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Abstract

The SARS-CoV-2 virus, responsible for the COVID-19 pandemic, has continuously evolved since its emergence.
Among its variants, the Omicron lineage has become globally dominant, displaying a diverse range of sublineages.
Two significant sub lineages within Omicron are EG.5 and BA.2.8, which have gained attention due to their unique
characteristics and potential implications. EG.5 is characterized by a constellation of mutations, including N501Y,
L452R, and D614G. Similarly, BA.2.8 carries the L452Q and P681R mutations, which enhance its ability to evade
antibodies elicited by prior infection or vaccination. Similar to those in the EG.5, the clinical severity and impact of
BA.2.8 on public health measures are still being assessed. These sublineages, with their unique genetic profiles and
transmissibility characteristics, pose challenges to virulence response efforts. Continued surveillance, genomic
sequencing, and research are essential to understand their behavior, assess their impact, and inform public health
strategies accordingly. By a comprehensive synthesis of the literature, genomic data, and epidemiological insights, this
study provides an analysis of Omicron mutations’ transmission dynamics, and clinical implications associated with
these variants. The significance of variant surveillance in informing public health responses to the COVID-19 pandemic
is underscored, highlighting the critical role of genomic sequencing in tracking viral evolution and guiding interventions.
This manuscript aimed to elucidate the mechanisms underlying variant emergence, assess vaccine effectiveness
against emerging strains, and explore the broader implications for global public health. This study provides insights into
vaccine-induced immunity and the potential impact of variants on vaccine efficacy. Overall, this communication aims to
inform public health practitioners, policymakers, and researchers engaged in the battle against COVID-19, offering

actionable insights to mitigate the spread of the virus and improve pandemic response strategies.
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. Introduction

Background on the COVID-19 Pandemic

Coronavirus disease 2019 is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) (Li et al., 2020).
SARS-CoV-2 belongs to the coronavirus family, which has a strong ability to infect humans (Shereen et al., 2020).
Coronaviruses are enveloped, round-shaped viruses with club-shaped spike projections. They can sometimes be
pleomorphic, with a diameter of 80 to 120 nm (Li, 2016). Its genome is composed of 29.8 to 29.9 kilobases of single-
stranded positive-sense RNA, which encodes sixteen nonstructural proteins responsible for viral replication and
transcription, such as RNA-dependent RNA polymerase and several structural proteins, such as spike surface

glycoproteins, nucleocapsid proteins, and envelope and matrix proteins (Rastogi et al., 2020).

Coronavirus is a zoonotic virus that can spread from animals to humans, with bats being its reservoir. COVID-19 utilizes
angiotensin-converting enzyme Il (ACE2) receptors for binding to the host cell surface. Coronavirus infections in humans
have severe impacts on the upper respiratory and gastrointestinal tracts and are often associated with common colds or
more severe bronchitis and acute pneumonia. It causes acute immune injury characterized by a high count of Th17 cells,

a lower count and high cytotoxicity of CD8+ T cells (Harapan & Yoo, 2021).

The emergence of COVID-19 was associated with a seafood wholesale market in Wuhan Province, which was involved in
selling different types of wild animals. Several cases (> 50 people) of acute pneumonia due to COVID-19 were reported in
China (Huang et al., 2020). Soon after, the number of infected individuals increased to ten million, causing the COVID-19
pandemic. The spread of the virus occurs mostly through exposure to cough, sneezing, respiratory droplets, or aerosols,

which mediate human-to-human transmission of SARS-CoV-2 (Khan et al., 2020).

The widespread transmission of the disease has caused public health departments and government bodies to develop

strategies for the cessation of viral spread, such as restrictions on travel, large-scale curfews, isolation, and quarantine of
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infected individuals. The guidelines for a global pandemic were devised by the World Health Organization and consist of

two steps: risk assessment and risk management.

Research and studies on the formulation of vaccines have started at different research institutes, universities, and medical
facilities. Companies such as Pfizer, BioNTech, and Moderna have synthesized mRNA vaccines. Sinopharm and Sinovac
synthesized the inactivated vaccines. These vaccines have helped build antibodies against COVID-19 and have stopped

the spread of the virus (Dong et al., 2020).

Methodology

An extensive search was conducted using reputable scientific databases, including PubMed, ScienceDirect, and Google
Scholar, to identify relevant studies published up to date. The search included MeSH terms: "SARS-CoV-2," "Omicron,"

"EG.5," "BA.2.86," "genomics," "epidemiology," "immunity," and "surveillance.". The search results were screened by title
and abstract to identify studies that focused on the genomic and epidemiological characteristics of the Omicron
subvariants EG.5 and BA.2.86. Studies that did not meet the inclusion criteria or were not available in English were

excluded.

Full-text articles of the selected studies were retrieved, and relevant data were extracted, including study design, sample

size, genomic characteristics, epidemiological findings, and implications for COVID-19 immunity and surveillance.

The extracted data were synthesized to provide a comprehensive overview of the genomic and epidemiological
characteristics of the Omicron subvariants EG.5 and BA.2.86. The findings were organized into themes and subthemes to

facilitate analysis and interpretation.

Moreover, Analysis of genomic sequences of EG.5 and BA.2.86 obtained from databases like GISAID (Global Initiative on
Sharing All Influenza Data) to identify specific mutations characterizing these subvariants and understand their potential
impact on transmissibility, immune evasion, and virulence. Furthermore, Epidemiological data from sources such as the
World Health Organization (WHO) was evaluated to track the prevalence, spread, and clinical manifestations of EG.5 and
BA.2.86 infections globally.incorporates insights from ongoing surveillance efforts, genomic sequencing initiatives, and
laboratory studies to assess the effectiveness of existing vaccines and therapeutic interventions against these emerging

subvariants.

The Dynamics of SARS-CoV-2 Variants

Coronavirus variants (CoVs) are members of the order Nidovirales, family Coronaviridae, and subfamily Coronavirinae
(Zeyaullah et al., 2021). The World Health Organization (WHO) has classified SARS-CoV-2 variants into three main
categories: variants of concern (VOCs), variants of interest (VOIs), and variants under monitoring (VUMs). The alpha
(B.1.1.7), beta (B.1.351), gamma (P.1), delta (B.1.617.2), and micron (B.1.1.529) variants are the five reported VOCs
(O'Toole et al., 2022).
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The alpha variant (B. 1.1. 7) consists of eight mutations in the S protein that affect the conformation of the receptor-
binding domain. Due to these mutations, faster syncytium formation occurs, which is involved in viral replication and the
pathogenesis of severe COVID-19, leading to rapid viral kinetics and infectivity. This variant has been found to have
enhanced binding to the ACE2 receptor and to suppress the innate immune response. lts first variant was reported in
September 2020 and spread quickly, accounting for 95% of cases in England in 2021, with a death hazard of 55%. With

the increase in other variants, the alpha variant vanished after September 2021 (Grint et al., 2021).

Beta variant (B.1.351) mutations in the spike protein have been identified in the receptor-binding domain, N-terminal
domain, and loop 2, creating a more open spike trimer (Benton et al., 2021; Tegally et al., 2021). These mutations
resulted in enhanced binding to the ACE2 receptor and increased resistance to receptor-binding motif monoclonal
antibodies. The B.1.351 variant was first reported in South Africa, as it became the most common variant infecting the
population, with a 28.8% fatality rate. Single doses of vaccines, such as the mRNA-1273 vaccine, are highly effective

against alpha- and beta-variant infections (Abu-Raddad et al., 2021).

The gamma variant (P.1) has 17 mutations, three of which affect the S protein (Faria et al., 2021). These mutations are
involved in enhanced binding to the human ACE2 receptor, increased transmission, and increased viral load. It was first
reported in November 2020 in Manaus, Brazil, and it has spread quickly to more than 36 countries. The gamma variant
became a major variant in Brazil in approximately 96% of cases until it was replaced with the highly transmissible delta

variant (Choi & Smith, 2021).

The B.1.617.2 variant had approximately 656 unique mutations, while the B.1.617.2.1 variant had 269 mutations. It has a
mutation in the Furin cleavage site (FCS), which causes enhancement of fusion and severity of infection with uncommon
symptoms. These mutations increase SARS-CoV-2 fitness and stability, leading to increased infectivity and transmission.
This variant has high viral loads, increased resistance against neutralizing antibodies, and viral evasion against

monoclonal and polyclonal antibodies prompted by a vaccine. It was first reported in October 2020 in Maharashtra, India

(Andre et al., 2023).

The Omicron variant has approximately 60 mutations, half of which are present in the S protein. There were three to four
times more Omic S protein mutations than previous VOCs. These mutations influence host immunity, viral entry, the

infectivity rate, and viral transmission (He et al., 2021).

