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Abstract
Since the first detection of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the virus 
remains a public health concern. Several public health measures have been implemented in an effort to 
curb the infections. However, the effectiveness of these strategies was threatened with the emergence 
of numerous SARS-CoV-2 variants in all parts of the globe, due to the persistent mutations as part of 
the viral evolution. Mutations that usually occur in its spike glycoprotein, allow SARS-CoV-2 to possess 
advantageous characteristics for its survivability and persistence. this has led to poor performance of 
diagnostic kits which have caused non-specific and insensitive detection of these variants, resulting in 
undetermined infection. the variants also have caused the increased severity of COVID-19, involving  
hospitalisation rates, ICU admissions, and deaths. Many have reported the vaccine-breakthrough 
infections and reduced effectiveness of vaccination, which is supposed to provide an effective degree 
of protection against COVID-19 infections. Due to these issues, this review summarises the impacts 
related to SARS-CoV-2 variants emergence towards the performance of diagnostic kits, transmissibility 
of the virus, severity of disease, and effectiveness of COVID-19 vaccines. 
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INtRODUCtION

 The detection and transmission of a novel 
coronavirus, SARS-CoV-2 responsible for the COVID 
pandemic came into existence at the end of 2019 
in Wuhan City, China following which the World 
Health Organization (WHO) declared it as a global 
pandemic on March 11, 2020. The most common 
clinical presentations for COVID-19 include fever, 
fatigue, cough, anosmia, and myalgia, with some 
reports recently on gastrointestinal symptoms such 
as anorexia, nausea, vomiting, and diarrhoea.1 As 
of March 4, 2022, there have been more than 440 
million reported cases accounting for more than 
5.9 million fatalities worldwide.2

 SARS-CoV-2 which is classified under 
genera Betacoronavirus of the Coronavirus family 
is a positive-sense single-stranded RNA virus.3 
Morphologically, SARS-CoV-2 has four structural 
proteins, which are spike (S), membrane (M), 
envelope (E), and nucleocapsid (N), with the S 
protein being one of the most vital since it is 
directly involved in the first step of SARS-CoV-2 
pathogenesis. S glycoprotein of SARS-CoV-2 
recognizes and binds to the specific angiotensin-
converting enzyme 2 (ACE2) and mediates the 
fusion of viral and host cell membrane. S protein 
is divided into two main subunits which are S1 
and S2. The S1 subunit of the viral spike proteins 
will initiate the binding towards ACE2 receptors 
present on the host cells.4 Fusion of viral and host 
cellular membrane, leading to the entry of virus 
into the susceptible cells is primed by S2 subunit 
of spike proteins.5 Genetic materials of the virus 
will be released into the infected cell post-fusion, 
resulting in the replication of the viral RNA.6

 Translation of viral RNA will lead to the 
assembly and release of the virions from the 
infected cells, which is facilitated by another 
three structural proteins, namely membrane, 
nucleocapsid, and envelope proteins.7 As the 
replication of SARS-CoV-2 continues, patients will 
transmit the virus to others and start to develop 
symptoms and illness, which can be further 
classified into several phases – asymptomatic, 
mild, moderate, severe and critical.8

 There are three main approaches in 
the detection of SARS-CoV-2, which include the 
molecular, antigen, and serology tests. Molecular 
tests focus on the detection of specific viral 

genomes from the collected nasopharyngeal 
sample of suspected infected individuals. Reverse 
transcriptase-polymerase chain reaction (RT-PCR), 
clustered regularly interspaced short palindromic 
repeats (CRISPR), microarray assays, whole 
genome sequencing (WGS) and loop-mediated 
isothermal amplification (LAMP) are the instances 
of the techniques used for molecular testing.9 
Another option for SARS-CoV-2 detection is 
antigen-based detection, which requires the 
application of lateral flow immunoassays, such 
as the rapid antigen detection (RAD) or rapid 
diagnostic tests (RDT). RDTs are known for being 
less sensitive and specific compared to RT-PCR, 
due to the varying types of samples which can 
be used and possible errors since it is operator-
dependent.10 However, the SARS-CoV-2 RDT are 
also used globally as one of the major detection 
tools, as it offers an easier, faster, and cost-
effective approach. This method requires neither 
laboratory skills nor specific facilities. Application 
of antibody-antigen reaction in serological assays 
is also beneficial in the determination of antibody 
response towards the infection.11

 Due to the importance of  spike 
glycoproteins towards SARS-CoV-2 pathogenesis, 
it has been widely applied as the main component 
for the potential vaccine candidates.12 Readily 
available COVID-19 vaccines, such as BNT162b2 are 
proven to be effective in the prevention of severe 
disease, hospitalisation, symptomatic COVID-19, 
and even deaths, with higher efficacy in a person 
who has completed two doses of vaccination.13 
Two weeks post complete vaccination is required 
for the body to produce protection against the 
virus. The infections with SARS-CoV-2 can still 
occurs between the time of vaccination and the 
development of a sufficient level of protection 
against the virus.14

