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Abstract

The identification of new mutations in SARS-CoV-2 and their roles in the viral fitness towards evolution
and survival to face the selective pressure imposed by the human host immune response have become
the target of great attention recently. As result, concerns related to the emergence of novel variants
with more transmissibility and pathogenic potential have led many countries to apply more restrictive
measures to avoid increase in the number of infections and collapse of healthcare systems. Re-infection
of apparently recovered individuals and cases of co-infection with different variants have also been the
focus of studies aiming to investigate whether the vaccines currently used may also be protective against
the new emerging variants. This commentary is intended to extend the findings underlying the questions
related to the impact of new mutations or combination of them to the efficacy of the developed vaccines
and possible changes in the clinical features of COVID-19.
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Introduction

Since its emergence in the end of 2019, the SARS-CoV-2 coronavirus became a challenge for the
healthcare systems around the globe and caused a great impact in the socioeconomic activities with
dramatic consequences worldwide. As of July 2021, the virus has been responsible for more than
181,715,917 cases of infection and more than 3,933,152 deaths worldwide [1].

When COVID-19 was recognized as pandemic by the World Health Organization on 11" of
March 2020 [2], given the increasingly number of cases and death toll worldwide, one of the many
questions raised was whether reinfection could occur. Soon, several case reports became available
suggesting this possibility [3-6]. At first, the literature reports did not present sufficient strong data
supporting this evidence, but later, re-infection was confirmed by genomic sequencing of different
virus variants, isolated at different times during first and second episodes of COVID-19 in the same
individual [7-10]. This finding shed light to another important question related to the durability of
immunity induced by SARS-CoV-2 natural infections. In addition, it put into perspective at what
degree mutations could promote significant changes in the biological behavior of the virus and how
these mutations could impact the efficacy of the vaccines under development [11].

Now, it is known that waning immunity may occur in patients who have recovered from
COVID-19 infection and this can contribute for a second episode of re-infection [12-14]. Also, some
mutations can increase the transmissibility of the virus and consequently increase the number of cases
and hospitalizations if prevention measurements are not taken [15]. Notably, these findings suggest
that the virus may continue to circulate in human population for a period even if we reach the herd
immunity due to natural infection or vaccination [16].

The Genetic Makeup of SARS-CoV-2

The etiologic agent of COVID-19 belongs to the beta subgrouping of the Coronaviridae family
and are enveloped viruses containing a positive-sense, single-stranded RNA. The genome is 29.9 kb in
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Figure 1: Schematic representation of SARS-CoV-2 genome showing the Open Reading frames (ORFs) for non-structural (nsps) and structural
proteins with emphasis to the 1273 amino acids Spike (S) protein. SP: Signal Peptide; NTD: N Terminus Domain; RBD: Receptor Binding Domain; FP:
Fusion Peptide; TM: Transmembrane Domain; CT: Cytoplasm Domain. Spike protein forms a trimeric structure shown on the left given the crown-like

appearance surrounding the viral particle typical of coronaviruses.

size and comprises 13-15 open reading frames (ORFs) from which
12 are functional encompassing 11 coding genes that generate about
12 expressed proteins [17,18]. Among these proteins are four major
structural proteins named spike (S), envelope (E), membrane (M)
and nucleocapsid (N), which play important role in viral entry, host
cell membrane fusion and mature viral structure integrity [19-23].
Spike protein is one of the most studied proteins due to its relevant
role in virus infectivity through binding to the human cell receptor
known as angiotensin converting enzyme (ACE2) [20,21]. This
binding occurs specifically at the receptor binding domain (RBD)
of SARS-CoV-2 spike protein and is the most variable region of the
coronavirus genomes [22,23]. Due to its pivotal role in SARS-CoV-2
infectivity the spike protein is the main target for the development of
vaccines and therapeutic drugs.

