cells through the
downregulation of gene expression. Therefore, it is important in drug development to develop a
strategy of destroying immune evasion by SARS-CoV-2 [4].

3. Targets for Drug Development

Drug development from scratch will take at least a decade, following this, repositioning of existing
antiviral drugs effective on SARS-CoV-2 might be the only solution to the current pandemic of
sudden infectious diseases. The human innate immunes system plays a crucial role in the replication
of the coronaviruses, together with the use of interferon will boost the immune response in
counteracting coronaviruses [34]. SARS-CoV and SARS-CoV-2 bind to ACE2 while MERS-CoV binds to
protease receptors called DPP4 before entry into a human cell. Therapeutics acting on the
coronaviruses can either be blocking virus association with the human cell, inhibition of viral self-
assembly through inhibition of structural protein, blocking RNA synthesis through viral genetic
material inhibition, and blocking critical enzymes of the virus to inhibit replication [35]. Three
strategies of coronavirus drug development were introduced by scientists. The strategy is testing the
broad-spectrum of existing antiviral drugs [27]. Drugs such as ribavirin, and cyclophilin inhibitors,
and interferons are used to treat coronavirus associated symptoms such as pneumonia and can be
considered to fall into this category. Therefore, known metabolic characteristics, dosage, efficacy,
side effect, approval for viral treatment are the major advantage associated with this therapeutic
strategy. The major problems with such drugs are killing of coronaviruses in a targeted manner
because they are too broad-spectrum, therefore, better-targeted therapeutics are indeed needed.
The second strategy involved the use of existing molecular databases to screen and find molecules
with therapeutic potential that are effective on coronaviruses [36]. The availability of high
throughput techniques makes it possible for the screening of potential therapeutics, which can aid in
finding the function of some new molecules, for instance, the discovery of drugs such as
lopinavir/ritonavir (anti-HIV). The third strategy is the development of new targeted drugs from
scratch based on coronaviruses pathological features and genetic information. It was perceived that
drug development through this strategy will exhibit more efficacy against the virus. However, this
might cost several years of drug development and clinical trials and it is estimated that drug
development can take seven years, or even more than 10 years [34]. It is recommended that
research should be initiated on drug development from scratch for highly contiguous viruses, this is
to prepare for future pandemics.

Based on molecular targets, four major strategies of SARS-CoV-2 drug development were discussed
below. Also, the targets can be used to develop new drugs from scratch based on the pathological
and genomic characteristics of the new SARS-CoV-2.

3.1 Therapeutics acting on protein and enzymes that are critical to the growth of the virus, by
preventing its replication and synthesis of RNA: - Non-structural proteins (nsps) are involved in
protein synthesis, translation, RNA transcription, processing, modification, virus replication, and host
infection. Therefore, nsps are considered as a significant functional protein of coronaviruses, in
which coronavirus main proteinase (3CLpro), papain-like proteinase (PLpro), RNA dependent RNA
polymerase (RdRp), and helicase are superior molecular targets for small inhibitory molecule drug
development as a result of their well-understood enzyme active sites and biological functions. For
example, Papain-like proteinase (PLpro); this protein cleaves replicase polyprotein N-terminus,
leading to the of release nspl, nsp2, and nsp3, which is indispensable for the replication control
corrections [7]. Also, PLpro can antagonize the immunity of the infected patient [16,37]. These group
of enzymes is necessary for the replication and viral infection, and it is the most popular target for