 Regular mutations are an essential part of 
the viral evolution that allow SARS-CoV-2 variants 
to emerge, which either persist or disappear 
randomly. The mutation causes genetic variations, 
resulting in neutral, detrimental, or beneficial 
impacts for the virus. Most of the mutations 
lead to neutral or mildly deleterious effects, 
and only a small proportion of them results in 
beneficial properties for the virus.15 However, the 
rare mutations promoting fitness advantages for 
the SARS-CoV-2 can still occur, which is further 
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enhanced with the encounter of varying hosts 
with highly diversified genetic backgrounds.16,17 
The most beneficial mutation for the survival of 
an organism, if present, will then be the most 
dominant genome portfolio within a population.18

 Variants are detected through numerous 
gene sequences deposited to the database, namely 
GISAID, and publications describing the phenotypic 
variations. These lead to the classification of SARS-
CoV-2 variants into four major groups, by WHO. 
Some variants may result in concerning impacts, 
involving the increase in transmissibility of the 
virus, poor performance of diagnostic kits, increase 
in severity of COVID-19 as well as reduction of 
vaccines effectiveness.

emergence of Variants
 Variants refer to the virus with one or 
more gene mutations determined through whole-
genome sequencing (WGS), compared to the wild 
type (Wuhan isolate) or the first isolated virus.18,19 
RNA viruses tend to possess higher mutation rates 
than DNA viruses, due to the absence of the RNA 
polymerase proofreading capability. SARS-CoV-2 
on the contrary possesses the specific gene 
referred to as ExoN or the non-structural protein 
14 (nsp14) which allows the virus to lower the rate 
of mutation compared to other RNA viruses. The 
nsp14 allows correction to be done on the non-
specific nucleotides incorporated during viral RNA 
synthesis.20,21

 It is estimated that the nucleotide 
mutation rates of the whole genome and spike 
glycoprotein of SARS-CoV-2 are at 6.677 X 10-4 
and 8.066 X 10-4 per nucleotide each year, 
respectively.22 The higher mutation rate of 
the spike compared to the other SARS-CoV-2 
proteins results in the modification of the viral 
immunogenicity and pathogenicity. Mutations 
may also arise in the immunodominant receptor-
binding domain (RBD) of SARS-CoV-2 spike protein, 
which subsequently renders the virus to develop 
the ability of host immune evasion.17 This has been 
described by Singh et al.23 where they observed 
resistance against the neutralisation governed 
by neutralising antibodies (NAbs), related to the 
mutations occurring in NTD. The reported amino 
acid substitutions of SARS-CoV-2 spikes in the 
simplified form consist of three main parts which 
are (1) the original amino acid, (2) the position 

of the amino acid and (3) the substituting amino 
acid. For example, the substitution of aspartic acid 
by glycine at position 614 of the spike protein, 
will be reported as D614G. The emergence of 
variants, especially the VOC has been proven 
to cause vaccine breakthrough infection apart 
from the reduction of vaccine efficacies. Vaccine 
breakthrough infections refer to the positive 
testing of either SARS-CoV-2 RNA or antigen from 
persons, indicating active COVID-19 infection who 
have completed the vaccination doses.
 SARS-CoV-2 variants with D614G were 
first detected in February 2020, thus becoming 
one of the earliest reported variants and has 
now become common to nearly all sequenced 
SARS-CoV-2 genomes worldwide. The variants 
dominated the circulating SARS-CoV-2 variants, 
by June 2020, four months following its first 
isolation.24 Since then, many new variants have 
been reported globally, where all of these SARS-
CoV-2 variants also possess the D614G mutation, 
which may indicate all these variants emerged 
from the ancestral D614G variant.25 The mutation 
involves the substitution of aspartic acid (D) 
to glycine (G) at amino acid 614 of the SARS-
CoV-2 spike glycoprotein, resulting in increased 
transmissibility of the variant than the wild-type.
 The variants are also classified into 
several classifications or groups by WHO and other 
health governing organisations, based on their 
characteristics and implications towards the public 
health. The classification involved variants of 
interest (VOI), variants of concern (VOC), variants 
of high consequences (VOHC) and variants under 
monitoring (VUM) or variants being monitored 
(VBM) (Table 1). Some of the major SARS-CoV-2 
variants include B.1.1.7 (Alpha), Beta (B.1.351), 
Gamma (P.1), Delta (B.1.617.2) and Omicron 
(B.1.1.529). The spike mutations detected in these 
variants are responsible for reduced accuracy of 
diagnostic tools, increased transmissibility of the 
virus and higher risk of disease severity, compared 
to the wild-type.

