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Abstract: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and its mortal coronavirus
disease 2019 (COVID-19) are still mysterious in nature. The emergence of the more virulent newer SARS-CoV-2
variants, e.g., Delta and Omicron variants, made the matters worse. CoViTris2020 compound can be considered the
most potent investigational anti-COVID-19 agent among others to date. Meanwhile, all countries took very serious steps
in vaccination and have started to vaccinate their citizens beginning with the elders. The current data refer that, in the
near future, the available vaccines may gradually lose their effectiveness against the newer SARS-CoV-2 strains which
have increased transmissibility and infectivity due to the enhanced human angiotensin-converting enzyme 2 (hACE2)
affinities and antibodies resistances, respectively. All the problems facing the continuous and successful use of the
current vaccines, antiviral agents, and convalescent plasma in their missions against the COVID-19 infection force us to
deeply investigate all the updated available data about all the components of the pandemic in a comprehensive way hour
by hour to reveal all the secrets and clues behind the SARS-CoV-2. Herein, a brief article about the up-to-date clues,
hypotheses, facts, unsolved issues, and informative genetic data of SARS-CoV-2/COVID-19 is introduced.
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1. Introduction

The infection with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in humans is still
rapidly ongoing, with its dangerous coronavirus disease 2019 (COVID-19) being the most prevalent and fatal disease
worldwide. Recently, many distinctive variants of the original coronavirus 2, with different genomic sequences, have
appeared and spread (of note, the deleted and changed SARS-CoV-2 genome sequences led to the multi mutations and
the appearance of the several variants and newer lineages) [1, 2]. The World Health Organization (WHO) classified
them using mainly Greek letters, e.g., Alpha variant (linecages B.1.1.7 and B.1.1.7+E484K), Beta variant (lineage
B.1.351), Gamma variant (lineage P.1), Delta variant (lineage B.1.617.2), Epsilon variant (lineages B.1.429, B.1.427,
and CAL.20C), Zeta variant (lineage P.2), Eta variant (lineage B.1.525), Theta variant (lineage P.3), lota variant (lineage
B.1.526), Kappa variant (lineage B.1.617.1), Lambda variant (lineage C.37), Mu variant (lineage B.1.621), Nu and Xi
variants (negligible), and Omicron variant (lineage B.1.1.529) [1, 2]. The series continues to more than 70 SARS-CoV-2
species or variants at the time of submitting this paper for publication (Figure 1) [2]. Studying and investigating the
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Indian Delta variant along with the newest variant Omicron is of great importance due to their increased transmissibility/
prevalence, virulence/infectiousness, human morbidity/mortality/reinfection, natural antibodies/antiviral drugs/synthetic
vaccines resistance, particular demographic/clinical groups’ affinity, diagnostic tests detection failure, and contradicted
data [2-4]. The coronaviral-2 Delta and Omicron variants are now subrogating almost all the previous SARS-CoV-2
variants (including the ancestral strain) with a much higher reproductive number in comparison to all the original and
previous variants of the virus, therefore, significant reductions in the coverage rates of the different COVID-19 vaccines
were recently observed [2-4].

On the other hand, drug discoveries for effective broad-spectrum antiviral remedies (able to destruct the several
SARS-CoV-2 variants) and/or successful general anti-COVID-19 therapies (able to reverse the severe and mortal
actions of the COVID-19) are still insufficient [5, 6]. There are no selective/specific anti-COVID-19 drugs that have
been approved by the U.S. Food and Drug Administration (FDA) for the official treatment of SARS-CoV-2 infection
and its disease, COVID-19, with 100% tactical efficacy to date [5, 6]. However, there are some promising compounds
and agents to do this critical mission that are now undergoing extensive investigations and preclinical/clinical trials,
including the RNA-dependent RNA polymerase (RdRp) inhibitors CoViTris2020 (Figure 2) and molnupiravir (now it is
FDA approved), which being the most interesting and promising ones in these international studies [5-9].

