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SUMMARY
In December 2019, the severe acute respiratory syndrome 2 (SARS-CoV-2) coronavirus outbreak began in
Wuhan, China, and quickly spread to practically every
corner of the globe, killing millions of people. SARSCoV-2 produced numerous variants, five of which
have been identified as variants of concern (VOC) by
the World Health Organization (WHO) (Alpha, Beta,
Gamma, Delta, and Omicron). We conducted a comparative epidemiological analysis of SARS-CoV-2 and
its VOC in this paper. We compared the effects of vari-

n INTRODUCTION

S

ARS-CoV-2 is a virus that engendered COVID-19, which evolved from the SARS-CoV
wild-type virus. Several novel variations developed during the COVID-19 pandemic, some of
which are known as Variants of Concern (VOC).
VOCs are classified as Alpha (B.1.1.7), Beta (B.1.351),
Gamma (P.1), Delta (B.1.617.2), and Omicron
(B.1.1.529) by WHO [1]. These five SARS-CoV-2
VOCs have a substantial level of pathogenicity
and transmissibility. New SARS-CoV-2 variants
widely recognized as variations of interest (VOI)
have been determined based on their transmissibility, severity of sickness, diagnostic escape, and
immunological escape.

Corresponding author
Aqeel Ahmad
Email: aqeelbiochem@gmail.com;
draqeel@su.edu.sa

ous spike (S) protein mutations in SARS-CoV-2 and its
VOC on transmissibility, illness severity, hospitalization risk, fatality rate, immunological evasion, and
vaccine efficacy in this review. We also looked into the
clinical characteristics of patients infected with SARSCoV-2 and its VOC.
Keywords: SARS‑CoV‑2, variants of concern, COVID-19, epidemiology, genetic mutation.

Over the outbreak of COVID-19, SARS-CoV-2 experiences genetic mutations in the virus’s S protein and RBD region, altering various characteristics of the virus, including transmission rate,
pathogenicity, immune evasion, and testing failure, and vaccine efficacy. SARS-CoV-2, for example, which developed from the wild strain SARSCoV by a single mutation (D614G), demonstrated
enhanced transmission rate but decreased illness
severity [2]. Furthermore, compared to SARSCoV-2 and its VOC, the recent novel VOC Omicron contained many changes in the S and RBD
area, resulting in a very high transmission rate
and a relatively mild illness severity [3]. Fever,
cough, myalgia (tiredness), diarrhea, sputum production, headache, dyspnea, rhinorrhea, nausea,
sneezing, and sore throat are all symptoms of genetic alterations in the virus.
SARS-CoV-2 and its VOCs are the subjects of this
narrative review. We found the information for this
review by searching Google, Google Scholar, PubMed, and Scopus for phrases like SARS-CoV-2,
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Variants of Concern, COVID-19, Epidemiology of
COVID-19, Genetic Mutation in SARS-CoV-2,
COVID-19 vaccinations, and clinical characteristics of COVID-19.
We conducted a detailed comparative investigation of the epidemiology of SARS-CoV-2 and its
VOC in this paper. We’ve also gone through the
consequences of mutation on their biological roles
in SARS-CoV-2 and VOC in great depth. Furthermore, we conducted a comparative investigation
of clinical symptoms in SARS-CoV-2 and its VOC
affected patients.
n GENETIC MUTATIONS AND THEIR EFFECTS
SARS-CoV and SARS-CoV-2 are Beta-coronaviruses that comprise single-strand RNA. The analysis indicated that coronavirus has the biggest
genome of all RNA viruses and has a high G and
C concentration. Spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins are the

four types of structural proteins found in them.
The coronavirus produces various variants and
sub-variants as a result of genetic mutation. We’ve
covered the most crucial aspects of VOC in this
section.
n SARS-CoV-2
SARS-CoV-2 corresponds to the beta-coronavirus
2B lineage [4]. It differs from SARS-CoV in that it
shares 79.5% of its sequence with this virus. Scientists ascertained the genetic sequences of multiple
coronaviruses to SARS-CoV-2 and deduced that
they are 96% identical to BatCov RaTG13. Based
on these findings, several researchers hypothesized that SARS-CoV-2 is a bat-borne virus that
spontaneously evolved from the coronavirus
strain BatCov RaTG13. SARS-CoV-2 has a spherical form and a genomic size of 29.9 kb. It contains
single-strand positive RNA (+ssRNA) [5]. The
ORF1ab polyprotein encoding 16 non-structural
Figure 1 - An illustration showing
different proteins, RNA and envelope of the SARS-CoV-2 (Panel
A) and the various functional domains in the S protein (Panel B).
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protein (nsp1)16 is found at the 5 end of this genome, accounting for around 66.6% of the genome. The three end sides, on the other hand, encode all four critical proteins: the S protein, the
nucleocapsid (N) protein, the membrane (M) protein, and the envelope (E) protein [6]. The genome
is encircled by capsid, which is made up of N protein, and the entire thing is further coated by three
structural proteins, M, S, and E (Figure 1) [6].
SARS-CoV-2 S is a transmembrane glycoprotein
that has been leveraged in the development of
vaccines and antiviral therapeutics. S glycoprotein is a homotrimer that aids in viral attachment
and cellular internalization into host cells [7]. HR1
and HR2 combine to create a 6-helical bundle (6HB) that aids membrane fusing. The RBD (Arg319Phe541) binds to the human ACE2 receptor
and facilitates entrance into host cells [8]. The
RBD has a significant number of binding sites for
human ACE2 receptors in a section known as the
receptor-binding motif (RBM, (437-508 aa)) (Fig-

