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Abstract

SARS-CoV-2 evolution has undergone several mutations since its initial emergence in late 2019. Successive mutations are a com-

mon characteristic of RNA viruses like coronavirus. The emergence of new variants is a result of mutations that differ in their

characteristics such as their infectiousness and mortality. Several variants of concern have been identified since the start of the

pandemic, including Alpha, Beta, Gamma, Delta, and Omicron. Each of these variants showed unique mutations that raised con-

cerns  about  their  transmission  rate,  disease  severity,  and  vaccine  efficacy.  The  omicron  variant  (XBB  1.6),  also  known  as

B.1.1.529, attracted significant attention due to its high number of mutations, particularly in the spike protein. These mutations

have raised concerns about potential impacts on vaccine efficacy and their ability to evade immunity. The effectiveness of exist-

ing vaccines against omicron and other variants may vary. Public health authorities and researchers worldwide are working to

adapt strategies and develop new tools to combat the pandemic effectively. Booster doses have been recommended to enhance

immunity, especially in the face of emerging variants. Rapid genome sequencing and analysis of the new variants are essential for

monitoring  their  spread  and  understanding  their  characteristics.  This  helps  in  adapting  public  health  measures  and  vaccine

strategies accordingly. Developing a multivalent vaccine that can generate a broad immune response, capable of addressing multi-

ple variants, is an important consideration in vaccine research and development.
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Introduction

COVID-19 has grown over recent years with a significant impact on the world’s healthcare strategies.  The emergence of several

mutations  had  led  the  virus  to  become  more  sophisticated  with  the  Omicron  XBB.1.5  subvariant  rapidly  overtaking  the  other

variants. Since its initial discovery in October 2022, XBB.1.5 had emerged as the most common variant in the United States (U.S).

According to the Centers for Disease Control and Prevention's (CDC) genomic surveillance data, XBB.1.5 was thought to be the

cause of 89.5% of all infections at that time (https://www.contagionlive.com/view/omicron-xbb-1-5-heightened-transmissibility-in-

fectivity-and-immune-resistance). The fast increase in occurrence of this subvariant may be explained by its immunological escape

from vaccinations, spike protein mutations, and higher affinity for the angiotensin converting enzyme-2 (ACE-2) receptor [1]. It

varies by location in the US; during the same week, the prevalence of XBB.1.5 infections in the Midwest including Iowa, Kansas,

Missouri, and Nebraska reached ~53% (Figure 1 and 2). XBB.1.5 was the most common variant in the nation, accounting for 75%

of infections as of mid-February 2022, up from less than 2% in December 2022 (https://www.worldometers.info/coronavirus/coun-

try/us/).

In January 2023, a rapidly spreading new subvariant of the novel coronavirus that causes COVID-19 known as Arcturus was in 31

countries. Currently, the Arcturus coronavirus, XBB.1.6 and EG.5 (with the nickname "Eris") are the most prominent variants in

the U.S. Several other omicron subvariants, BA.2.86 and XBB.2.3, are also increasing across the country.

Figure 1: The number of COVID-19 cases per 100,000 people in different areas of US in the week of 19th April 2023. The global heatmap was

performed by Microsoft excel, and the information was obtained from (https://www.worldometers.info/coronavirus/country/us/).

Figure 2: Global cumulative cases. On 19, April 2023, there have been 763,740,140 confirmed cases of COVID-19, including

6,908,554 deaths, reported to WHO. The global heatmap was performed by Microsoft excel, and the information was obtained from (https://-

data.who.int/dashboards/covid19/cases?n=c).
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SARS-CoV-2 Variants

The CDC and World Health Organization (WHO) has divided SARS-CoV-2 variants into two main groups (i) variant of concern

(VOC), and (ii) variant of interest (VOI) [2]. VOC poses the traditional hazards to human life by modifying various clinical presen-

tations of the disease, making them more virulent and transmissible compared to earlier forms of the virus. VOI contains muta-

tion causing amino acid substitutions that affect various viral properties [2].