SARS-CoV-2
Genomes

Figure 1. A representative 3D visualization of the most common 59 SARS-CoV-2 genomic sequences (updated image; the previous version was
published in February 2021 by Van Noorden [10])
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Figure 2. Chemical structure of the CoViTris2020 molecule (a promising under-investigation potential anti-COVID-19 drug)

2. Clues and theories behind SARS-CoV-2 genomic deletions

Scientists have hypothesized some theories for the reasons behind the severe and higher transmission and
virulence abilities of the mutated SARS-CoV-2 particles [11-13]. Many researchers support the theory of coronavirus
variants origination and the accompanying severe infectivity from the continual infection of the immunocompromised
individuals, especially when the selection pressure of antibodies/convalescent plasma therapies renders the coronaviral-2
particle developing urgent escape mutations, with repeated similar deletions in surface antigens recurring in various
persons [13]. Then, these new mutations in the different coronaviral-2 variants, in turn, cause modifications in the
known electrostatic potential (i.e., electric charge at rest) on the viral spike surface (SARS-CoV-2 spike proteins, which
are mainly present on the coronavirus surface, have a major role to enable the viral particle to bind to and invade the
human cells). Since the positively-charged moieties in the receptor-binding domain (RBD) and N-terminal domain (NTD)
of the spike surface proteins largely increase, while the negatively-charged parts largely decrease, it affects the normal
abilities of the antibodies, immunity mediators, and antiviral agents to attach to and neutralize/kill the SARS-CoV-2
particle (Figure 3) [14, 15]. It is worth mentioning that the effects of these spike surface structural changes, which were
induced by the mutations, extend to the binding affinities of the RBD to the human angiotensin-converting enzyme 2
(hACE2). As these affinities significantly increased, the new mutant virus strains have relatively higher transmission (and
higher virulence) of SARS-CoV-2 infection from human to human compared to the older and original strains [1, 15].
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Figure 3. A representation of the gradual changes that occur in the protein shapes and electrostatic potentials on the coronaviral-2 spike surfaces
after different mutations of the SARS-CoV-2 (the three examples shown herein are the Wuhan Original, Alpha, and Beta strains; positively-charged
positions are represented in blue color while negatively-charged ones are represented in red color; note that the spike surface positive charges increase
from an old version of the virus to a newer one with the newest virulent Indian variant being almost the most positively-charged SARS-CoV-2 strain
to date; in the SARS-CoV-2 Beta variant, the RBD and NTD have modified substantially, affecting the original effectiveness and ability of the relevant
antibodies to attach to and neutralize the viral particles)

The mystery and clue lie here, since the normal original coronaviral-2 spike is majorly positively charged (i.c.,
the SARS-CoV-2 spike proteins have a positive net charge in almost all positions and areas) and the newer variants
or mutated strains are gradually more and more positively charged (i.e., the spikes of each newer SARS-CoV-2 strain
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have higher positive charges than those of the preceding one(s), and so on, on a gradual basis with each new mutation
in most cases to date) [14]. The great problem is that the present vaccines and antibodies are directed against these
spikes and with restricted selective affinity against only these proteins (with their specific amino acids sequences and
net charges). Again, the previously-mentioned structural findings indicate that the mutations in both the preceding and
the newest SARS-CoV-2 variants, like the Beta, Delta, and Omicron ones, modified the spike protein surface shape and
charge at specific areas (recall that SARS-CoV-2 particle uses the specific surface structure/shape of its spikes as the
principal entry mean to enter the human cells through binding to the hACE2 receptors). As a consequence, the current
vaccines and their stimulated/induced neutralizing antibodies became much less capable of attaching to the resistant
newer coronaviruses (i.e., became less effective) (Figure 4). This allows the newest SARS-CoV-2 particles to severely
evade the human immune system even when people are full vaccinated several times (i.e., with more than one dose of
the vaccine). One of the suggested solutions for this major problematic dilemma is supporting these present vaccines
with synthetic boosting agents (i.e., modified vaccines) consisting of proteins/antibodies having the new genetic genome
sequences of the newer mutated SARS-CoV-2 versions or of the effective antibodies to these newer versions (which
can be used also as a single therapy), respectively. These boosters/adjuvants are expected to be somewhat beneficial for
protecting individuals against these resistant coronaviral-2 variants. As one of the clues of the different SARS-CoV-2
variants is present in the electrostatic charge of the coronaviral particle (the dominating positive charges of the spike
surface), hence, another proposed therapeutic opinion or option is neutralizing and deactivating the coronaviral particle,
and therefore antagonizing/stopping its actions, through ionically/electrostatically interacting with its positively-charged
spike proteins using highly negatively-charged moieties or molecules (either single drugs or included in the vaccines).