ure 1) [9]. The furin cleavage site, which is missing in SARS-CoV and is placed between S1 and
S2, has four essential amino acids, the PRRA sequence (P681, R682, R683, and A684), which aid
viral entrance into host cells and is one of the reasons for SARS-high CoV-2’s virulence [10]. They
serve a decisive part in the replication and pathogenesis of SARS-CoV-2 [11].
Notably in the literature SARS-CoV-2 (Wuhan
strain) has only one mutation, D614G, which is
placed on the (Carboxy) C-end of the S1 protein
(Table 1) [2]. The aspartic acid amino acid was
substituted by glycine in this single mutation,
which altered the behavior of SARS-CoV-2 in a
variety of ways [2]. SARS-CoV-2 transmission, for
example, has increased several times, and viruses
have been observed to contain significant viral
loads and infectivity in many COVID-19 patients,
although the current evidence shows that it does
not affect disease severity [12].
Gram et al. in Denmark recently found that after

Table 1 - Genetic mutations in the S protein of SARS-CoV-2 and its variants of concern (VOC), as well as their consequences.
SARS-CoV2
(Wuhan strain)
Lineage

Total mutations
in spike protein

1(D614G)

Alpha variant

Beta

Gamma

Delta

Omicron

References

B.1.1.7

B.1.351

P.1

B.1.617.2

B.1.1.529

[1, 5, 6, 20, 28,
32, 38, 45, 61,
62, 64]

9 (ΔH69-V70 10 (L18F, D80A,
12 (L18F,
17
39 (A67V,
deletion,
D215G,Δ242-244, T20N, P26S, (T19R,V70F,G142D, H69del, V70del,
ΔY144
R246I, K417N,
D138Y,
156del, 157del,
T95I, G142del,
deletion,
E484K, N501Y, R190S, K417T, R158G, Δ213-214,
V143del,
N501Y, A570D,
D614G, and
E484K,
A222V, W258L,
Y144del,
D614G,P681H,
A701V)
N501Y,
K417N, L452R,
Y145D,
T716I, S982A,
D614G,
T478K,
N211del,
D1118H)
H655Y,
E484Q,
L212I, ins214E,
T1027I, and
D614G, P681R,
ins215P,
V1176F)
D950N, T95I)
ins216E,
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, L981F

[2, 3, 8-10,
20-22, 32, 33,
37, 38, 45]

Continue >>>

SARS CoV 2 and its variants of concern 331

Continue >>>
SARS-CoV2
(Wuhan strain)

Alpha variant

Beta

Gamma

Delta

Omicron

References

Mutations
in NTD
(14–305 aa)

0

2 (Δ69-70
deletion,
Δ144 deletion)

5 (L18F, D80A,
D215G,
Δ242-244. R246I)

5 (L18F,
T20N, P26S,
D138Y,
R190S)

9 (T19R, V700F,
G142D, 156del,
157del, R158G,
A222V, W258L,
Δ213-214)

Mutation
in RBD region
(319–541 aa)

0

1 (N501Y)

3 (K417, E484K,
N501Y)

3 (K417T,
E484K,
N501Y)

4 (K417N, L452R,
T478K, E484K)

Common
mutations in
NTD (14–305aa)

–

Δ69-70
deletion,
Δ144 deletion

L18F

L18F

–

Common
Mutation
in RBD region
(319–541 aa)

–

N501Y

N501Y, E484K

K417N,
E484K
N501Y,

K417N,T478K,
E484K

K417N. T478K,
E484K, N501Y

[2, 3, 8, 9, 22,
28, 37, 38, 45]

Mutations in FCS
(681PRRAR 685)

–

P681H

–

–

P681H

P681H

[10, 11, 33, 37,
38, 45]

Binding affinity
with human
ACE2

Increased

Increased

Increased

Increased

Increased

Decreased

[8, 22, 32, 33,
34, 39, 40]

Impact on
transmissibility

Increased

Increased

Increased

Increased

Increased

Increased

[24, 25, 30, 32,
33, 62, 63,69]

Disease severity

Not increased
compared to
SARS-CoV

Increased

Increased

Increased

Increased

Reduced

[12, 34, 38, 46,
47, 66, 69]

Impact on
infectivity

Increased
compared to
SARS-CoV

Increased

Increased

Increased

Increased

Increased

[34, 38, 46, 47,
66, 69]

Hospitalization
Risk

Increased

Increased

Increased

Increased

Increased

Reduced

[28, 29, 35, 61,
64, 66, 69]

Mortality rate

Increased

Increased

Increased

Increased

Increased

Reduced

[28, 29, 61, 64,
66, 69]

–

Yes

No

–

Yes

Yes

[2, 23, 29, 60]

Immune escape

Yes

Yes

Yes

Yes

Yes

[1, 23, 34,
41, 51]

Impact
on effectiveness
of vaccine

96% (PfizeBioNTech)

No significant
changes

No significant
changes

No significant
changes

Little change

[13, 14, 15, 16,
17, 18, 19, 26,
27, 36, 38, 42,
43, 44, 48-50]