The WHO has currently discovered five VOC, namely Alpha, Beta, Gamma, Delta, and Omicron. VOCs are more contagious than

the original SARS-CoV-2 strains, which may be due to higher disease severity and lower neutralization by antibodies, resulting in

subsequent pandemic waves. After being discovered toward the end of September 2020, variant B.1.1.7 (Alpha) quickly established

itself as the predominant strain in the United Kingdom (UK) [3]. In the second wave in South Africa, the B.1.351 (Beta) variant,

which was discovered in October 2020, emerged as the dominant strain [4]. In a similar vein, variation P.1 (Gamma) was discov-

ered in Brazilians traveling to Japan in January 2021 [5], resulting in the reemergence of infections in Manaus, despite the coun-

try's high rates of previous infections [6]. A significant increase in cases was caused by the variant B.1.617.2 (Delta), which was dis-

covered in December 2020. This variant was the cause of a second wave of cases in India [7] and an outbreak of infections in vari-

ous places in the US [8].  SARS-CoV-2 spike protein mutations altered the efficiency of protein binding and immune responses,

yielding more invasive, adaptable, and transmittable infections of the Alpha and Delta variants [9]. The Omicron variant swiftly

took over and competed with other VOCs (Table 1).

The spike protein of the Alpha variant contains 9 mutations (Table 1). It has been reported that N501Y mutation is crucial in in-

creasing its affinity to ACE-2 receptors, as well as viral adherence and capacity to penetrate the host cells. Beta variants also have 9

mutations (Table 1). The mutations; K417N, E484K, and N501Y are in the receptor binding domain (RBD) increasing the binding

to ACE-2 receptors and transition [10]. Twelve key spike protein mutations (were identified in the Gamma lineage (Table 1). The

Gamma variant shares three mutations with the Beta lineage but it is more transmissible [10]. The D614G mutation is found in all

five lineages of interest, whereas all Alpha, Beta, Gamma, and Omicron variants contain the N501Y mutation in the RBD, which

has been shown to enhance the risk of transmission by 40-70% [11].

The Delta's  transmissibility  was  observed to  have a  rise  by  97% and viral  load compared with the  wild  type [12].  T19R,  L452R,

G142D,  T478K,  D614G,  P681R,  D950N,  and del157/158 were  the  most  noticeable  spike  protein  alterations  in  the  Delta  variant

(Table 1). The spike with the D614G, L452R, P681R, and T478K mutations confers enhanced transmissibility and pathogenicity

[13]. Computational study revealed that major alterations in the RBD region of the Omicron may contribute to high binding speci-

ficity with ACE-2, leading to a higher rate of transmission and a significant impact on pathogenicity compared with Delta variant

[14].

Omicron Variants and Subvariants

Omicron variant (B.1.1.529 or BA.1) has more than 30 mutations in the spike protein compared to other VOCs (Table 1)  [13].

Higher binding affinity of Omicron to ACE-2 has been imparted by Q493R, N501Y, S371L, S373P, S375F, Q498R, and T478K mu-

tations in RBD. Moreover, it has three amino acid substitutions; N679K, H655Y, and P681H near the cleavage site of furin, which

increases the viral fusion with the host cells [15]. Following the BA.1 original variant of Omicron, various Omicron sub-lineages

have  arisen,  including  BA.1.1  (B.1.1.529.1.1),  BA.2  (B.1.1.529.2),  BA.3  (B.1.1.529.3),  BA.4  (B.1.1.529.4),  and  BA.5  (B.1.1.529.5)

(Table 1). BA.1, BA.1.1, BA.2, and BA.3 variants were discovered in South Africa in late 2021, which contained 21 common muta-

tions.