Variants of Interest (VOI)
 Variants of interest (VOI) refers to the 
variants possessing specific mutation or amino 
acid changes in comparison to the reference 
(Wuhan) isolate. This encompasses the alteration 
in its antigenicity, virulence, and epidemiology 
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which may lead to the possibility of negative 
consequences in the performance of diagnostic 
kits treatments and public health measures.26 
The variants are also reported to be responsible 
for widespread transmission within a community 
leading to the formation of several COVID-19 
clusters. There is also a possibility of these variants 
resulting in significant impacts on public health 
measures. 

Variants of Concern (VOC)
 Variants of concern (VOC) refer to 
the variants with substantial evidence of their 
notable impacts on the viral transmissibility and 
severity of the disease. There is also evidence 
on the reduction of neutralising capabilities of 
antibodies, lower efficacy and effectiveness of 
readily administered vaccines and results in the 
potential of compromising the detection of SARS-
CoV-2 results. WHO has listed five VOCs, which are 

table 1. List of major SARS-CoV-2 variants with their respective classifications by WHO.26,28-34

WHO Label PANGO First Total Spike Date of Designation /  Classifications
 lineage Detection Mutations Reclassification by CDC

Variants of Interest
Lambda28 C.37 Peru 13 June 14, 2021 N/A
  (December 2020)   
Mu29 B.1.621 Colombia 19 August 30, 2021 VBM
  (January 2021)   
Variants of Concern
Alpha B.1.1.7 United Kingdom 10 December 18, 2020 VBM
  (September 2020)   
Beta B.1.351 South Africa 12 December 18, 2020 VBM
  (September 2020)   
Gamma P.1 Brazil 11 January 11, 2021 VBM
  (December 2020)   
Delta B.1.617.2 India 15 May 11, 2021 VOC
  (December 2020)   
Omicron  B.1.1.529 Multiple Countries  37 November 26, 2021 VOC
  (November 2021)   
Variants Under Monitoring (VUM) / Variants Being Monitored (VBM) / Formerly Monitored Variants
None30 B.1.1.31 Multiple Countries 14 June 2, 2021 N/A
  (January 2021)   
None31 C.1.2 South Africa 15 September 1, 2021 N/A
  (May 2021)   
None32 B.1.640 Multiple Countries 23 November 22, 2021 N/A
  (September 2021)   
Formerly monitored variants
Epsilon33 B.1.427 USA 6 November 9, 2021 VBM
 B.1.429 (March 2020)   
Eta33 B.1.525 Multiple Countries 8 December 22, 2021 VBM
  (December 2020)   
Iota33 B.1.526 USA 14 December 22, 2021 VBM
  (November 2020)   
Kappa33 B.1.617.1 India 8 December 29, 2021 VBM
  (October 2020)   
Zeta33 P.2 Brazil 4 August 17, 2021 VBM
  (April 2020)   
Theta34 P.3 Philippines 10 August 17, 2021 N/A
  (January 2021)
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different from the list classified by CDC, since they 
are no longer responsible for the epidemiological 
conditions in the United States of America (USA).27

Variants of High Consequences (VOHC)
 Variants of high consequences (VOHC) 
is the term used in classifying the variants, with 
consequential implications on the diagnosis, 
approved treatments, clinical disease and vaccines 
effectiveness. Vaccines may be negatively impacted 
with this variant, encompassing reduction in 
effectiveness and increase in breakthrough 
infections among vaccinated individuals. The 
variants may also lead to critically reduced 
protection by antisera induced by the vaccine 
in neutralizing the virus. The biggest threat of 
variants would be VOHC, which may include failure 
of many diagnostic tests and causing more severe 
disease and increased hospitalisations compared 
to the VOC. This variant so far, has not been 
described anywhere or governing organisations.

Variants Being Monitored (VBM)/Variants Under 
Monitoring (VUM) or Formerly Monitored 
Variants
 In addition to the previously mentioned 
SARS-CoV-2 variants classifications, there is 
another class of variants, referred to as the variants 
under monitoring (VUM) by WHO or variants being 
monitored (VBM) as addressed by CDC. VUM is 
also being assigned to previously classified VOC 
or VOI, yet is now responsible for insignificant 
impacts against the public health or prevention 
measures in the USA. The variants will continue to 
be monitored in order to determine if there is any 
threat they may impose, as there are insufficient 
data or ambiguous evidence to relate these 
variants with the possible impacts they may cause 
in the future. Formerly monitored variants refer to 
the variants that have been identified by WHO as 
the long circulating SARS-CoV-2 variants with no 
reported epidemiological impacts. It may also refer 
to the variants with no public health significance 
due to very low prevalence among the circulating 
variants. Previous VOI or VUM which meet these 
criteria may also result in the reclassification of 
them as the formerly monitored variants.

Impacts of SARS-CoV-2 Variants emergence
 The emergence of many SARS-CoV-2 
variants, especially for the variants classified under 
VOC or VOI resulted in many impacts on many 
aspects such as the detection of the SARS-CoV-2, 
the viral transmissibility, disease severity and 
vaccine effectiveness.