Testing kit
failure

No significant
changes

13 (A67V,
[2, 3, 5, 6, 8-10,
H69del, V70del, 20-22, 32, 33,
T95I, G142del,
37, 38, 45]
V143del,
Y144del,
Y145D,
N211del,
L212I, ins214E,
ins215P,
ins216E)
15 (G339D,
S371L, S373P,
S375F, K417N,
N440K, G446S,
S477N, T478K,
E484A, Q493R,
G496S, Q498R,
N501Y, Y505H,)

[2, 3, 8, 9, 22,
28, 37, 38, 45]

H69del, V70del, [2, 3, 5, 6, 8-10,
Y144del
20-22, 32, 33,
37, 38, 45]
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14 days, vaccination efficiency was 88% after taking ChAdOx1 nCov-19 (AstraZeneca) as the first
dose and mRNA vaccine as the subsequent dose
[13]. According to research conducted by
Chadeau-Hyam et al. in England, vaccination effectiveness against COVID-19 infection after the
second dosage was 44.8%, 71.3%, and 75.1% for
AstraZeneca, Pfizer–BioNTech vaccine, and Moderna vaccine, respectively [14]. After the second
dosage, according to a study conducted in Qatar,
the Pfizer-BioNTech vaccine had 96% effectiveness against any severe, fatal, or critical instances
of COVID-19 infection [15]. The vaccine efficacy
of the Pfizer-BioNTech vaccine was also tested in
children aged 5 to 11, and it was observed that
two doses of vaccination had a 90.7% vaccine efficacy [16]. In a US health-care trial, Pfizer-BioNTech vaccine and Moderna vaccine exhibited
77.6% and 88.9% vaccine efficacy, respectively, after partial vaccination. Furthermore, following
full vaccination, vaccine effectiveness for the Pfizer-
BioNTech vaccine and the Moderna vaccine was
88.8% and 96.3%, respectively [17]. The Pfizer-BioNTech vaccine’s booster dosage (third dose) is
critical for protecting against COVID-19 illness.
This vaccine has a 93% vaccination effectiveness

for hospital admission, 92% for severe illness, and
81% for mortality due to COVID-19 after a booster dose [18]. Furthermore, another study showed
that people with COVID-19 benefit from the third
dosage. The vaccination effectiveness was 92.9%
crude and 89.1% adjusted, according to the data
[19].
Alpha variant (B.1.1.7)
It was originally recognized in the UK on September 20, 2020, and swiftly spread to other parts of
the entire planet. The WHO classified it as a
SARS-CoV-2 VOC. SARS-CoV-2 contains just one
mutation (D614G mutation), however, the alpha
version has a total of 23 mutations [20] (Figure 2).
According to published data, 14 of these mutations are non-synonymous, whereas the remainder is synonymous [20]. Non-synonymous substitutions are nucleotide mutations that change the
amino acid sequence of a protein. A synonymous
substitution, on the other hand, is a nucleotide replacement that does not modify the amino acid in
the protein. Alterations in the S protein of the virus account for more than 47% of the changes in
the alpha form. The findings revealed that the S
region of the viral protein has around 9 mutations

Figure 2 - A diagram showing the different genetic mutation in SARS-CoV-2 and its variants of concern (VOC).
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[20, 21]. The most important mutations in this
variation are N501Y, P681H, and D614G, which
alter biological processes (Table 1) [20]. The N501Y
mutation in the RBD region boosts viral binding
to the ACE2 receptor of host cells, whereas the
P681H mutation increases virus transmission rate
[22]. Another relevant mutation is H69-V70del,
which causes immune escape and failure of test
kits in this version [23].
According to the literature, this virus has a transmission rate of 40-50% and a faster development
rate than the parent virus SARS-CoV-2 [24]. In the
case of this variety, there is a substantial danger of
death [25]. In this version, the probability of hospitalization and the financial burden on the
healthcare system rose. According to the findings,
there isn’t much of an influence on vaccine effectiveness against this variation. The vaccine effectiveness of the second dosage of BNT162b2 (Pfizer-
BioNTech) and AstraZeneca against this variation
was 93.7% and 74.5%, respectively [26]. Another
study found that the Moderna vaccine effectiveness in this form was 100% after the second dosage [15]. Furthermore, according to Elisabeth Mahase’s research, Novavax vaccination efficacy
against this variation was 86% [27].
Beta variant (B.1.351)
On December 18, 2020, the beta form was identified in South Africa for the first time, and it quickly spread to other regions of the country. The beta
version of SARS-CoV-2 has 12 non-synonymous
and one deletion gene in contrast to SARS-CoV-2
(Figure 2). The beta variant has nine mutations in
the S protein, accounting for around 77% of the
total alterations, three of which are in the RBD
area (K417N, E484K, and N501Y). E484K and
K417N mutations boost viral binding to human
ACE2, comparable to the N501Y mutation discovered in the alpha form (Table 1). According to the
findings, the mutation increases the likelihood of
hospitalization and ICU admission [28]. Arena et
al. found that these mutations did not influence
the RT-PCR test used to diagnose COVID-19
illness in patients who were infected with the beta
version [29]. According to one study, the beta variation was 50% more transmissible than the parent virus [30].
Several vaccines were shown to be effective
against this variation. In verified beta variant infected patients, the second dose of BNT162b2