The mutations in the RBD of those variants (Y505H, N786K, T95I, N211I, N856K, and V213R) significantly increased the patho-

genicity  [16].  Moreover,  the  N501Y  and  Q498R  mutations  are  expected  to  improve  ACE-2  receptor  binding,  and  the  H655Y,

N679K, and P681H mutations are thought to improve spike breakup and virus transmission [17]. The BA.2 subvariant was discov-
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ered in European countries in June 2022. BA.2 was then subdivided into various subvariants including BA.2.74, BA.2.75, BA.2.76,

etc. It has been suggested that the prevalence of BA.2.75 may soon increase. When compared to BA.2, BA.2.75 has 9 additional mu-

tations K147E, W152R, F157L, I210V, G257S, G339H, G446S, N460K, and R493Q (Table 1) that could be associated with immuno-

logical evasion and tolerance to antibody treatments [18].

It has been reported that the Omicron variants have distinct interaction patterns that are like those of the Alpha (N501Y) and Del-

ta (L452R and T478K) variants. The RBD force is larger than the viral original strain due to the N501Y, Q493K/R, and T478K mu-

tations in Omicron, leading to enhanced infectivity [19]. In early 2022, BA.4 and BA.5 were discovered in South Africa. Spike pro-

teins of BA.4 and BA.5 are most like BA.2. BA.4 and BA.5 sublineages (referred to as BA.4/5), that demonstrated more immune

evasion and subsequent dominance. The development of various other subvariants, including BA.4.6, BF.7, BQ.1, and BQ.1.1 creat-

ed from BA.4/5, as well as BA.2.75.2 derived from BA.2.75 (BA.2.75.3.1.1.1) has led to a greater diversity in the spreading of SARS--

CoV-2 [9]. BA.2.75.2 is spreading very quickly in India, Chile, England, Singapore, Spain and Germany [20].

BA.4 subvariant BA.4.6, BA.5 sublineages BF.7 and BQ.1.1, BA.2 sublineage BA.2.75.2, and BA.2 lineage recombinant XBB.1 are

all recent Omicron variants. In a short period of time, BQ.1.1 and XBB.1 superseded BA.5 as the most prevalent variations globally

[21]. Both BA.4.6 and BQ.1 have mutations that are R346T/N658S and K444T/N460K, respectively. In comparison to BA.2.75, the

BA.2.75.2 subvariant showed R346T, F486S, and D1199N mutations. Concerns regarding potential immune escape have grown be-

cause of these mutations [22].

Omicron's BA.5 subvariant BQ.1 and its sub lineages BQ.1 have recently become common in worldwide infections. BQ.1 carries

spike  mutations  such  as  K444T  and  N460K  in  critical  antigenic  sites  [9].  BQ.1  also  contains  a  double  mutation  (C28311U,

C28312U) from the BA.1 [23]. A recombination between two BA.2 lineages, BJ.1 (BA.2.10.1.1) and BA.2.75 produced XBB and XB-

B.1 that contain the G252V mutation. XBB derived further to XBB.1.5, which has F486P and G252V key mutations. Greater trans-

mission rate is conferred by the F486P mutation; however immune evasion is not boosted [24]. BF.7 and BA.5.2 have been spread

in China. China's recent easing of its zero COVID policy is contributing to the current rise in outbreaks. The outbreaks are being

driven by the new BF.7 SARS-CoV-2 strain, which has become a major strain in Beijing.

R346T substitution, a particular mutation in Omicron BF.7, is linked to the virus' capacity to resist neutralizing antibodies generat-

ed by vaccinations, especially those made in China [25]. Additional strains of SARS-CoV-2 continue to emerge on a regular basis.

A subvariant of the highly contagious Omicron variant, XBB 1.16, was initially detected in January 2023. It has spread most widely

in India but has been found in another 31 countries (https://www.ecdc.europa.eu/en/covid-19/variants-concern). By mid of Au-

gust 2023, the latest strain, called BA.2.86 nicknamed "Pirola" was identified in the U.S. The strain is of particular concern because

of its  36 spike amino acid mutations relative to the variant XBB.1.5 (the dominant strain earlier  this  year) and 38 such changes

compared with variant EG.5 (the current most prevalent strain). This means it may behave very differently than the previous domi-

nant variant of the virus. The CDC shows that COVID-related hospitalizations have increased to 14.3% and deaths increasing by

8.3%.  They  also  predict  hospitalizations  due  to  the  virus  will  continue  through  mid-September  2023  (https://www.ecdc.euro-

pa.eu/en/covid-19/variants-concern).

