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Abstract: The novel coronavirus, SARS-CoV-2, part of the Coronaviridae family, was
discovered in December 2019 in China. World Health Organization named it COVID-19 and
by March 2020, it had spread worldwide, causing a global pandemic. Despite continuous
efforts to prevent the spread of the virus, the virus seemed always to be a step ahead of
humankind as it rapidly evolved to produce new variants. These variants have higher
transmissibility than the original virus and were responsible for new waves of infections. The
first variant was Alpha, followed by the discovery of Beta, Gamma, Delta, and Omicron,
being the latest variant of concern. Although vaccines were distributed worldwide to reduce
the severity of the disease when infected with SARS-CoV-2, the emergence of new variants
raised doubts about the efficacy of the available vaccines. Studies showed a decrease in
neutralizing antibodies during infection with XBB and BQ subvariants compared to
infections caused by other variants. Fortunately, early evidence shows that the mRNA
vaccines are still effective against the current circulating Omicron sublineages of the
coronavirus. Nevertheless, continuous genomic surveillance of the coronavirus is still
important to detect any new variants of concern to assess their potential to threaten public
health. The efficacy of vaccines and treatment options available against the latest circulating
variant of SARS-CoV-2 should also be periodically evaluated. This ensures that the treatment
and vaccines used are safe and effective against the virus to protect the public from another
health crisis.
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1. Introduction

In December 2019, a cluster of pneumonia cases in China prompted the investigation
into the causative agent of the outbreak M. These patients presented with fever, fatigue, dry
cough, and shortness of breath and thus were given the initial diagnosis of viral pneumonia.
However, further studies conducted via whole genome sequencing revealed the identity of
the causative agent to be a novel coronavirus . This novel coronavirus, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), spread rampantly across the globe. The
virus is spread via respiratory droplets and can stay in the air for up to three hours B4, Studies
also showed that this novel virus was associated with the manifestation of mental health
issues such as anxiety, depression, and post-traumatic stress disorder during and post-
infection [ 8. The highly contagious nature of SARS-CoV-2 led to the declaration of the
COVID-19 pandemic by the World Health Organization (WHO) in March 2020. The virus
spread globally [*®1 garnering over 633 million confirmed cases and claiming more than 6.5
million lives worldwide as of November 2022 [17],

As the pandemic began to unfold, world leaders quickly implemented various
strategies to control the spread of the virus, such as travel bans, social distancing protocols,
lockdowns for areas with outbreaks, contact tracing, and mandatory masking 18 91, Mass
testing for the coronavirus was also done to detect the virus during the early stages of disease
development to prevent outbreaks. Nevertheless, the world was waiting on SARS-CoV-2
vaccines to be developed to more efficiently control the disease and reduce mortality rates
due to the coronavirus. In December 2020, the world rejoiced when Pfizer introduced the
first COVID-19 vaccine, Comirnaty, and the vaccine was promptly deployed to various
nations worldwide %, Following Pfizer, the COVID-19 vaccines from Moderna,
AstraZeneca, Johnson & Johnson, Sinopharm, Sinovac, Bharat Biotech, Novavax, and
Nuvaxovid have also been approved for Emergency Use Listing (EUL) by WHO for use as
of 12 January 2022 (Table 1) 211, These vaccines have also been deployed as to meet the
demands for vaccines worldwide. With the administration of COVID-19 vaccines, infection
rates, the severity of disease, and mortality rates of the coronavirus have reduced. The
vaccines proved to be effective in controlling the virus, and people worldwide were hopeful
that the pandemic would end.

Although there is currently no cure for COVID-19, other treatment options have been
explored to treat the viral infection. In general, COVID-19-positive patients are given
symptomatic treatment such as ibuprofen or acetaminophen for patients with fever. In
patients with difficulty breathing or low oxygen saturation, oxygen therapy will be given to
prevent hypoxia. In severe cases, the patient may be on a ventilator to ensure adequate oxygen
supply. In addition, the US Food and Drug Administration (FDA) has approved remdesivir,
an antiviral drug, to treat COVID-19 22241, Remdesivir effectively prevented the replication
of the viral genome of SARS-CoV-2 211, The FDA also approved monoclonal antibodies
(mADb) for the treatment and prophylaxis of COVID-19. Among the approved mAbs are anti-
SARS-CoV-2-mAbs, bamlanivimab, casirivimab and imdevimab 1. The administration of
monoclonal antibodies stimulates the immune system of the host to recognize and respond
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more effectively to the coronavirus, reducing the reproductivity of the virus and minimizing
the harm caused by the virus.