(Pfizer-BioNTech) showed 72% vaccine effectiveness and 100% vaccine effectiveness against
symptomatic patients [31]. Chemaitelly et al.
found that the Moderna vaccine had vaccine effectiveness of 96.4% against the beta variant [15].
Gamma variant (P.1 or B.1.1.28.1)
It was identified in Brazil in December 2020, and
it has 17 non-synonymous mutations and 4 synonymous mutations [32]. The S protein has a profound number of mutations (Figure 2). The mutation N501Y is found in all three variations, while
the Beta variants have mutations L18F, K417T,
E484K, and D614G (Table 1). Three mutations
have been discovered in the RBD area. These mutations improved the binding affinity of human
ACE2 as well as the transmission rate [32, 33]. Immune escape, viral load, and virus reinfection are
all increased by the mutation [34]. According to
the statistics, this variation causes a rapid increase
in cases in Brazil, which leads to higher hospitalization, infectiousness, and illness severity [35]. In
patients infected with the gamma form, the Moderna COVID-19 vaccine effectiveness was shown
to be 77% [36].
Delta variant (B.1.617.2)
In October 2020, the delta version was discovered
in the Indian state of Maharashtra, and it quickly
spread to other areas of the world. It possesses 17
mutations, including four changes in the RBD of
the S protein region (K417N, L452R, T478K,
E484K) and two amino acid deletions in the S1
subunit of S protein (E156del, F157del) [37] (Figure 2 and Table 1). The D614G mutation, in which
aspartic acid is substituted by glycine at the C-terminus and was also discovered in other variations
such as Alpha, Beta, and Gamma, improves the
virus’s infectivity [38]. Another key mutation,
L452R, improves the virus’s binding to the ACE2
receptor, increasing the rate of transmission
[39,40]. The increasing data suggested that these
changes are responsible for the virus variants’ immunological escape [41].
According to Bruxvoort et al., the (mRNA-1273)
Moderna COVID-19 vaccine was 86.7% effective
in patients infected with the delta version and
98.4% effective in patients infected with the alpha
form [42]. The other research found that the Pfizer-BioNTech COVID-19 vaccination (BNT162b2)
and AstraZeneca (Chadox1n Cov-19) vaccines
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were effective in symptomatic patients infected
with the delta form at 88% and 67%, respectively
[43]. Bernal et al found that after two doses of the
AstraZeneca vaccine, the effectiveness was 67.0%
and 74.5% in alpha and delta patients, respectively [26]. Furthermore, the Pfizer-BioNTech vaccine
demonstrated 88.0% and 93.7% vaccine effectiveness in alpha and beta infected patients after two
doses, respectively [26]. In delta variant infected
patients, the BBV152 (Covaxin) vaccine achieved
65.2% vaccine effectiveness [44]. Furthermore,
Desai et al. found that Covaxin had roughly 50%
vaccination efficacy in symptomatic delta variant
patients in another research [38].
Omicron (B.1.1.529)
Most scientists and researchers are worried all
over the world because of the high number of mutations in the S proteins of the omicron variant.
Kim et al. earlier revealed that the omicron variation has roughly 39 mutations in the S protein, 27
of which are novel alterations. Among 39 mutations, 15 mutations were found in the RBD region,
which is about 38% of the total mutations of the
omicron variant [45] (Figure 2). In the case of the
delta variant, the total number of the mutation in
the RBD region is only 4, which is much less as
compared to the omicron variant. There are about
10 mutations in the Receptor Binding Motif which
is a part of the RBD region, and this part interacts
with the host ACE2 [3]. The frequency of the mutation in the RBM of S protein is 760 times higher
than the whole S gene and mutation in RBM of
Omicron is 5 times more as compared to the delta
variant [45]. The total amino acids in the S proteins of the SARS-CoV-2 variant is 1273, while in
omicron 3 amino acids are less, which is 1270. As
shown in Figure-1 RBD region is RBD 319–545,
RBM, 438-507, and NTD, is 18-305.
According to certain research, the Omicron variant exhibited a reduced capacity to bind to the
ACE2 receptor than the wild-type SARS-CoV-2.
Two key mutations in the RBD region of this variation, Q493K and Q498R, diminish the binding
affinity with the ACE2 receptor, whereas the
N501Y mutation enhances it [3]. H655Y and
N679K mutations near the furin cleavage site
speed up S cleavage and make the virus more infectious. By enhancing S protein cleavage, one
significant mutation, P681H, promotes transmissibility. These alterations resulted in a greater rate

