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Omicron - The new SARS-CoV-2 challenge?
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according to their impact on the worldwide population. In this context a high alert
Correspondence has been paid to variants of concern (VOC) due to their high infectiousness and
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Fundacso da Ciéncia e Tecnologia finity and antibody escape. Moreover, the mutations and deletions present in the
spike protein suggest that the SARS-CoV-2 specific attachment inhibitors may not
be the best option for Omicron therapy. Omicron is the dominant variant circulating
worldwide and, at the end of February 2022, it was responsible for nearly all se-
quences reported to GISAID. Omicron is made up of several sublineages, where the
most common are BA.1 and BA.2 (or Nextstrain clade 21K and 21L, respectively). At
a global level, it is possible to say that the proportion of BA.2 has been increasing
relative to BA.1 and in some countries it has been replacing it at high rates. In order
to better assess the Omicron effectiveness on antibody escape, spread and infec-
tious ability it is of the highest relevance to maintain a worldwide tight surveillance.
Even though this variant has been associated with a lower death rate, it is important
to highlight that the number of people becoming infected is concerning and that

further unpredictable mutations may emerge as the number of infected people rises.
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1 | INTRODUCTION

The first sequenced SARS-CoV-2 genome was made public on 5th of
January 2020, and since then, more than 3 million genome sequences
have been shared on online platforms worldwide, allowing a compar-
ative genomic analysis.! This strategy of sequencing a high number of
genomes has also enabled the scientific community to follow and keep
track of the virus evolution, which was fundamental for the develop-
ment of more adequate detection methods and treatments, alongside
with the detection of emerging new variants. The scientific knowledge
acquired so far has allowed the establishment of phylogenetic re-
lationships of SARS-CoV-2 with other known virus. Indeed, the first
sequenced genomes revealed a similarity of 96% with a bat corona-
virus (RaTG13), which indicates that bats were probably reservoir
hosts or even the origin of this virus.2® However, there is not a
consensus among the scientific community regarding whether bats
were the direct source or if they were an intermediate host.*

A fact that is commonly accepted is that the binding receptors
are fundamental to better understand the disease evolution upon
infection. In MERS-CoV, for example, it was found that preexisting
pulmonary disease could increase the dipeptidylpeptidase 4 (DPP4)
abundance and, thus, predispose individuals to morbidity and mor-
tality. DPP4 preferential spatial localization in alveolar regions may
explain why MERS-CoV is characterised has being a lower respira-
tory tract disease.” On the other hand, SARS-CoV-2 and SARS-CoV
use the S protein to bind to angiotensin-converting enzyme 2
(ACE2),% a protein that can be found on the surface of many cell types
(Figure 1).

Another interesting feature of SARS-CoV-2 is the presence of a
nonstructural protein (nsp14) that lowers the known high mutation
rate of RNA virus due to its proofreading ability.” Despite this
proofreading ability, the high recombination rates and, consequently
genetic variability of RNA viruses, facilitates the emergence of new
mutations and viral variants, thus reinforcing the need for a constant
genetic monitoring of SARS-CoV-2.8
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Analysing the genome-wide patterns on mutations distribution
and accumulation, there is a clear lower incidence in genes encoding
nsps when compared to genes encoding structural and accessory
proteins. This is a really interesting feature of this virus and is
probably due to the fact that nsps play a key role in the viral life
cycle. Indeed, they are responsible for the formation of the replica-
tion and transcription complex (RTC), which enables virus replication,
and have a fundamental role in the host's immune response evasion
on the initial stage of infection. In contrast, some structural and
accessory proteins seem to be more prone to mutations. For
example, ORF6 and ORF8 are regions with high mutational rates,
most likely due to their involvement in immune response escape
upon cell entry and initial infection stage, which may benefit from
some of these mutations.” Moreover, the S gene seems to be not only
a mutational hotspot, but it also has a dN/dS ratio above 1, which is
indicative of positive selection.'® Considering the role of the S pro-
tein in the viral life cycle (responsible for the virus binding to the host
cell receptor ACE2 and the initiation of the infection process) the
existence of a mutation hotspot in this zone may indicate a viral
molecular strategy to increase SARS-CoV-2 virulence and trans-
missibility.1 12 The follow-up of this and other mutations has led to
the identification of new SARS-CoV-2 variants.