Omicron Variants

The Omicron variant had sublineages BA.1, BA.1.1, BA.2, BA.4, BA.5, BQ.1, BQ.1.1, XBB.1.5, XBB.1.16, EG.5, BA.2.86,
and JN1. BA.1 has more than 50 mutations dispersed throughout the genome, which are present in the RBD and NTD
regions of the spike protein (Kumar et al., 2022; Majumdar & Sarkar, 2022). All of these mutations impact antibody binding
and immune escape. BA.1.1 is a sublineage of BA.1 with a genetic makeup similar to that of BA.1. It has 40 mutations that
cause enhanced ACEZ2 receptor binding, increasing its infectivity. BA.1 and BA.1.1 displayed significant immune escape,

making them potentially as dangerous as previous variants (Lewnard et al., 2022).
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The BA.2 sublineage has 51 mutations dispersed throughout its genome, linking it with a higher secondary attack rate,
high infectivity, and increased susceptibility to infection. BA.2 lineages have the potential to differentially affect antibody
binding and antibody binding evasion and can modulate neutralization due to their location at the edge of the ACE2

binding footprint (Huang et al., 2022).

The BA.4 and BA.5 sublineages are more similar to BA.2, even though both BA.4 and BA.5 carry unique mutations. The
BA.4 and BA.5 subvariants could spike globally because they could spread faster than other circulating variants. Both
BA.4 and BA.5 could evade host immune responses and were not significantly affected by previous vaccines. (Tegally et

al., 2022)
The BQ.1 and BQ.1.1 sublineages have mutations in the spike protein that cause antibody evasion (Akash et al., 2023).

The XBB.1.5 sublineage has a spike RBD mutation that causes enhanced binding to the host cell ACE2 receptor,

resulting in increased transmission and infection rates.

The XBB.1.16 sublineage has two substitutions in the spike protein, one in the N-terminal domain and one in the receptor-
binding domain. XBB.1.16 has enhanced ACE2 receptor binding, a greater growth advantage, greater infectivity, and a

high ability to escape from humoral immunity (Yamasoba et al., 2023).

The emergence of Omicron EG.5 and BA.2.86 in 2023

Omicron EG.5 (eris) has been labeled a “variant of interest” by the World Health Organization (WHO), and the first report
of this variant was made to the WHO in February. This variant has spread globally in summer by doubling its reported
sequence from approximately 8% on June 25 to approximately 17% on July 23 (Parums, 2023). Approximately 88% of
these samples belonged to a subvariant called EG.5.1, which carries an extra spike mutation (Girma, 2023). Spike
mutations of the EG.5 variant have improved its immune escape ability and increased its prevalence and growth
advantage (Tsujino et al., 2023). EG.5 is a rapidly growing variant in several areas of the world, causing an increase in
hospital admissions in Japan, New Zealand, South Korea, the UK, and the US. The EG.5 lineage has been reported in 51

countries, and EG.5.1 is replacing the XBB.1.5 and XBB.1.16 lineages (Dyer, 2023).

OmicronBA.2.86 (pirola) is a derivative of Omicron BA.2. BA.2.86, nicknamed Pirola, is a highly mutated new omicron
sublineage of SARS-CoV-2 that was first detected in Denmark in July 2023. According to the CDC, this variant has been
reported in 11 countries, including Israel, Denmark, the UK, the US, South Africa, Switzerland, Thailand, Australia, Japan,
and South Korea. The World Health Organization is currently classifying BA.2.86 as a variant under monitoring due to 30

mutations in its genome (Meo et al., 2023).

Significance of Omicron EG.5 and BA.2.86

The Omicron EG.5 sublineage has mutations that are responsible for enhanced binding to cell receptors, neutralizing

antibody evasion, and innate immune system evasion. The EG.5 variant descends from and resembles the still circulating
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XBB.1.9.2 subvariant, but with the addition of one FLip mutation, F456L switches the positions of the two amino acids on
the spike protein labeled F and L. These mutations have adverse outcomes and are signaling that there is more to come

with SARS-CoV-2 (Abbasi, 2023).

BA.2.86 is a derivative of BA.2 and has 33 distinct spike mutations. Among the new mutations that BA.2.86 carries, 14
reside within an area of the spike protein called the receptor-binding domain, which binds to the receptors on host cells.
Mutations in BA.2.86 have a direct effect on antibody evasion, disease severity, and infection capacity. Many of these
new mutations also help viruses evade neutralizing antibodies (nAbs) induced by prior infection and vaccination (Khan et

al., 2023; Looi, 2023).

The purpose of this study was to analyze the genomic and epidemiological characteristics and vaccine efficacy of the new
omic variants EG.5 and BA.2.86. This study also highlights public health measures, global responses, and preventative

strategies for these variants.

Il. Epidemiological analysis

We have entered a new phase of the pandemic, and most nations have returned to regular life after the World Health
Organization (WHO) formally proclaimed an end to COVID-19 as a worldwide public health emergency on May 5, 2023.
This announcement was caused by the pandemic's 12-month downward trend, increasing protection from highly effective
vaccines, declining death rates, and reduced stress on overburdened health care systems. Although all of these findings
are true, the omicron variants are still mutating, and COVID-19 is still a threat to world health. The disease is still prevalent
and causes a significant number of deaths per year (Simsek-Yavuz, Serap and Serap Simsek-Yavuz, 2023). A case—
control or cohort study is usually performed in an epidemiologic investigation, which may also be experimental. In addition,
descriptive studies group data by time, place, and person, while a structured method of problem-solving is used in
epidemiology by confirming the existence of an epidemic and confirming the diagnosis, creating a case definition and
compiling data on cases, analyzing data by time, place, and person, developing a hypothesis, conducting additional
studies, if necessary, developing and implementing control and prevention measures, preparing and disseminating a
public report, and evaluating control and prevention measures. The study of health and disease in certain populations'

causes, manifestations, and distributions is known as epidemiology. (Philip S. Brachman, 2022).

For instance, the WHO final report estimates that between July 31st and August 27, 2023, there were 1.4 million new
COVID-19 cases worldwide, 55,728 hospitalizations, up to 38% and 40%, respectively—from the previous month to 1800
COVID-19-related fatalities. Similarly, according to recent research, a new wave of COVID-19, likely driven by EG.5, has
begun globally. Omicron, which first appeared in November 2021, has a shorter incubation period than Delta and is
considerably more effective at directly evading neutralizing antibody responses. Even people with very strong neutralizing
antibody titers against the ancestor strain may not have much neutralizing action against Omicron. In response, scientists
have created new booster vaccines that will be approved in the autumn of 2022. Bivalent booster vaccines that include

both the ancestral spike and spike of the BA.5 Omicron sub variants have become the norm (Krammer 2023). These
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bivalent booster vaccines are more effective at providing protection against Omicron. Bivalent vaccines.

Spread and Prevalence

To date, the Global Initiative on Sharing All Influenza Data (GISAID) database contains 40,099 genome sequences that
belong to EG.5 and its sublineages, which have been reported in 77 different countries as of September 26, 2023.
According to the Centers for Disease Control and Prevention (CDC), EG.5 is now the predominant strain in the United
States, accounting for 24.5% of SARS-CoV-2 cases, while EG.5.1 has been the predominant strain in China for the last
three months. Additionally, a troubling lineage, BA.2.86, which has been found in 22 nations and includes a number of
mutations in its spike (S) protein linked to BA.2 or XBB.1.5 and is evocative of the emergence of the Omicron variant in

late 2021, has generated serious worries.

The propagation and evolution of SARS-CoV-2 are ongoing. The Omicron EG.5 lineage, which differs from its ancestor
XBB.1.9.2 in carrying an additional F456L mutation in the spike (S) protein, as well as its subvariant EG.5.1, which
includes an additional Q52H mutation, has recently sparked controversy due to its increasing prevalence and prolonged
immune escape capabilities. In addition, a variant known as BA.2.86 has drawn attention from scientists worldwide
because, compared to BA.2, it has more than 30 amino acid mutations in its S protein, including more than 10
modifications in the receptor-binding domain (RBD), which is representative of the Omicron variant's debut in late 2021

Lili, W., et al., (2023)

Transmission Dynamics

A mutation known as F456L is present in both EG.5 and FL.1.5.1, two XBB variant progenies that appear to aid in their
propagation more than other viral siblings. Authorities have also been monitoring a brand-new severely altered variant of
the virus, known as BA.2.86. The prevalence of BA.2.86 is now combined with its distant ancestor BA.2.86 since it is still
too rare to appear in the CDC estimates. The disease is thought to be spread particularly well by Omicron's subvariants.
Compared with that of Delta, the original strain of Omicron was more contagious. One explanation is that Omicron has
more than 30 mutations, many of which are thought to increase the risk of infection, on the spike protein of the virus,

which connects to human cells Katella, K., (2023).

Researchers are still investigating whether the most recent Omicron strains are more virulent than the ones that came
before them. According to the data, the CDC believes that the original Omicron strain was generally less harmful than
earlier variations. However, it has also been noted that spikes in cases may result in appreciable increases in
hospitalizations and fatalities, as they did during the variant's spread at the beginning of 2022, when the estimated death
rates rose to the same level as or even higher than they had been at the time of the Delta variant surge the previous

autumn.