SARS-CoV-2 Evasive Maneuver

Neutralizing

o Antibody
Original SARS-CoV-2

Spike Protein Domain
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Figure 4. The evasive maneuver defensive mechanism by which the continuous coronaviral-2 mutations on spike protein surfaces hinder the
neutralizing antibodies (of all origins) from hitting/deactivating the SARS-CoV-2 particles and inhibiting their biological activities (the present image
is modified from the original [3])

COVID-19, an infection belongs to the special group of viral diseases caused by RNA viruses which are lacking
DNA. Here, we can suggest another or additional hypothesis concerning the reasons for the emergence of more
transmissible/infective SARS-CoV-2 variants and the expected potential of current vaccines to lead to more new
virulent SARS-CoV-2 variants. This time we are talking about COVID-19 vaccines of the mRNA type. In order for
the coronavirus 2 to generate the surface spike proteins that allow the coronaviral-2 particle to enter the human cells,
it uses the metabolic pathway of the host cell for respective protein production. This is attained through transcription
by the pivotal coronaviral-2 enzyme reverse transcriptase which mainly transcribes the viral genomic RNA into DNA
(although SARS-CoV-2 particles do not extensively code for the reverse transcriptase). This is a very critical process
since the produced DNA is directly incorporated into the human/host cell DNA to be translated into mRNA (the
genomic translation process) for generating the SARS-CoV-2 spike proteins. The previous pathway is supposed to be
bypassed and evaded by the COVID-19 mRNA vaccine which is supplying the mRNA particles. However, surprisingly,
the potentials strongly exist for the mRNAs to be assembled and spliced together and then incorporated into the
coronaviral-2 RNA for replication (we also cannot ignore that the lack of proofreading of the major coronaviral-2
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replicase, RdRp, is one of the possible main causes of the high mutation rate for the SARS-CoV-2 pathogen). The
produced coronaviral-2 particles (resulted from replication processes) will certainly infect other human cells but will
generate coronaviral-2 particles with different spike proteins with respect to surface shape and charge, i.e., will generate
mainly new diverse COVID-19 variants with different and higher transmissibility and infectivity, hence new SARS-
CoV-2 variants, which certainly need completely new vaccines in almost all cases, will appear.

As previously mentioned, the main problem and concern associated with the first-generation Wuhan spike
protein-based vaccines is the rapid and continuous evolution of new coronaviral-2 strains that are clearly more or less
resistant/infectious to Wuhan spike protein-based vaccine-induced immunity in humans. Another unavoidable concern
is the severe toxicity of the spike protein of the vaccine since this pathogenic protein alone (even if it is deactivated)
can extensively destroy and damage considerable numbers of the vascular endothelial cells in very vital and critical
organs of the body, causing very serious and fatal side/adverse effects. A possible solution for these concerns may be
the design and synthesis of a multi-epitope COVID-19 vaccine against SARS-CoV-2 particles, excluding the spike
protein portions, thus can possibly be much less toxic and much less virulent than the Wuhan spike protein-based
vaccines, and also with less dangerous adverse effects, but still sufficiently immunogenic to elicit highly and efficiently
protective immune response. Additional important potential benefit and advantage of this multi-epitope vaccine is
that, taking into consideration the fact that almost all the new strains of SARS-CoV-2 carry significant new mutations
and structural modifications in the pathogenic coronaviral-2 spike protein and less significant mutations in the other
structural/functional proteins (either pathogenic or nonpathogenic) of the virus, it can provide more potent and very
effective immune responses against the new SARS-CoV-2 lineages and variants (i.e., irrespective of the structure of
their spike proteins). A promising under-investigation therapeutic solution to block the severe infectivity, pathogenicity,
and toxicity of the different coronaviral-2 spike proteins is the use of the naturally occurring lectins (mammalian
carbohydrate-binding proteins) or the design of synthetic lectin analogs [16]. This novel avenue depends on the proven
fact that COVID-19 virus (with all its strains) uses a fixed N-glycosylation mechanism at specific sites (about 22 N-glycan
sites of lectin receptors) on the surface of the spike protein to form a protective sugar coat that hides and saves the
pathogenic antigenic protein from the human active immune responses (including the vaccine-based ones). Almost all
these specific 22 N-glycan sites remain highly conserved among all SARS-CoV-2 strains (including the newest variants)
[16]. Inhibiting or blocking the lectin receptors of these distinctive sites may be a very effective therapeutic intervention
to both lock the coronaviral entry and boost the abilities of the host immune antibodies to invade, neutralize, and
destroy the SARS-CoV-2 particles whatever their strain is (pan-variant therapeutic interventions which provide both
prophylactic vaccine-like and post-infection antidotal interventions).