Distribution of Omicron Variants and Subvariants

With a prevalence of 76.6% as of September 4, 2022, BA.5 descendant lineages had the largest global incidence, followed by BA.4

with a prevalence of 7.5% [26]. There are several Omicron variants spreading in the US, each of them was responsible for < 6% of

illnesses as of mid-December 2022. Among them are BF.7, XBB, BN.1, BF.11, and many others [27]. By the end of 2022, BQ.1.1 ac-

counts for 34% of all cases in the US, followed by XBB.1.5, which accounts for 28% of all cases. However, XBB.1.5 remains under

5% in the UK [28]. The Omicron variant included. BQ.1.1, XBB.1.5, BQ.1, XBB.1.5 and BA.2.86 are the Omicron subvariants that

have  been  spread  (https://www.ecdc.europa.eu/en/covid-19/variants-concern).  The  collective  data  from  Denmark,  France,  Ger-

many, and UK indicate that the XBB.1.5 is becoming more prevalent.
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In China, more than 2000 genomes were collected and sequenced as of December 2022, for locally acquired infections. Omicron

lineages BA.5.2 and BF.7 dominated local infections (97.5%), according to the China CDC analysis. BF.7 was the main cause for

the rise in instances in this  nation and the infectivity frequency for this  variant is  high.  Omicron BA.1 and BA.2 were the most

common in the Netherlands, followed by BA.5. BQ.1 (including BQ.1.1) has been predominantly responsible for most infections.

According to the data estimations, BQ.1 continues to be the dominant variant in the Netherlands for some time. Furthermore, the

percentages of BA.2.75 and XBB, as well as XBB.1.5, are increasing. Currently, the EG.5 variant is estimated to be the dominant

strain  in  the  U.S.  as  it  makes  up  the  largest  share  of  new  cases  of  COVID-19  compared  to  other  variants  (https://vov-

world.vn/en-US/news/who-declares-eris-covid-strain-a-variant-of-interest-as-cases-rise-globally-1223094.vov).  On  August  18,

2023, the CDC estimated EG.5 contributed to 20.6% of new infections and XBB.1.16, was responsible for more than 17% of new

COVID-19  infections  (https://www.usnews.com/news/health-news/articles/2023-07-07/new-covid-19-variants-giving-xb-

b-1-16-or-arcturus-a-run-for-its-money). Lately, XBB.1.5 and XBB.2.3 were responsible for 16%, and 13% of the new infections, re-

spectively.

Effect of Vaccines and Antibodies against Omicron Variants of SARS-CoV-2

The most efficient method for preventing SARS-CoV-2 infection is vaccination. Companies have been accelerating the manufac-

ture of vaccines in response to COVID's global spread and rapid emergence. A variety of vaccines have been developed by differ-

ent companies, which led people to question the efficacy and safety of vaccines. Despite the vaccine's approval by the FDA, high

rates of rejection were observed because of unknown complications and side effects [29]. COVID-19 vaccine has become mandato-

ry in a number of countries [30]. Although this resulted in a higher vaccination rate [31], most of the population are partially vacci-

nated, which may contribute to the major reason behind emergence of new variants.

SARS-CoV-2's future infection is uncertain. Worldwide, vaccines are being developed and distributed, which can help prevent se-

vere illnesses and hospitalizations. However, the virus continues to spread throughout the world, and new variants continue to ap-

pear [32].  Vaccines have been developed for  a  wide range of  viruses  for  decades,  and the COVID-19 pandemic has fueled even

more research into vaccines [33]. New technologies, such as mRNA vaccines, have shown significant promise in providing protec-

tion against  viruses.  It  is  possible  that  vaccines  will  be  developed in  the  future  that  protect  against  multiple  strains  of  the  same

virus or even multiple viruses at the same time. As viruses can mutate and change over time, vaccine development will remain an

ongoing process. Despite the 3rd and 4th boosters, vaccine protection against Omicron infection appears weak and transient. There

is no doubt that boosters are useful, but the most important priority is to provide initial vaccines to those who have not been vacci-

nated.