2 | VARIANTS OF CONCERN (VOC) EMERGENCE

The high worldwide surveillance on SARS-CoV-2 genetic alterations
has allowed the identification of new variants in a timely manner.*3
The majority of the mutations identified are synonymous mutations,
that is, nucleotide substitutions that don't alter the encoded amino
acid. This type of mutation won't have an effect in viral character-
istics, for example, transmission and virulence, but can compromise
some COVID-19 diagnosis molecular methods. The majority of the
SARS-CoV-2 genome appears to sustain this type of mutations, hence
being under purifying or negative selection. On the other side, non-
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synonymous mutations will probably change SARS-CoV-2 phenotype.
The consequences can vary from imperceptible, on the pathogenic
level, to major repercussions on virulence, transmissibility, and gen-
eral disease prognosis. The first clinically significant non-synonymous
mutation detected was an A to G transition at position 23,403 in the
S gene.' This amino acid change, also known as the D614 G variant,
is suspected to have emerged in January 2020 and 5 months later it
was the dominant variant in circulation worldwide, replacing the
original variant found in Wuhan.*® This rapid variant prevalence has
been explained by both higher infection and transmission rates.t>1¢
Since then, several other variants with clinical consequences have
emerged, leading to the need to categorise them into different
groups, according to the risk they pose to public health.*”*®

In this sense the World Health Organization (WHO) has devised
a classification with the following working definitions: Variant under
Monitoring (VUM), Variant of Interest (VOI), Variant of Concern
(VOC) and Variants of High Consequence (VHC), the last is reserved
to the most virulent and contagious variants, that make diagnosis,
treatment, and vaccination ineffective. Presently, there are no vari-

ants in this last category yet.!??° When a variant, previously

Alfa (B.1.1.7)

Beta (B.1.351)

classified as VOI, shows one or more of the following changes at a
degree of global public health significance it becomes a VOC: (i) in-
crease in transmissibility or detrimental change in the COVID-19
epidemiology; or (ii) increase in virulence or change in clinical dis-
ease presentation; or (iii) decrease in the effectiveness of public
health and social measures or available diagnostics, vaccines, thera-
peutics.?”2° Currently there are 5 VOCs: Alpha, Beta, Gamma, Delta
and Omicron of the B.1.1.7, B.1.351, P.1, B.1.617.2 and B.1.1.529,
Pango lineage, respectively (Figure 2).

The Alpha variant was first documented on September 2020 in
United Kingdom, by 18™ of December 2020 it was already desig-
nated as a VOC. This variant has two additional amino acids moni-
tored: 484K and 452R when compared to previous variants. On May
2020, South Africa reported a new variant, Beta, that had a particular
amino acid monitored, L18 F, but only on 18t of December 2020 it
was declared as a VOC. On November of the same year, Brazil re-
ported an additional variant, Gamma, with the following amino acid
monitored: 681H. Only 2 months later it was designated a VOC. The
Delta variant emerged in India on October 2020. It was declared as a
VOI on April 2021 and further classified as VOC a month later. It has
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FIGURE 2 Current variants of concern (VOC) and their efficiency in escaping neutralising antibodies
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two additional amino acids monitored: 417N and 484K. Lastly,
Omicron was reported in many countries in November 2021. Even
though most papers report its appearance in South Africa, according
to the WHO? it has not yet been assigned to a country. This variant
was classified as VUM upon its discovery, but within 4 days, the
WHO classification was changed to VOC. The additional amino acid
change monitored is R346 K.1?2° It is believed that this variant is a
case of inter-species evolutionary trajectory, where a mouse was
infected with SARS-CoV-2 and upon mutation jumped back to
humans and started the high infection rates that we are currently
dealing with.?*

Recently, France has reported 12 new cases of a new variant,
IHU, that seem to be associated to a patient that returned from
Cameroon.?? This variant was attributed the scientific name
B.1.640.2 according to the Pango lineage. The preliminary analysis of
this variant revealed an overall of 46 mutations and 37 deletions.
From these, 14 are located in the spike protein, including the muta-
tions recently observed in Omicron: N501Y and E484 K, that are
associated with antibodies escape.22 Moreover, the P681H, which
was also found in Omicron, has also raised concern since it is located
in the spike cleavage site of S1-52 subunits.?®