Performance of SARS-CoV-2 Diagnostic tests
 RT-PCR has been the gold standard and 
is considered the most sensitive and specific 
in detecting the active SARS-CoV-2 infection 
status. The most commonly targeted genes of 
the viral nucleic acid will be the RNA-dependent 
RNA-polymerase (RdRp), open reading frame 
ORF1ab, envelope (E), spike glycoproteins (S), 
and sometimes, nucleocapsid (N) of SARS-
CoV-2. The main focus of SARS-CoV-2 variants 
emergence is the changes they exert towards 
the genes targeted by molecular kits, which may 
compromise the sensitivity and specificity of the 
molecular detection. Genetic alteration of viral 
particles as the result of mutation may reduce the 
specificities and efficacies of the RT-PCR, leading 
to possible false-negative results.35 False-negative 
results in RT-PCR can occur due to the inefficient 
amplification and inaccurate probe binding due 
to the inability of the oligonucleotides to bind 
specifically and efficiently to the specific sites of 
the viral genome, due to the mutation.36

 Mutations arising in nucleocapsid and 
spike glycoprotein of B.1.1.529 (Omicron) have 
caused malfunctioning or failure of detection of 
SARS-CoV-2 viral genomes in several commercial 
molecular test kits.37 Deletion of amino acids 69 
and 70 (Δ69-70), which can be found in most 
Omicron and B.1.1.7 (Alpha) lineages is also 
accountable for the failure of some commercial 
diagnostic kits, targeting the spike proteins of 
SARS-CoV-2.38 This condition is often termed 
as the S-gene target failure (SGTF), where the 
failure of detection of SARS-CoV-2 occurs due to 
the mutations taking place in the spike proteins. 
There are also some mutations resulting in N-gene 
target failure (NGTF) in some molecular test kits. 
The mutations include the nucleotide substitution 
from cytosine to thyme at position 26, 340 and 
29197 of the SARS-CoV-2 genome.39,40 In Omicron 



  www.microbiologyjournal.org1414Journal of Pure and Applied Microbiology

Shukri et al. | J Pure Appl Microbiol. 2022;16(3):1409-1424. https://doi.org/10.22207/JPAM.16.3.45

variant, there is a nine-nucleotides deletion in its 
N-gene, which affects the sensitivity and specificity 
of Revogene SARS-CoV-2 kit (Meridian Bioscience, 
USA). T23599G and C23604A in Omicron, also 
impacted the performance of the Line COVID-19 
Assay kit (Applied DNA Sciences, USA).
 The detection of highly conserved 
ORF1ab and N region in RT-PCR will be able to 
reduce the impact of variants emergence towards 
the failure in detection, when compared to the 
detection of mutation-prone S and ORF8 genes. 
Using multiple genes or target regions on the 
viral genome known as multiplex RT-PCR can 
also mitigate the impacts of the poor sensitivity 
and specificity in the detection of SARS-CoV-2 
variants.37

 Antigen-based detection approach has 
been reported to have a lower specificity for 
detection of Omicron variants than the other 
circulating VOCs. Omicron and Delta were only 
being detected in 49.2% and 65.6%, respectively 
of overall tests performed on seven commercial 
Ag-RDT kits, using positive clinical samples.41 The 
samples were previously determined to be of 
Omicron and Delta through RT-PCR analysis.

transmissibility and Prevalence of Infections
 In term of transmissibility, natural 
selection favours variants with the best fitness 
advantage, by enabling specific variants to displace 
and dominate the other circulating variants, 
within a population.42 The dominance of certain 
SARS-CoV-2 variants even resulted in pandemic 
waves or the phase in which a particular country 
experiences significantly high COVID-19 infection 
rates within a specific timeframe. The D614G 
variants, first detected in February 2020, were 
responsible for the first COVID-19 wave in most 
countries. The variant has caused a sudden 
escalation in detection, encountered for 78% of 
approximately 12, 000 sequences analysed in mid-
May 2020 as compared to only 10% out of 1,000 
sequences being deposited on March 1, 2020.25

 India recorded 0.36% of additional 
confirmed COVID-19 cases from its total population 
on April 23, 2021, which was only the eighth week 
of the second wave of COVID-19 infections in India 
(that started around March 2021). Before the start 
of the second wave, India only reported a total 

prevalence of about 0.7% of its total population. 
The rapid surge of COVID-19 cases in India, was 
most probably due to the three circulating variants 
at that time, which are Alpha (B.1.1.7), Delta 
(B.1.617.2) and Kappa (B.1.617.1).43

 Currently, many countries are facing 
the fourth wave of the pandemic, due to the 
dominance of Omicron. In late November 2021, 
Omicron variant was detected in less than 0.1% 
of total sequences submitted to GISAID in the 
preceding period of 60 days. The variant was only 
detected in several countries across four WHO 
regions, before being detected in 57 countries in all 
WHO regions in the second week of classification 
as VOC. Omicron then rapidly dominated the 
circulating variants, with a value of 96.7% of all 
sequences submitted to the database in the period 
of 30 days till February 8, 2022.44