The  Moderna  mRNA-1273  vaccine,  the  Pfizer-BioNtech  BNT162b2  vaccine,  the  CoronaVacTM  and  Sinopharm  COVID-19

vaccines, Russia's Sputnik V and EpiVacCorona vaccines, and AstraZeneca's ChAdOx1 vaccine are the COVID-19 vaccines that

have been approved for vaccination of priority populations under an Emergency Use Authorization (EUA) [33]. Spike protein mu-

tations have been paid to the changed antigen's potential  for immune escape and antibody resistance,  which is also the primary

goal of vaccine development [34]. In comparison to other VOCs like Alpha and Beta, the Delta variant is more transmissible and

resistant to the vaccine [35].

Vaccines  are  thought  to  decrease  ongoing  transmission  by  lowering  virus  loads.  BNT162b2  and  ChAdOx1  nCoV-19  vaccines

showed lower risk of SARS-CoV-2 transmission or viral load in the infected vaccinated patients. Injections with the later vaccines

were also associated with a lesser reduction in transmission of the Delta variant when compared to the Alpha variant [36].

The N501Y mutation,  which is  shared by Alpha,  Beta,  Gamma, and Omicron VOCs,  has been linked to increased transmission

and infection, decreased vaccine effectiveness, and decreased SARS-CoV-2's -ability to infect new species such as wild-type mice.

Another significant mutation is the P681R, which changes the furin cleavage site and has been connected to the Delta variant's in-

creased infections, transmission, and worldwide effects [37]. The spike protein domain, L452R, T478K, D614G, and P681R muta-
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tions in VOCs/VOIs especially the Delta variant decreases the antibodies binding [38]. Over 30 nonsynonymous mutations in the

spike protein of Omicron may decrease the effectiveness of antibody treatments and inhibit vaccine-induced immunity. Numer-

ous  antibodies  such  as  Etesevimab,  Bamlanivimab,  Imdevimab,  and  Casivirimab  were  discovered  not  to  be  able  to  neutralize

BA.2.75 [20]. It has been reported that N460K, R346T and K444T mutations in BQ.1 and BQ.1.1 variants and F486S mutation in

the BA.2.75.2 up regulate the neutralization resistance [9].

From July to November 2022, BA.5 subvariant predominated, and it significantly outperformed earlier variations in terms of neu-

tralization escape. The BQ.1.1 and XBB.1 variants were more resistant to the neutralization by antibody (BNT162b2) compared to

BA.5 due to R346T mutation (Table 1) [21]. EG.5 has shown an increased prevalence, growth advantage, and immune escape prop-

erties, due to mutation over the old Omicron known as F456L (Table 1). Mutation supports their spread more than other virus si-

blings (https://www.who.int/emergencies/overview/tracking-SARS-CoV-2-variants). The CDC risk assessment stated that BA.2.86

may  be  more  capable  of  causing  infection  in  people  who  have  previously  been  infected  by  SARS-CoV-2  or  who  have  received

COVID-19 vaccines (https://www.medicalnewstoday.com/articles/what-to-know-about-the-new-covid-19-strain-known-as-arctu-

rus).

Restrictions in Relation to New Variants Emergence

To limit the spread of the virus regardless of variants, many countries implemented various restrictions and protective measures to

slow the spread of the virus. These included mask-wearing, physical distancing, quarantine and isolation protocols, PCR testing,

cancellation of public events and gatherings, and travel restrictions remain crucial in controlling the spread of the virus and miti-

gating the impact of variants [39]. These measures were indeed effective in reducing the spread of the virus and mitigating the im-

pact of the first wave. The WHO and various governments lifted some restrictions in response to improving conditions.