Table 1. Vaccines approved for emergency use listing (EUL) by WHO.

Manufacturer Vaccine
Pfizer/BioNTech Comirnaty (BNT162b2)
AstraZeneca/Oxford Covishield (ChAdOx1nCoV-19)
Johnson & Johnson/Janssen Jcovden (Ad26.COV2.S)
Moderna Spikevax (MRNA-1273)
Sinopharm VeroCell
Sinovac CoronaVac
Bharat Biotech Covaxin (BBV152)
Novavax Covovax, Nuxavoid (NVX-CoV2373)

However, SARS-CoV-2 began mutating rapidly, producing new variants of the
coronavirus 2% 271 The emergence of variants has led to sudden outbreaks in places that
previously had COVID-19 cases under control %81, Some of the variants have also been
reported to have immune escape properties 2% which could potentially decrease the
effectiveness of the COVID-19 vaccines. They are also likely to cause reinfections in those
previously infected, raising major concern of new waves of infections and increased disease
severity. The emergence of variants of concern (VOC) has also led to the administration of
COVID-19 hooster vaccines aimed at improving and prolonging protective immunity against
the disease 9. WHO has reported the VOCs are Alpha, Beta, Gamma, Delta, and Omicron
variants Y. This data has been consistently updated to track the latest variant causing the
most disease worldwide. By staying updated on the latest variant of the coronavirus, which
caused the sudden increase in COVID-19 infections, necessary precautions and management
strategies can be implemented to control the outbreaks and reduce the negative effects of the
disease on public health.

2. Variants of SARS-CoV-2

SARS-CoV-2 belongs to a coronaviruses (CoVs) group in the Coronaviridae family,
and the virus is classified as a B-CoV which mainly infects mammals 2. Coronaviruses are
pleomorphic enveloped viruses with a single-stranded RNA genome 3. Further analysis of
the novel coronavirus showed that about 82% of the sequence identified SARS-CoV-2 with
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the well-known SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-
CoV). SARS-CoV-2 also shared over 90% sequence identity with SARS-CoV and MERS-
CoV for essential enzymes and structural proteins 2 341, Spike proteins on the surface of the
SARS-CoV-2 virus enable the virus to enter the host cell by interacting with the host cell
receptor angiotensin-converting enzyme 2 (ACE2). Upon entry into the host cell, the viral
RNA is released and triggers the replication of viral RNA to synthesize structural and non-
structural proteins for further propagation of the virus in the host %1, In 2020, before any
vaccines were successfully developed to manage COVID-19 outbreaks, SARS-CoV-2 had
already mutated and produced a VOC, the Alpha variant (B.1.1.7), in the United Kingdom in
September. The Alpha variant is the product of 23 mutations from the original strain and has
been found to have higher transmissibility than its predecessors. Although the Alpha variant
has not been found to cause more severe illness than the other SARS-CoV-2 strains, the
higher transmission rate enabled the virus to spread from the United Kingdom to 52 other
countries within four months of its discovery 6371,

Subsequently, in October 2020, the Beta variant, B.1.351, a new variant, was detected
in Nelson Mandela Bay, South Africa %8, The Beta variant contained a mutation in the
receptor-binding domain of the spike protein (N501Y), which increases transmission and two
additional mutations (K417N and E484K), which increased antibody resistance B, The
increased transmissibility proved detrimental as the Beta variant displaced other variants in
South Africa [*8l. The rapid increase in COVID-19 cases Bangladesh was mainly attributed
to this variant “°l. Furthermore, this strain was neutralized less effectively by antibodies
produced after vaccination or natural infection with other strains %42, Two months after the
Beta variant was detected, another VOC was reported in Brazil, the Gamma (P.1) variant,
which contributed to a second wave of infection in Manaus. The virus had once again evolved
and 17 amino acid changes were made, including 10 in the spike protein 261, Following the
report in Manaus, it was reported in Salvador, Northeast Brazil, that an increased proportion
of younger adults without comorbidities had the severe disease during the second COVID-
19 wave due to the Gamma variant 3. This strain continues to spread to more than 36
countries worldwide [61,