On 7 January, virologist Leondios Kostrikis announced that his
research group at the University of Cyprus in Nicosia had identified
several SARS-CoV-2 genomes that featured elements of both the
Delta and Omicron variants, “Deltacron”.?* However, it was
assumed to be a contamination or otherwise an experimental error,
since the scientific community did not confirmed other cases.
Recently, WHO has confirmed cases in Denmark, the Netherlands,
France and United Kingdom.2> WHO is still waiting for new data
that can further clarify this variant potential threat, hence it has
still not been classified as a VOC. Nonetheless if we consider that
this variant is the fusion between the deadliest VOC and the most
transmissible one, with high vaccine-mediated and previous infec-
tion immunity, it seems safe to say that the pandemic is far from
being over.

2.1 | Variants of concern (VOC) infectivity and
relevant mutations

The different VOCs have distinct characteristics, nonetheless there
seems to be an increasing trend in terms of infectiousness rate. The
Delta variant managed to invade 163 countries in an approximately
9 months's period upon being discovered. According to the evidence
so far?® the Delta variant is 40%-60% more transmissible than Alpha.
Moreover, according to the available data, the Delta variant pre-
sented a two-fold increased risk of hospitalisation.?’ 2% This led to a
high increase, not only on the infected people, but also in hospitali-
zations and deaths worldwide. On the other hand, Omicron, which
was discovered on the 11" of November 2021, was classified as VOC
15 days later, due to its high number of mutations that could have an
impact on the transmissibility and the severity of the disease. Omi-

cron did not fail down on the expectations. Indeed, travel-related

occurrences were documented in Belgium, Hong Kong and Israel,
15 days after the variant was initially reported. Globally, all countries
have reported Omicron-related cases and it has been declared
dominant in several European countries in December 2021, only one

19,26

month upon discovery even in communities with strict measures

like the ones reported by South Korea.*°

Kandeel et al.3!

compared the genetic similarities between the
VOCs and found that the Omicron had the greatest number of gaps
during genome alignment with other SARS-CoV-2 variants. More-
over, according to these authors upon sequence alignment and gaps
analysis, they concluded that the Alpha variant was the one that most
resembles Omicron. This may be an indication that the Omicron
variant was on circulation for some time before it was discovered.®!
Additionally, the authors built a phylogenetic tree with the collected
data and concluded that Omicron is phylogenetically distant from
other variants, thus producing a monophyletic clade.®%*? Omicron
has more than 50 mutations overall, and of these, 26 are unique,
further building upon the 10 concerning and unique mutations pre-
viously observed in Delta (Figure 3) and six from Beta.®® This fact
further supports the theory that the environment may play a unique
role for viral adaptation.3®

The overall Omicron incidence by age - especially in children®* -
region and ethnicity differs markedly from Delta.®®> Currently,
Omicron is the dominant variant circulating worldwide, accounting
for almost all the reported sequences to GISAID.?® It is composed of
several sublineages where the most common are BA.1 and BA.2.
More recently, a sublineage identified as BA.3 has also been re-
ported.2>%¢ Even though these lineages are monophyletic their se-
quences are quite distinct. Indeed, BA.1 and BA.2 differ in 50 amino
acids, which is almost double of the differences found between
Alpha, Beta, Gamma and Delta when compared to Wuhan-Hu-1.%"
Upon its appearance in December 2021 the BA.1 lineage was the
most common and reported by every country has the dominant
variant; however, recently the number of BA.2 cases are surpassing
BA.1. On the 22" of February, the WHOQO's Technical Advisory
Group on SARS-C oV-2 Virus Evolution (TAG-VE) gathered to
discuss the evidence on the VOC Omicron and its sublineages BA.1
and BA.2.2° Taking into consideration the available data on trans-
missibility patterns, severity, reinfection rates, diagnostics, thera-
peutics and overall impact of vaccines, the group has reinforced the
fact that BA.2 should continue to be classified as Omicron and, as
such, to be considered a VOC. Nonetheless the TAG-VE emphasised
that a close monitoring should continue and a re-evaluation will be
performed if new data arise.®® According to Professor Adrian
Esterman,®® a former epidemiologist for WHO, the transmissibility
of “BA.2 is very close to measles that is the most contagious disease
known”. This raises a relevant question: Will BA.2 or BA.3 becomes
the dominant variant? The knowledge acquired so far indicates that
BA.1 has 15 RBD mutations (Table 1) that are associated with its
high infectivity and disruption of nAbs (Figure 2) generated by prior
viral infection and vaccination. On the other hand, BA.2 and BA.3
share 12 of the BA.1 RBD mutations and have an additional 4 and 3

new ones, respectively®® (Figure 3).