 Viral shedding of SARS-CoV-2 bearing 
D614G occurred at a fast rate, as reported in 
an animal study. It was as early as day two of 
exposure with D614G-infected hamsters with 
contrary results observed in exposure of the wild 
type-infected hamsters.45 This finding suggested 
aerosols and droplets of infected individuals with 
D614G can lead to more rapid infection, than the 
wild type. This mutation also allows efficient spikes 
glycoproteins deposition on the virions, leading to 
an increase in infectivity of human angiotensin-
converting enzyme 2 (hACE2) receptors.46,47 
This is because D614G mutation improves RBD 
exposures to the receptors thus leading to 
efficient attachment and virus-receptor binding. 
In addition, the efficient membrane fusion activity 
was also observed, through the abrogation of 
particular interactions between the non-mutated 
amino acid D614 with several other amino acids.48

 N501Y mutation involves the substitution 
of amino acid asparagine (N) by tyrosine (Y) at 
position 501 of the SARS-CoV-2 spike. It was 
first detected during the emergence of B.1.1.7 
(Alpha) variant in September 2020, results in 
approximately 70 to 80% better transmissibility, 
due to the better binding affinity and faster 
attachment of the virus to the hACE2 receptor, 
in addition to the slower dissociation rate of RBD 
from the receptors when compared to the wild 
type. 49,50 The mutation grants fitness advantage for 
the variant to continuously replicate in the upper 
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airway of hamster model and primary human 
airway epithelial cells, thus permitting efficient 
transmission.51

 Mutations involving the amino acid 
phenylalanine (P) at position 681 found in Omicron 
and Delta variants, is deduced to be the factor 
of greater fitness of the variant, in replication 
efficiency. This mutation occurs at the furin 
cleavage site of spike glycoprotein, which results 
in a more efficient entry of the virus into the host 
cells.52 In addition, Omicron P681H mutation, 
H being histidine is accompanied by two more 
mutations taking place near the furin cleavage 
site which are H655Y and N679K, where K being 
(Lysine) which are also expected to increase the 
furin cleavage efficiency. This combination results 
in the high transmissibility of the Omicron variant, 
in comparison with the other variants.53,54

 In Europe, an estimated prevalence of 
69.4% for Omicron was reported based on the 
sequencing done from December 20, 2021, to 
January 9, 2022, by 23 European countries.55 
The emergence of Omicron challenges the Delta 
dominance, and this can be observed from 
the reported number of cases caused by these 
variants in the USA (Figure).56 A study by Shah et al. 
concluded that at least 11 out of 15 RBD mutations 
of the Omicron variant, lead to the enhancement 
of binding affinity of the virus towards the ACE2 
receptors.57 These mutations include some of 
the common substitutions determined in other 
VOC, like changing amino acids to T478 (Delta), 

K417 (Beta, Gamma and Delta) and E484 (Beta 
and Gamma). The mutations on the RBD Omicron 
variant include Q493R, N501Y, S371L, S373P, 
S375F, Q498R, and T478K.58,59

 The infection rate of Omicron was also 
proven to be higher than any other VOCs, based 
on a study involving the pseudoviruses which are 
constructed from lentivirus and introduced with 
spike proteins of Beta, Gamma, Delta and Omicron. 
Omicron showed a two to four-fold of infectivity 
compared to the Delta and wild-type, suggesting 
an increase in infectivity through enhanced affinity 
for ACE2.60 The Omicron variant is responsible 
for the rapid increase of COVID-19 infections in 
Tshwane, South Africa, surpassing 27,000 cases 
within a time span of only 33 days, but then 
declining steadily since then.61

 Delta (B.1.617.2) variant is one the most 
carefully monitored and focused variants, due to 
its high transmissibility. It is assumed to be able 
to spread up to 13 persons, from a single infected 
individual. Majority of these cases are reported 
in United Kingdom with a figure exceeding 1.73 
million of confirmed cases, as of March 7, 2022.62 
Considering all mostly reported variants globally, 
B.1.617.2 was estimated to own the highest 
mean effective reproduction number of 97%. 
The findings indicated that B.1.617.2 has a high 
transmissibility which may be the reason behind its 
previous dominance.63 In Malaysia, the Ministry of 
Health reported that, B.1.617.2 rapidly dominated 
the circulating variants in the country, within a 

Figure. Prevalence of SARS-CoV-2 Variants in the USA
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short period of time. The variant was responsible 
for only six positive cases at the end of May 2021, 
before steadily increasing to 1,612 of a cumulative 
total of infections on September 25, 2021.64,65 As 
of February 11, 2022, Malaysia has reported at 
least 6, 504 cases (85.7%) caused by B.1.617.2 
from a confirmed total of 7, 586 cases caused 
by various VOC and VOI.66 Rapid replication of 
B.1.617.2 variant with an estimated viral load of 
approximately 1, 000 times higher than the wild-
type strain, with the brief incubation period may 
be the factors of expeditious transmission of this 
lineage.67