coronavirus inhibition. It is highly valuable to target the PLpro protein of coronavirus to stop the
infection of the virus. Surprisingly, there are no FDA approved marketed drugs targeting PLpro
protein. Interestingly, drugs such as thymidine, ribavirin, chloramphenicol, and chlorphenesin
carbamate can easily bind to PLpro and prevent viral replication [6]. Intensive research into PLpro
protein can open a new door of therapeutics development against SARS-CoV-2 infection. Then 3C-
like main protease (3CLpro); otherwise called nsp5, this protein is cleaved automatically from
polyprotein to form mature enzyme and it is then further cleaved downstream at 11 sites which will
then leads to the release of nsp4 to nspl6. Interestingly, maturation of nsp’s is directly mediated by
3CLpro, and the life cycle of the virus depends on the maturation of 3CLpro. Studies into the
structure and catalytic mechanism of 3CLpro can make it a promising drug development target for
COVID-19. Therefore, anti-bacterial drugs such as lymecycline and anti-hypertensive drugs such as
nicardipine are all known to block the activity of the 3C-like main protease. RNA-dependent RNA
polymerase (RdRp); otherwise known as nsp12, this protein is conserved in coronaviruses, it forms
the vital enzyme of the viral replication and transcriptional complex, RdRp has conserved amino acid
of which are serine and 2 aspartic acid. Therefore, nsp12 has been used as an important target for
SARS and MERS drug development. Even though no specific inhibitor of nsp12-RdRp has been found,
its targeted inhibition will not result in significant side effects and toxicity of the host cell.
Strengthening research on this target can lead to therapeutic development for SARS-CoV infection
[38—-40]. However, natural products that exhibit anti-virus, anti-tumor, and anti-inflammation effects
will exert binding affinity to RdRp, molecules such as betulonal (from Cassine xylocarpa), gnidicin,
and gniditrin (from Gnidia lamprantha) will bind and inhibit the RdRp of coronaviruses. Helicase
(nsp13); this is a multifunctional protein with N terminal metal-binding domain and helicase domain.
The structure of the N terminal contains 26 cysteine residues that make up the zinc and binding
domain, with C terminus conserved motif. Helicase is also a necessary component for the replication
of coronavirus. Therefore, helicase is identified as a target for antiviral drug discovery, but there is
less research on helicase inhibitors. Drugs such as anti-bacterial (lymecycline, cefsulodine, and
rolitetracycline), anti-fungal such as itraconazole, an anti-HIV drug such as saquinavir, an
anticoagulant drug such as dabigatran, and diuretic drug such as canrenoic acid were shown to be
potent inhibitors of helicase [41,42]. Also, studies have shown that myricetin and scutellarein can
potentially inhibit the SARS-CoV-2 helicase protein in vitro by affecting the ATPase activity, but not
the unwinding activity of nsP13 [43].

3.2 Therapeutics blocking coronavirus structural protein from binding to a human cell receptor and
inhibiting its self-assembly: - the core structural protein of coronavirus that gathered to form a
special corolla like structure on the viral surface like trimer is called spike protein, its binds to host
cell receptor using its RBD which results to the invasion of the host. Host cell protease cleaves spike
protein into S1 and S2, the S1 binds to surface receptor of the host, and S2 mediates virus to cell
fusion and cell to cell fusion. Cleavage activation and structural integrity are crucial in the invasion
and virulence activity, which is mediated by spike protein [44]. Strategies to block spike protein as a
means of preventing coronavirus from entering the host are regarded as valuable for the
development of antiviral drugs [44,45]. Natural flavonoids (licoflavonol from Glycyrrhiza uralensis),
therapeutics such as anticoagulant drug (dabigatran etexilate), anti-fungal drugs (posaconazole and
itraconazole), anti-hypertensive drugs (rescinnamine, iloprost, and prazosin), and an anti-bacterial
drug (sulfasalazine, azlocillin, penicillin, and cefsulodin) inhibit coronavirus binding to a receptor in
the cell surface of human cell [6].

The RDB located in the S1 of the spike protein of SARS-CoV-2 is also a target for the development of
therapeutic monoclonal antibodies. Despite the fact of structural homology of SARS-CoV-2 and
SARS-CoV by CryoEM studies, a monoclonal antibody that was originally developed to target SARS-
CoV RBD was tested against SARS-CoV-2 RBD SD1 fragment, but the antibody did not show binding
affinity to SARS-CoV-2. This is to say there are some amino acids involved in the interaction between
the RBD of the spike protein and ACE2 receptor in SARS-CoV-2 that are not the same in SARS-CoV.



