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Abstract

Background: New coronavirus disease is considered one of the most widely spreading viral infections all over the world. Increased numbers of severe covid-19 cases
are growing up. Gene sequencing and discovering new viral variants is an essential aspect during the pandemic. The generation of treatment-resistant viral strains and the
probability of negative impact on vaccination efficacy is possible. We aimed to review the probable effect of new variant emergence on treatment and vaccination efficacy,
besides, the importance of gene sequencing from published literature data till the moment.

Main body of the abstract: SARS-CoV-2 genome studies indicated that it shared 79 to 82% nucleotide similarity with SARS-CoV-1. Several gene locations in the
envelope (E) structural protein ¢.222G>C (p. Leu74Leu) and the Membrane (M) structural protein ¢.213C>T (p. Tyr71Tyr) were proved to have mutations. Also, the surface
(S) gene mutation ¢.1841A>G (p. Asp614Gly) is most relevant. The published sequences in Egypt are accounting for less than 0.2 percent of reported instances.

Short conclusion: The possibility of rapid generation of treatment-resistant viral strains is highly possible. As a consequence of genetic alterations that impart
functional differences in infectivity, sub-strains might arise as a result of acquired immunity that is likely to diminish over time and become less effective against
increasingly aggressive strains. Gene sequencing in Egypt requires a lot of efforts to provide a rapid discovery for new emerging variants, to avoid a possible decrease in
vaccination efficacy and emergence of treatment-resistant strains.

Abbreviations

WHO: World Health Organization; PCR: Polymerase Chain
Reaction; COVID-19: Coronavirus Disease 2019; MERS-CoV:
Middle East Respiratory Syndrome Coronavirus; SARS-CoV-2:
Severe Acute Respiratory Syndrome Coronavirus 2; SARS-CoV-1:
Severe Acute Respiratory Syndrome Coronavirus 1; RT-qPCR:
Quantitative Reverse Transcription PCR; (E) structural protein:
Envelope structural protein; (M) structural protein: Membrane
structural protein; (S) gene mutation: Surface gene mutation;
SPs: Structural Proteins; ACE2: Angiotensin-Converting
Enzyme 2; RNA: Ribonucleic Acid; DNA: Deoxyribonucleic
Acid; RBD: Receptor-Binding Domain; IL-6: Interleukin 6; IL-
10: Interleukin 10; TNF: Tumor Necrosis Factor; B-cells: Beta

cells; Fc receptors: Fragment Crystallizable Region Receptors;
ORF1ab gene: Overlapping Open Reading Frames that Encode
Polyproteins 1ab; RdRp: RNA-dependent RNA polymerase;
RSV: Respiratory Syncytial Virus

Background

A viral respiratory disease outbreak (officially known as
coronavirus disease by the WHO) occurred in the Chinese city
of Wuhan, at the end of 2019 [1].

SRAS-CoV (2003) has infected 8098 people with a 9 percent
fatality rate in 26 countries in the past, on the other hand, novel
coronavirus (2019) infected 252,826,597 individuals with a
mortality rate of 2.01%, across 109 countries, till 16™ NOV 2021.
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It is obvious that SARS-CoV-2 has a greater transmission rate
than SRAS-CoV, which might be due to a genetic recombination
event at the S protein in the RBD region of SARS-CoV-2, which
may have boosted its transmission potential [2,3] Figure 1.

The spread of SARS-CoV-2 or any respiratory infections
can occur via three transmission modes, which are contact
transmission, droplet transmission, and airborne transmission.
Viral contact transmission can occur through physical contact or
fomites harboring settled droplets, where, droplet transmission
involves huge droplets larger than 20pm in diameter produced
by a forceful expiratory incident and deposited directly on the
conjunctiva or mucus membranes of a susceptible host. On the
other hand, airborne transmission occurs by small respiratory
droplets (aerosols) smaller than 10pm in diameter that remain
airborne for a long time that is enough to transfer a pathogen
and deposited deep into the respiratory tract [5].

The viral entry and replication mechanism, besides RNA
packing in the human cell, is attributed to coronavirus spike
(S) protein attachment to Angiotensin-Converting Enzyme 2
(ACE2) receptors located on the surface of numerous human
cells, particularly those in the lungs thus permitting viral
entry, translation, RNA replication, and packaging, followed by
virion release [6] Figure 2.