Besides structural proteins the virus genome expresses non-
structural proteins involved in viral RNA synthesis and processing.
Some of these proteins have been shown to promote cellular
mRNA degradation, block host cell translation and inhibition
of innate immune response [24-26]. Among the non-structural
proteins, the RNA-dependent RNA polymerase (Nsp12-RdRp)
and 3’-to-5 exoribonuclease (Nsp14-ExoN) proteins have received
great attention due to their essential role in viral replication and
recombination and are also included in the group of possible targets
for drug development [27,28] (Figure 1). Therefore, although there
are some proteins or genes considered key for the viral infectivity
and pathogenicity, whole genomic sequences of different samples of
isolated virus must be closely monitored to identify changes caused
by mutations that may confer better fitness and survival of the virus
in human body.

Genomic Sequencing and Identification of New
Variants with Potential Risk

One of the hallmarks in the management of COVID-19
pandemic compared to other pandemics occurred in the past is the
use of genomic sequencing approach to follow up virus evolution
and spreading across the globe almost in real time. The surveillance

of viral genomic variations has been pivotal for the understanding of
SARS-CoV-2 epidemiology and alterations in its biological features
[29]. By July 7, 2021 there were more than 2,165,530 whole SARS-
CoV-2 genomic sequences from different countries uploaded to the
online platform The Global Initiative on Sharing Avian Influenza
Data (GISAID) database, one of the open access genomic database
from all influenza viruses and the coronavirus causing COVID-19
[30-32]. These sequences have helped to understand phylogenetic
relationship between the SARS-CoV-2 isolated from different places
and group them into clades or lineages. This type of phylogenetic
network analysis of SARS-CoV-2 genomes revealed that they are
under evolutionary selection in the human host and sometimes
with parallel evolution events as indicated by the emergence of same
mutation in two different human hosts [33]. With this approach
it has been possible for example to track the rise of mutations
like D614G (part of the variant identified at the beginning of the
pandemic) or the currently most common mutations like N501Y
(part of the UK variant) and E484K (part of variants identified in
South Africa and Brazil).

Several viral mutations have been identified since the first SARS-
CoV-2 genome was sequenced [34,35]. Most of these mutations
identified so far is neutral and rarely affected viral fitness. Moreover,
most of them did not affect the clinical outcome despite more
detailed analysis are still necessary. Even though, the few mutations
that have been identified as changing the fitness of SARS-CoV-2 are
faced with great concern and their frequencies have been used to
determine the level of restriction measures necessary to decrease the
dissemination of COVID-19.

Mutations not always are beneficial to the organism, in fact most
of them are not and may have as consequence organisms leaving
fewer descendants overtime. On the other hand, the mutations that
are beneficial may provide enough diversity to survival and better
fitness for an organism facing a changing environment [36]. In
regard to SARS-CoV-2 some mutations have been the subject of
particular interest especially those suspected to be associated with
increased transmissibility and viral load.
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The D614G was one of the first variants to be demonstrated
potentially more contagious than previously circulating SARS-
CoV-2. Among other less prominent genetic mutations, it presented
an amino acid change in the spike protein caused by an A- to -G
nucleotide mutation at position 23,403 in the Wuhan reference
strain, the first strain that had its genome sequenced at the beginning
of the pandemic [19,37]. In early March 2020, the G614 form was
rarely detected globally but soon gained prominence in Europe and
by May 2020 it already represented 78% of 12,194 global sequences
analyzed [38]. Interestingly, the change from D614 to G614
occurred asynchronously in different regions throughout the world.
SARS-CoV-2 bearing this mutation was associated with potentially
higher viral loads in COVID-19 patients but not disease severity
and in many countries was suspected to be related to the observed
increase in the number of cases of infection.

The variant 20A.EU1, also known as A222V was reported in
early summer 2020, presumably in Spain. It contains the A222V
substitution located in the spike protein but far from the receptor
binding site domain. Even though, it was suspected to affect the
stability of the protein complex with a less pronounced effect than
D614G based on its structural position [39]. Although it was under
rise within Europe during the summer 2020, this variant did not
significantly spread out of Europe.

Great concern was raised when the SARS-CoV-2 variant Y453F
was repeatedly found in mink farms in Denmark, Italy, Spain, the
Netherlands, Sweden, and the United States [40]. This mutation has
been identified in more than 300 SARS-CoV-2 genome sequences
isolated from humans across the globe. The finding of virus bearing
this mutation in minks led Denmark authorities to order the culling
of millions of minks over the concern of potential transmission to
humans [41]. In fact, mink and other animals such as ferrets can be
infected with SARS-CoV-2 and it raised the possibility that farmed-
mink housed at high densities could pose an increased infection risk
to humans. This hypothesis was supported considering that during
virus amplification in these animals, natural selection may occur and
eventually represent a potential risk to humans.