of reinfection in previously infected SARS-CoV-2
patients, indicating that the virus is more transmissible [46]. Based on another investigation, the
Omicron variant had 13-fold the viral infectivity
of the delta version and was 2.8-fold more infectious. According to Chen et al, the Omicron form
may evade immunization twice as often as the
Delta version [47].
One crucial concern is whether the currently existing vaccines, such as AstraZeneca’s COVID-19,
Pfizer’s BioNTech, and Moderna’s COVID-19, are
effective against Omicron-infected patients. Some
preliminary research suggests that Omicron may
evade the immune system and have lower vaccination effectiveness than other variations. Muik
et al. found that after two doses of the Pfizer-BioNTech COVID-19 vaccine (BNT162b2), sera exhibited more than 22-fold lower neutralizing titers against Omicron as compared to Wuhan
pseudovirus [48]. When compared to two doses,
omicron-neutralizing titers were 23-fold higher
one month following the third immunization,
with titers equivalent to Wuhan-neutralizing titers after two doses [48]. Another study stated
that immunization effectiveness was 70% after
another dose of Pfizer-BioNTech vaccine during
the Proxy Omicron Period and 93% against hospitalization for COVID-19 during the comparator
period [49]. Furthermore, another research found
that following primary immunization, the vaccine effectiveness of the Pfizer–BioNTech and
Moderna vaccines was 55.2% and 36.7%, respectively. We currently lack data or evidence to support the effectiveness of other important vaccines
[50].
Many Omicron sub-lineages are currently accessible in numerous countries, including BA.1, BA.1.1,
BA.2, BA.4, and BA.5. Evans et al. found that the
sub-lineages BA.1 and BA.1.1 successfully evade
the immune system, which can be overcome by
administering a COVID-19 vaccination booster
dosage [51]. BA.3 has around 33 mutations, 31 of
which are shared with BA.1 and the remaining
two with BA.2 (2). Because it lacks several critical
alterations, BA.3 spreads more slowly than BA.1.
The BA.4 and BA.5 viruses were originally discovered in South Africa in 2022, and subsequently
spread around the world. These two lineages feature important mutations in the RBD area, such as
L452R, F486V, and R493Q, which allow them to
evade the immune system. On the 8th of May
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all countries [53]. The WHO coined the acronym
COVID-19, which stands for Corona Virus Disease 2019, in February 2020. On May 22, 2020, the
total number of cases and deaths, according to
WHO, were 4,995,996 and 327,821, respectively
[54]. According to John Hopkins, the total number
of cases globally was 374.75 million as of January
31, 2022, with 5.67 million deaths (https://coronavirus.jhu.edu/).
SARS-CoV-2 disseminated more swiftly than
SARS-CoV and the Middle East respiratory coronavirus. The initial instance of SARS-CoV-2 transmission into humans is thought to have been from
an animal to a person, followed by local transmission and community transmission. As we know,
the initial case was reported from a seafood market in Wuhan, China, therefore its source is likely
to be zoonotic [55] (Table 2). SARS-CoV-2 can be
conveyed from individual to individual by direct

2022, 37 percent of cases in Portugal belonged to
BA.5, and it is projected that this sublineage
would become dominant on the 22nd of May
2022. (https://www.ecdc.europa.eu/en/newsevents/epidemiological-update-sars-cov-2-omicron-sub-lineages-ba4-and-ba5). The data in this
research is only up to May 2022, and it is projected
that many additional subvariants will arise in the
days following May 2022.
n EPIDEMIOLOGY OF SARS-CoV-2
AND ITS VARIANTS OF CONCERN
COVID-19 is a pandemic illness necessitated by
the SARS-CoV-2 virus, which the WHO recognized as a pandemic on March 11, 2020 [52]. The
first COVID-19 case was discerned in Wuhan,
Hubei Province, China, in the latter weeks of December 2019, and it quickly spread to practically

Table 2 - This table depicted an epidemiological investigation of SARS-CoV2 and its variations of concern (VOC).
SARS-CoV-2
(Wuhan strain)

Alpha
variant

Beta

Gamma

Delta

Omicron

References

–

B.1.1.7

B.1.351

P.1

B.1.617.2

B.1.1.529

WHO
website

China

United
Kingdom

South Africa

Brazil,

India

Multiple
countries

WHO
website

December,
2019

September,
2020

May, 2020

November,
2020

October,
2020

November,
2020

WHO
website

3.28

2.27

–

–

5.08

–

[2, 53, 62,
70-73]

–

29%

25%

38%

97%

–

[73]

Mean Incubation
time in days

5 days

3

5 days

5 days

4 days

4 days

[74-83]

% Hospitalization

67.8%

11.0%

19.3%/20%/69.3%

20.0%

27.3%

41.3%

[61, 66, 69]

Lineage
Country first
detected
Year and month
first detected
Mean R0
% Re or Rt relative
to non-VOC

% ICU admission
% Death

42%

1.4%

2.3%/3.1%/36%

2.1%

4.9%

18.5%

[61, 66, 69]

19.7%

2.0%

5.2%/0.2%/25.5%

3.9%

0.7%

2.7%

[61, 66, 69]

Fully vaccinated patients (After 14 days of second dose)
% Hospitalization

–

–

Decreased16.3%

–

Decreased
(12.1%)

–

[64, 66]

% ICU admission

–

–

Decreased 0.0%

–

Decreased
1.1%

–

[64, 66]

% Death

–

–

Decreased 0.0%

–

Decreased
0.0%

–

[64, 66]

Decreased

Decreased

Decreased

–

Decreased

–

[84-93]