LINO ET AL

WILEY__| 5°f1

Delta (B.1.617.2)

Omicron (BA.1)

Omicron (BA.2)

4 mutations on
C-Terminal
Domain 2

2 mutations on Receptor Bilding
Domain (RBD)

I

‘e 7 mutations on S1
“ N-Terminal Domain

(NTD)

2 mutations on
C-Terminal
Domain 2

1 mutations on
C-Terminal

1 mutation on Domain 1

Intracellular Tail ——e
(HR1)

15 mutations on Receptor Bilding
Domain (RBD)

/J
1 mutation on ——e /L:J_\_ 2 mutation on

Intracellular Tail (HR1) ’ S$1/S2 cleaveage to S2° Intracellular Tail (HR1) ’ S$1/S2 cleavage to S2'

19 mutations on Receptor Bilding
Domain (RBD)

17 mutations on S1
- N-Terminal Domain (NTD)
| + 11 deletions
1 mutation on
Fusion Protein (FP)

4 mutations on
C-Terminal
Domain 2

14 mutations on S1
N-Terminal Domain (NTD)
+ 8 deletions

- 1 mutation on

" Fusion Protein (FP)

1 mutations on
C-Terminal
Domain 1

1 mutation on ——= : 2 mutation on
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TABLE 1 Nonsynonymous and synonymous mutations of BA.1 and BA.2

BA.1

Nonsynonymous S

N969K; L981F

N P13L; E31-; R32-; S33-; R203K; G204R

ORFla K856R; S2083-; L2084l; A2710T; T32551; P3395H; L3674-;

S$3675-; G3676-; 13758V
ORF1b P314L; 11566V
ORF3a

ORF6
ORF9b P10S; E27-; N28-; A29-
E T91

M D3G; Q19E; A63T

Synonymous C241T; C3037T; T5386G; T13195C; C15240T; C25000T;
C25584T; A27259C; C27807T; A28271T
2.2 | Spike mutations and their relationship with

antibody escape

Spike glycoprotein is responsible for the virus interaction with ACE2
and, consequently, by the viral internalisation on host cells*

(Figure 2). As such, to avoid virus attachment, most of the

A67V; H69-; V70-; T951; G142-; V143-; Y144-; Y145D;
N211-; L212I; G339D; S371L; S373P; S375F; K417N;
N440K; G446S; S477N; T478K; E484A; Q493R; G496S;
Q498R; N501Y; Y505H; T547K; D614G; H655Y;
N679K; P681H; N764K; D796Y; N856K; Q954H;

BA.2

T191; L24-; P25-; P26-; A27S; G142D; V213G; G339D;
S371F; S373P; S375F; T376A; D405N; R408S; K417N;
N440K; S477N; T478K; E484A; Q493R; Q498R; N501Y;
Y505H; D614G; H655Y; N679K; P681H; N764K;
D796Y; Q954H; N969K

P13L; E31-; R32-; S33-; R203K; G204R; S413R

S135R; T842l; G1307S; L3027F; T3090l; L3201F; T3255I;
P3395H; $3675-; G3676-; F3677-

P314L; R1315C; 11566V; T2163I
T223I

Dé61L

P10S; E27-; N28-; A29-

T9I

Q19E; A63T

C3037T; C4321T; A9424G; C10198T; G10447A; C12880T;
C15714T; A20055G; C25000T; C25584T; C26858T;
A27259C; C27807T; A28271T

therapeutics and vaccines approved for emergency use have been
inhibit the ACE2-spike
teractions.*? Thus, understanding the mutations, their possible role

developed to specifically act and in-
and location, is crucial for the design of effective target-specific
therapeutics and preventive strategies.*> Omicron has at least 30

amino acid substitutions in the spike protein, three deletions and an
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insertion (Figure 3). It is noteworthy to highlight that 15 of these
mutations are on the receptor-binding domains (RBD) that are
responsible for the spike-ACE2 binding.**