In the United Kingdom a variant known as 201/501Y.V1, VOC
202012/01, or B.1.1.7 emerged possibly during September 2020
and presented many mutations including a 69/70 deletion and a
P681H change, located near the S1/S2 spike protein subunits furin
cleavage site, both seen many times in other variants as occurring
spontaneously, and the N501Y. The latter mutation locates in the
RBD region of the spike protein at position 501 where the amino
acid asparagine has been replaced with tyrosine. This variant initially
was detected in South East England but within a few weeks replaced
other virus lineages in this geographical area and London and by
December 2020 was identified across the United Kingdom during
routine sampling and genomic tests [42]. Since its detection in UK,
the presence of this variant has been reported in at least 31 countries
around the world. Preliminary epidemiologic and modelling
analysis suggest that this variant has increased transmissibility [43].
Also, it has been suggested that B.1.1.7 variant may be associated
with increased risk of death compared to other variants, but this
association has not been confirmed so far.

Another variant named 20H/501Y.V2 or B.1.351 seems to
have emerged independently of B.1.1.7 in South Africa. It shares
some mutations with the United Kingdom variant but presents new

mutations such as K417N and E484K besides the N501Y. However,

it lacks the deletion at 69/70 amino acids [44]. The three mutations
mentioned for the South Africa variant are in the receptor binding
site of spike protein and have shown to mildly increase receptor
binding. Although there is no evidence that this variant may
impact disease severity some studies have indicated that the E484K
mutation may affect neutralization of SARS-CoV-2 by polyclonal
and monoclonal antibodies [16,45].

In addition, a novel variant that has raised interest from
epidemiological point of view was named P.1 but it is also known as
20]/501Y.V3. It is derived from the lineage B.1.1.28 first reported
in Japan in four travelers from Brazil during routine screening. This
variant present three major mutation in the spike protein RBD
region specifically K417T, E484K and N501Y. This variant has been
reported in a cluster of cases identified in Manaus, the largest city
in the Amazon region in Brazil [46]. It was estimated that about
76% of the population in this region had been infected with SARS-
CoV-2 virus by October 2020. However, a surge in the number of
COVID-19 hospitalizations occurred by January 2021 suggesting
that the new R.1 variant could be responsible for this abrupt increase
number of cases due to reinfection [47]. The P.1 variant was also
suspected to have increased transmissibility. Furthermore, in Rio de
Janeiro, Brazil another variant named P2 containing the E484K was
also detected and suspected to have higher transmissibility [48].

A new coronavirus variant named B.1.526 was identified in
New York and it was demonstrated that its frequency is increasing
compared to other circulating variants in the region. B.1.526 carries
the mutations E484K and S477N in the spike protein. While the
first mutation has shown the potential to reduce the efficacy of
neutralizing antibodies, diminishing the immune response, the
second is suspected to affect the binding of the virus to the host
cells favoring the infectivity [49]. Therefore, among thousands of
SARS-CoV-2 variants identified so far, few have been the subject
of concern given their increased circulation frequencies locally or
globally as mentioned above. It will not be a surprise if new variants
with different combinations of mutations still emerge for a while
even during the mass vaccination, which could indicate a viral
response to the selective pressure imposed by the acquired immunity
(Figure 2). In fact, by July 7, 2021, the variant named B.1.617.2,
first identified in India, became one of the variants of concern in
different countries given its increase in frequency even in countries
that had a high vaccination rate [50,51].