Fully vaccinated patients
Transmission
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touch, droplets, coughing, sneezing, or conversing with an infected patient [56]. The research also
revealed that it may transmit via the air by inhaling respiratory droplets from an infected individual and that the virus can survive for a long period in the air. Furthermore, there is substantial evidence that viruses may enter our bodies via aerosol through breathing [57]. One of the most important modes of SARS-CoV-2 transmission is
through the lungs. According to some accounts, it
can also be transmitted by contacting contaminated surfaces. This virus is also identified in stool
and saliva, indicating that transmission by feces
and saliva is feasible, although no cases of transmission via feces and saliva have been documented so far [56]. Because the coronavirus may be
found in water and sewage, it is assumed that it
can be transferred through these mediums as
well. However, there is very little evidence to support this assumption [58]. Although the SARSCoV-2 strain has been detected in certain animals,
there is currently insufficient data to suggest that
SARS-CoV-2 transmission through fomites,
household pets, and agricultural animals is conceivable [59]. Although viral RNA has been identified from sperm and blood donations, no cases
of SARS-CoV-2 transmission have been described
in the literature due to sexual or foodborne transmission [56]. According to a meta-analysis conducted by Kotlyar, 2.3% of newborns from COVID-19 infected women showed positive SARSCoV-2 strain verified by RT-PCR testing, showing
that vertical transmission is unlikely [60].
In September 2020, lineage B.1.1.7 (‘UK variation’),
also known as the Alpha variant, was discovered
as a novel VOC in the United Kingdom (UK) (Table 2). It later spread throughout Europe and the
rest of the world. According to a surveillance investigation, the Alpha variant was present in Belgium at 7.1% from January 4 to January 10, 2021,
and at 90.3% from May 3 to May 16, 2021 [61].
When compared to other variations, alpha variants have a transmissibility rate of more than 75%,
according to research by Leung et al. [62]. Another
study found that alpha variants have a 45% to 71%
higher probability of transmission than non-VOCs
[63]. The secondary was found to be 1.31 times
greater than other non-VOC instances in research
conducted in Canada [28]. According to the ECDC,
alpha variations had a higher percentage of hospitalization, ICU (Intensive Care Unit) admission,

and mortality than non-VOCs at 11.0%, 1.4%, and
2.0%, respectively [61]. The findings revealed that
in the alpha version, hospitalization cases at a
younger age (mean age: 63 years) are greater than
in non-VOCs (mean age: 69 years) [61].
In May 2020, the beta form (B.1.351) was discovered for the first time in South Africa. Later, it
spread to about 98 nations. It began in Nelson
Mandela Bay, South Africa, and has since spread
to practically every European country [64]. According to an article published by Nature Journal
in 2021, the effective reproduction number in
South Africa went over 1 at the end of October,
and the number of cases was thirteen thousand
per week and seven thousand fatalities per week
in the middle of July [65]. When compared to the
alpha variation, the beta variant had a greater percentage of hospitalizations (19.3%) [61]. Also, as
compared to the alpha form, the percentage of
ICU admission in hospitals and mortality was
2.3% and 5.2%, respectively [61]. According to another study conducted by Abu-Raddad and his
research group, the percentage of beta variant
hospitalizations and ICU admissions was 20%
and 3.1%, respectively [66]. According to research
conducted in Qatar, the percentages of hospitalization, ICU admission, and mortality for beta variants were 20%, 3.%, and 0.2%, respectively [66].
Hospitalization (16.3%), ICU admission (0.0%),
and mortality (0.0%) were all dramatically decreased after 14 days after getting the second dose
of immunization, according to the same study
group [64].
According to the World Health Organization, the
gamma variety was first discovered in Brazil in
November of 2020 [67]. In November 2020, there
were 75.5 cases per 100,000 people, which increased to 397 cases per 100,000 people in February 2021 in Brazil [67]. The percentage of hospitalizations in the gamma variation (P.1) was 20.0%,
which is greater than the Alpha and beta variants.
The gamma variation had a greater rate of ICU
admissions than the alpha variant, at 2.1% [61].
However, the fatality rate was 3.9%, which was
practically identical to the beta variation [61]. The
gamma variation’s transmissibility rate was 2.6
times greater than the preceding version, indicating that it was more transmissible than the alpha
and beta variants [68]. According to a study published by Faria et al., the gamma variation has 1.42.2 times greater transmission than non-gamma
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lineages. Hospitalization, ICU admission, and fatality rates were 20%, 2.1%, and 3.9%, respectively, according to the statistics [61].
According to a study published in JAMA Internal
Medicine, the percentages of hospitalization, ICU
admission, and mortality for the delta variation in
Qatar were 27.3%, 4.9%, and 0.7%, respectively
[66]. Furthermore, for the delta version, hospitalization, ICU admission, and death were 12.1%,
1.1%, and 0.0% after 14 days after second dose immunization, respectively [66].
According to a recent study, the omicron version
resulted in a considerable reduction in hospitalization and ICU admissions. The hospitalization,
ICU admission, and death rates in the first wave
(SARS-CoV-2) were 67.8%, 42 %, and 19.7%, respectively, according to this study done in South
Africa [69]. Hospitalization, ICU admission, and
death were found to be 69%, 36%, and 25.5%, respectively, during the second wave (Beta variation). Furthermore, the hospitalization, ICU admission, and mortality rates were 69.3%, 29.9%,
and 29.1%, respectively, during the third wave
(delta variation). However, there was a significant
reduction in hospitalization, ICU admission, and
mortality with the fourth wave (Omicron version)
(November 15 to December 7, 2021), which were
41.3%, 18.5%, and 2.7%, respectively [69]. SARSCoV-2 N501Y mutant strains early transmissibility evaluation in the UK, October to November
2020.
Coronavirus transmissibility is determined by the
basic reproduction number (R0), which represents
the number of new infections in an epidemic induced by the original case in a community [70]. To
put it another way, it’s the average number of secondary transmissions from a single infected individual. The effective reproduction number (Rt or
Re) is the number of infected people in a partially
susceptible population that may be infected by a
single ill individual at any given time. In other
words, the effective reproduction number (Rt,)
predicts the likelihood of an epidemic spreading
at a given period. The R0 is critical for reducing
coronavirus transmission and assessing the efficiency of public health initiatives [71]. An R0 value of less than one implies that coronavirus transmission or new infections are diminishing, and
the outbreak will be over shortly. Furthermore, if
R0 is greater than 1, infections are more likely to
proliferate, making it difficult to control a pan-