Meanwhile, in India, the Delta (B.1.617.2) variant was identified in Maharashtra in
December 2020. This VOC rapidly spread throughout India, displacing the pre-existing
lineages, including the Alpha variant 1+ %1, This lineage of the coronavirus had L452R spike
receptor-binding motif (RBM) substitution which increased infectivity and reduced its
susceptibility to neutralizing antibodies [“®l. In addition, the delta variant was more efficient
at replication than the alpha variant in the human airway epithelial systems. The spike protein
on B.1.617.2 mediates highly efficient syncytium formation, which lowered the virus's
sensitivity towards inhibition by neutralizing antibodies as compared to the original SARS-
CoV-2 [l Moreover, researchers in Bahrain compared the recovery patterns infected with
the alpha variant to those infected with the Delta variant. The results showed that patients
with the Delta variant recovered slower than those with the Alpha variant. Their hospital
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stays were more extended with higher shedding of the virus regardless of their vaccination
status #71,

When VOCs of the novel coronavirus began to emerge and were still rapidly evolving
in 2020, the distribution of vaccines against COVID-19 had just started, raising concerns
about the efficacy of the vaccines as they were developed based on the original SARS-CoV-
2. One study in France found that two doses of mMRNA vaccines (Pfizer or Moderna) were
still effective against the original SARS-CoV-2 and its Alpha, Beta, and Gamma variants 4],
However, a report in India showed that Covishield, the viral vector vaccine by AstraZeneca,
was less effective against the Delta variant than the other variants. Breakthrough infections
were reported when patients who received the Covishield vaccine tested positive for COVID-
19 caused by the Delta variant 4. Nevertheless, vaccines were continuously rolled out to
reach the high demands of nations worldwide to control the spread of the virus. The goal was
to achieve herd immunity as soon as possible to protect populations at high risk of contracting
the virus.

3. Latest Variant of Concern: Omicron XBB, BQ.1

The continuous evolution of the COVID-19 virus led to the highly mutated Omicron
(B.1.1.529) variant that is widely known today 28 “°1, With each evolution, the COVID-19
virus carries more mutations than its previous variant, which is evident in the omicron variant
[501 Researchers from Italy published the first 3D Omicron image indicating that the variant
has several mutations, mainly on the spike protein . First isolated in South Africa in
November 2021, the Omicron variant quickly spread to other continents, becoming the
dominant variant globally by February 2022 ®2 (Figure 1). The widespread virus once again
triggered global concern, and travel bans were implemented . Despite efforts to prevent
the virus from spreading, the Omicron variant managed to increase the daily cases in the
United States to over a million by December 2021. Omicron, being very efficient spreaders
of COVID-19, began mutating to produce subvariants. Although a plethora of subvariants
have been produced, not all of them are VOC. WHO introduced “Omicron subvariants under
monitoring” in its variant tracking system to highlight, prioritize and monitor the VOC,
potentially impacting public health.

In October 2022, the latest omicron subvariants under monitoring are XBB and BQ.1.
XBB is a recombinant of omicron BA2.10.1 and BA.2.75, which were previously identified
and characterized in 2021 28, First isolated in Singapore, XBB has a global prevalence of
1.3% as of the first week of October 2022 and has been reported in 35 countries, such as
Japan, India, Malaysia, and Australia 531, This subvariant raises concern as there is early
evidence from Singapore and India demonstrating that the virus has a higher reinfection risk.
Reinfections occurred in individuals previously infected with pre-omicron variants of SARS-
CoV-2. It has also begun to cause new waves of infections leading to spikes in the daily
number of confirmed cases in many countries. As for the BQ.1 subvariant, they carry
significant spike mutations in key antigenic sites and have been detected in 65 countries.
BQ.1 has shown a significant growth advantage and a higher reinfection risk than other
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Omicron subvariants. The mutations producing BQ.1 could have produced an immune escape
advantage, thus allowing it to displace other circulating lineages, and increasing the risk of
reinfections 6. At the time of writing, there is no data on Omicron XBB and BQ.1
subvariants that show increased severity of disease by these subvariants, however, authorities
remain vigilant in monitoring and assessing future available data to determine whether these
subvariants pose a threat to the public.

