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OPEN ACCESSIntroduction
As the COVID-19 pandemic has gone on for the past 

three years, the virus that causes the disease, SARS-CoV-2, 
has changed and created different versions. Some of these 
versions were called “variants of concern” by the World Health 
Organization (WHO) [1,2]. So far, the WHO has identiϐied ϐive 
variants of concern: Alpha (B.1.1.7), Beta (B.1.351), Gamma 
(P.1), Delta (B.1.617.2), and the new Omicron variant, also 
known as B.1.1.529, spreads much faster than the other four 
variants [3,4]. The threat of a new variant depends on how 
easily it spreads, how sick it makes people compared to other 
versions, and how well it can get around our immune defenses. 
These variants have changed because of many different 
mutations, especially in the spike protein of the virus, which 
is important for how it infects us. Some important mutations 
that make the variants more infectious are found in different 
versions like Alpha, Beta, Gamma, Delta, and Omicron [5-8]. 
Omicron seems to cause milder symptoms than other strains, 
but it spreads more easily and might not be stopped as well by 
vaccines, even though it doesn’t seem to be as deadly [9-11].

The Omicron variant of COVID-19 was ϐirst seen in South 
Africa and Botswana in November 2021 [12] (Figure 1). Since 
then, there have been over 130 million cases and 500,000 
deaths worldwide. The Omicron variant has caused a big 
increase in COVID-19 cases, creating a new wave called the 
Omicron wave [13]. This wave has been much bigger than 
waves caused by other variants like Alpha and Beta (Figure 
2). The Omicron variant has changed over time, creating 
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different sub-types called sub-variants. These include BA.1, 
BA.2, BA.3, BA.4, BA.5, and a mix of BA.1 and BA.2 [14]. BA.1 
was the most common globally, but BA.2 has become more 
common in many countries. BA.3 is not spreading much [15] 
(Figure 1). Two new sub-variants, BA.4 and BA.5, were found 
in South Africa in early 2022 and became the main types 
during the 5th wave of the pandemic there [16] (Figure 1). 
Omicron has more mutations than other variants, which helps 
it attach to human cells more strongly. It can also avoid some 
of the antibodies produced by vaccines or by people who have 
other variants of the virus [17-19].

The Omicron variant has many mutations in its genetic 
code. According to a report from the WHO in April 2022, there 
are ϐive sub-types of the Omicron variant: BA.1, BA.2, BA.3, 
BA.4, and BA.5. These mutations have been found all over the 
world in different amounts (Figure 2) [20]. 

Kumar and colleagues used computer tools to study how 
infectious and harmful the S-glycoprotein of the BA.1 sub-type 
and its related sub-types (BA.1.1, BA.2, and BA.3) are. BA.1 has 
39 genetic changes, while BA.1.1 has 40 changes [21]. BA.2 
and BA.3 have 31 and 34 changes, respectively. There are 
21 mutations that are common to all the evolved sub-types 
of the Omicron variant. Additionally, 11 usual changes have 
been found in the RBD of the Omicron variant and its evolved 
sub-types. The mutations in the spike protein of the BA.1 and 
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BA.2 variants are only seen in the recently emerged BA.3 
sublineage [22]. Data from https://outbreak.info/, accessed 
on December 14, 2023, shows that the BA.1 sublineage makes 
up 5% of cases in 161 countries, followed by the BA.1.1 
variant at 17% in the same countries. The BA.2 sub-variant 
has seen a signiϐicant increase, accounting for 9% of reported 
cases across 163 different countries, while the prevalence of 
BA.3 cases was very low until May 2022 [21]. These variants 
have been found to evade the immune system and reduce 
the effectiveness of vaccines. The BA.1 sub-variant is more 
contagious than the previously dominant Delta variant, but 
infected individuals rarely need hospital care. The BA.2 sub-
variant, due to the presence of the H78Y mutation, is more 
severe than the BA.1 sub-variant [23]. The latest transmission 
rates are attributed to the BA.3 sublineage, which lacks six 
mutations in its genome: L981F, G496S, ins214EPE, N856K, 
T547K, and S371L [22].