[Il. Genomic characteristics
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The SARS-CoV-2 subvariant EG.5 (Eris) is derived from the XBB Omicron strain of SARS-CoV-2 and has a clinical
presentation similar to that of other Omicron subvariants (WHO,2023). EG.5 (Eris) is one of the fastest-growing
subvariants worldwide, possibly due to a mutation in the spike protein that increases its transmission compared to that of
other variants and subvariants(Table 1). Notably, compared with XBB.1.9.2, EG.5.1 carries two additional mutations,
S:F456L and S:Q52H. F456L is a T22928C mutation characterized by a substitution at amino acid position 456 of the
spike protein. The EG.5 variant descends from and resembles the still circulating XBB.1.9.2 subvariant, but with the
addition of one FLip mutation, F456L. Its subvariant EG.5.1 carries a further spike mutation called Q52H. The role of
Q52H is still unclear, but it appears to boost potency, as this subvariant has already overtaken its progenitor (Dyer,2023).
The EG.5.1 subvariant, which accounts for 88% of available EG.5 sequences, contains an additional spike protein

mutation, Q52H (Abbasi,2023).

BA.2.86, nicknamed “Pirola,” is another subvariant of the omicron variant, which descends from the BA.2 strain that led to
widespread COVID-19 cases at the start of 2022. The new strain has 34 more mutations than BA.2 and 36 more than
XBB.1.5 according to an early analysis by Jesse Bloom, a computational virologist at the Fred Hutchinson Cancer
Research Institute in Seattle, USA (Bloom,2023). The emergence of Omicron BA.2.86 is concerning because many of

these new mutations allow for the escape of neutralizing antibodies (nAbs) induced by prior infection and vaccination.

IV. Clinical manifestations and severity

In July 2023, the WHO labeled EG.5 as a Variant under Monitoring (VUM), which progressed to a Variant of Interest (VOI)
by August 20283. lts incidence increased to 17.4% of COVID-19 cases by August 9, 2023 (Parums, 2023; Yadav et al.,
9900). The EG.5 lineage has been detected in 51 countries. In China, during the third week of June, EG.5 and its
subvariants constituted 24.7% of COVID infections, a figure that increased to 45% within a month. In the UK, at the start

of August, EG.5 and its subvariants were responsible for 14.6% of infections. The clinical data paint a vivid picture of
EG.5's rapid increase, which is driven by its heightened transmissibility attributed to a spike protein mutation. While current
data suggest a low public health risk, its association with increased hospitalizations and mortality in the United States
challenges previous assumptions regarding seasonality and endemism. The substantial growth advantage and
reproductive (R) number suggest continued predominance for EG.5 and its sublineages in the coming months. Despite
robust vaccination efforts, these variants pose considerable challenges to public health (Abbasi, 2023; Elisabeth, 2023;

Owen, 2023).

The most recent data, as of August 19, 2023, revealed an increase in COVID-19 cases, with a total cumulative
hospitalization count of 6,244,216, indicating a recent increase of +14.3%. The cumulative death toll from COVID-19
reached 1,137,742, showing an increase of +8.3%. By August 19, 2023, a total of 152,508,4650 bivalent SARS-CoV-2
vaccine doses had been administered in the United States. Notably, the most common causes of COVID-19 at that time
were new SARS-CoV-2 Omicron variants, with EG.5 accounting for 20.6% of cases, FL.1.5.1 accounting for 13.3% of
cases, and XBB.1.16 accounting for 10.7% of cases (Parums, 2023). To date, there have been no reports that EG.5 leads

to more severe cases of COVID-19, resulting in the WHO categorizing its potential risk for causing severe disease as
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minimal. The surge in COVID-19 cases and, consequently, hospitalizations is likely associated with EG.5 due to its

increased transmissibility rather than its severity (Abbasi, 2023).

By 5 September 2023, 33 cases of infection with the SARS-CoV-2 variant BA.2.86 had been reported globally from nine
countries (Reeve et al., 2023). Among 8,756 individuals tested in Denmark between July and August 2023, 876 had
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections. Notably, 10 (2.4%) of these cases were
attributed to the new BA.2.86 variant, with other variants such as EG.5.1 and XBB.1.16 being more prevalent. The
individuals affected, primarily women (7 out of 10), had a median age of 49 years, with 50% having preexisting
comorbidities. The majority resided in the Greater Copenhagen region and had received at least three COVID-19
vaccinations, with some even receiving the BA.1 updated vaccine as their fourth dose. A few patients had a prior history of
PCR-confirmed SARS-CoV-2 infection. Importantly, none of the BA.2.86 patients experienced severe illness (Rasmussen
et al., 2023). Conversely, the BA.2.86 variant's clinical data indicate a milder impact, as none of the patients in Denmark
suffered severe illness. However, it is important to note that the overall clinical severity of the BA.2.86 variant has yet to be

fully resolved, and its global trajectory remains uncertain (Sheward et al., 2023).

V. Vaccine efficacy and immune responses to Omicron BA.2.86 and EG.5

The emergence of new variants of SARS-CoV-2, such as Omicron BA.2.86 and EG.5, has raised concerns about the
effectiveness of COVID-19 vaccines against these strains. Since all currently available COVID-19 vaccines were created
based on ancestor SARS-CoV-2 strains, it is crucial to determine whether they are protective against Omicron

subvariants.

The ongoing development of the SARS-CoV-2 virus could result in evasion of both natural and vaccine-induced immunity.
By comparing BA.2.86 to other Omicron variants that are currently in circulation, it is unknown whether BA.2.86 is capable
of preventing Nabs (Hachmann et al., 2022). According to Lasrado et al. (2023), NAb responses to BA.2.86 were inferior
to those to BA.2 but equivalent to or slightly superior to those of recombinant versions that are currently in circulation,
including XBB.1.5, XBB.1.16, EG.5, EG.5.1, and FL.1.5.1. The Omicron variant has 60 amino acid alterations, 37 of which
have been identified in the S protein RBD, which interacts with the ACE2 receptor, and any of these modifications in the S

protein RBD will modify binding epitopes to many existing antibodies (Yin et al., 2022).

When Walls et al. (2020) combined the atomic structures of the Omicron spike protein with three antibody classes that
were effective against all five variations of concern, the binding and neutralizing determinants were revealed. Furthermore,
these structures identified a major antibody escape site, G446S. This modification increases resistance to antibodies
binding to the receptor-binding domain, causing a local conformational shift at the binding interface (Motozono et al.,
2022). According to a study by Gupta (2023), the effects of Omicron variants on disease severity may be significantly
influenced by structural deviation of the spike protein. (Cao et al., 2021) investigated whether structural modifications in
omicron spikes may help improve immune escape ability. These structural alterations may include the E484A, G446S,

G339D, G496S, K440N, Q498R, S477N, S371L, and Y505H mutations. The N679K mutation adds amino acids to the
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cleavage site near furin, and a split in the spike protein enhances viral fusion and infection (He et al., 2021).

The EG.5 variant is better equipped to bind to the corresponding receptors on human cells and escape antibodies (Dyer,
2023). Compared with the parent subvariants, EG.5 has an additional F456L amino acid mutation in the spike protein.
This mutation has been shown to prevent or decrease the neutralization of most XBB.1.5-neutralizing antibodies. The
subvariant EG.5.1 has another spike mutation, Q52H (Parums, 2023). The confidence in the ability of antibodies to
escape is low because the immune escape results are based on work from one laboratory that used pseudotyped viruses.

Additional laboratory studies are needed to further assess the risk of antibody escape (Yisimayi et al., 2023).

BA.2.86 is less immune evasive than other XBB variants, which is consistent with the antigenic distances. Importantly,
distinct from XBB variants, mAb S309 was unable to neutralize BA.2.86, likely due to a D339H mutation based on
modeling. BA.2.86 had relatively high fusogenicity and infectivity in CalLu-3 cells but low fusion and infectivity in 293T-
ACE2 cells compared to some XBB variants, suggesting potential differences in the conformational stability of the BA.2.86
spike protein (Qu et al., 2023). Overall, this study underscores the importance of SARS-CoV-2 variant surveillance and

the need for updated COVID-19 vaccines.

Although COVID-19 immunizations have remained effective against serious health conditions and deaths, as well as those
caused by the widespread Delta variant, fading immunity and enormous breakthrough infections due to viral diversity, a
third vaccine dosage or the development of new vaccines is needed (Mbaeyi et al., 2021). At the FDA, the third dose
appears to be critical since preliminary data show that three doses of the Pfizer-BioNtech mRNA vaccine counteract the

Omicron form with a 40-fold decrease in virus amplitude, yet two doses are less potent (Garcia-Beltran et al., 2022).