The various partial genomic sequences which have recently appeared may solve the current evolutionary enigma
concerning the original genetic diversities of the mysterious virus SARS-CoV-2. We are now confident that solving and
addressing many puzzles and clues about SARS-CoV-2 and the origin of the pandemic can be achieved by following
back all the deleted parts of the sequences of the coronaviral-2 genomes, which will certainly help us to find suitable
effective medications for the virus and its disease, COVID-19, and to discover the facts behind the origin(s) of SARS-
CoV-2. The obtained data add to a growing body of evidence that the first COVID-19 human cases were not associated
with the Wuhan city seafood market as previously thought or claimed (in China). There are still much work and effort to
reveal the real origins of the SARS-CoV-2, i.e., where and how the first SARS-CoV-2 particles jumped from animals to
people.

The continuous openness of the data of the increasing SARS-CoV-2 genomes sequences is very important and
crucial for the fast responses by researchers and relevant authorities against the most dangerous health threat to mankind
since an extremely long time. It is very important to put into our consideration that the interaction between the attacked
human body and the attacking SARS-CoV-2 particles was previously natural at the beginning of the COVID-19
pandemic but it is now being gradually changed by the availability of the immediate vaccine. The natural emergence
of new SARS-CoV-2 variants along with the potential induced appearance of newer SARS-CoV-2 variants that are
moderately/fully resistant to the antibodies responses triggered by the present generation of COVID-19 vaccines may
inactivate and invalidate all these vaccines and require considerable modification and remodeling of them. These pivotal
suggestions are largely supported by the fact that various vaccines generated for the initial coronaviral-2 strain in 2020
have much lower efficacies against many newer variants of the virus and their accompanying forms of the COVID-19
[15, 17, 18]. Designing and developing modified and/or new-generation COVID-19 vaccines (including updated viral
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and nonviral vector-based vaccines) is a necessity now to have successful broad-spectrum second- and third-generation
vaccines of higher efficacy/effectiveness, better safety profiles, enhanced immunogenicity, and improved stability (for
example, nano-based vaccine technology can provide ultrapotent nanoparticle COVID-19 vaccine candidates of highly
flexible physicochemical characteristics, rendering these potential new vaccines clinically more successful due to the
expected enhanced antigen stability, lower immunotoxicity, elongated sustained release/long action, and improved
immunogenicity). Therefore, strategies to generate an effective new-generation COVID-19 vaccine need a daily increase
in the comprehensive understanding of the constructure, physicochemistry, and immunopathogenesis of all the new
variants/strains of SARS-CoV-2.

3. Final remarks and future perspectives

Finally, we can put some important concluding remarks in the following lines. We cannot ignore that upon injecting
any COVID-19 vaccine into our bodies, we, at the same time, inject more or less similar proteins to SARS-CoV-2
particles into our bodies. This similarity can somewhat cause residual dangerous sequelae (including substantial genetic
and immunity changes) in the individual’s body in the long term. New super transmissible and more virulent COVID-19
strains and variants can appear at any time and reverse falling patients’ numbers and hospitalization cases, thus we
should not stop following all the genomic changes in each newest SARS-CoV-2 variant day by day. Delta variant
(and also Delta-plus variant) needs further investigation and studies since some data refer to the possibility that this
strain can infect healthier and younger persons more easily due to its enhanced infectivity and spreadability. It is very
important to make all the detailed data of the different SARS-CoV-2 genome sequences available for sharing among all
scientists and researchers all over the world without any restrictive barriers, along with establishing strong international
genomic monitoring and surveillance systems connecting all world countries together. The expected ineffectiveness (or
reduced effectiveness) of the current vaccines and their induced/generated antibodies against the coming and the newer
SARS-CoV-2 strains should be always put under the microscope. Furthermore, the increasingly global community
distribution of most SARS-CoV-2 strains should be extensively monitored because it may largely boost the possibility
of recombination events in the very near future and further speed the development of these virulent coronaviruses.
To achieve effective mentoring, we need to use the principal coronaviral-2 mutational fingerprints to recognize and
track the SARS-CoV-2 spatiotemporal emergence along with disclosing convergences/divergences of predominant
and major variants/strains among the different geographical areas. The evolution and emergence of a much more
virulent third edition of the coronaviruses that cause the severe acute respiratory syndrome (SARS), i.e., severe acute
respiratory syndrome coronavirus 3 (SARS-CoV-3), in the near future are also possible (regrettably, SARS-CoV-2 is
improbable to be the last version or strain of coronaviruses causing a severe pandemic, there are high predictions that a
modified coronavirus, i.e., SARS-CoV-3, can be in the way in the 2022-2025 period and also with pandemic potential).
Surprisingly, the diverse SARS-CoV-2 genomic sequences with their endless deletions in the various strains are
informative rather than transformative, and this certainly will trigger many international scientific tricks and intrigues in
the coming weeks.
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