In early 2022, scientists discovered two new versions of 
the Omicron variant in South Africa, called BA.4 and BA.5. 
These new versions spread to many places around the world. 
By the end of 2021, the BA.1 variant became the main cause 
of the fourth wave, replacing the Delta variant. Then, by April 

2022, the BA.1 variant was replaced by BA.2, which caused the 
ϐifth wave of COVID-19 [23,24]. These new variants are taking 
over from the older versions of Omicron. The spike proteins of 
these new versions are somewhat similar. BA.4 and BA.5 have 
extra mutations in the virus’s genetic material, similar to the 
B.1.429 variant, which was also seen in BA.2 [25]. These new 
versions can evade the body’s immune system. However, we 
don’t know much about how often people with BA.4 or BA.5 
need to go to the hospital. One of the new versions, BA.2.12.1, 
can stop the antibodies from vaccines or previous infections 
with Omicron [26]. In short, BA.4, BA.5, and BA.2.12.1 are 
stronger and can avoid the body’s immune response [27].

Several new combinations of sub-variants are spreading in 
the community, like XD, XE, and XF. The XE variant, made up 
of BA.1 and BA.2, is especially concerning because it’s much 
more infectious than BA.2 [28-31]. XD is a mix of BA.1 and 
Delta, and XF is a mix of BA.1 and Delta from the UK. The XE 
variant has been called “stealth Omicron” by the WHO and 
is causing worry due to its high infectivity [31]. It has three 
new mutations not seen in BA.1 and BA.2. XD, ϐirst found in 
France, has a new mutation in the nsp2 gene, and XF has a 
unique change at the end of the nsp3 gene. Scientists are 

Figure 1: The timeline explains how the Omicron variant of SARS-CoV-2 started and when its diff erent sub-types emerged [59].

Figure 2: The diagram shows the characteristics of various sub-types of the Omicron variant, including BA.1, BA.2, BA.3, BA.4, and BA.5 [60].
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concerned about how severe infections caused by these new 
combinations might be [30].

Scientists have observed that many new variations of the 
virus have appeared after Omicron, like XBB, XBD, and XBF. 
We still need to study how these new variations work in the 
body [32].

Background 
SARS-CoV-2, the virus responsible for COVID-19, has 

undergone several mutations, leading to the emergence of 
different variants. These variants have raised concerns due to 
their potential impact on transmissibility, severity of illness, 
and effectiveness of vaccines and treatments. The Omicron 
variant, which was ϐirst identiϐied in November 2021, has 
since given rise to multiple sub-lineages. These sublineages, 
designated as BA.1, BA.1.1, BA.2, and so on, represent distinct 
genetic variations within the Omicron variant. Each sublineage 
may possess unique mutations that could potentially affect 
the behaviour of the virus, including its transmissibility and 
ability to evade immunity.

The emergence of different variants of SARS-CoV-2, 
including the Omicron variant and its sublineages, has 
indeed raised signiϐicant concerns within the global health 
community. These variants have the potential to impact the 
transmissibility of the virus, the severity of illness it causes, 
and the effectiveness of existing vaccines and treatments. 
The Omicron variant, ϐirst identiϐied in November 2021, has 
garnered attention due to its numerous mutations, which set 
it apart from earlier variants such as Delta. These mutations 
have the potential to alter the behaviour of the virus in several 
ways.

One of the primary concerns surrounding the Omicron 
variant and its sublineages is their potential impact on 
transmissibility. Certain mutations within these variants 
may enhance the virus’s ability to spread from person 
to person, leading to an increased rate of transmission 
within communities. This heightened transmissibility could 
potentially result in more rapid and widespread outbreaks of 
COVID-19. Additionally, the mutations present in the Omicron 
sublineages may also affect the severity of illness caused 
by the virus. While initial reports suggested that infections 
with the Omicron variant might be associated with milder 
symptoms compared to earlier variants, further research is 
needed to fully understand the impact of these mutations on 
disease severity.

Furthermore, the genetic variations within the Omicron 
sublineages have raised concerns about their potential to 
evade immunity, including immunity conferred by prior 
infection or vaccination. Certain mutations may enable the 
virus to partially evade the immune response, potentially 
reducing the effectiveness of existing vaccines and treatments. 
This has prompted ongoing research and surveillance to 

assess the ability of current vaccines to provide protection 
against the Omicron variant and its sublineages. It’s important 
to note that the situation surrounding SARS-CoV-2 variants, 
including Omicron and its sublineages, continues to evolve 
as new data and research become available. Continued 
genomic surveillance, research, and public health measures 
are essential for monitoring the spread and impact of these 
variants and for informing public health responses. 