Continued monitoring of infections, transparency in reporting cases, hospital admissions, and deaths, and robust surveillance of

new variants are crucial to responding effectively to the evolving situation. Widespread vaccination remains one of the most effec-

tive  tools  in  controlling  the  pandemic.  Encouraging  vaccination  and  ensuring  equitable  access  to  vaccines  are  critical  steps  in

achieving herd immunity and reducing the severity of the disease. Information sharing, vaccine distribution, and collaborative ef-

forts in research and development are vital to address the ongoing challenges posed by COVID-19 and potential future pandemics.

Table 1: Features of the new variant of concern (VOC) (Omicron: BA.1) and its sub-lineages (BA.1.1, BA.2, BA.32, A.4 and BA. 5)

Lineage Name Origin Date Spike mutations Mutation and
pathogenicity

Vaccine
efficiency

B.1.1.7 Alpha UK Late 2020 [3] 7 Mutations: N501Y, A570D, D614G, P681H, T716I, S982A,
D1118H.2 Deletions: H69-V70del, Y144del.

N501Y, D614G,
and P681H
negatively

influence viral
transmission and

N501Y.P681H
reduce vaccine
neutralization

[37].

Neutralization by
Moderna and

Novavax but their
efficiencies

slightly decrease
than common
variant [40].

Reducing vaccine
efficacy by N501Y

mutations [37]

B.1.617.2 Delta India October
2020

7 Mutations: T19R, G142D, L452R, T478K, D614G, P681R, and
D950N2 Delations: del157/158 [13].

Increasing
transmissibility

due to mutations
as D614G,

L452R, P681R,
and T478K in the

S-protein [13].

Reduction of
vaccine efficiency

against
BNT162b2

(Pfizer-bioNTech)
and ChAdOx-1
(AstraZeneca)

vaccines
comparing with
Wuhan-1 wild

type and B.1.1.7
[37].

B.1.351 Beta South
Africa

October
2020

9 Mutations: L18F, D80A, D215G, R246I, K417N,
E484K, N501Y, D614G, A701V.1 Deletion: LAL 242-244 del [10].

K417N, E484K,
and N501Y
increase the

receptor binding
and transmission

[10].

Containing
501Y.V2 in spike
protein escapes

from
neutralization by

BioNTech and
Moderna [41].
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P.1 Gamma Japan/
Brazil

January 2021
[5]

12 Mutations: L18F, T20N, P26S, D138Y, R190S, K417T, E484K,
N501Y, D614G, H655Y, T1027I, V1176F [10].

Sharing three
mutations

(K417N, E484K,
and N501Y) with
Beta variant [10].

Having
N501Y like Alpha
and Beta variants

[37].

B.1.1.529 (or BA.1) (including all
BA lineages. Omicron South

Africa Nov. 2021

30 Mutations: A67V, T95I, Y145D, L212I, G339D, S371L, S373P,
S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R,

G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K,
P681H, N764K, D796Y, N856K, Q954H, N969K, and L981F.3

Deletions: H69/V70, G142/V143/Y144 and N211 [13].

N440K, T478K,
and N501Y cause

higher
transmission

[19].

Mutations in
RBD: K417N,
E484A, and
Y505H have

negative effect on
the antibody

interaction [19].

BA.1.1 Omicron South
Africa, Dec. 2021

Identical spike mutations in the five lineages (G142D, G339D,
S373P, S375F, K417N, N440K, S477N, T478K, E484A, Q498R,

N501Y, Y505H, D614G, H655Y, N679K, P681H, N764K, D796Y,
Q954H, N969K) [16].

Mutations in
BA1, BA1.1

Y505H, N786K,
T95I, N211I,

N856K, V213R,
N501Y and

Q498R [16, 17]
and R346K in the

spike protein
increase

pathogenicity
[16].

L452Q, L452R
and F486V spike

mutations in
BA.1 escape

antibody
neutralization.

BA.2Including(BA.2.75,BA.2.3.20,
XBB) Omicron

BA.2:
South
Africa,

BA.2: Dec.
2021.

BA.2:S371F, D405N, T376A, D405N, R408S, V213G G142D,
PPA25-27De T19I [42].

