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Are we moving toward ending SARS-CoV-2?

To the Editor,

In November 2019, the social media app WeChat, the platform used
within China, picked up chatter between physicians about a cluster of
pneumonia cases reported as an illness in patients of unknown cause.
This was followed by a report to the media on December 31, 2019,
by the Wuhan Municipal Health Commissioner about a cluster of
pneumonia cases in Wuhan, leading to the possibility of a new
coronavirus outbreak. Following this report, the World Health
Organization (WHO) came into action and announced that the
causative agent is a novel coronavirus and issued the initial
guidelines. By January 22, 2020, it was confirmed that this novel
coronavirus could transmit from human to human. On February 11,
the WHO announced the disease caused by the novel coronavirus
would be named COVID-19, and due to the widespread global
reports of the disease by March 11, the WHO announced COVID-19
as a pandemic.” The causative agent of the COVID-19 is the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus that
has spread from Wuhan, China, to the rest of the world and has been
an ongoing pandemic ever since.” Approximately 468 million people
have been infected with the SARS-CoV-2 and its variant of concerns
(VOCs) andand its variants so far, and more than 6.0 million deaths
have occurred. Human Coronavirus are classified into four major
genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus. Of these, only the Alpha and Beta-CoVs are known
to infect humans. In contrast, the Gamma and Delta-CoVs predomi-
nantly infect birds.®> SARS-CoV-2 shares about 89% sequence
identity with the other human coronaviruses.* The phylogenetic
analysis has revealed that the SARS-COV-2 shares 89%-96%
homology with the Chinese bat coronavirus (Bat-SL-CoV RaTG13,
ZC45, and ZXC21), suggesting potential bat origin that was
potentially transmitted to humans®°~’

Although the SARS-CoV-2 encodes an RNA proofreading
exoribonuclease (nsp14-exon), it has accumulated multiple random
mutations over the viral genome during global transmission and led to
different variants across the globe.®” The first SARS-CoV2variant of
SARS-CoV-2, carrying the mutation at the D614G of Spike protein,
emerged throughout the globe and became prevalent, suggesting a
fitness advantage.10 Later on, various variants were identified,
including Alpha variant (B.1.1.7; United Kingdom), Beta (B.1.351;
South Africa), Gamma (P1; Japan/Brazil), and Delta variants
(B.1.617.2; India). As Delta was more transmissible than the other
variants, it has evolved into a dominant variant globally over the past
year (2021), potentially increasing the number of infections and
deaths globally.'* Recently the emergence of the novel variant C.1.2
and Omicron in South Africa have raised concerns as they are shown

to potentially escape antibody responses induced by the available
vaccines and/or virus-induced immune responses following natural
infection. Additionally, this variant is more transmissible than the
Alpha and Delta variants.'? These variants contain multiple mutations
in the spike protein, raising concern about the degree of protection
by the currently available vaccines and monoclonal antibody
therapeutics, designed against the spike protein of the SARS-CoV-2
Wuhan strain or D614G strain circulating during the early phases of a
pandemic. Coronaviruses are known to induce innate and virus-
specific adaptive immune responses to the infection.”*** These
responses are reasoned to provide at least some degree of protection
against reinfection. However, protection against the seasonal
coronaviruses is limited and diminished with time, concurrent with
declining neutralizing antibody titers.”> A similar trend is also
observed in specimens from SARS-CoV-2 infected individuals. They
show 50% and 100% seroconversion rates on days 7 and 14
postsymptom onset, with ~90% seroconversion by day 10 post-
symptom onset that gradually decreases over time. A significant
percentage of individuals demonstrate a low or reduced level of
neutralizing antibodies after 6 months of infection or vaccina-
tion.*®?” The only effective protection currently available is the US
Food and Drug Administration (FDA)-approved direct-acting small-
molecules antiviral against the SARS-CoV-2, which have been
approved or in the advance clinical stage. These drugs do not target
the highly mutated spike but rather conserved domain of main viral
protease (M, or 3CL protease) or RNA-dependent RNA polymerase
(RdRp). However, recently FDA-approved drugs like remdesivir,
molnupiravir, and PAXLOVID remain sensitive toward the Omicron
and other VOCs.'® The mutation in the spike protein and other
proteins of the SARS-CoV-2 that occurs as part of this adaptation
process is reasoned to increase the fitness of the virus. Although the
variants have been shown to have reduced capacity for antibody-
mediated neutralization,'” the adjacent arm of the adaptive immu-
nity, T-cell response, is minimally affected and protecting against
these variants. Similarly, a mutation in the regulatory region of N such
as the Orf9b and Orfé genes of the SARS-CoV-2 Alpha variant led to
the higher expression at both subgenomic RNA and protein levels.
Since these proteins are innate immune response antagonists, they
delay the host's initial innate immune response and increase viral
fitness.”® Similar mutations are observed in the Delta and Omicron
N/Orf9b regulatory regions. Omicron has been classified as having an
extremely high number of mutations that are likely to influence
higher transmission and thus pose a very high global risk. This strain
has now been linked to rapid transmission/infections worldwide