demic/epidemic in this condition. The R0 value
for SARS-CoV-2 pertaining to the WHO is 1.4 to
2.5, with an average of 1.95, although according to
another study, the mean R0 value for SARS-CoV-2
is 3.28 [72]. All five VOCs (Alpha, Beta, Gamma,
Delta and Omicron) demonstrated a better Rt
than SARS-CoV-2. According to the research, Delta variant Rt is extremely high when compared to
other VOCs. Campbell et al found that the mean
Rt of VOCs was 29%, 25%, 38%, and 97% for Alpha, Beta, gamma, and delta, respectively [73].
However, the Rt value of the omicron version is
unknown at this time. According to certain research, the R0 of the alpha variant was 75-78%,
and the Rt was 1.1-2.8 [62]. According to research
done by Pan et in Wuhan, China, the Rt value was
3.82 during the early stages of the outbreak (January 24, 2020). When severe public health actions
were implemented, the cases began to decline,
and Rt reached 1.0 (February 6, 2020), before falling further in the following days to less than 0.3
(March 1, 2020) [70, 71].
The incubation period is defined as the interval
between exposure and the development of symptoms. SARS-CoV-2 has a median incubation time
of 5.7 days, with some studies claiming it to be 5.4
days (range 2-14) days [74, 75]. According to
Dhouib et al’s meta-analysis, the average incubation period was 6.2 days [76]. According to Feng
and his colleagues, the average incubation time of
SARS-CoV-2 was 5.2 days [77]. Severe acute respiratory syndrome (SARS) had a mean incubation
time of 5 days (range 2-10 days) in Canada in
2003, according to studies [78]. According to certain research, the mean incubation time of MERSCoV in South Korea (6.9 days) was longer than in
Saudi Arabia (5.0 days), and the overall mean incubation period was 5-7 days (range, 2-14 days)
[79, 80]. In comparison to the wild strain (5 days),
the average incubation time of the alpha variant
was shorter (3 days) [81]. According to Grant et al.
in 2021, the incubation period for the delta variation was about 4 days, whereas the incubation period for the beta and gamma variants was around
5 days [82]. In the S gene target failure (SGTF) instances involving the omicron variation (BA.1),
the average incubation duration was around 3.2
days [83].
Several investigations were conducted to examine how vaccinations affected SARS-CoV-2 and
VOC transmission. Many studies in the literature
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have found that viral loads in vaccinated patients
are lower (high Ct value) than in unprotected
ones. According to research by Hsu et al., the rate
of transmission in vaccinated patients was three
times lower than in unprotected patients [84].
They discovered that Ct values in vaccinated patients were much greater than in unvaccinated
people. According to recent data, virus loads in
fully vaccinated persons were lower than in unvaccinated people, indicating a lower transmission rate in vaccinated patients [85]. Two doses of
the Pfizer vaccine, according to research done in
Israel, dramatically limit transmission among
household contacts [86]. In a separate trial conducted in England, home transmissions were decreased by 40 to 50% in vaccinated patients [87].
The second research was conducted in Denmark,
which found a 42% decrease in transmission of
the delta variation [88]. More data advocates that
immunization lowers the rate of COVID-19 transmission in patients. The Ct value was high after
12-37 days after the first dose of vaccination, indicating a decreased virus load and transmission
rate [89]. From August to September 2021, research in the Netherlands found that two doses of
vaccination were effective against transmission
by 40% [90]. A study conducted by Eyre et al.
showed that vaccination significantly reduced the
transmission of alpha and beta variants [91]. The
findings revealed that index patients with alpha
and beta variants injected with the second dose
vaccination had higher Ct values (lower viral
load), indicating a lower transmission rate [91].
However, as compared to the alpha form, the delta variant had a lower Ct value, indicating that it
had a greater transmission rate [91].
n CLINICAL FEATURES OF COVID-19
AND ITS VARIANTS OF CONCERN
COVID-19 symptoms began to manifest after incubation period of the virus. Research conducted
by Huang et al, which was published in the Lancet journal in 2020, indicated that the majority of
patients who had COVID-19 were men (73%),
with the remainder being female [92]. The total
number of patients in this research, both male and
female, was 41. The most prevalent symptoms of
COVID-19 are fever (98%), cough (76%), and myalgia or tiredness (44%). Sputum production
(28%) was the least prevalent symptom, followed