Only molecular PCR (RT-qPCR) test of respiratory tract
samples is currently recommended for the identification
and confirmation of COVID-19 cases since these methods
have been evaluated for safety and quality through (WHO)
protocols. Serological tests are used as an auxiliary approach
for monitoring the epidemiological situation, despite the fact
that they are faster and less expensive than genetic studies.
This diagnostic approach has low sensitivity, but it is valuable
for monitoring the infection, thus efforts to enhance it are
continuing. Those serological tests include different types
like Euroimmun SARS-COV-2 ELISA (IgG), Biomedomics
COVID-19 IgM-IgG Rapid Test, Tianjin Beroni Biotechnology
SARS-COV-2 IgG/IgM antibody detection kit, and others. The
developed kit’s sensitivity and specificity range from 60% up
to 100% [7].
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Figure 1: A diagram representing COVID-19 structure. The virus is an enveloped,

positive-sense RNA virus with four main structural proteins (SPs), which are spike
(S), membrane (M), envelope (E) and nucleocapsid (N) proteins [4].
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Figure 2: A diagram representing COVID-19 entry mechanism, RNA release,

translation, replication, packaging in the human cell, and ended by virion release [6].

Severe Acute Respiratory Syndrome Coronavirus 2 genome
size ranges from 29.8 to 29.9 kb, where more than 2/3 of the
genome and encoding ORF1ab polyproteins are resulting from
the 50 section, while the 1/3 of genes encoding for SPs such as
surface (S), envelope (E), nucleocapsid (N), and membrane (M)
proteins are from the remaining 30 section [8].

The establishment of a statistical approach based on
genetic knowledge besides epidemiology, and antigenic factors
may give additional insight into the mechanisms governing
the emergence and evolution of unique mutations, as well
as increase the capability for SARS-CoV-2 prevention and
management [9,10].

Coronaviruses belong to the Orthocoronavirinae subfamily,
Coronaviridae family, Coronavirinae suborder, and Nidovirales
order [11]. This Orthocoronavirinae subfamily is further
classified into 4 genera which are alpha (o), beta (B), delta (5),
and gamma (y) coronavirus. Until now, only six coronaviruses
had been proved to cause human infections. Four of the six
viruses known as human coronaviruses (HCoV) 229E, NL63,
0C43, and HKU1 are infecting humans, and induce only
relatively insignificant upper respiratory symptoms [12].

The remaining two viruses from the genera betacoronavirus
which are (MERS-CoV) appeared in 2012 in Saudi Arabia and
(SARS-CoV) developed in China during 2002 and 2003 can
cause acute lower respiratory symptoms [13,14].

Gamma (y) and delta (5) coronaviruses, contain a variety of
avian coronaviruses. According to sequencing research, SARS-
CoV-2 possesses the main model of genomic make-up of
coronaviruses, namely Beta coronavirus, subgenus Sarbecovirus.
These coronaviruses are considered to be the 7% coronavirus to
infect human beings [15].

Coronaviruses are widespread pathogens in the
environment, causing gastrointestinal or respiratory illnesses
and occasionally damaging essential systems in people and
animals. Coronaviruses can be killed by ultraviolet radiation,
elevated temperatures, 75% ethanol, ether, chloroform, and
disinfectants containing chlorine [16].

The emerging COVID-19 variants not only cause elevated
transmissibility, and mortality, but they also can evade detection
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by diagnostic tests, exhibit lowered susceptibility to treatment
such as antivirals, monoclonal antibodies, and convalescent
plasma. Besides, causing re-infection to previously cured and
vaccinated individuals [17].

Individuals with COVID-19 who were infected with the
delta form had a higher probability of hospitalization or
emergency care than those who were infected with the alpha
variant. According to clinical study findings, outbreaks of the
delta variation among unvaccinated populations may exert a
greater burden on healthcare systems than epidemics of the
alpha type [18].

Early data suggests that both Omicron (B.1.1.529) and
Alpha (B.1.1.7) variants have a P681H mutation, which, when
combined with two other changes, may allow the virus to
transmit more easily between individuals. Moreover, it was
postulated that combining the Q498R and N501Y additional
changes may improve the virus’s capacity to attach to the host
receptor ACE2 [19].