Re-infection and Co-infection Cases of COVID-19

Currently there is enough evidence to support that SARS-
CoV-2 may re-infect individuals who have been infected before and
recovered [10,47,52]. Recently, cases of co-infection also have been
reported as well as possible genetic recombination events of different
SARS-CoV-2 variants [53,54]. It is known that coronaviruses in
general have relatively high recombination rates [55]. The role of
recombination between different coronaviruses in the emergence of
the new SARS-CoV-2 have been addressed in several studies [56,57].
However, few studies have been done to understand the occurrence of
recombination within human hosts. Notwithstand, when host cells
are co-infected with different variants or lineages of the same virus
recombination events may occur. During the process of replication,
the viral genomes can be reshuffled and combined before packaging
and release from the infected cells. As result, these new virions
may acquire different pathogenic properties. Although awaiting
confirmation, recently it was reported evidence of a hybrid SARS-
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Figure 2: SARS-CoV-2 variants of concern and main mutations identified on the spike protein (K417T, E484K, N501Y, D614G and del69/70) suspected
to be associated to higher transmissibility, immunological escape and better environmental fitness. (Source: adapted from sequences available at

Global Initiative on Sharing All Influenza Data-GISAID database).

CoV-2 virus in United States as resulted from recombination of the
B.1.1.7 variant and the B.1.429 variant originated in California.
This hybrid virus carries the deletion 69/70 from B.1.1.7 and the
substitution 1.452R found in B.1.429 variant and demonstrated to
confer resistance to antibodies [58].

Implications of Virus Mutation for the COVID-19
Pandemic Control and Effectivity of Vaccines

One of the gold standard diagnostic tool for COVID-19 is the
RT-PCR. Concerns related to some types of mutations include their
possible effects on the performance of this diagnostic assay. The
deletion at position 69/70del, part of the mutations found in the
variant B.1.17 for instance, was found to affect the performance of
some diagnostic PCR assays that use specifically the S-gene as target.
However, most PCR assays in use worldwide use multiple viral
targets and therefore the impact of the variant on diagnostics is not
anticipated to be significant in this case. Nevertheless, it is important
to be aware of the nature of mutations in different variants to better
understand their impact on these diagnostic assays to minimize the
possibility of false-negative results and consequently underestimate
the number of cases of COVID-19.

Generally, the increased frequency of new SARS-CoV-2 variants
in a specific region indicates better fitness of the virus and may
correlate to a better mechanism of escape from immune response.
This does not necessarily mean more severity of disease but may
confer higher rates of replication and transmissibility to the virus as
demonstrated for some of the variants identified so far.

Additionally, the emerging of new SARS-CoV-2 variants has
suggested that additional shots of modified vaccines may be needed
after initial vaccination with some of the currently vaccines in use
to protect against some variants in the future. Although, it is not

clear yet if that is the case for the currently authorized vaccines in
relation to the variants identified in United Kingdom, South Africa
and Brazil. However, it has been shown that SARS-CoV-2 harboring
receptor-binding domain mutations such as K417N/T, E484K, and
N501Y, were highly resistant to neutralization by antibodies present
in sera from BNT162b2 (Pfizer- BioNTech) and mRNA-1273
(Moderna Therapeutics) vaccine recipients [59]. Moreover, in a
phase III trial investigating single dose of the Janssen JNJ-78436725
vaccine it was shown 66% efficacy rate in preventing COVID-19 in
moderate-to-severe cases but only 57% in a group from South Africa
where the variant B.1.351 correspond to 95% of the cases [60].
Another factor to be considered is regarding to the exact durability
of the COVID-19 vaccines protection which is unknown at the
moment.

Concluding Remarks

Based on genomic sequences analysis it is important to observe
that all SARS-CoV-2 in circulation are extremely genetically similar
to one another. Therefore, the emerging of new variants should be
considered as subproducts of a natural process that occurs when
viruses replicate at high rates as it happens during a pandemic.
Limitation of virus transmissibility and spreading will significantly
decrease the replication of SARS-CoV-2 in different hosts and
consequently decrease the possibility of emergence of new mutations
and variants. A variant may eventually become a new strain if the
mutations that it carries confer an advantage to the virus that changes
its features to a point that it cannot be recognized by antibodies that
recognize other SARS-CoV-2 variants or change the clinical features
of the infection. Notwithstand, virus tracking through genomic
sequencing is pivotal to let us always one step ahead and ready to
implement the necessary actions to improve the diagnostic tools and
the efficacy of vaccines. This way we will be able to feel safer and
more able to control the pandemic more effectively.
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