 In a prevalence study performed by 
Noureddine et al.,68 a drastic increase of positive 
cases caused by SARS-CoV-2 variants was reported, 
from only 40% on January 11, 2021, to 96.5% on 
February 15, 2021. The finding is most probably 
due to the B.1.1.7 (Alpha) which was dominating 
the circulating variants, then in Lebanon. Earlier, 
B.1.1.7 variant also dominated the circulating 
variant sequenced in Italy, from a prevalence of 
only 3.5% in December 2020 to a concerning value 
of 86.7% in March 2021.69

 In addition, there is a mutation which 
allows the virus to be spread between animals 
and humans, allowing zoonotic transmission of 
SARS-CoV-2. For instance, the Y453F mutation 
at RBD, can be detected in several variants, 
primarily emerging in Denmark between minks 
and humans.70 Infection of farmers with SARS-
CoV-2 variants presented with specific mutations, 
distinctively related to minks have also been 
reported in Netherlands, Poland and USA.71 
Despite capturing universal attention due to its 
transmissibility towards humans, the mutation 
was proven to only escalate the affinity of RBD 

against ACE2 receptor, with no significant impacts 
towards neutralising antibodies from both infected 
and vaccinated people.72

Severity of COVID-19
 WHO and The National Institute of Health 
(NIH) USA has provided a guideline in classifying 
the severity of disease in COVID-19, encompassing 
of five clinical stages – (1) asymptomatic, (2) mild 
illness, (3) moderate illness, (4) severe illness and 
(5) critical illness (Table 2).73

 The severity of the disease can also 
be related to the risks or rate of hospitalisation 
which indicates the needs for further treatment or 
monitoring by the healthcare workers compared to 
the asymptomatic or normal infection. Admission 
into intensive care units (ICU) can also be an 
indication of severity, in which the patients may 
require more intensive care and monitoring due to 
the progression of their disease with more serious 
clinical symptoms. A study performed by Abdullah 
et al.61 in a hospital in the City of Tshwane, South 
Africa, recorded low disease severity of COVID-19 
in the period of Omicron dominance. The average 
length of stay in the hospital was shorter and 
admission to ICU in addition to total reported 
fatalities during the time were lower, compared to 
the period of dominance by other variants, namely 
Delta.
 In another study, Ulloa et al.74 reported 
that the severity of disease due to Omicron 
infections is lower when compared to the Delta 
variant. Rates of hospitalisation and death were 
higher in cases of Delta with 2.8% and 0.5%, 
respectively compared to Omicron infections 
with values of only 0.3% and 0.03%, respectively. 
The lower severity of COVID-19 due to Omicron 

table 2. Summary of stages of SARS-CoV-2 infections based on the severities.73

Stage of Infection Explanation

Asymptomatic or Individuals who are tested positive for SARS-CoV-2 but showing no symptoms of COVID-19.
Presymptomatic
Mild Illness Individuals with several symptoms of COVID-19 (fever, cough, sore throat, headache, muscle 
 pain, malaise, loss of taste and smell) but having no pneumonia.
Moderate Illness Individuals showing lower respiratory disease during clinical assessment and oxygen saturation 
 (SpO2) ≥ 94%.
Severe Illness Individuals with SpO2 ¬value lower than 94%, respiratory rate of more than 30 breaths per 
 minute or lung infiltrate of more than 50%.
Critical Illness Individuals with respiratory failure, septic shock and involvement of multiple organs.
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variants, might also be related to the increasing 
global vaccination rate against COVID-19, during 
the time of Omicron dominance.75 According to 
an ex vivo experiment conducted using lung cell 
cultures, Omicron variant was observed to be 
replicating at a lower rate than the wild type and 
the Delta variant. This suggested that the Omicron 
variant might lead to a less severe disease.76

 B.1617.2 (Delta) variant tends to result 
in more hospitalisation and progression of severe 
COVID-19 cases at 2.3% and 5.7%, respectively, 
despite a lesser total of infections compared 
to the other variants.77 In Scotland, B.1.617.2 
infections led to a higher possibility of patients 
being admitted and treated at hospital, in 
comparison with B.1.1.7 variant, with a significant 
difference of around 58% between those two 
lineages.78 The risk of admission also increases 
with the number of underlying comorbidities. 
The surge of hospitalisation from 7% to 14% and 
increased reported mortality from 8% to 16% due 
to COVID-19, were also reported in 13 regions 
in the USA due to B.1.617.2 domination.79 In 
Qatar, 123 out of 451 patients infected with Delta 
variant, were hospitalised and 22 of them were 
admitted to the intensive care unit (ICU). In the 
same study, the Beta variant recorded a lower risk 
of hospitalisation (90 out of 451) and admission 
into ICU (14 out of 451).80 An increase in threats 
of progression or development of symptomatic 
disease were also observed, even after complete 
dose of BNT162b2.81