G142D mutation
escaping binding
with mAbs [42].

BA.2.75 BA 2 sub-var. Omicron BA.2.75:
India

BA.2.75:
January 2022

[18]

9 Mutations BA.2.75: K147E, W152R, F157L, I210V, G257S,
G339H, G446S, N460K, and R493Q [18].

BA.2.75 contains
K147E, W152R,
F157L, I210V,

G257S, G339H,
G446S, N460K,

and R493Q
arising immune

escape
[18].BA.2.75.2
sub-var. with

F486S mutation
resisting

neutralization by
class I and II

antibodies. R346T
and K444T

mutations escape
from the

neutralization by
class III antibody

[9]. It also
contains R346T
that enhances its
immune escape
[22]. BA.2.75.2:

escaping immune
recognition by
R346T, F486S,
and D1199N

mutations [22].

BA.2.12.1 BA 2 sub-var. Omicron BA.2.12.1:
USA, Dec. 2021 Key mutations are L452Q and S704L

L452Q and S704L
facilitate escape
from antibodies.

XBB BA 2 sub-var. Omicron XBB:
USA

Late
2022,XBB.1.6

Jan 2023

Recombinant of BA.2.10.1 and BA.2.75 sublineages, i.e. BJ.1 and
BM.1.1.1XBB.1 + S:E180V, S:K478R and S:F486P

XBB1.5: F486P
and G225V

mutations greatly
enhance receptor

binding and
infection

[24].XBB1.6:
E180V, T478R,

F486P

XBB1.5: F486P
causes reduction

in immune
escaping [43].

BA.3 Omicron
BA 3:
South
Africa

Nov. 2021
BA.3: shares BA1 mutations including (A67V, H69del, V70del,

T95I, V143del, Y144del, Y145del, N211I, L212del, and G446S; two
(S371F and D405N) mutations from BA.2

BA3: G496S
increases the

binding to
ACE-2 [17],

BA.4(BA.4.6) Omicron
BA 4:
South
Africa

BA 4:
January 2022

BA.4 contains
D405N and

F486V mutations
showing narrow
neutralization
breadths [44].

BA.5Including (BQ.1, BQ1.1,
BF7, BF14) Omicron

BA 5:
South
Africa

BA 5: Feb.
2022

BA.5 contains
D405N and

F486V mutations
showing narrow
neutralization
breadths [44].
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BQ 1 BA 5 sub-var. Omicron BQ.1;
Nigeria

BQ.1: July
2022

BQ.1: Key
mutations are

K444T and
N460K, which

reduce
neutralization
sensitivity by
Moderna and

Pfizer [9].

BF 7 BA 5 sub-var. Omicron BF7:
China

BF7: late
2022

BF7: R346T spike
protein mutation

enhances
antibody evasion

[44].

EG.5EG5.1 XBB.1.9.2Sub-var.Omicron“Eris” EG5.1:July
2023

XBB.1.9.2 + S: F456LIncludes EG.5.1: EG.5 + S:
Q52H(https://www.ecdc.europa.eu/en/covid-19/variants-concern).

F456L, N460K,
S486P, F490S.

F456L mutation
helps them spread
more than other

virus siblings.

BA.2.86 BA.2. Sub-var. Omicron "Pirola" August 2023 36 Spike protein mutations, relative to putative ancestor
BA.2.(https://www.ecdc.europa.eu/en/covid-19/variants-concern).

Mutations:I332V,
D339H, R403K,
V445H, G446S,
N450D, L452W,
N481K, 483del,

E484K, and
F486P.

Future Expectations

With the continuous evolution of the virus variants, expectations of variants occurrence, development of treatments, and vaccina-

tions strategies will continue. Here are some future expectations based on the trends and knowledge available at the time:

On the Level of Vaccination Strategies: It is expected that efforts to vaccinate populations worldwide will continue and expand.