by headache (8%), hemoptysis (5%), and diarrhea
(3%). About 55% of the patients exhibited dyspnea, and 63% of the patients had lymphopenia.
The chest CT revealed pneumonia in every single
one of the 41 patients (100%). Hypoxemia is some
of the additional symptoms. Many respiratory-related clinical symptoms, such as rhinorrhea, nausea, sneezing, sore throat, acute cardiac damage,
and acute respiratory distress syndrome, were
also observed with COVID-19 infection [93]. A
33-year-old woman’s CT scan revealed several
ground-glass opacities in both lungs [92]. COVID-19 individuals experienced leucopenia and
lymphopenia, according to blood tests. The D-dimer and prothrombin time of patients admitted to
the ICU were greater. Furthermore, aspartate aminotransferase and troponin I (hs-cTnI) levels were
elevated in roughly 37% and 12% of patients, respectively [92].
Another research with a larger sample size found
that patients with wild-type COVID-19 had
cough, fever, and exhaustion in 83%, 81%, and
38% of cases, respectively [94]. Furthermore, expectoration, chest discomfort, diarrhea, dyspnea,
stomach pain, and vomiting were reported in
17%, 19%, 14%, 14%, 13%, and 11% of patients, respectively. In this investigation, however, no patients with COVID-19 wild type were identified to
have a throat infection. Cough, fever, and weariness were seen in 50%, 36%, and 23% of delta-infected patients respectively. Expectoration, sore
throat, chest discomfort, diarrhea, dyspnea, stomach pain, and vomiting were reported in approximately 12%, 25%, 2%, 12%, 25%, 2%, 7%, 1%, 1%,
and 1% of patients infected with the delta variant,
respectively [94].
In Singapore, 829 patients took part in research to
learn more about the clinical aspects of SARSCoV-2 and their variants of concerns [95]. According to the statistics, patients with SARS-CoV-2 infection had a fever, cough, dyspnea, sore throat,
and nasal congestion/or rhinorrhea in 69%, 64%,
11%, 41%, and 32%, respectively. In addition, approximately 38% developed pneumonia, 11% required additional oxygen, 6% required ICU hospitalization, and 1% of SARS-CoV-2 infected patients died. Fever, cough, dyspnea, sore throat,
nasal congestion, and/or rhinorrhea were reported by 58%, 49%, 5%, 26%, and 19% of Alpha variant infected individuals, respectively. Furthermore, around 16% got pneumonia, 5% required
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additional oxygen, 4% required ICU hospitalization, and no Alpha-infected patients died [95]. Fever, cough, dyspnea, sore throat, nasal congestion,
and/or rhinorrhea were seen in 42%, 30%, 3%,
18%, and 18% of Beta variant infected patients, respectively [95]. In addition, roughly 9% of patients got pneumonia, 3% required additional oxygen, 0% required ICU care, and none of the Alpha-infected patients died. Fever, cough, dyspnea, sore throat, nasal congestion, and/or rhinorrhea were seen in 72%, 46%, 19%, 34%, and 16% of
Delta variant infected patients, respectively [95].
In addition, almost 49% got pneumonia, 28% required additional oxygen, 4% required ICU hospitalization, and 1% of Delta-infected patients
died [95].
The researchers conducted a retrospective comparative study on 180 Egyptian COVID-19 patients to see if there was a link between laboratory
findings and illness severity and mortality risk.
Patients with COVID-19 who have dyspnea have
a greater risk of illness or death [96]. COVID-19
individuals with COPD and diabetes had an increased chance of COVID-19 severity. Further research conducted by Fouad et al revealed that the
COVID-19 patients admitted to ICU were primarily elderly, smokers, hypertensive, and diabetic
[97].
According to a study conducted by Costa and his
research group, gamma-infected patients had
75% coryza, 74% headache, 73% cough, 54% sore
throat, 51% myalgia, 44% asthenia, 30% fever,
25% hyposmia/anosmia, 21% dysgeusia, 20%
gastrointestinal tract symptoms, and 10% dyspnea. Furthermore, among gamma-infected patients, 2% were admitted to the hospital, 1% are
hospitalized in the ICU, and 1% died [98].
Kim et al. studied the clinical aspects of omicron
variations in 2022, finding that 47.5% of the 40 patients were asymptomatic and 52.5% were symptomatic [99]. Sore throat (25%), fever (20%), headache (15%), cough (12.5%), sputum (12.5%), runny nose/coryza (10%), myalgia (5%), fatigue/
weakness (2.5%), and loss of smell were among
the omicron patients’ symptoms (2.5%). The results of the chest CT imaging revealed that roughly 85% of the patients had no involvement, indicating that the infection was largely lower respiratory infections, while the remaining 15% had
lung infiltrations. The majority of omicron patients were asymptomatic or had minor symp-

toms and did not require oxygen. Another research found no difference in illness severity or
mortality in omicron patients. Furthermore, anosmia/ageusia symptoms were seen in 1.3% of the
patients [100].
n CONCLUSIONS
Because of various mutations in the S protein and
RBD area, the omicron has recently expanded to
all regions of the world, with decreased severity
but a high transmission rate. Omicron BA.1 and
BA.2 are two sublineages of Omicron that vary
from one another owing to a genetic mutation.
The sublineage BA.2 is the most frequent Omicron sublineage today, and it is more transmissible than BA.1. We think that the current comparative investigation of the epidemiology, genetic alterations, and clinical manifestations of SARSCoV-2, VOC, and their sublineage will undoubtedly aid in the control of coronavirus transmission, diagnostic testing, prevention, and treatment
of infected patients.
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