VI. Public health measures and policies

Challanges, Response Strategies and Adaptations

In August 2023, people were slightly excrucing as COVID-19 increased, after which the number of infected individuals
peaked, with another variant known as BA.2.86. This particular variant was considered a ‘variant under monitoring’, and
this variant had to be identified because it carries a number of different mutations. This difference in the mutations calls for
further investigations. Among the mutations, the major difference ‘variant of interest’ is that it evolved from an Omicron
strain that was previously detected, named B.A.2, a particular strain that dominated in 2022. The WHO (World Health
Organization) has paid great attention to the variant designating the particular BA.2.86 as a ‘variant of interest’, leading it
to be a ‘variant of concern’ like EG.5. The number of hospitalizations might increase in these areas because of coinfection
by the two variants, which is difficult to confirm because the systems that have been operating previously for surveillance
are largely downsized or no longer operating. Many countries might also have detected different cases infected with these
variants, which would have been unconfirmed and infected (Rahimi et al., 2023). Recent studies have shown that
subvariants such as EG.5 and BA.2.86, among which SARS-CoV-2 variants are present, continue to circulate among

hosts, consciously shifting our perspective of the Covid-19 pandemic (Dyer, 2023). SARS-CoV-2 variants have significant
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characteristics, such as transmissibility, severity of disease, and immune cell ingestion, causing new infection surges. A
number of strains, such as Alpha, Beta, Gamma, Delta, Omicron, and its subvariants, have also been diagnosed, showing
that although the disease severity has not increased gradually, the transmissibility is peaking, which has led the virus to
infect as many individuals, evolving with a successful strategy. The process underlying the evolution of the current virus,
the evolution that has occurred throughout the pandemic, and the currently emerged SARS-CoV-2 variants that interact

with the human immune system must be further studied.

To date, a number of vaccines against SARS-CoV-2 have been suggested to prevent severe disease and death. The
prevalence of EG.5 and BA.2.86 has been increasing rapidly. To prevent this increase, certain measures must be
implemented, for example, wearing masks, at least in indoor settings with other restrictions. Assuming that the COVID-19
pandemic has not ended but has merely diminished, this has not been the case as the WHO has declared it a public
health emergency, and the global community should be ready for any further infection surges in the near future, which

may occur due to the rapidly increasing number of variants, calling for an emergency response to maintain their health.

In most cases, where the virus is present and the infection is self-limited, the diagnosis of coronavirus is unnecessary
because the disease will naturally progress through its course. However, identifying an etiological agent may be important
in certain clinical and veterinary settings or in epidemiological studies (Fehr & Perlman, 2015). Diagnosis is important for
locations where severe CoV outbreaks have occurred, such as in the Middle East, where MERS-CoV continues to
circulate. This identification will guide the development of public health measures to control outbreaks. Another important
factor for the diagnosis of patients with severe veterinary CoV-induced diseases, such as PEDV and IBV, is controlling the
pathogen and protecting against different food supplies. The method that has been adapted is RT-PCR, which has
generally become the method of choice for the diagnosis of human CoV, as multiplex real-time RT-PCR assays have
been developed that are able to detect all four respiratory HCoVs and could be further adapted to novel CoVs (Gaunt et
al., 2010). Serologic assays are important for epidemiological studies in cases where RNA is difficult to isolate or is no

longer present.

Therapies against SARS-CoV-2, including other pathogenic coronaviruses, except for certain remdesivir, have not yet
been approved. This particular therapy was approved in July 2020 by the European Medicine Agency (EMA). Although
the provided therapies have not yet been approved, preventing the spread of SARS-CoV-2 infection is necessary. Several
steps can be taken, including vaccines, therapies based on interferons, drugs, call therapy, repurposing of drugs that have
been approved yet, monoclonal antibody therapies, and combinations of convalescent plasma and nonpharmacologic
interventions (Bloch et al., 2020; Cohen, 2020; Li and De, 2020). BA.2.86 and EG-5 place a great financial burden on
healthcare systems, and their outbreaks may be controlled by COVID-19 vaccination (Bernal et al., 2021). The main
concern for researchers in these times is the ability to treat cases of COVID-19 irrespective of the variant type that it
carries. A number of studies have also been conducted on these variants, considering that the specific Omicron strain is
less infective but comparatively more contagious and may not be treatable with a low dosage and light medicine; for
example, a single booster shot might not work on treating this strain, or even two consecutive doses of the vaccination
might fail to avoid this variant; however, considering the severity of the disease, this might work out with these

vaccinations, and they have the ability to lessen fatalities. People are vulnerable to this variant even when they are not
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immunized, are elderly individuals with low immunity, or have parallel underlying conditions. The vaccines developed for
the Omicron variant appear to be ineffective, while the panarbovirus vaccines are more convenient and promising

(Badano et al., 2022; Martinez et al., 2021).

Different vaccines have been developed for individuals infected with the coronavirus and its variants, and these vaccines
work to protect people from illnesses by inducing humoral and cellular immune responses. Studies have shown that
antibody neutralization may completely erase the T-cell-mediated response, as this is a complete protective measure. The
Omicron variant is probably very highly resistant, and it also neutralizes the antibodies that were induced by the existing
vaccines for coronaviruses; these properties may limit the efficacy of the available vaccines and therapies. Many booster
shots are thought to be a barrier to the spread of the Omicron variant, but further studies are required to determine their
durability (Cheng 2022; Wang et al., 2022). The virus has evolved successfully, and the development of new vaccination
systems, which may include mutation resistance, variant certainty, and universal vaccines, is needed to monitor the

ongoing surge of coronavirus patients. (Zhou et al., 2022).

Many different therapies have been discovered, and two distinct drugs that have synergistic effects and antagonistic
effects have been identified (Bobrowski et al., 2021). This therapy is called combination therapy and has multiple additive
effects, aided by multiple targeting pathways in the replication process. However, despite synergistic effects, combination
therapy cannot provide certain results, but it can eventually lead to a good quality of life and prolonged drug resistance
due to the increased efficacy of therapeutics. Scientists have multiple experiences while treating viral diseases, and they
have also shown good results; recent results show a reduction in SARS-CoV-2 load (Bobrowski et al., 2021; Li et al.,
2022). Combination therapy has become an effective way to treat different viruses because it targets specific viral
processes, such as the polymerase (RdRp) and protease (Mpro) processes of the SARS-CoV-2 strain (Wang et al.,
2020). Combination therapy with monotherapies has been very popular among scientists, and there are many ongoing
studies on this topic, but only some of them have been of use. The pandemic has been increasing daily and needs to be
gradually reduced; furthermore, this can be achieved by antiviral drugs that have been approved by the FDA for efficacy
while working against SARS-CoV-2. A high-risk group may be approached for accessing COVID-19 patients to develop

more appropriate and significant combination therapies.

Previously, when the Omicron variant was not detected, another virus known as the delta variant, SARS-CoV-2, was
known to be the most infectious, with a 40-60% greater percentage than that of the alpha variant. However, there is
another strain that is more dangerous and infectious than the initial strain known as the Wuhan strain. This strain is
twofold-fold more infectious, and the airways of patients have more viral particles from this strain. There are currently
several studies on this topic, including a Chinese study in which the virus concentration was more (1000-fold greater) than
that of other strains (Li et al., 2022). The WHO has reported that different variants are the fittest version for current strains
affecting people; however, it has declared the delta variant to be the fittest version of SARS-CoV-2 (Liu et al., 2021). A
study recently identified Omicron as a more transmissible strain than Delta because of decreased vaccine effectiveness
and increased infectivity due to mutations in the RBD and S protein (Bates et al., 2021). The fight against COVID-19

variants demands an adaptive approach to public health. This must include the rapid development and deployment of
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vaccines, strategic use of NPIs, effective strategies, and surveillance systems with robust testing. However, due to the
ever-changing nature of the virus, there is a great challenge to public compliance, and there is a need for global
cooperation to address a global health crisis. Increasing vaccination coverage is likely the most reliable method for
controlling the spread of Delta and Omicron strains. Different organizations have worked on issuing guidelines for
developments that focus on variants. These organizations include the FDA, UK, and WHO. Research on developing

vaccines against particular strains that have distinct patterns is urgently needed.

VIl. Preventative strategies and recommendations.

The rapid mutation of omic variants underscore the urgent need for preventive measures and public health strategies to
avoid other pandemics. Recent studies have shown that the Omicron variant is 10 times more contagious and could pose
a public health concern (Al-Tawfiq et al., 2022). This concern is further strengthened by recent research by Shrestha, L.,
Foster, C., Rawlinson, W., Tedla, N., & Bull, R. (2022), which showed that our preventive measures for original SARS-
CoV-2 variants have been compromised. This study revealed a nearly 127-fold reduction in the efficacy of the Omicron
vaccine. However, Booster vaccines compensate for this decrease, with 35-fold lower efficacy against the Omicron
variant (Shrestha, L., et al., 2022). Additionally, neutralizing antibodies can also be used against the antigenic shift of
SARS-CoV-2 Omicron. (Cameroni, E., Bowen, J., Rosen, L., et al,.2021). Broadly neutralizing antibodies can help
overcome the SARS-CoV-2 Omicron antigenic shift (Cameroni, E., Bowen, J.E., Rosen, L.E. et al. 2022). Despite these
solutions, current vaccines and monoclonal antibody therapies may not effectively cover all sublineages of the Omicron
variant of SARS-CoV-2, threatening vaccine efficacy (Iketani, S., Liu, L., Guo, Y., Liu, eal., 2022). Therefore,
comprehensive strategies to prevent reinfection with novel strains and accurate timely detection of reinfection are
necessary. Current SARS-CoV-2 vaccines are losing their efficacy against novel Omicron strains, but recently developed
COVID-19 vaccines may contribute to disease control by maintaining Omicron variant-specific Fc-mediated effector
mechanisms; despite the loss of neutralizing antibodies (Bartsch, Y., Tong, X., Kang, J., et al. 2022), booster mRNA
immunizations also provide a valuable avenue for enhancing vaccine adaptability in the evolving viral landscape.
Researchers, practitioners and policy makers should work cohesively to develop strategies against the transmission and

immune escape of evolving SARS-CoV-2 Omicron variants.