COVID-19 Variant of Concern (VOC)
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Figure 1. lHlustration of COVID-19 variant of concern (VOC) transmission, symptoms and vaccines.

The rapid emergence of Omicron subvariants raises further concern concerning the
efficacy of the current treatment options and vaccines available to fight against the virus. One
study found that the effectiveness of antivirals was not diminished in treating Omicron
subvariants. Still, the efficacy of mAbs has been greatly reduced due to the immune escape
of the subvariants 71, Therefore, an alternative immunotherapy for COVID-19-positive
patients is COVID-19 convalescent plasma (CCP). CCP is a polyclonal preparation
consisting of antibodies with many specificities and represents all isotypes, making it more
challenging to defeat a single variant 7). It has been reported that if administered as early as
within nine days of the onset of symptoms, CCP can reduce the risk of disease progression
leading to hospitalization in unvaccinated individuals 8. However, albeit effective, CCP can
potentially cause severe adverse reactions in the recipient *°1. For instance, bronchospasms,
transfusion-related acute lung injury, and circulatory overload have been reported in patients
with comorbidities such as cardiorespiratory disorders and renal impairment. The
administration of donor plasma to the recipient may elicit severe allergic reactions such as
serum sickness and anaphylaxis, which have been associated with bronchospasms €%,
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A study found that the Omicron BA.5 bivalent vaccine by Pfizer or Moderna booster
dose had better neutralization against the newly emerged Omicron sublineages than the
parental MRNA vaccines. Moreover, the study also found that individuals previously infected
with SARS-CoV-2 developed a higher and broader neutralization against the Omicron
sublineages after receiving the BA.5 bivalent booster vaccine. However, they reported the
subvariants BQ.1.1 and XBB.1 demonstrated the greatest evasion against vaccine-elicited
neutralization [, A separate study found that in vaccinated individuals infected with BQ.1.1,
there was a drop by a factor of seven in neutralizing antibody titers, indicating that the
subvariant can escape from neutralization more effectively than its predecessors 2. Any
future development of Omicron-based vaccines will be challenging as the virus rapidly
evolves and produces diverse subvariants circulating and co-existing in our environment.

4. Conclusion

COVID-19 is the first ever documented coronavirus pandemic in history which has
caused over 6.5 million deaths worldwide in under three years since its discovery. The
populations at a higher risk of getting infected are the elderly, individuals with pre-existing
medical conditions, and the immunocompromised . In addition, many recovered
individuals have also reported post-COVID conditions, which can last for weeks or even
months after infection [+ 81 Symptoms of long COVID include fatigue, cough, chest
tightness, breathlessness, palpitations, myalgia, difficulty focusing, and brain fog 66 671,
Healthcare systems across the globe were taking a toll due to sudden outbreaks or surges in
COVID-19-positive cases. Declines and disruptions in health services not related to COVID-
19 were also reported. The sudden increase in COVID-19 cases caused by the emerging
variants places a considerable burden on the healthcare systems, significantly reducing their
capacity to treat other diseases or ailments [¢8], Without a doubt, COVID-19 has dramatically
disrupted the normality of our lives. Thus, consistent monitoring and tracking of the latest
variant of SARS-CoV-2, which is causing detrimental changes in COVID-19 epidemiology
in terms of increased transmissibility, increased virulence, worsening disease progression,
and reducing the effectiveness of vaccines, is crucial in the fight against COVID-19.
Continuous genomic surveillance of the virus is essential to identify new variants that could
threaten public safety and take the necessary measures to prevent another public health crisis.
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