(Figure 1). The high number of mutations in the spike protein of
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FIGURE 1 Timeline for the emergence of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and its evolution and possible
end outcome. The SARS-CoV-2 genome is closely related to the bat coronavirus. It crossed the interspecies barrier and was likely transmitted to
animals in the live animal market in Wuhan, China. The live-animal market subsequently transmitted the pathogen to humans through direct

contact with the virus. Later, the virus acquired the ability of human-to-human transmission through droplets, and local and long-distance travel
by infected individuals led to a pandemic shortly thereafter. Chronic infection, colossal transmission, and vaccination, mounted a selection

pressure on SARS-CoV?2 resulting in continuous viral evolution. This

evolution continued until the virus reached maximum transmissibility,

immune evasion, and low pathogenicity. Later in the evolution, the virus may act as an attenuated natural vaccine and protect most of the
infected individuals, which may potentially lead to an end of the pandemic. The solid black arrow represents the confirmed transfer, whereas the

dotted black arrow shows the possibility of viral transfer

Omicron variant as led to the suggestion that these mutations may
have changed the biology of the virus as the variant replicate less
efficiently in lung epithelial and lung organoid as compared to
infection by other previous variants which showed a higher viral load
in human nasal airway epithelial cells.?® Omicron vairant has a
unprecedented higher mutation rate, specifically with more than 55
It has more than 30
mutations in the spike protein, but it still binds to the ACE2 receptor
at a rate that is 44% higher in affinity than the wild-type virus.?? One

mutations compared to the Wuhan strain.

of the most striking effects observed in the Omicron is the reduced
processing of the S glycoprotein into S1/S2, which has significantly
reduced syncytia formation during the cytopathic effect of infection.
This property appears to lead to a drastic reduction in cell-to-cell
transmission of this variant.?® Similarly, Omicron variant prefers to
use cathepsin-dependent endosomal fusion strategy for cell-surface
fusion for viral entry.?* Similarly, the poor processing of S also results
in the reduced incorporation of the spike protein during the
derivation of pseudovirus particles.”* This Omicron pseudovirus
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exhibits a temperature-sensitive decay at a rate similar to those
noted for the D614G and Delta pseudoviruses at room temperature
and 37°C. Still, it displays a comparatively faster decay rate at 0°C. As
the SARS-COV-2 infects the cell types present in the nasal passage
and the lower respiratory tract at a cooler temperature and <37°C,
respectively, this temperature-dependent S regulation may have
implications for pathogenesis.>* Although the Omicron variant is less
virulent with a high transmission rate, it still presents a considerable
risk to people with comorbidities, compromised immune response,
and older people.

The emergence of the Omicron variant with a significantly higher
number of mutations than the other SARS-CoV-2 variants during
what appears as a single burst has been the subject of considerable
concern to scientists. Along these lines, it is essential to note that
virus origin is still debated; we do not understand fully how this
variant will behave in the long run. Based on phylogenetic analyses, it
was found that it diverged from the B.1.1 lineage, most likely, around
mid-2020 and appeared quite unusual, and its evolution has been a
subject of considerable debate. Three reasons have been so far
forwarded for the evolution, (1) It might have acquired the mutations
during the chronic infection of an immunocompromised patient, (2)
may have circulated and evolved in a hidden population of Africa, or
(3) It might have been transmitted to rodents and then retransmitted
back to humans acquiring this high number of mutations during this
process. As the Omicron variant virus has shown minimal similarity in
mutations with other variants that have been isolated from several
other clinically chronically infected patients, the theory of Omicron
originating from a single chronically infected patient is less likely. As
the vaccination drive in Africa is not at the level compared to that in
other countries, the second and third theories might be a more likely
scenario. A recent study by Wei et al. has shown that the Omicron
SARS-CoV-2 variant had a more substantial positive selection than
normally observed viruses isolated from humans, and thus the
potential of change in host species has been entertained (host-
jumping). This finding supports this view that the mutation observed
in the Omicron spike protein is similar to that ofSARS-CoV-2 variant
experimentally adapted to the murine host.?” It is thus reasoned that
the virus jumped from humans to mice, then back into human, and in
the process, it acquired rapid mutations due to host adaptation by the
virus. This suggests the Omicron origin as the interspecies evolu-
tionary jump. The reduced pathogenicity and severity of Omicron,
high transmissibility, and its inter-species evolution have made it an
excellent candidate for formulating an attenuated natural vaccine.
Maybe it will act as a vaccine dose for the unvaccinated and a booster
dose for vaccinated people. This pandemic has caused a global health
crisis and a socioeconomic emergency. The emergence of the
Omicron variant might help in reducing the burden and end the
pandemic. However, the effectiveness and durability of the immunity
in the individual mounting a weaker immune response is a matter of
concern. Whether elicited by natural infection or vaccination, it is
crucial to maintain high levels of neutralizing antibodies against all
circulating variants to minimize viral transmission and promote
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protection in the upper respiratory trac The knowledge of the

MEDICAL VIROLOGY

serological status of the individual or population is crucial for its
immunity. The Omicron variant emergence and the fact that natural
infection leads to an immune response against the spike and
nucleocapsid protein of the SARS-CoV-2 2/ might show us a ray of
hope to end this pandemic (Figure 1) sooner.
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