In order to better assess the effect that these mutations have on
the spike binding affinity, Kumar co-workers,** conducted a study to
determine the highest theoretical docking score between the spike
protein and ACE2. In this study a comparison between Omicron, the
original Wuhan and Delta variants was established. They concluded
that Omicron has the highest affinity towards ACE2 when compared
to the other reported variants.**

Indeed, the Omicron variant is the most divergent so far, which
can be seen, for example, in terms of transmissibility. This raises
concerns on the vaccine efficiency and risk of reinfection. This
apprehension is mainly due to the high mutation rate on the S gene,
particularly since many of these mutations are in the receptor
binding and the N-terminal domains, that play fundamental roles in

ACE2 binding and antibody recognition*>*¢ (

Figure 2). Omicron also
has a particular cluster of mutations at the S1-S2 furin cleavage site
(H655Y, N679 K, P681H; Figure 3) that can be responsible for
immune-escape and high transmissibility.*”*¢ It is believed that its
transmissibility surpasses the Delta variant, considered the most
transmissible up until now. Additionally, there are also 3 amino acid
deletions in the ORF1a gene that seem to be related with higher
immune evasion.7>°

Among the many Omicron mutations, it is also important to
highlight the relevance of the mutation E484 in the spike protein. It
has been previously demonstrated that this mutation may be critical
in avoiding vaccination immunity.** This mutation is also present in
the Beta and Gamma VOCs, as well as, in the Mu VOI and was found
to have a key role in resistance to neutralising antibodies generated
by prior infection® (Figure 2).

It is important to highlight that the effect of Omicron mutations
must be seen as a whole.** N501Y mutation is responsible for
improving the ACE2 receptor binding, which is associated with high
transmission rate; however, additional Omicron spike protein modi-
fications may also alter the affinity towards ACE2 receptor.’? The
H655Y mutation is adjacent to the furin cleavage point (Figure 3),
thus it could speed up spike cleavage and assist transmission.
Furthermore, it can also be responsible for the virus resistance to-
wards monoclonal antibody therapy.>® Moreover, N679 K mutation is
also close to the furin cleavage site and contributes to its polybasic
character, which may enhance spike cleavage and help trans-
mission.*> Overall, there are 15 mutations in the Omicron RBD
(Figure 2). From these, only N501Y mutation is associated with
increased protein stability. On the other hand, the mutations G339D,
S371 L, S373P, S375 F, K417 N, N440 K, G446S, S477 N, T478 K,
E484 A, Q493 R, G496S, and Q498 R, are related to decreased
protein stability. Nonetheless, all these mutations share a common
trade: they are an indicator of increased disease vulnerability.?®

Considering the knowledge acquired for BA.1 and the unveiling
of the particularities of BA.2 spike protein, it seems reasonable to
assume that virological properties, such as, immune resistance and

pathogenicity, are most likely different too.3¢ Indeed, as the number

of people infected by Omicron sub variants rise, so did the number of
reinfections. This raised a pertinent question: can BA.2 escape from
the natural immunity acquired shortly after the BA.1 infection? There
is not a consensus on this subject. Indeed, even though there are
studies pointing out that previous infection with an Omicron sub-
lineage induced strong but not full protection against reinfection for
several weeks after the initial infection.>® There are also studies
proving exactly the opposite, that is, from a total of 187 reinfection
cases, 47 (25%) where associated with BA.2 reinfection shortly after
BA.1 infection.*® These cases where mostly, but not all, in young
unvaccinated individuals with mild disease, not resulting in hospi-
talisation or death. These differences may be due to the particular-

.,>% concluded that there

ities of the studies. Indeed Chemaitelly et a
was strong protection against reinfection using data collected in
Qatar during a large Omicron (BA.1 and BA.2) wave. But in Qatar the
BA.1 was dominant for a very short period of time (days), and the
sample was constituted by only 23.8% BA.1 confirmed cases and
76.2% BA.2. Despite the fact that this sample is intrinsically biased, it
is important to analyse these data keeping in mind that the reinfec-
tion cases reported are associated with BA.2 infection after BA.1.
This reinforces the idea that data need to be carefully integrated into
the exiting information in order to provide an overall idea on the
subject instead of creating doubts and non-consensus information,
particularly when the topic is so new and relevant and important
measures are being implemented all around the world through the
outputs science is providing.