The emergence of the Omicron variant’'s EG5 and BA has made it clear that continuous monitoring of new variants is
crucial. This not only diverts our attention to the rapid emergence of new variants but also to how these mutations impact
the transmission rate, severity, and vaccine effectiveness. Therefore, thorough multidisciplinary research is needed to

investigate the potential health impacts of these new variants beyond acute infection.

The recently identified EG5 variant is predominant in the United States. Despite its rapid transmission rate, insufficient
data are available to assess its severity compared to that of other variants. Limited data are available for recently
identified EG5 and BA2.86 variants. Moreover, better diagnostic tests and validation studies for rapid variant differentiation
are needed to avoid misdiagnoses, ensure timely diagnosis and prevent delayed interventions. However, studies are

needed to assess how EGS5 interacts with acquired immunity and elicits immune reactions. Additionally, BA.2 is dominant
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over BA.1 and BA1.1. However, compared to those of EG5, initial global surveillance data suggest that BA2.86 is less

contagious and capable of immune evasion; however, its transmission dynamics are less explored.

Our knowledge of novel therapeutics for effective targeting of new omic variants is limited; therefore, reliable diagnostic
tests that distinguish different omic strains in clinical trials evaluating potential therapeutics and rigorous validation studies
that consider variant response and potential side effects are needed. Additionally, a framework for global genomic
surveillance with technology and data transfer for novel Omicron strains and longitudinal studies tracking antibody levels

and T-cell responses are essential for informed decision-making, especially in low- and middle-income countries.

VIII. Conclusion

The emergence of Omicron EG.5 and BA.2.86 variants in 2023 is a cause for concern, as these variants have a number of
mutations that allow them to evade the immune system more effectively than other variants. This implies that they are
more likely to cause reinfection in people who have already been infected with COVID-19, and they may also be more

likely to cause severe disease.

It is important to continue to monitor these variants and to develop new vaccines and treatments that are effective against

rapidly mutating omic strains.

As of 18 December 2023, the COVID-19 variants of interest include the XBB.1.5 lineage, classified under Nextstrain clade
23A, and the XBB.1.16 lineage, under clade 23B. Both are recombinants of sublineages BA.2.10.1 and BA.2.75, with
XBB.1.5 featuring a notable breakpoint in the S1 region of the spike protein and additional mutations such as S:F486P,
which it shares with XBB.1.9.1. The XBB.1.5.70 subvariant has the S:L455F and S:F456L mutations, indicating ongoing
evolution. XBB.1.16 carries its own set of mutations, including S:E180V, S:K478R, and S:F486P, suggesting a similar yet
distinct mechanism of interaction with the human ACE2 receptor. Documented since late 2022, these variants have
undergone multiple risk assessments, reflecting the vigilance of the global health community in monitoring their impact

and transmissibility.

Additionally, a record of all variants and their subvariants should be kept with new information about the genomic and
epidemiological characteristics of these new variants, as well as their vaccine efficacy. Furthermore, improved
surveillance and testing protocols should be implemented to detect and contain these variants as soon as possible.
Finally, countries should collaborate and share data to better understand these variants and coordinate control measures.
It is crucial to enhance surveillance protocols to effectively combat the spread of virus variants to prepare for any unknown
public health emergency. Improved testing methods should also be implemented to detect and quickly quarantine infected
individuals. International collaboration is vital for understanding the nature of these variants, sharing data, and
coordinating control measures effectively. This information will help public health officials develop strategies to control the

spread of these variants and protect people from severe disease.

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 14/22



Q Qeios, CC-BY 4.0 - Article, September 3, 2024

Figures
BA.2.86 prevalence over time worldwide
Latest gates are noisy due to Tewer samples, or missing rom sequencing delays
>
15% 4
10% 4
05% 4
0.0% wm v ’ Y
Feb Mar Apr May Jun Jul
"“"" ||||I“'I".III""ll“"’""l""‘ﬂ'"""'"“""""""‘ D TET e T PR T PRI TR EE TP IR I:O
7308 . , . y = 7.308
Agal July
‘ wm 15 .l 2024
Figure 1.

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 15/22



Q Qeios, CC-BY 4.0 - Article, September 3, 2024

EG.5 prevalence over time worldwide

alest gales are notsy due 10 tewer samples, or mIssing rom sequencing delays

1.5% <
1.0% -
0.5%
0.0% - - r ra— T r 1
Feb Nar Apr \lay Jun Jul
"|I||"'II|"|lﬁT|”"'Il""'I"'"'II"""“""'""""""""""""""""' T ——————. [
73059 ¢ Y r ) - 7.305
Apni uly
. mmm 15 .1l 2024
Figure 2.
References

e Abbasi, J. J. J. (2023). What to know about EG. 5, the latest SARS-CoV-2 “Variant of Interest”.

o Abu-Raddad, L. J., Chemaitelly, H., Ayoub, H. H., Yassine, H. M., Benslimane, F. M., Al Khatib, H. A.,... Bertollini, R.
(2021). Severity, Criticality, and Fatality of the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Beta
Variant. Clinical Infectious Diseases, 75(1), e1188-e1191. https://doi.org/10.1093/cid/ciab909 %dJ Clinical Infectious
Diseases

o Akash, S., Islam, M. R., & Dhama, K. (2023). Emergence BQ.1 and BQ.1.1 as newly identified omicron subvariants:
current scenario and future outlook - an update. Ann Med Surg (Lond), 85(4), 1329-1330.
https://doi.org/10.1097/ms9.0000000000000469

e Andre, M., Lau, L.-S., Pokharel, M. D., Ramelow, J., Owens, F., Souchak, J.,... Shil, R. J. B. (2023). From Alpha to
Omicron: How Different Variants of Concern of the SARS-Coronavirus-2 Impacted the World. 12(9), 1267.

o Benton, D. J., Wrobel, A. G., Roustan, C., Borg, A., Xu, P., Martin, S. R.,... Gamblin, S. J. J. P. 0. 1. N. A. 0. S. (2021).
The effect of the D614G substitution on the structure of the spike glycoprotein of SARS-CoV-2. 118(9), e2022586118.

e Choi, J. Y., & Smith, D. M. (2021). SARS-CoV-2 Variants of Concern.Yonsei Med J, 62(11), 961-968.

https://doi.org/10.3349/ym|.2021.62.11.961
o Dong, Y., Dai, T., Wei, Y., Zhang, L., Zheng, M., & Zhou, F. (2020). A systematic review of SARS-CoV-2 vaccine

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 16/22


https://doi.org/10.1093/cid/ciab909
https://doi.org/10.1097/ms9.0000000000000469
https://doi.org/10.3349/ymj.2021.62.11.961

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

candidates. Signal Transduction and Targeted Therapy, 5(1), 237 _https://doi.org/10.1038/s41392-020-00352-y

e Dyer, O. (2023). Covid-19: Infections climb globally as EG. 5 variant gains ground. In: British Medical Journal
Publishing Group.

o Faria, N. R., Mellan, T. A., Whittaker, C., Claro, I. M., Candido, D. d. S., Mishra, S.,... McCrone, J. T. J. S. (2021).
Genomics and epidemiology of the P. 1 SARS-CoV-2 lineage in Manaus, Brazil. 372(6544), 815-821.

e Girma, A. (2023). The Many Mutations of the COVID-19 Variant: Current Perspectives on EG.5/Eris. 17,
11786302231217805. https://doi.org/10.1177/11786302231217805

e Grint, D. J., Wing, K., Houlihan, C., Gibbs, H. P., Evans, S. J. W., Williamson, E.,... Eggo, R. M. (2021). Severity of
Severe Acute Respiratory System Coronavirus 2 (SARS-CoV-2) Alpha Variant (B.1.1.7) in England. Clinical Infectious
Diseases, 75(1), e1120-e1127_https://doi.org/10.1093/cid/ciab754 %J Clinical Infectious Diseases

e Harapan, B. N., & Yoo, H. J. (2021). Neurological symptoms, manifestations, and complications associated with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease 19 (COVID-19). Journal of