Many nations throughout the world have prohibited or
limited travel to and from South Africa, and a 14-day quarantine
period has been imposed for visitors arriving from Omicron-
infected areas [20].

According to reported data on COVID-19-infected patients,
those who are hospitalized in intensive care units (ICUs) have
concomitant comorbidities and are at a greater risk of bacterial
infections. That is why there is a concern about the emergence
of antimicrobial resistance as a result of high demand and
misuse of antimicrobial agents in hospitals [21].

When the prevalence of COVID-19 is reduced for a while,
the predicted social behavior is a reduction in or abandonment
of precautionary measures on a societal level [22]. That may
raise high concerns about the emergence of new viral strains
that can escape the acquired vaccine immunity.

It is worthy to mention that, one issue that may impact
vaccination effectiveness is the likelihood that induced
immunity would decrease over time and become less effective
against increasingly aggressive strains, thus, sub-strains can
form as a result of genetic changes that impart functional
variations in infectivity, and transmissibility [23] Figure 3.
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Figure 3: Statistical graph depicting compensated vaccination efficiency against
delta mutant covid-19 infection with time. The graphic depicts the decrease in

vaccination effectiveness of (Pfizer/BioNTech) and (Oxford/Astrazeneca) one, two,
and three months after the second vaccine dose [24].

A limited number of investigations regarding COVID-19
gene sequencing in Egypt were performed. Gene sequencing
needs more support to allow discovering new variants,
prevention of emergence of more resistant variants, and
prevent further viral wide-spreading. The effect of genetic
mutations on viral pathogenicity and vaccine efficacy will be
a highlight in this review to know the current and future viral
genomic variant’s effect.

Main text

Upon making a comparison between the SARS-CoV-2
genome and another human coronavirus’, studies revealed
that the gene of SARS-CoV-2 is similar to human SARS-CoV-1
(nucleotide similarity of about 79 to 82 percent). On the other
hand, it was determined to be far from the MERS-CoV genome
(25]).

In specific, SARS-CoV-2 spike protein (S1 subunit)
displayed a greater binding affinity to humans (ACE-2) than
that of SARS-CoV-1. The reason for such high affinity was
related to the 5 amino acid residues change in the RBD of the S1
subunit that affects spike protein structure [26,27].

In a research study, synonymous changes in the c.222G>C
(p.Leu74Leu) location of the E gene and ¢.213C>T (p.Tyr71Tyr)
position of the M gene were found. A point mutation in the S and
N genes has been discovered. Furthermore, the sole significant
differential in surface spikes of the SARS-CoV-2 virus is the
aspartate (D) mutation at position 614. This mutation was
found in the majority of a group of Chinese sequences to glycine
(G) which was prevalent in other Western Europe populations.
Furthermore, 14 additional variants other than the D614 Gone
have been found. Replication rates of the covid-19 virus can be
influenced by D614 G mutation carrier strains (Orfiab P4715L;
RdRp P323L) [28,29].

These proteins are a target for drugs used as antiviral agents
like favipiravir and redeliver. Besides, these proteins are prone
to changes that indicate a fast generation of resistant strains.
In current investigations, the most prevalent variant is the
€.1841A>G (p. Asp614Gly) missense mutation which is found in
the S gene. Furthermore, it is shown to have an ORF1ab P4715L
replication mutation [30,31].

The D614G S-protein mutation in the carboxy(C)-terminal
region of the S1domain was previously identified tobe increasing
at an alarming rate. It was observed at low frequency in March
by 26 percent but grew significantly by April to 65 percent
and by May up to 70 percent. This behavior demonstrates
the advantage in transmission versus the D614 viruses. The
mutation was also linked with an elevated COVID-19 viral
charge in infected patients, but S-protein involvement in these
data is still unknown because this mutation is also linked with
viral nsp3 and RdRp mutations [32,33].