The apparent advantage of BA.2 over BA.1 is currently the topic
of several research studies.?>3>3¢ Chen and Wei (2022)%° performed
a comparative analysis on all the main variants, namely, Alpha, Beta,
Gamma, Delta, Lambda, Mu, BA.1, BA.2 and BA.3 and determined
that BA.2 is about 1.5 times more infectious than BA.1 and 4.2 times
more infectious than Delta. Moreover, it is also 30% and 17% more
capable than BA.1 and Delta, respectively, to escape current vac-
cines.® In Japan, Yamasoba et al.,*¢ analysed the effects of BA.2 and
BA.1 on animal models. According to their results, the effective BA.2
viral reproduction is 1.4- fold higher than BA.1. Their cell culture
experiments also reinforced the knowledge that BA.2 is more repli-
cative in human nasal epithelial cells and more fusogenic than BA.1.
When using animal models, namely hamsters, BA.2 superior infection
ability was also confirmed. Moreover, this study neutralisation ex-
periments showed that the vaccine-induced immunity fails on both
Omicron sublineages despite the fact that their individual antige-

nicity is different.3¢

These data along with the high number of cases
being reported of BA.2 it seems to indicate that this variant is more
infectious than BA.1, thus suggesting that it can potentially pose
serious threats to human health. Nonetheless there are little exper-
imental results reported for BA.2 and BA.3. According the phylody-
namics analysis performed by Yamasoba et al.,>® BA.1 emerged first
closely followed by BA.2 and BA.3. Moreover, the data also suggest
that all these lineages have emerged in Gauteng Province, South
Africa, where the first cases where reported. Overall these studies
are suggesting that the risk for global health is higher for BA.2

lineage.
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3 | PHYSICOCHEMICAL PARAMETERS:
EVOLUTION FROM THE ORIGINAL TO DELTA AND
OMICRON VARIANT

The emergence of new variants, particularly Delta and Omicron, was
followed by a sequence loss, deletions, and consequent amino acid
decrease. But following these sequence changes, an interesting
feature has emerged. A protein's isoelectric point (pl) is an indication
of the protein acid-base behaviour. From the original Wuhan variant
to Omicron, an increase in the theoretical pl was observed, changing
from acidic to alkaline (from 6.24 to 7.14, for the Wuhan to Omicron
variants, respectively).2 It is also interesting to notice that despite
the fact that Omicron has less 3 amino acids than the Wuhan variant,
its molecular weight is higher than Wuhan and Delta variants, as well
as its pl. Moreover, when compared to the Delta variant, Omicron
has an increase in the following amino acids: arginine (Arg), lysine
(Lys), aspartic acid (Asp), and glutamic acid (Glu). These amino acids
are responsible for salt bridge formation, thus increasing the stability
of the protein, particularly because these amino acids are charged
residues that are in an exposed section of the protein. Additionally,
Omicron spike core is composed by a high content of non-polar
amino acids, which is an advantage feature, since the core is inac-
cessible to the solvent hence it won't pose as a solubility problem and

at the same time it allows rising the protein pl.>*

4 | EFFECTIVENESS OF DIAGNOSTIC TESTS

Considering the mutation rate and all the mutations that have arisen
in the SARS-CoV-2 genome, it is important to evaluate the effec-
tiveness of the diagnostic tools available. Indeed, depending on the
mutations and differences in infection levels, these may compromise
some diagnostic tools if they are not constantly being monitored and
updated. Currently there are numerous diagnostic tools available. In
Europe alone, there are more than 364 tests approved and available
for commercialisation.>>>¢

The difference in test performance regarding specificity and
sensitivity, the equipment required, the cost and the information that
each result provides are all variables that need to be taken into
consideration when choosing the best option. Each test has a more or
less specific window of time in which its results have higher accuracy,
and sometimes, the test choice simply isn't the most adequate for a
given situation, leading to false results. Symptom's presentation, time
of infection, type and quality of the sample, are some of the variables
that can greatly influence test results and their efficacy. The most
accurate test so far is the RT-PCR; however, as in all tests, the targeted
genomic region needs to be carefully chosen, more when the virus
undergoes such a high number of mutations, which can compromise
detection efficiency. It is necessary to highlight that the identification
of Omicron in South Africa was possible due to the S-gene target
failure approach.*® Thus, and based on the known changes in the virus
genome, the rapid antigen detection tests need urgent re-evaluation

for their validity in the detection of Omicron cases.