In summary, the emergence of the Omicron variant and 
its sublineages underscores the ongoing challenges posed 
by SARS-CoV-2 and the importance of global collaboration in 
monitoring, understanding, and responding to the evolution 
of the virus.

The Omicron variant of the SARS-CoV-2 virus has 
garnered signiϐicant attention due to its numerous mutations, 
particularly within the spike protein. The spike protein is 
crucial because it is the primary target of many COVID-19 
vaccines. The presence of a large number of mutations in 
this region has raised concerns about the potential impact 
on vaccine effectiveness and the virus’s ability to evade 
immunity acquired through previous infection or vaccination. 
Understanding the implications of these sublineages is 
crucial for several reasons. Firstly, it is essential to inform 
public health measures. By closely monitoring and studying 
these sublineages, researchers and public health authorities 
can better understand the evolving nature of the virus. This 
understanding is vital for implementing effective public 
health measures to control the spread of the virus and protect 
public health.

Secondly, studying these sublineages is important for 
vaccine development. By analyzing the characteristics of the 
Omicron sublineages, researchers can gain insights into how 
the virus is evolving and how it may impact the effectiveness 
of current vaccines. This information can guide the 
development of updated or new vaccines to ensure continued 
protection against the virus. Furthermore, understanding the 
characteristics of these sublineages is crucial for treatment 
strategies. By monitoring the spread and characteristics of the 
Omicron sub-lineages, researchers can assess their potential 
impact on the trajectory of the pandemic and develop 
targeted treatment approaches to mitigate their effects. Table 
1 summarizes key information about the analysed Omicron 
sub-lineages.

It’s important to note that ongoing research is being 
conducted to understand the implications of these sublineages 
in terms of transmissibility, severity, and vaccine effectiveness. 
The situation is evolving, and health authorities continue 
to monitor these sublineages closely to adapt public health 
measures and inform vaccine development and treatment 
strategies.

Finally, monitoring and studying the Omicron sublineages 
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is essential for understanding the evolving nature of the virus, 
and informing public health measures, vaccine development, 
and treatment strategies. This ongoing research is crucial for 
addressing the potential impact of the Omicron variant on 
the trajectory of the pandemic and ensuring the continued 
effectiveness of public health responses.

Methods
Retrieve data on new Omicron subtypes to study how 
they are related and what mutations they have

We gathered information about the new types of the 
Omicron variant from various sources like scientiϐic databases, 
the World Health Organization [33-35], and the CDC [36]. We 
used different keywords to search for this information such as 
“sublineages of Omicron”,” B.1.1.529”, “BA.1”, “BA.2”, “BA.4”, 
“BA.5”, “BA.2.12.1” and “BA.2.75”.. We also looked at data from 
the GISAID database [37,38] and obtained the spike protein’s 
PDB ϐile from the RCSB-PDB database [39].

Studying new Omicron subtypes to see how they are 
related to each other at a molecular level

We studied different types of the Omicron variant, like 
BA.1, BA.2, BA.4, BA.5, BA.2.12.1, and BA.2.75. We used the 
Nextstrain server, which uses the GISAID database, to analyze 
how these variants are related to each other [40,41]. We 
focused on Omicron (B.1.1.529 or Nextstrain clade: 21M) 
and its subtypes, such as BA.1 (Nextstrain clade: 21K), BA.2 
(Nextstrain clade: 21L), BA.4 (Nextstrain clade: 22A), BA.5 
(Nextstrain clade: 22B), BA.2.12.1 (Nextstrain clade: 22C), 
and BA. 2.75 (Nextstrain clade: 22D) for our study.

Studying new Omicron subtypes to see how they are 
changing

We gathered data on Omicron mutations and their 
sublineages from the CoVariant server [42]. However, we 
didn’t look at all the mutations to study how often risky 
mutations occur and their characteristics.

We used databases from CNCB-NGDC and other coronavirus 

resources to create a heatmap showing mutations in the spike 
protein of Omicron sublineages [43,44]. The VarEPS server 
helped us identify important mutations related to risk and 
how well neutralizing antibodies bind to the spike protein 
[45]. We also used the DynaMut server to analyze changes in 
the stability of the S-glycoprotein. We looked at the ΔΔG score 
through simulation on a server [46]. To create graphs, plots, 
and models [47], we used the PAST statistical software and 
MATLAB [48].