Neurology, 268(9), 3059-3071._https://doi.org/10.1007/s00415-021-10406-y

e He, X., Hong, W., Pan, X,, Lu, G., & Wei, X. (2021). SARS-CoV-2 Omicron variant: Characteristics and prevention.
2(4), 838-845. https://doi.org/10.1002/mco2.110

e Huang, C., Wang, Y., Li, X, Ren, L., Zhao, J., Hu, Y.,... Cao, B. (2020). Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. The Lancet, 395(10223), 497-506. https://doi.org/10.1016/S0140-6736(20)30183-5

e Huang, Z., Xu, S., Liu, J., Wu, L., Qiu, J., Wang, N.,... Wang, W. (2022). Effectiveness of inactivated and Ad5-nCoV
COVID-19 vaccines against SARS-CoV-2 Omicron BA. 2 variant infection, severe illness, and death. BMC Medicine,
20(1), 400._https://doi.org/10.1186/s12916-022-02606-8

o Khan, K., Lustig, G., Reedoy, K., Jule, Z., Romer, C., Karim, F.,... Mahlangu, B. J. M. (2023). Evolution and
neutralization escape of the SARS-CoV-2 BA. 2.86 subvariant. 2023.2009. 2008.23295250.

o Khan, M., Adil, S. F., Alkhathlan, H. Z., Tahir, M. N., Saif, S., Khan, M., & Khan, S. T. J. M. (2020). COVID-19: a global

challenge with old history, epidemiology and progress so far. 26(1), 39.

o Kumar, S., Karuppanan, K., & Subramaniam, G. J. J. 0. m. v. (2022). Omicron (BA. 1) and sub-variants (BA. 1.1, BA. 2,
and BA. 3) of SARS-CoV-2 spike infectivity and pathogenicity: A comparative sequence and structural-based
computational assessment. 94(10), 4780-4791.

o Lewnard, J. A., Hong, V. X., Patel, M. M., Kahn, R., Lipsitch, M., & Tartof, S. Y. (2022). Clinical outcomes associated
with SARS-CoV-2 Omicron (B.1.1.529) variant and BA.1/BA.1.1 or BA.2 subvariant infection in Southern California.
Nature Medicine, 28(9), 1933-1943. https://doi.org/10.1038/s41591-022-01887-z

o Li, F. (2016). Structure, Function, and Evolution of Coronavirus Spike Proteins.3(1), 237-261.
https://doi.org/10.1146/annurev-virology-110615-042301

e Li, H., Liu, S.-M., Yu, X.-H., Tang, S.-L., & Tang, C.-K. J. I. j. 0. a. a. (2020). Coronavirus disease 2019 (COVID-19):
current status and future perspectives. 55(5), 105951.

o Looi, M.-K. (2023). Covid-19: Scientists sound alarm over new BA. 2.86 “Pirola” variant. In: British Medical Journal
Publishing Group.

o Majumdar, S., & Sarkar, R. J. J. 0. m. v. (2022). Mutational and phylogenetic analyses of the two lineages of the

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 17/22


https://doi.org/10.1038/s41392-020-00352-y
https://doi.org/10.1177/11786302231217805
https://doi.org/10.1093/cid/ciab754
https://doi.org/10.1007/s00415-021-10406-y
https://doi.org/https:/doi.org/10.1002/mco2.110
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1186/s12916-022-02606-8
https://doi.org/10.1038/s41591-022-01887-z
https://doi.org/10.1146/annurev-virology-110615-042301

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

Omicron variant. 94(5), 1777.

e Meo, S., Meo, A., Klonoff, D. J. E. R. f. M., & Sciences, P. (2023). Omicron new variant BA. 2.86 (Pirola):
Epidemiological, biological, and clinical characteristics-a global data-based analysis. 27(19).

« O'Toole, A., Pybus, O. G., Abram, M. E., Kelly, E. J., & Rambaut, A. (2022). Pango lineage designation and
assignment using SARS-CoV-2 spike gene nucleotide sequences. BMC Genomics, 23(1), 121.
https:/doi.org/10.1186/s12864-022-08358-2

e Parums, D. V. (2023). Editorial: A Rapid Global Increase in COVID-19 is Due to the Emergence of the EG.5 (Eris)
Subvariant of Omicron SARS-CoV-2. Med Sci Monit, 29, e942244. https://doi.org/10.12659/msm.942244

« Rastogi, M., Pandey, N., Shukla, A., & Singh, S. K. (2020). SARS coronavirus 2: from genome to infectome.
Respiratory Research, 21(1), 318. hitps://doi.org/10.1186/s12931-020-01581-z

e Shereen, M. A., Khan, S., Kazmi, A., Bashir, N., & Siddique, R. J. J. 0. a. r. (2020). COVID-19 infection: Emergence,
transmission, and characteristics of human coronaviruses. 24, 91-98.

o Tegally, H., Moir, M., Everatt, J., Giovanetti, M., Scheepers, C., Wilkinson, E.,... consortium, N.-S. (2022). Emergence
of SARS-CoV-2 Omicron lineages BA.4 and BA.5 in South Africa. Nature Medicine, 28(9), 1785-1790.
https://doi.org/10.1038/s41591-022-01911-2

o Tegally, H., Wilkinson, E., Giovanetti, M., Iranzadeh, A., Fonseca, V., Giandhari, J.,... Msomi, N. J. N. (2021). Detection
of a SARS-CoV-2 variant of concern in South Africa. 592(7854), 438-443.

e Tsujino, S., Deguchi, S., Nomai, T., Padilla-Blanco, M., Plianchaisuk, A., Wang, L.,... Sato, K. (2023). Virological
characteristics of the SARS-CoV-2 Omicron EG.5.1 variant. 2023.2010.2019.563209.
https://doi.org/10.1101/2023.10.19.563209 %J bioRxiv

e Yamasoba, D., Uriu, K., Plianchaisuk, A., Kosugi, Y., Pan, L., Zahradnik, J.,... Sato, K. (2023). Virological

characteristics of the SARS-CoV-2 omicron XBB.1.16 variant. The Lancet Infectious Diseases, 23(6), 655-656.
https://doi.org/10.1016/S1473-3099(23)00278-5

o Zeyaullah, M., AlShahrani, A. M., Muzammil, K., Ahmad, I., Alam, S., Khan, W. H., & Ahmad, R. (2021). COVID-19 and
SARS-CoV-2 Variants: Current Challenges and Health Concern [Mini Review]. 12.
https://doi.org/10.3389/fgene.2021.693916

o World Health Organization. Tracking SARS-CoV-2 variants [Internet][accessed on 2024 January 1]. Available at:
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/

o World Health Organization (WHQO) EG.5 initial risk evaluation. Aug 9, 2023. Available at:
https://www.who.int/docs/default-source/coronaviruse/09082023eq.5_ire_final.pdf. [Ref list]

o Centers for Disease Control Prevention (CDC). The Risk Assessment Summary for SARS CoV2 Sublineage BA.2.86.

Last Reviewed: August 23, 2023 Available at: https://www.cdc.gov/respiratory-viruses/whats-new/covid-19-variant.html

o European Centre for Disease Prevention and Control. SARS-CoV0-2 Variants of Concern as of Sept 7, 2023.
https://www.ecdc.europa.eu/en/covid-19/variants-concern.

o Abbasi, J. (2023). What to Know About EG.5, the Latest SARS-CoV-2 “Variant of Interest”JAMA, 330(10), 900-901.
doi: 10.1001/jama.2023.16498

o Elisabeth, M. (2023). Covid-19: What do we know about XBB.1.5 and should we be worried?BMJ, 380, p153. doi:

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 18/22


https://doi.org/10.1186/s12864-022-08358-2
https://doi.org/10.12659/msm.942244
https://doi.org/10.1186/s12931-020-01581-z
https://doi.org/10.1038/s41591-022-01911-2
https://doi.org/10.1101/2023.10.19.563209
https://doi.org/10.1016/S1473-3099(23)00278-5
https://doi.org/10.3389/fgene.2021.693916
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/docs/default-source/coronaviruse/09082023eg.5_ire_final.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10478578/
https://www.cdc.gov/respiratory-viruses/whats-new/covid-19-variant.html
https://www.ecdc.europa.eu/en/covid-19/variants-concern

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

10.1136/bmj.p153

e Owen, D. (2023). Covid-19: Infections climb globally as EG.5 variant gains ground BMJ, 382, p1900. doi:
10.1136/bmj.p1900

e Parums, D. V. (2023). Editorial: A Rapid Global Increase in COVID-19 is Due to the Emergence of the EG.5 (Eris)
Subvariant of Omicron SARS-CoV-2. Med Sci Monit, 29, e942244. doi: 10.12659/msm.942244

o Reeve, L., Tessier, E., Trindall, A., Abdul Aziz, N. I. B., Andrews, N., Futschik, M.,... Lopez Bernal, J. (2023). High
attack rate in a large care home outbreak of SARS-CoV-2 BA.2.86, East of England, August 2023. Eurosurveillance,
28(39), 2300489. doi: doi: https://doi.org/10.2807/1560-7917.ES.2023.28.39.2300489

e Yadav, S., Zaman, K., Bashyal, P., Bhatta, R., Bhandari, S., Mohanty, A., & Sah, R. (9900). Newer emerging SARS-
COV2 variant: Omicron EG.5. Annals of Medicine and Surgery, 10.1097/MS1099.0000000000001386. doi:
10.1097/ms9.0000000000001386