5 | VACCINE EFFICACY TOWARDS OMICRON
VARIANT

The vaccine-induced immunity mostly targets the spike protein in an
attempt to neutralise the interaction between the protein and ACE2.
In each variant, the spike protein has suffered several mutations;
however the 15 RBD mutations pose a great concern.?44%>5

The neutralising capacity of our current interventions, namely
vaccines and convalescent plasma, need to be addressed through in
vitro assays and in vivo studies®”; however this will take some time to
accomplish.>® As previously explained, some of the spike mutations
are on immune-dominant regions that are thought to be extremely
relevant in the antibody-mediated host defence.®**° Some of the
other known mutations are located in domains that are targeted by T
cell-mediated host defence. This is an additional problem. Indeed
when virus evolution results in the neutralisation of the existing
antibodies it is possible that memory T cell responses offer a path for
long term protection.*® This can be assessed by the major effec-
tiveness to assist activated naive B cells by CD4 + T cells responding
to the altered spike protein, or by direct lysing of SARS-CoV-2
infected cells mediated by CD8 + T cells. According to the number
of mutations on the RBD, it is likely that the Omicron variant is more
susceptible to monoclonal antibody therapy, when compared to other
variants with fewer mutations on this domain.*>>° Moreover, the
data collected by Cao and co-workers,° indicated that even though
Omicron can cause significant humoral immune evasion, the use of
neutralising antibodies targeting the Sarbecovirus conserved region
seems to be more effective. These authors suggest that efforts
should be employed in developing neutralising antibodies and vac-
cines targeting this region as an effective measure to neutralise
Omicron and future variants.°

According to the knowledge acquired so far, scientists from
South Africa believe that previous SARS-CoV-2 infection provides
relatively low-to-none immune protection against subsequent infec-
tion with the Omicron variant. These facts have led the vaccine
manufacturers to launch major efforts to create mRNA-based vac-

cines adjusted to the Omicron variant.®?

The known facts regarding
vaccine effectiveness obtained through the use of isolated Omicron
viruses have showed incomplete immune escape from antibodies in
individuals without prior SARS-CoV-2 infection that had taken two
doses of the Pfizer vaccine. However, individuals with two doses of
the Pfizer vaccine who have had previous SARS-CoV-2 infection
showed antibody levels expected to be protective.®> On another
study, testing sera from individuals with full vaccination (Pfizer/Bio-
NTech or Moderna, or heterologous AstraZeneca/BioNTech), the
neutralisation levels were highly reduced. However, the administra-
tion of a booster shot seemed to increase the antibody levels to a
significant level.®® Nonetheless, it is still early to have a detailed
vision of this variant impact in the immune response, and several
more studies and data are needed to confirm these initial results®®

Recent studies have proved that BA.1 and BA.2 are highly
resistant to the vaccine-induced antisera.’®¢* Moreover, BA.2 was

also almost completely resistant to two monoclonal antibodies,
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Casiriviman and Imdevimad.3¢ Additionally, this Omicron lineage was
also found 35% more resistant to Sotrovimab,®® another therapeutic
antibody that has been proven useful, in the last VOCs, for
decreasing the disease progression risk in high-risk patients with
mild-to-moderate COVID-19.654¢