Results
So far, the pipelines we’ve built have allowed us to apply a 

fair and accurate automated way to determine how dangerous 
SARS-CoV-2 is in hamsters. We’re now utilising this strategy to 
see how dangerous the newly discovered omicron sublineages 
are.

The BA.5 sublineage of the Omicron variant has been a 
topic of concern due to its potential impact on public health. 
Virulence refers to the severity of the disease caused by a 
particular virus. Assessing the virulence of BA.5 involves 
examining various factors, including its ability to cause severe 
illness, hospitalization rates, and mortality. Preliminary 
data suggests that BA.5 may have increased transmissibility 
compared to earlier variants, but its impact on disease severity 
is still being studied. It’s important to consider that virulence 
is just one aspect of a virus’s overall impact. Factors such 
as vaccination status, healthcare infrastructure, and public 
health measures also play a crucial role in determining the 
overall impact of a variant. Ongoing research and surveillance 
are essential to better understand the virulence of BA.5 and 
its implications for public health. It’s crucial to monitor data 
from affected regions, conduct clinical studies, and analyze 
real-world outcomes to inform public health strategies and 
interventions. This will help in developing targeted responses 
to mitigate the impact of BA.5 and other emerging variants.

The virulence of the XBB Omicron sublineage is currently 
a topic of intense research and discussion within the scientiϐic 
community. Virulence refers to the severity of the disease 

Table 1: Overview of the Omicron sub-lineages.
Sublineage Key Information

BA.1 First identifi ed in Botswana, contains the H69/V70 deletion, associated with increased transmissibility.
BA.2 Contains the S371L mutation, potentially more transmissible than BA.1.
BA.3 Contains the S371F mutation, may have increased transmissibility and potential immune evasion.
BA.4 Contains the S371L and S477N mutations, potentially impacting transmissibility and immune evasion.
BA.5 Contains the S371L, S477N, and N679K mutations, potential impact on transmissibility and immune evasion.
XBB Contains the S371L and S477N mutations, similar to BA.4, but with additional mutations.

BQ.1.18 Contains the S371L and S477N mutations, similar to BA.4, but with additional mutations.
BA.2.75 Contains the S371L mutation, similar to BA.2, but with additional mutations.
Alpha First identifi ed in the UK, contains the N501Y mutation, associated with increased transmissibility.
Beta First identifi ed in South Africa, contains the E484K mutation, potentially impact on vaccine effi  cacy.

Gamma First identifi ed in Brazil, contains the E484K and N501Y mutations, potentially impact on vaccine effi  cacy.
Delta First identifi ed in India, contains the L452R and P681R mutations, associated with increased transmissibility.

B.1.1.529 Contains the N501Y, E484A, and Q498R mutations, potentially impact on transmissibility and immune evasion.
EG.5.1 Contains the S371L and S477N mutations, similar to BA.4, but with additional mutations.
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caused by a particular virus, including factors such as its 
ability to cause illness and the potential for severe outcomes. 
As of the current date, there is ongoing research to understand 
the impact of the XBB Omicron sublineage on disease severity, 
transmissibility, and immune evasion. Preliminary data 
suggests that this sublineage may have mutations that could 
potentially impact its behaviour, but further studies are 
needed to fully assess its virulence. It’s important to note that 
assessing virulence is a complex process that involves studying 
various factors, including clinical outcomes, epidemiological 
data, and laboratory experiments. Researchers are working 
diligently to gather and analyze data to better understand 
the implications of the XBB Omicron sub-lineage. As more 
information becomes available, it will be crucial to closely 
monitor the scientiϐic literature and ofϐicial updates from 
public health authorities for the latest assessments of the 
virulence of the XBB Omicron sublineage.