This is further supported by [46] that modeling of SARS-CoV-2 RDB interaction with ACE2 revealed
some sequence of amino acids that are important for the interaction between ACE2 and RBD of
spike glycoprotein, but there is less clarity on the actual sequence involved in that interaction.
Therefore, there is a need for new monoclonal antibody development for RBD of SARS-CoV-2.
Hence, the knowledge of spike protein of the SARS-CoV-2 atomic level using CryoEM will enable
scientists to carry out protein engineering, design, and development of more effective inhibitory
molecules and monoclonal antibodies [13].

3.3 Inhibition of coronavirus virulence factors: - virulence factors in coronavirus that interferes with
the innate immunity of infected cells are nspl, nsp3c, and ORF7a. The nspl induces degradation of
host mRNA and interferon type 1 production upon binding to the 40S ribosomal subunit [47]. While
nsp3c binds with the nucleotide of the host (ADP-ribose) which gives coronavirus the ability to resist
innate immunity, for instance, bone marrow matrix antigen 2 blocks assembled coronavirus in the
host cell. Also, SARS-CoV ORF7a interacts with BST 2 and blocks its glycosylation which results in
termination of ORF7A activity [48]. Therefore, the aforementioned virulence factors are potential
drug discovery targets for coronavirus. For example, anti-bacterial and anti-inflammatory natural
products can bind and inhibit those virulence factors, also drugs such as platycodin D, streptomycin,
tetracycline, piperacillin, cefpiramide, and lymecycline (from Platycodon grandifloras) can potentially
inhibit coronavirus virulence factors [49,50].

3.4 Blocking specific receptor of host or enzymes: - the receptor of the spike RNA binding domain of
SARS-CoV is the ACE2 receptor. Since SARS-CoV can interact with the angiotensin receptor, blocking
the receptor can be a target for therapeutics development for SARS-CoV-2 infection. Therefore, anti-
hypertensive drugs (losartan), anti-bacterial (cefmenoxime), hepatoprotective (silybin), anti-diabetes
(troglitazone), and analgesia (ergotamine) bind with high affinity to angiotensin 2 receptor [6].

4. The most Promising Targets Based on Repositioning Drugs for SARS-CoV-2 Infection

RNA dependent RNA polymerase (nspl2) is the most promising molecular target for SARS-CoV-2
drug development. The current state in finding treatment for SARS-CoV-2 is drug repositioning in
which drug targeted for the treatment of the Ebola virus called remdesivir, which showed efficacy
against SARS-CoV-2 replication. Therefore, the RNA dependent RNA polymerase inhibitor
(RdRp’s)called remdesivir was developed by Gilead Science, Inc to mimic the structure of adenosine,
and is regarded as nucleotide analog, it was developed originally to inhibit Ebola virus replication.
Even though the drug did not pass the phase 3 clinical trial on the Ebola virus, but studies have
shown that it is promising for the treatment of COVID-19 [51]. Also, the drug was reported to be the
most promising for SARS-CoV-2 replication inhibition by WHO. As a result of structural similarities of
RdRp’s of various viruses, remdesivir can serve as a broad antiviral drug. Studies have also shown
that the drug is effective against MERS-CoV. Interestingly, the USA and China commence the phase 3
clinical trial of remdesivir against SARS-CoV-2 [52]. Even though drugs such as broad-spectrum
antibiotics, anti-viral drugs, and interferons-a nebulization have been used in the reduction of viral
load, but it is the only remdesivir that has a promising impact on SARS-CoV-2. The controversy of the
efficacy of drugs used in the treatment of SARS-CoV and MERS-CoV such as ribavirin, corticosteroids,
lopinavir-ritonavir, and interferon, is what makes them not to be investigated for the treatment of
SARS-CoV-2 infection. But the satisfactory result was achieved after the trial of remdesivir in mice
model, in which after the treatment of the mice a day after infection with coronavirus there is a
decrease in the viral load and an improvement in mice pulmonary function. However, remdesivir
administration after the viral load reaches a maximum peak of infection cannot improve the
symptoms of the patient, but remdesivir can improve patient symptoms before the virus reaches its
maximum peak. Treatment of rhesus monkey with remdesivir 24 hours before the infection is
promising in the reduction of symptoms associated with MERS-CoV infection, and within 2 hours of
administration of 10g of remdesivir in rhesus monkey results to peripheral blood mononuclear blood
distribution of the drug, followed by drug activation to nucleotide triphosphate [53]. According to