Vaccines still provide strong protection against severe diseases and hospitalization, making it crucial for countries to continue in-

creasing vaccine coverage in order to reach a point of herd immunity that reduces the spread of the virus [33]. Some variants have

led to concerns about vaccine efficacy; the Delta variant led to breakthrough infections in vaccinated individuals. Vaccine manufac-

turers have been working on adapting vaccines to addressing the evolving variants. Booster shots and modified vaccine formula-

tions may be developed to enhance protection against new variants [45]. We also expected that new variants would continue to ap-

pear since viruses can mutate easily and change over time, and hence increased transmission throughout the world. Therefore, re-

search for vaccine development is ongoing, and additional boosters might be recommended when necessary. Scientists are still de-

veloping new COVID-19 vaccines, including those that offer improved efficacy, be more accessible, multivalent, or target emerg-

ing variants. Addressing vaccine hesitancy and increasing vaccine acceptance remains a significant challenge. Public health cam-

paigns and educational efforts are expected to continue.

On the Level of Treatments: Research and development efforts are ongoing to create effective antiviral medications specifically de-

signed to treat COVID-19 [46]. These treatments might help reduce the severity and duration of the illness. Monoclonal antibody

therapies were authorized for emergency use in some countries to treat COVID-19, and their availability and effectiveness were ex-

pected to improve with further research and development [47]. Some treatments that were developed involved combinations of an-

tiviral drugs, monoclonal antibodies, and other medications to target the virus [48]. Due to the emergence of new variants, the an-

tiviral drugs may not be effective, leading to new wave of virus infection. Therefore, new antiviral agents may be needed or combi-

nation of antiviral drugs with monoclonal antibodies. As more was learned about the long-term effects of COVID-19, there was an

expectation that healthcare providers would develop better strategies for managing and treating "long COVID" symptoms.

Long-COVID-19: While many people with COVID-19 recover within few weeks, some individuals, including those with mild or

asymptomatic cases, continue to experience a variety of symptoms that can significantly impact their quality of life [49]. Long

COVID-19 symptoms are characterized by a wide range of symptoms including fatigue, shortness of breath, chest pain, brain fog,

difficulty concentrating, joint pain, headaches, loss of taste or smell, and heart palpitations [49]. These symptoms affect various sys-

tems in the body, including the respiratory, cardiovascular, neurological, and gastrointestinal systems. Long COVID-19 can affect

individuals of all ages and can occur even in people who had mild or asymptomatic COVID-19 [49]. However, it appears to be
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more common in individuals who had a more severe acute phase of the disease. There is no specific test for Long COVID-19, and

it is largely a clinical diagnosis. Managing Long COVID-19 can be challenging, as there is no specific treatment, but may focus on

relieving specific symptoms and improving the patient's quality of life. This may include medications, physical therapy, and men-

tal health support [50]. Vaccination against COVID-19 is strongly recommended as it significantly reduces the risk of infection

and its potential long-term consequences [50]. Vaccination has been shown to be effective at preventing severe illness and hospital-

ization.

Finally, ongoing research and clinical trials are crucial to identify new treatments and refine existing ones based on real-world data

and patient outcomes.  It's  essential  to note that the availability and effectiveness of treatments and vaccines may vary by region

and be subject to regulatory approvals and changes in public health guidance. The situation with COVID-19 continues to evolve,

and the best  source for up-to-date information on treatments and vaccinations is  health authorities  like the WHO and the U.S.

CDC.

Conclusion

It is crucial that countries worldwide take steps to prevent the spread of SARS-CoV-2. This mainly includes vaccination, which has

proven effective in the prevention of transmission. It's important to investigate and understand the origin, pathogenesis, and treat-

ment of the virus. Several key challenges remain, including vaccine hesitancy, and mutations of the virus. Addressing vaccine hesi-

tancy through education, transparency, and community engagement is essential. SARS-CoV-2 vaccines were developed relatively

late in the pandemic, but they remain valuable tools for controlling subsequent waves and preparing for future outbreaks. This pan-

demic and implemented prevention strategies provide a foundation for dealing with seasonal variations or potential future pan-

demics and encourage the global health organizations to implement effective response for future health crises.
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