The B.1.1.529 Omicron variant, also known as B.1.1.529.1 
or BA.1.1, has been a topic of signiϐicant discussion and 
concern within the scientiϐic and public health communities. 
This variant, ϐirst identiϐied in Botswana and South Africa, has 
raised questions about its potential impact on public health 
due to its large number of mutations, particularly within the 
spike protein. The virulence of the B.1.1.529 Omicron variant 
is currently being closely studied, and it is important to note 
that our understanding of its characteristics is evolving as 
new data becomes available. Initial reports suggest that 
the Omicron variant may have an increased ability to evade 
immunity, potentially impacting the effectiveness of existing 
vaccines and previous infection-induced immunity. However, 
the severity of illness caused by the Omicron variant is still 
being investigated, and it is not yet clear whether it leads to 
more severe disease compared to other variants. It is crucial 
for researchers and public health authorities to continue 
monitoring the spread and impact of the Omicron variant, as 
well as conducting in-depth studies to assess its virulence, 
transmissibility, and potential impact on vaccine effectiveness. 
This ongoing research will be essential for informing public 
health measures and guiding the development of targeted 
strategies to mitigate the impact of the Omicron variant on 
global health.

Figure 3 shows how different versions of the SARS-CoV-2 
virus affect our immune system and how easily the disease 
spreads. The changes in the spike protein of the Omicron 
variant of SARS-CoV-2 make it better at infecting people by 
sticking more strongly to their ACE2 receptors. This also 
makes it harder for antibodies from vaccines or previous 
infections to stop the virus. These changes help the virus 
spread more easily among both vaccinated and unvaccinated 
people.

The BA.2 and BA.2.75 sublineages of the Omicron variant 
have been of particular interest due to their potential impact 
on public health. These sublineages have been reported to 

exhibit increased transmissibility compared to the original 
Omicron variant (BA.1). However, it’s important to note that 
increased transmissibility does not necessarily equate to 
increased virulence. Virulence refers to the severity of the 
disease caused by a particular virus. While the BA.2 and BA.2.75 
sublineages may be more transmissible, it’s crucial to conduct 
thorough studies to determine whether they also cause more 
severe illness or lead to higher rates of hospitalization and 
mortality compared to the original Omicron variant or other 
variants of concern.

Assessing the virulence of these sublineages requires 
comprehensive clinical data analysis, including monitoring the 
severity of illness in infected individuals, hospitalization rates, 
and mortality rates. Additionally, laboratory studies can help 
determine whether these sub-lineages exhibit any differences 
in their ability to cause severe disease or evade the immune 
response compared to other variants. It’s also important to 
consider the impact of vaccination and prior immunity on the 
virulence of these sublineages. Understanding how these sub-
lineages interact with the immune system and whether they 
are more or less susceptible to vaccine-induced immunity is 
crucial in assessing their overall impact on public health. In-
depth discussions and analyses by public health authorities, 
epidemiologists, virologists, and other experts are essential 
to monitor and assess the virulence of these sublineages and 
to inform public health measures and interventions. Ongoing 
surveillance and research will be critical in understanding 
the full implications of these Omicron sublineages on global 
health.

Figure 4 shows the different versions of the Omicron 
variant, their mutations, and how they are more infectious 
and easily spread. The Omicron variant can infect both adults 
and children and mainly affects the respiratory system, 
intestines, and brain. It also changes to better attach to human 
cells, making it easier for the virus to spread and infect people.

Studying how easily the virus spreads, how sick it makes 
people, how well tests work, how good vaccines are, and how 
well treatments work will help us deal with the Omicron 
variant and other new versions of the virus. You can ϐind a 
summary of the plans to deal with these new variants in 
Figure 5.

The virulence of the EG.5.1 Omicron sublineage is currently 
being closely studied by researchers and public health ofϐicials. 
Virulence refers to the severity of the disease caused by a 
particular virus strain. In the case of EG.5.1 Omicron, initial 
reports suggest that it may have increased transmissibility 
compared to previous variants, but its impact on disease 
severity is still being investigated. Several factors are 
considered when assessing the virulence of a virus, including 
its ability to cause severe illness, hospitalization rates, and 
mortality. Researchers are conducting studies to determine 
whether EG.5.1 Omicron leads to more severe disease 
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Figure 3: -SARS-CoV-2 Variants and Immune Response [61].

Figure 4: Omicron Variant: Mutations and Infectiousness [62].

Figure 5: Methods for preventing SARS-CoV-2 developing mutations [63].