the New England Journal of Medicine, a patient with recent travel to Wuhan China was diagnosed
with COVID-19 after returning to Washington on January 15, 2020, even though there is an
improvement on the patient symptoms upon remdesivir treatment, but the viral load got decreased
before the treatment, this is to say that the viral infection is self-limiting and his immune system
might have started fighting the infection. Therefore, it is not clear whether the improvement in the
symptoms of the patient is due to the drug or the patient's natural immunity. However, remdesivir is
expected to be a specific drug that targets the RdRp of SARS-CoV-2 [54]. The great zealot of Chinese
to combat the pandemic has initiated research on COVID-19 drugs, in which remdesivir was
approved for clinical trial after passing stringent ethical review and was on 5" February 2020
launched for the trial. China's compassionate use reported that remdesivir will be the immediate
drug for the treatment of severe COVID-19 if proven to be effective. What brought remdesivir to the
stage of the clinical trial is safety and good pharmacokinetics [55]. Remdesivir In vitro inhibition
research carried out by Wuhan research institute find out that the drug can block the replication of
the virus at (EC50 = 0.77 uM, CC50 > 100 uM, SI > 129.87) very low micromolar concentration of
infected-Vero E6 cells (Wang et al., 2020). Other studies have shown that effective treatment of
SARS-CoV-2 infection can only be achieved by combinational treatment of chloroquine and
remdesivir which will result in the blockage of the viral replication and recovery of the patient from
the disease [56]. Chloroquine increases the endosomal pH of a cell as well as affecting glycosylation
of cellular receptor, these result in blockage of SARS-CoV-2 infection [50,57]. The effect of
chloroquine on SARS-CoV-2 was further investigated by [50], and they reported that chloroquine
function at entry and post-entry of the virus in addition to its antiviral activity. Also, chloroquine can
modulate the immune system which in turn will result in the enhancement of its antiviral activity, it
can also inhibit the replication of coronavirus in the epithelial cells of lungs through cellular receptor
glycosylation interference. The authorization to use chloroquine/hydroxychloroquine for the
treatment of SARS-CoV-2 infection was granted by the FDA of the U.S.A, hence chloroquine function
in the blocking of virus fusion to the cell membrane [58,59]. Widely distribution of chloroquine in
blood and lungs upon its administration orally is another interesting future of the use of chloroquine
in establishing treatment for SARS-CoV-2 infection. It was recommended that COVID-19 patients
with mild, moderate, and severe symptoms should take 500mg of chloroquine twice in a day, this
prescription has shown to decrease the length of stay in the hospital with improved symptoms.
Hydroxychloroquine has the same activity as chloroquine because they are having an identical
mechanism of action [60]. Moreover, intensive research is needed to unravel the potential of other
receptors for drug discovery and development for SARS-CoV-2. Besides, [59] reported that synthetic
MRNA called Moderna’s mRNA-1273 can be used as a vaccine for protection against SARS-CoV-2
infection, in which upon its intramuscular administration, it can evoke antiviral effect directed to the
spike protein, this is to say the synthetic mRNA encodes pre-fused spike protein of SARS-CoV-2. The
use of mRNA to elicit antiviral activity does not need the use of a virus, unlike conventional vaccines.
The clinical trial phase 1 of mRNA-1273 is currently taking place and if the vaccine is promising, its
efficacy will be investigated immediately. To sum up, RNA dependent RNA polymerase and spike
protein of SARS-CoV-2 are the most promising targets for SARS-CoV-2 vaccine and drug
development, and therapeutics repositioning [61].