In the Middle East and North Africa, the D614G mutation
looked to be taking over COVID-19 infections. SARS-CoV-2
may have been circulating in the Middle East and North Africa
earlier than previously thought, according to Bayesian research.
This demonstrates the significance of careful surveillance in
outbreaks caused by new viruses [34].
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Egypt’s strains were classified as belonging to clade A2a.
This clade also contains strains from Africa, Europe, the USA,
Asia, and Australia. Quick examination in future research is
needed to estimate the biological impact of genetic and amino
acid variations between SARS-CoV-2 isolates from Egypt and
the original Chinese strain on viral virulence, transmissibility,
and current treatment approaches requires [35].

Gene sequencing efforts are relatively restricted among
Egyptian research institutes, with published sequences
accounting for less than 0.2% of reported instances. A national
effort, organized and facilitated by a central entity, would make
this type of research more routine and non-competitive. Plenty
of additional logistical issues stands in the way of researchers’
ability to improve SARS-CoV-2 sequencing efforts. One of the
most difficult issues is gathering geographically representative
samples [36].

A genomic DNA study was performed on 70 blood samples
collected from Egyptian populations, where, the results showed
in exon 15 (c.1995 delT) a one frameshift mutation, in exon 16
(€.2070T>C) one identical NSP, and exon 18 NM__021804CT>GG,
and exon 18 NM_ 021804TA>AG three splicing in ACE2
receptor. The frameshift deletions indicated here have only
been detected once, and their level is insufficient to suggest
protein structural alterations [37].

A typical viral characteristic is that increasing
transmissibility is associated with decreasing virulence. This
property is exhibited by SARS-CoV-2. This characteristic
is supported by observations of infected patients in Wuhan
province. At an early stage of the pandemic, patients had more
severe diseases than those at the later stage. This happened
also in Zhejiang province when transmission began to rise
at a later period. According to SARS-CoV-2 genetic study
data obtained during later phases, mutations on the surface
of the spike protein (near the furin cleavage site) might alter
protein shape and the binding of ACE2. This will result in the
appearance of mild symptoms [38].

Different pharmaceutical firms and research centers are
working on the development of coronavirus vaccines. The
scope of vaccine development includes inactivated target virus,
inactivated viral proteins, vector-based vaccines, and SARS-
CoV-2 RNA or DNA. The target antigen is SARS-spike CoV-2’s
glycoprotein or its receptor-binding domain required for viral
cell entrance [39-41], different types of vaccines are available
in Egypt for example Sinopharm and Sinovac vaccine (live
attenuated), Astrazeneca/Oxford vaccine (Vector based).

As immunity spreads across the community by vaccination
or spontaneous infection, it is likely that this pressure will lead
to the selection of immune-evading mutations. This in turn
will allow SARS-CoV-2 to be more endemic and frequent, but
with mild severity [23].

Additionally, in antibody-dependent enhancement (ADE),
non-neutralizing antibodies may promote viral entrance
into cells. This can occur via Fc receptors or the complement
system. This mechanism may result in the activation of

B-cells, monocytes, and macrophages as well as the generation
of IL-6, TNF, and IL-10 even in the absence of active viral
replication in immune cells. Vaccine-induced antibody-
dependent enhancement has been observed following the
use of vaccinations inactivated by formalin against RSV and
measles, as well as dengue virus vaccination use [42].

From the previously presented data and information, many
issues have been highlighted about Antibody-Dependent
Enhancement (ADE) possibility in patients with COVID-19
following immunization. The ADE is mediated by Fc receptors.
Mutations in the spike glycoprotein might decrease the
antibody response of the host. Besides, it could increase the
likelihood of ADE. Infection of monocytes, macrophages, and
B cells may occur in a variety of organs as a consequence of
later unstable virus-antibody complexes. This will result in
the widespread death of immune cells and the generation of
cytokines [42].

Conclusion

Several genetic mutations were discovered in several
gene locations. c.222G>C (p.Leu74Leu) in the E structural
protein and ¢.213C>T(p.Tyr71Tyr) in the M structural protein
were discovered. Moreover, D614 G and other additional
variants have been found which might decrease the main
host antibody response, The probability of fast generation of
treatment-resistant strains, including antiviral resistance,
is highly possible and consequently is an important raised
issue concerning vaccine effectiveness and its benefits in
immunization against SARS-COV-2. More support is required
for facilitating and accelerating gene sequencing -efforts
worldwide to provide a vigilant and rapid discovery for new
emerging variants.
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