Discussion
Throughout the COVID-19 pandemic, new variants of the 

virus have been appearing periodically, and some of these 
variants may be different in how harmful they are compared 
to earlier ones. It’s important to keep a close eye on the 
harmfulness of any new variant as it emerges. Scientists have 
been using animal models to learn more about how the virus 

outcomes compared to other variants, such as Delta or the 
original strain of the virus. It’s important to note that assessing 
virulence is a complex process that requires comprehensive 
data analysis and clinical observations. As more information 
becomes available, public health authorities will be able to 
provide a more detailed assessment of the virulence of EG.5.1 
Omicron and its implications for public health measures.
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causes disease [49]. So far, there has been a strong connection 
between how harmful variants like Delta and BA.1 are in 
humans and how they affect hamsters that have been infected 
in experiments [50,51].

The research we mentioned about using body weight loss, 
lung function, and lung tissue features in hamsters to assess 
the strength of different SARS-CoV-2 virus variants is quite 
interesting [52,53]. It’s not uncommon for scientists to use 
animal models to study infectious diseases, as they can provide 
valuable insights into how the virus affects the body and how 
different variants compare in terms of virulence. Body weight 
loss in animal models can be a useful indicator of the severity 
of the infection. A more virulent virus variant is likely to 
cause greater weight loss in infected animals compared to a 
less virulent one. Lung function and lung tissue features are 
also crucial parameters to consider, as they directly reϐlect 
the impact of the virus on the respiratory system. Variants 
that cause more severe lung damage and compromise lung 
function are generally considered to be stronger or more 
virulent.

The fact that these measurements have been good 
indicators of the strength of the virus, particularly in the case of 
variants like Delta and Omicron, highlights the importance of 
understanding the biological impact of different viral strains. 
The differences in strength between variants, especially 
those with very different levels of strength like Delta and 
Omicron, can have signiϐicant implications for public health 
and the development of targeted interventions. However, it’s 
also important to acknowledge the potential challenges in 
comparing the strength of variants when the differences are 
small, such as with BA.2 and BA.5 compared to BA.1. Variants 
that are closely related may exhibit subtle differences in their 
impact on the host, making it more challenging to discern their 
relative strength. The discrepancies between studies in such 
cases, as mentioned in references [54,55], underscore the 
complexity of assessing the strength of closely related variants 
and the need for rigorous and consistent methodologies in 
research.

Overall, the use of animal models to study the strength 
of SARS-CoV-2 variants provides valuable insights into the 
biological differences between these strains. It also emphasizes 
the importance of considering multiple parameters, such as 
body weight loss, lung function, and lung tissue features, to 
comprehensively evaluate the virulence of different variants. 
This research is crucial for understanding the potential impact 
of emerging variants on public health and for informing 
strategies to mitigate their spread and severity.

The study demonstrates that certain variants, speciϐically 
BA.5, BA.2.75, and EG.5.1, have developed more harmful 
characteristics compared to the BA.1 variant. This conclusion 
is supported by other recent studies referenced as [54,56]. 
Additionally, the study found no observed differences in 

harmfulness between XBB and BA.1, which aligns with 
another recent study [57]. Furthermore, the study noted that 
BA.2 tended to cause more macrophage inϐiltrates and type 
2 pneumocyte hyperplasia compared to BA.1, although these 
differences were not statistically signiϐicant. This observation 
is consistent with other studies that found no major differences 
in harmfulness between BA.1 and BA.2 [57,58]. However, it 
contrasts with a previous study that used recombinant viruses 
with either BA.1 or BA.2 spike [58].

The ϐindings we have mentioned are indeed crucial in our 
ongoing battle against the SARS-CoV-2 virus. The identiϐication 
of different variants with varying levels of harmfulness 
and characteristics underscores the need for continuous 
monitoring and research to understand how the virus is 
evolving and its potential impact on public health. Firstly, the 
fact that certain variants exhibit more harmful characteristics 
emphasizes the importance of ongoing surveillance. By closely 
monitoring the genetic makeup and behaviour of the virus, 
researchers and public health ofϐicials can better understand 
how it is changing over time. This surveillance allows for early 
detection of concerning variants and informs public health 
responses to mitigate their spread and impact.