« Hachmann, N. P., Miller, J., Collier, A. R. Y., Ventura, J. D., Yu, J., Rowe, M., Bondzie, E. A., Powers, O., Surve, N.,
Hall, K., & Barouch, D. H. (2022, July 7). Neutralization Escape by SARS-CoV-2 Omicron Subvariants BA.2.12.1, BA .4,
and BA.5. New England Journal of Medicine, 387(1), 86—88. https://doi.org/10.1056/nejmc2206576

o Lasrado, N., Collier, A. R. Y., Hachmann, N. P., Miller, J., Rowe, M., Schonberg, E. D., Rodrigues, S. L., LaPiana, A.,
Patio, R. C., Anand, T., Fisher, J., Mazurek, C., Guan, R., Wagh, K., Theiler, J., Korber, B., & Barouch, D. H. (2023,
September 5). Neutralization Escape by SARS-CoV-2 Omicron Subvariant BA.2.86
https://doi.org/10.1101/2023.09.04.556272

e Yin, W, Xu, Y., Xu, P., Cao, X., Wu, C., Gu, C., He, X., Wang, X., Huang, S., Yuan, Q., Wu, K., Hu, W., Huang, Z., Liu,
J., Wang, Z., Jia, F., Xia, K., Liu, P., Wang, X.,... Xu, H. E. (2022, March 4). Structures of the Omicron spike trimer with
ACE2 and an anti-Omicron antibody. Science, 375(6584), 1048—1053. https://doi.org/10.1126/science.abn8863

o« Walls, A. C., Park, Y. J., Tortorici, M. A., Wall, A., McGuire, A. T., & Veesler, D. (2020, April). Structure, Function, and
Antigenicity of the SARS-CoV-2 Spike Glycoprotein. Cell, 181(2), 281-292.€6.
https://doi.org/10.1016/j.cell.2020.02.058

o Gupta, S. (2023, July 19). Evolution of pathogen virulence. EMBO Reports, 24(8).
https://doi.org/10.15252/embr.20235761 1

e Motozono, C., Toyoda, M., Tan, T. S., Hamana, H., Goto, Y., Aritsu, Y., Miyashita, Y., Oshiumi, H., Nakamura, K.,
Okada, S., Udaka, K., Kitamatsu, M., Kishi, H., & Ueno, T. (2022, September 21). The SARS-CoV-2 Omicron BA.1
spike G446S mutation potentiates antiviral T-cell recognition. Nature Communications, 13(1).
https://doi.org/10.1038/s41467-022-33068-4

e Cao, Y., Wang, J., Jian, F., Xiao, T., Song, W., Yisimayi, A., Huang, W., Li, Q., Wang, P., An, R., Wang, J., Wang, Y.,
Niu, X., Yang, S., Liang, H., Sun, H., Li, T., Yu, Y., Cui, Q.,... Xie, X. S. (2021, December 23). Omicron escapes the
majority of existing SARS-CoV-2 neutralizing antibodies. Nature, 602(7898), 657—663. https://doi.org/10.1038/s41586-
021-04385-3

e He, X., Hong, W., Pan, X,, Lu, G., & Wei, X. (2021, December). SARS-CoV-2 Omicron variant: Characteristics and
prevention. MedComm, 2(4), 838—845. https://doi.org/10.1002/mco2.110

o Dyer, O. (2023, August 16). Covid-19: Infections climb globally as EG.5 variant gains ground. BMJ, p1900.

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 19/22


https://doi.org/10.2807/1560-7917.ES.2023.28.39.2300489
https://doi.org/10.1056/nejmc2206576
https://doi.org/10.1101/2023.09.04.556272
https://doi.org/10.1126/science.abn8863
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.15252/embr.202357611
https://doi.org/10.1038/s41467-022-33068-4
https://doi.org/10.1038/s41586-021-04385-3
https://doi.org/10.1002/mco2.110

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

https://doi.org/10.1136/bmj.p1900

e Parums, D. V. (2023, August 22). Editorial: A Rapid Global Increase in COVID-19 is Due to the Emergence of the EG.5
(Eris) Subvariant of Omicron SARS-CoV-2. Medical Science Monitor, 29. https://doi.org/10.12659/msm.942244

e Yisimayi, A., Song, W., Wang, J., Jian, F., Yu, Y., Chen, X, Xu, Y., Yang, S., Niu, X., Xiao, T., Wang, J., Zhao, L., Sun,
H., An, R., Zhang, N., Wang, Y., Wang, P., Yu, L., Lv, Z.,... Cao, Y. (2023, May 2). Repeated Omicron exposures
override ancestral SARS-CoV-2 immune imprinting. https:/doi.org/10.1101/2023.05.01.538516

e Qu, P., Xu, K., Faraone, J. N., Goodarzi, N., Zheng, Y. M., Carlin, C., Bednash, J. S., Horowitz, J. C., Mallampalli, R.
K., Saif, L. J., Oltz, E. M., Jones, D., Gumina, R. J., & Liu, S. L. (2023, September 12). Immune Evasion, Infectivity,
and Fusogenicity of SARS-CoV-2 Omicron BA.2.86 and FLip Variants. https://doi.org/10.1101/2023.09.11.557206

e Mbaeyi, S., Oliver, S. E., Collins, J. P., Godfrey, M., Goswami, N. D., Hadler, S. C., Jones, J., Moline, H., Moulia, D.,
Reddy, S., Schmit, K., Wallace, M., Chamberland, M., Campos-Outcalt, D., Morgan, R. L., Bell, B. P., Brooks, O.,
Kotton, C., Talbot, H. K.,... Dooling, K. (2021, November 5). The Advisory Committee on Immunization Practices’
Interim Recommendations for Additional Primary and Booster Doses of COVID-19 Vaccines — United States, 2021.

MMWR. Morbidity and Mortality Weekly Report 70(44), 1545-1552. https://doi.org/10.15585/mmwr.mm7044e2

o Garcia-Beltran, W. F., St. Denis, K. J., Hoelzemer, A., Lam, E. C., Nitido, A. D., Sheehan, M. L., Berrios, C., Ofoman,
O., Chang, C. C., Hauser, B. M., Feldman, J., Roederer, A. L., Gregory, D. J., Poznansky, M. C., Schmidt, A. G.,
lafrate, A. J., Naranbhai, V., & Balazs, A. B. (2022, February). mRNA-based COVID-19 vaccine boosters induce
neutralizing immunity against SARS-CoV-2 Omicron variant. Cell, 185(3), 457-466.e4.
https://doi.org/10.1016/j.cell.2021.12.033

o Badano, M. N., Sabbione, F., Keitelman, I., Pereson, M., Aloisi, N., Colado, A.,... & Baré, P. (2022). Humoral response
to the BBIBP-CorV vaccine over time in healthcare workers with or without exposure to SARS-CoV-2. Molecular
immunology, 143, 94-99.

o Bates, T. A, Leier, H. C., Lyski, Z. L., Goodman, J. R., Curlin, M. E., Messer, W. B., & Tafesse, F. G. (2021). Age-
dependent neutralization of SARS-CoV-2 and P. 1 variant by vaccine immune serum samples. Jama, 326(9), 868-869.

o Bernal, J. L., Andrews, N., Gower, C., Gallagher, E., Simmons, R., Thelwall, S.,... & Ramsay, M. (2021). Effectiveness
of COVID-19 vaccines against the B. 1.617. 2 variant. MedRXxiv.

e Bloch, E. M., Shoham, S., Casadevall, A., Sachais, B. S., Shaz, B., Winters, J. L.,... & Tobian, A. A. (2020).
Deployment of convalescent plasma for the prevention and treatment of COVID-19. The Journal of clinical
investigation, 130(6), 2757-2765.

e Bobrowski, T., Chen, L., Eastman, R. T., ltkin, Z., Shinn, P., Chen, C. Z.,... & Muratov, E. N. (2021). Synergistic and
antagonistic drug combinations against SARS-CoV-2. Molecular Therapy, 29(2), 873-885.

e Cheng, S. M., Mok, C. K. P., Leung, Y. W., Ng, S. S., Chan, K. C., Ko, F. W.,... & Peiris, M. (2022). Neutralizing
antibodies against the SARS-CoV-2 Omicron variant BA. 1 following homologous and heterologous CoronaVac or
BNT162b2 vaccination. Nature medicine, 28(3), 486-489.

o Cohen, M. S. (2020). Hydroxychloroquine for the prevention of Covid-19—searching for evidence. New England
Journal of Medicine, 383(6), 585-586.

o Dyer, O. (2023). Covid-19: Infections climb globally as EG. 5 variant gains ground.