 P681R mutation, may be crucial in causing 
the severe diseases by Delta variant. Based on an in 
vitro study involving B.1.617.2-infected cells, it was 
observed that P681R-bearing D614G variant which 
possesses the spike of Delta variant, resulted in 
larger syncytia formation as compared to common 
D614G variant. Syncytia in COVID-19 refers to the 
multinucleated large cell mass formed, due to the 
fusion of pneumocytes.82 In the same study, Syrian 
hamsters infected with pseudovirus harbouring 
the P681R mutation were observed to suffer from 
weight loss at a higher degree than the D614G-
infected hamsters, at a rate of 4.7% to 6.9% on day 
7 post infection. These findings indicate that P681R 
might be the main mutation resulting in increased 
disease severity caused by Delta, compared to the 
other variants.83

 A higher hospitalisation risk of 42% 
caused by B.1.17 (Alpha) variant was concluded 
in Denmark, where a huge proportion involving 
patients aged more than 60 years old, with no 
difference in risks between genders.84 Conversely, 
hospitalised females due to B.1.1.7 infections 
were prone to higher risks of both mortality 
and requirement of intensive treatment unit 
(ITU), based on the findings of a separate study 
conducted in the United Kingdom.85 Huge 
proportion of disease progression, into the 
obligation of supplemental oxygen, demand of 
invasive ventilation and deaths, were also revealed 
in infections by B.1.17 86. B.1.351 (Beta) variant, 
was assumed to be the determinant for the 
increased death to infection ratio recorded in the 
urban community of South Africa, between July 
2020 and March 2021.87

 
COVID-19 Vaccine effectiveness and Breakthrough 
Infections
 Emergence of variants can also impact 
the effectiveness of globally administered 
COVID-19 vaccines. Complete vaccination status 
did not guarantee a total elimination of being a 
transmitter, as proven by Kleynhans et al.87 There 
was no obvious difference in the median cycle 
threshold (Ct) value of RT-PCR between samples of 
vaccinated and unvaccinated individuals infected 
with B.1.617.2 (Delta) variant.88 Delta variant was 
justified to be the main cause for the infection, 
even after complete COVID-19 vaccination. The 
variant was responsible for almost 91% of the 
infections out of 63 confirmed breakthrough 
infections 89. In spite of the possibility of infection 
after completion of vaccination, severity of disease 

table 3. Summary of adjusted vaccines effectiveness 
against the B.1.1.7 (Alpha) and B.1.617.2 (Delta) variant 
infections.91

Vaccines    Adjusted vaccine effectiveness (%)

 B.1.1.7 (Alpha) B.1.617.2 (Delta)

BNT162b2  
Dose 1 47.5 35.6
Dose 2 93.7 88.0
ChAdOx1   
Dose 1 48.7 30.0
Dose 2 74.5 67.0
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due to breakthrough infection is much milder 
compared to infections among unvaccinated 
individuals. The vaccinated COVID-19 patients 
were less likely to require invasive mechanical 
ventilation and recorded low rate of death. 24.7% 
of the cases involving unvaccinated individuals, 
resulted in death which accounted for 93.8% of 
the total death reported.90

 The effectiveness of mRNA-based 
vaccines was critically lowered to only 30.0% and 
35.6% after one dose, for ChAdOx1 nCoV-19 and 
BNT162b2, respectively, against particular SARS-
CoV-2 variants (Table 3).
 Sheikh et al.92 reported that a single dose 
of ChAdOx1 was proven to offer better protection 
against Delta variants, compared to a single dose 
of BNT162b2, which recorded a higher death rate 
for single dose recipients. However, complete 
dose of BNT162b2 recorded a lower mortality 
rate than ChAdOx1. Apart from Delta, the South 
Africa-originating B.1.351 (Beta) variant was 
also responsible for the significant reduction of 
ChAdOx1 vaccines efficacy, from 75.0% against the 

non-variants to only 10.4% against the variants.93 
In the contrary, another study deduced that the 
presence of several variants in the community, 
like B.1.351 (Beta), B.1.429, B.1.427 (Epsilon), and 
B.1.526 (Iota), resulted in no reduction in efficacy 
of ChAdOx1 nCoV-19 vaccines. The effectiveness 
and efficacies of the vaccines was also proven 
to be higher in recipients ageing more than 65 
years old.94 Ad26.COV2.S which implements the 
application of non-replicating viral vectors for the 
vaccination was also proven to be effective against 
some of the SARS-CoV-2 variants (Table 4).95