Furthermore, these ϐindings highlight the necessity for 
continued vigilance in developing and updating public health 
measures and interventions. As the virus evolves, so too 
must our strategies for controlling its spread and mitigating 
its effects. This may involve adapting vaccination strategies, 
updating diagnostic tests, and reϐining treatment protocols 
to address the speciϐic characteristics of emerging variants. 
In addition, the signiϐicance of these ϐindings underscores the 
need for global collaboration and information sharing. The 
evolution of the virus knows no borders, and a coordinated 
international effort is essential to track and respond to 
new variants effectively. This includes sharing genomic 
data, research ϐindings, and best practices in public health 
interventions to ensure a uniϐied and informed response to 
the evolving nature of the virus.

Finally, the identiϐication of different SARS-CoV-2 variants 
with varying harmful characteristics emphasizes the critical 
importance of ongoing surveillance, research, and global 
cooperation. By staying vigilant and proactive in our approach, 
we can better understand and address the evolving nature of 
the virus, ultimately working towards minimizing its impact 
on public health.

The emergence of newly identiϐied Omicron sublineages 
has raised concerns about potential limitations in our 
understanding of the virus and its variants. To address 
these limitations and provide insights into future research 
directions, it is crucial to consider several key aspects. 
Firstly, genomic surveillance and sequencing efforts need to 
be intensiϐied to track the evolution of the virus and identify 
new sublineages. This will help in understanding the genetic 
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diversity of the virus and its implications for transmissibility, 
severity, and vaccine efϐicacy. Additionally, it will aid in the 
early detection of potentially concerning variants. Secondly, 
comprehensive epidemiological studies are essential to assess 
the impact of these sublineages on transmission dynamics, 
disease severity, and immune escape. Understanding the 
clinical characteristics and outcomes associated with speciϐic 
sublineages is critical for informing public health interventions 
and treatment strategies.

Furthermore, laboratory-based research is needed to 
investigate the antigenic and functional properties of the 
newly identiϐied sublineages. This includes assessing their 
susceptibility to neutralization by antibodies elicited through 
natural infection or vaccination. Such studies will provide 
valuable insights into the potential impact of these sublineages 
on vaccine effectiveness and the development of future 
vaccine candidates. In addition, it is important to conduct 
studies to evaluate the effectiveness of existing diagnostic 
tests, therapeutics, and preventive measures against these 
sublineages. This will help in optimizing strategies for disease 
detection, management, and control in the context of evolving 
viral diversity.

Moreover, collaborative efforts at the global level are 
crucial to facilitate data sharing, research coordination, and the 
development of standardized approaches for characterizing 
and monitoring Omicron sublineages. This will enable a more 
comprehensive and timely understanding of the evolving 
landscape of SARS-CoV-2 variants. Finally, addressing 
the potential limitations associated with newly identiϐied 
Omicron sublineages requires a multidisciplinary approach 
encompassing genomic surveillance, epidemiological 
studies, laboratory research, and global collaboration. By 
focusing on these areas, we can gain valuable insights into 
the characteristics of these sublineages and inform evidence-
based public health responses and future research directions.

Conclusions and future directions
The new Omicron variant of COVID-19 is causing a big 

increase in cases around the world. It’s also making vaccines 
and treatments less effective. We need to make sure everyone 
can get vaccines and that we make more of them. We also need 
to keep giving out vaccines to as many people as possible. To 
ϐight the new variant and stop it from spreading, we should 
wear masks, wash our hands, stay apart from others, keep 
things clean, and make sure our hospitals are ready. We also 
need to plan for future pandemics.

We need to do more research to understand why the new 
variants of the virus that cause COVID-19 spread more easily, 
how they are changing over time, and how they affect people. 
We also need to ϐigure out how well previous infections protect 
people and how the virus can avoid the immune system. We 
should make better vaccines, give extra vaccine doses, and 
create new vaccines that work against the new variants. We 

also need to develop new treatments and drugs to help people 
who get sick with COVID-19. These improvements will help us 
deal with the new variants of the virus that are causing more 
infections and making people sicker.

We still have a lot of questions about the Omicron variant 
and its different types. We need to keep a close watch on it 
and other new versions of the virus. To make vaccines and 
treatments, we can focus on certain parts of the virus, make 
vaccines that work against many versions of the virus, and 
use strong additives to make the vaccines more effective. 
This could help protect against the current Omicron variant 
and any new versions, as well as any future viruses like SARS-
CoV-3.
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