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 20/22


https://doi.org/10.1136/bmj.p1900
https://doi.org/10.12659/msm.942244
https://doi.org/10.1101/2023.05.01.538516
https://doi.org/10.1101/2023.09.11.557206
https://doi.org/10.15585/mmwr.mm7044e2
https://doi.org/10.1016/j.cell.2021.12.033

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

o European Medicines Agency. (2020). First COVID-19 treatment recommended for EU authorizationauthorisation.
European Medicines Agency EMA/264817, 1-2.

o Fehr, A. R., & Perlman, S. (2015). Coronaviruses: an overview of their replication and pathogenesis. Coronaviruses:
methods and protocols, 1-23.

o Gaunt, E. R., Hardie, A., Claas, E. C., Simmonds, P., & Templeton, K. E. (2010). Epidemiology and clinical
presentations of the four human coronaviruses 229E, HKU1, NL63, and OC43 detected over 3 years using a novel
multiplex real-time PCR method. Journal of clinical microbiology, 48(8), 2940-2947.

o Li, G., & De Clercq, E. (2020). Therapeutic options for the 2019 novel coronavirus (2019-nCoV). Nature reviews Drug
discovery, 19(3), 149-150.

o Li, B., Deng, A, Li, K., Hu, Y., Li, Z., Shi, Y.,... & Lu, J. (2022). Viral infection and transmission in a large, well-traced
outbreak caused by the SARS-CoV-2 Delta variant. Nature communications, 13(1), 460.

o Li, P., Wang, Y., Lavrijsen, M., Lamers, M. M., de Vries, A. C., Rottier, R. J.,... & Pan, Q. (2022). SARS-CoV-2 Omicron
variant is highly sensitive to molnupiravir, nirmatrelvir, and the combination. Cell Research, 32(3), 322-324.

e Liu, C., Ginn, H. M., Dejnirattisai, W., Supasa, P., Wang, B., Tuekprakhon, A.,... & Screaton, G. R. (2021). Reduced
neutralization of SARS-CoV-2 B. 1.617 by vaccine and convalescent serum. Cell, 184(16), 4220-4236.

o Martinez, D. R., Schéfer, A., Gobeil, S., Li, D., De la Cruz, G., Parks, R.,... & Baric, R. S. (2021). A broadly cross-
reactive antibody neutralizes and protects against sarbecovirus challenge in mice. Science translational medicine,
14(629), eabj7125.

o Rahimi, F., Darvishi, M., & Bezmin Abadi, A. T. (2023). ‘The end’—or is it? Emergence of SARS-CoV-2 EG. 5 and BA.
2.86 subvariants. Future Virology, (0).

o Wang, Y., Fan, G., Salam, A., Horby, P., Hayden, F. G., Chen, C.,... & Cao, B. (2020). Comparative effectiveness of
combined favipiravir and oseltamivir therapy versus oseltamivir monotherapy in critically ill patients with influenza virus
infection. The Journal of infectious diseases, 221(10), 1688-1698.

e Wang, X., Zhao, X., Song, J., Wu, J., Zhu, Y., Li, M.,... & Wang, P. (2022). Homologous or heterologous booster of
inactivated vaccine reduces SARS-CoV-2 Omicron variant escape from neutralizing antibodies. Emerging microbes &
infections, 11(1), 477-481.

e Zhou, H., Mghlenberg, M., Thakor, J. C., Tuli, H. S., Wang, P., Assaraf, Y. G.,... & Jiang, S. (2022). Sensitivity to
vaccines, therapeutic antibodies, and viral entry inhibitors and advances to counter the SARS-CoV-2 Omicron variant.
Clinical microbiology reviews, 35(3), e00014-22.

o World Health Organization (WHO). EG.5 initial risk evaluation. 9 August 2023.

e SARS-CoV-2_variant-reports/reports/variant_report_latest_draft.md at main - neherlab/SARS-CoV-2_variant-reports.

o Dyer O. (2023). Covid-19: Infections climb globally as EG.5 variant gains ground.BMJ, 382, p:1900

o Abbasi, J. (2023). What to Know About EG.5, the Latest SARS-CoV-2 “Variant of Interest”JAMA, 330(10), 900-901

o Bloom J. Lots of spike amino-acid mutations. 16 Aug 2023.

o Available at: https://slides.com/jbloom/new_2nd_gen_ba2_variant#/4

o Al-Tawfiq, J. A., Hoang, V.-T., Le Bui, N., Chu, D.-T., and Memish, Z. A. (2022). The emergence of the Omicron
(B.1.1.529) SARS-CoV-2 variant: what is the impact on the continued pandemic? J. Epidemiol. Glob. Health 12, 143—

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 21/22


https://slides.com/jbloom/new_2nd_gen_ba2_variant#/4

Q Qeios, CC-BY 4.0 - Article, September 3, 2024

146. doi: 10.1007/s44197-022-00032-w

o Shrestha LB, Foster C, Rawlinson W, Tedla N, Bull RA. Evolution of the SARS-CoV-2 omicron variants BA.1 to BA.5:
Implications for immune escape and transmission. Rev Med Virol. 2022 Sep;32(5):€2381. doi: 10.1002/rmv.2381. Epub
2022 Jul 20. PMID: 35856385; PMCID: PMC9349777.

o Cameroni, E., Bowen, J., Rosen, L., Saliba, C., Zepeda, S., Culap, K., Pinto, D., VanBlargan, L., Marco, A., lulio, J.,
Zatta, F., Kaiser, H., Noack, J., Farhat, N., Czudnochowski, N., Havenar-Daughton, C., Sprouse, K., Dillen, J., Powell,
A., Chen, A., Maher, C., Yin, L., Sun, D., Soriaga, L., Bassi, J., Silacci-Fregni, C., Gustafsson, C., Franko, N., Logue,
J., Igbal, N., Mazzitelli, I., Geffner, J., Grifantini, R., Chu, H., Gori, A., Riva, A., Giannini, O., Ceschi, A., Ferrari, P.,
Cippa, P., Franzetti-Pellanda, A., Garzoni, C., Halfmann, P., Kawaoka, Y., Hebner, C., Purcell, L., Piccoli, L., Pizzuto,
M., Walls, A., Diamond, M., Telenti, A., Virgin, H., Lanzavecchia, A., Snell, G., Veesler, D., & Corti, D. (2021). Broadly
neutralizing antibodies overcome SARS-CoV-2 Omicron antigenic shift. Nature, 602, 664 - 670.
https://doi.org/10.1038/s41586-021-04386-2.

o Cameroni, E., Bowen, J.E., Rosen, L.E. et al. Broadly neutralizing antibodies overcome SARS-CoV-2 Omicron
antigenic shift. Nature 602, 664—670 (2022). https:/doi.org/10.1038/s41586-021-04386-2

o lketani, S., Liu, L., Guo, Y., Liu, L., Chan, J., Huang, Y., Wang, M., Luo, Y., Yu, J., Chu, H., Chik, K., Yuen, T., Yin, M.,
Sobieszczyk, M., Huang, Y., Yuen, K., Wang, H., Sheng, Z., & Ho, D. (2022). Antibody evasion properties of SARS-
CoV-2 Omicron sublineages. Nature, 604, 553 - 556. https://doi.org/10.1038/s41586-022-04594-4.

o Bartsch, Y., Tong, X., Kang, J., Avendano, M., Serrano, E., Garcia-Salum, T., Pardo-Roa, C., Riquelme, A., Cai, Y.,
Renzi, I., Stewart-Jones, G., Chen, B., Medina, R., & Alter, G. (2022). Omicron variant Spike-specific antibody binding
and Fc activity is preserved in recipients of mRNA or inactivated COVID-19 vaccines. Science Translational Medicine.
https://doi.org/10.1126/scitranslmed.abn9243.

o World Health Organization (WHO). (2021). COVID-19 new variants: Knowledge gaps and research.

o Mallapaty S. (2022). Genome data gaps could stymie search for next COVID variant. Nature, 10.1038/d41586-022-
00894-x. Advance online publication. https://doi.org/10.1038/d41586-022-00894-x.

e Maxmen A. (2021). Omicron blindspots: why it is hard to track coronavirus variants. Nature, 600(7890), 579.

https://doi.org/10.1038/d41586-021-03698-7.

Qeios ID: 8UJC2T.2 - https://doi.org/10.32388/8UJC2T.2 22/22


https://doi.org/10.1038/s41586-021-04386-2
https://doi.org/10.1038/s41586-021-04386-2
https://doi.org/10.1038/s41586-022-04594-4
https://doi.org/10.1126/scitranslmed.abn9243
https://doi.org/10.1038/d41586-022-00894-x
https://doi.org/10.1038/d41586-021-03698-7

	Emerging Omicron Subvariants EG.5 and BA.2.86: Implications for COVID-19 Immunity and Surveillance
	Abstract
	I. Introduction
	Background on the COVID-19 Pandemic
	Methodology
	The Dynamics of SARS-CoV-2 Variants
	Omicron Variants
	The emergence of Omicron EG.5 and BA.2.86 in 2023
	Significance of Omicron EG.5 and BA.2.86

	II. Epidemiological analysis
	Spread and Prevalence
	Transmission Dynamics

	III. Genomic characteristics
	IV. Clinical manifestations and severity
	V. Vaccine efficacy and immune responses to Omicron BA.2.86 and EG.5
	VI. Public health measures and policies
	Challanges, Response Strategies and Adaptations

	VII. Preventative strategies and recommendations.
	VIII. Conclusion
	Figures
	References