 Gazit et al.81 suggested that complete 
vaccinations with BNT162b2 were exposed to a 
higher risk of breakthrough infections by B.1.617.2 
compared to the possibility of reinfections. In a 
study involving 8, 678 vaccinated personnel in Asan 
Medical Centre, South Korea, only four individuals 
were detected for SARS-CoV-2 reinfection, where 
all of them received ChAdOx1 nCoV-19 vaccine 
96. A study reported that only 18% of the total of 
969 patients admitted to Yale New Haven Health 
System hospital, had received at least one dose of 

table 4. Efficacy of Ad26.COV2.S against B.1.351 and P.2 variants of SARS-CoV-2 (WHO).95

Variant Countries        Vaccine effectiveness (%)

  Moderate to critical Severe or Critical

B.1.351 (Beta) South Africa 64.0 81.7
P.2 (Zeta) Brazil 68.1 87.6

table 5. Summary of vaccine breakthrough infections 
among fully vaccinated patients at Yale New Haven 
System hospital between March 21 and July 1, 2021.97

Infection or Disease Status Counts Total

Asymptomatic 25 
Mild 4 
Moderate 11 
Severe / Critical (Deaths) 14 (3) 54
Pre-existing comorbidities 
(Severe / Critical)
Overweight  9 
Cardiovascular disease 12 
Lung disease 7 
Malignancy 4 
Type-2 diabetes 7 
Immunosuppressive medications 4

COVID-19 vaccines. 54 out of 103 patients already 
received two doses of either BNT162b2 or mRNA-
1273, or one dose of Ad26.COV2.S (Table 5).97

 On the other hand, 2.61% out of 1, 497 
vaccinated healthcare workers at Sheba Medical 
Centre, Israel, were confirmed with vaccine 
breakthrough infection, in which a huge proportion 
of the cases were female (64%) at an average age 
of 42 years old. Thirty-three isolates from the 
healthcare workers are classified as variants, 
with 85% of them coming from B.1.1.7 variant.98 
In Dane County, USA, a sum of 1, 472 from 371, 
000 fully vaccinated residents were tested positive 
for SARS-CoV-2, where a diminutive fraction of 25 
persons were hospitalised, accounting for three 
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fatalities.99 As of epidemiological week 52, of 2021, 
approximately 851, 711 and 1180 individuals from 
the USA were reported with COVID-19 vaccines 
breakthrough infections and deaths post complete 
vaccinations, respectively.100 In Malaysia, 1063 of 
vaccine breakthrough cases resulting in category 
3, 4 and 5 of COVID-19 infection were reported 
in epidemiological week 8 of 2022 (February 21 
to February 27, 2022). Of these recorded cases, 
549 (52.99%) and 227 (21.91%) cases were of the 
two-doses of vaccines recipients and booster dose 
recipients, respectively.101-107

 Of all COVID-19 vaccine breakthrough 
infections, the one reported in India which 
involved a 61-years old female healthcare worker 
should gain the most attention. In this case, the 
patient was confirmed for reinfection with Alpha 
variant, after approximately eight months and 24 
days, post-infection and complete vaccination, 
respectively. The patient was then diagnosed with 
the second vaccine breakthrough infection, this 
time with the Delta variant.108

 The latest addition to the VOC family 
by the B.1.1.529 (Omicron) variant did also 
exert negative consequences towards the 
acquired immunity through vaccinations. Vaccine 
breakthrough infections by the variant, have been 
reported in several people who even completed 
their booster dose.109 In a study spanned across 
49 states of the United States of America, 18.6% 
(2441 cases) and 55.3% (7245 cases) from a total of 
13, 098 confirmed infections by Omicron variant, 
were detected among three and two vaccine 
doses recipients, respectively.110 E484K mutation, 
is being highlighted as the potential major 
mutation leading to the breakthrough infections. 
This was suggested from a study, where the 
mutation was detected in most of the sequenced 
virus causing the breakthrough infections in 
Maryland, USA.111 Currently, many researchers 
have already embarked on the development of a 
pan-sarbecovirus vaccine which contains antigens 
other than the spike proteins with the hope that it 
will work against all types of SARS-CoV-2 variants 
in the future.112

CONClUSION

 This review describes the information 
related to SARS-CoV-2 variants, focusing on 

their characteristics, mutations, and also the 
consequences. Despite already being circulating 
for more than two years, regular mutations lead to 
the emergence of numerous SARS-CoV-2 variants, 
as part of viral evolution. The impacts include 
poor performance of SARS-CoV-2 diagnostic 
kits, high transmissibility and prevalence of 
infections, increased severity of disease and 
reduced COVID-19 vaccines effectiveness leading 
to reports of breakthrough infections. However, 
it is crucial to conclude that the impacts might 
have been mitigated with the vaccinations. 
Further research is still required to find solutions  
on how to predict and control the emergence 
of variants so that the infections can stop 
spreading. This is important for the subsequent 
measures which will be implemented in order to 
minimise the impacts of the SARS-CoV-2 variants 
emergence.  
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