5. Conclusion

Drug development for viral pathogens is a long-term process. However, as drug repositioning is
taking place for the treatment and reduction of the peak of the COVID-19 pandemic, it is also
imperative to identify some promising targets for drug development to have long-lasting future
treatment for the disease. Also, an in-depth understanding of the SARS-CoV-2 pathogenesis and its
atomic studies using CryoEM to understand the amino acid involved in the interaction between the
RBD of spike protein with ACE2 of human cells are essential for effective vaccine and drug
development. Nigerian government should initiate research and clinical trial on antiviral drugs that
can inhibit SARS-CoV-2 infection.



6. Future Recommendation

As the current pandemic is claiming the health and lives of people all over the world, it is highly
important to initiate and expand researches in the study of pathogenesis and drug targets for SARS-
CoV-2, as this will help in developing treatment and vaccine and also will prepare the world to
prepare the future reoccurrence of the disease. Research should also be initiated on the
development of bispecific inhibitors of SARS-CoV-2 to achieve effective inhibition of the coronavirus
activity.
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Highlights

Scientific question

This study investigated SARS-CoV-2 molecular targets (enzymes, receptors, and proteins) for drug
development, the most promising targets based on drug repositioning, novel drug, monoclonal
antibody, and mRNA vaccine development to establish scientific discoveries in Nigeria towards
fighting the present pandemic.

Evidence before this study

There is little or no research initiated in Nigeria towards the development of treatment and drug
repositioning for SARS-CoV-2 infection. Therefore, this is to motivates Nigerian scientists to initiate
research on drug repurposing and studies of molecular targets for SARS-CoV-2 therapeutics
development from the scratch, so that Nigeria will play a crucial role in fighting the present
pandemic by helping in the identification of novel molecular targets for new drug development for
SARS-CoV-2 infection. This can help the country to develop new treatments locally, repurpose
existing antiviral drugs, and initiate clinical trials on them, which could be beneficial in fighting the
pandemic and prevention of the future reoccurrence of the disease.

New findings

Proteins associated with SARS-CoV-2 infection can be explore for drug and vaccine development.
Molecular Targets critical in SARS-CoV-2 replication and RNA synthesis are Papain-like proteinase
(PLpro), 3C-like main protease (3CLpro), RNA-dependent RNA polymerase (RdRp) (nspl12), and
Helicase (nsp13). Spike protein is important in binding to ACE2 receptor, which is one of the great
targets for drug repositioning, monoclonal antibody, and vaccine development. Also, virulence
factors such as nspl, nsp3c, and ORF7a can be explored for SARS-Cov-2 drug development. Based on
drug repositioning, remdesivir  targeting RNA dependent RNA polymerase and
chloroquine/hydroxychloroquine affecting the activity of spike protein binding to ACE2 receptor are
under clinical trial and they are yielding positive results. However, unless molecular targets are well
studied that is when their potential could be unraveled.

Significance of the study

This study reveals that there is a wide variety of enzymes, proteins, and receptors that can be
explored for the development of novel therapeutics from scratch and repurposing of existing
antiviral drugs for the treatment of SARS-CoV-2 infection. It is suggested that extensive research
should be carried out on RNA dependent RNA polymerase and spike protein to develop novel
therapeutics apart from the repositioning of chloroquine/hydroxychloroquine and remdesivir. This is
a strategy to prepare for the future reoccurrence of the disease and to have long-lasting future
treatment.
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