Before Omicron appearance a SIREN UK cohort study of health
care workers estimated 85% protection provided by previous infec-
tion against a new one, over 6 months.®” This study dictated a
reference that countries like Portugal used for RT-PCR testing.
Currently, another UK study, Report 49 of the Imperial College
COVID-19 response,33 obtained similar results to Pulliam et. al. in
South Africa, that suggests strong evidence for immune evasion of
Omicron sublineages when compared to Delta.®? Indeed using the
same time spam established before Omicron (6 months upon initial
infection), the remaining protection is only 19%. This evasion is
similar from both previous infection and vaccine-induced protection,
where a risk of reinfection is 5.41-fold higher for Omicron than for
Delta. Thus, it is of the outmost relevance to update the testing
guidelines according to these findings. Report 49 results also support

the findings of Andrews et al.®

that suggests very limited remaining
protection against symptomatic infection afforded by two doses of
AZ, low protection afforded by two doses of Pfizer, but moderate to
high (55%-80%) protection in people boosted with an mRNA vac-
cine.’*%? Indeed, SARS-CoV-2 mRNA vaccines have demonstrated
efficiency prior to Delta and Omicron VOCs appearance in the pre-
vention of asymptomatic infection or mild symptomatic disease’® 72
but taking into consideration the current knowledge it is still not
clear if additional vaccines boosts or the development of a more
specific vaccine will be an emerging need.®®”2 This vaccine-immune
and prior infection antibodies evasion by Omicron is particularly
interesting. It is important to highlight that mRNA vaccines were
designed to create antibodies that target the spike protein and
Omicron has 23 specific spike mutations and most of these are on the
RBD** (Figure 3). Kannan et al.** analysed the spike protein muta-
tions and their possible relation with Omicron immune escape and
found evidence that these spike mutations can effectively affect the
antibodies attachment to it (Figure 2), thus reducing the efficacy of
vaccination and prior infection immunity. Lytras et al.,”* went a bit
further and concluded that the large mutations number present in
Omicron are only beneficial when present together and that the
immune evasion characteristic of this VOC would not be so effective
if they were not present simultaneously. It is also interesting to
highlight that these mutations are also associated with a higher

binding capacity to ACE2 for a broader range of species,”>”¢

making
the reverse zoonosis identified in SARS-CoV-277 particularly
troubling.

Even though this new VOC has been associated with a lower
mortality and severity rates, this fact is not synonymous of benign.
On the contrary, there is still much uncover on the effects of long
COVID and the long-term effects of severe and mild symptomatic
infections. Indeed, a recent study with 785 participants it has been
demonstrated that even in mild case infection it is possible to

develop brain-related abnormalities due to COVID-19 infection.”®

This study proved that this viral infection can effectively lead to: (i)
reduction in the grey matter thickness and tissue-contrast in both
orbitofrontal cortex and parahippocampal gyrus; (ii) alteration in
tissues markers in regions functionally connected to the primary ol-
factory cortex, and (iii) reduction in global brain size. Additionally the
study participants also revealed an average larger cognitive decline
when comparing the scan results obtained upon diagnostic and
141 days later. Moreover no differences were observed between
patients that had been hospitalised and those who had mild symp-
toms that did not require hospitalisation.”® This reinforces the fact
that these brain abnormalities can occur even in mild COVID-19
symptoms cases. This study is possibly a hallmark for proving in
vivo degenerative spread of diseases via olfactory pathways, neuro-
inflammatory events or even the loss of sensory input due to
anosmia. It remains unknown whether these effects are reversible

or not.”®

6 | CONCLUSIONS

Ever since the emergence of SARS-CoV-2 at the end of 2019, several
new variants have been reported worldwide, as the numbers of the
pandemic keep rising and reaching new peaks from time to time. The
uprise of Omicron has brought a new challenge to the already fragile
world economy. In November 2021 it was first reported by the South
African entities the appearance of a new variant and less than a
month later it was considered the dominant variant in every country
it reached. Indeed, the high transmissibility rate is now being
compared to the measles virus. This variant has raised red flags all
over, mainly due to the elevated number and the location of these
mutations. Omicron has over 50 mutations, 15 of which in the RBD,
that are responsible for binding to host cells. Moreover, some mu-
tations are also associated with antibody escape and host immune
evasion. This has raised concerns to the possibility of dealing with a
variant that is more transmissible, that poses a higher risk of rein-
fection and ultimately for which the vaccine efficiency is lower. Ac-
cording to the data collected so far it is safe to say that it is much
more transmissible than the previous Delta variant, the deadliest
VOC so far. Regarding the other two main problems flagged, data
acquired so far, proved that Omicron, particularly the sublineage
BA.2 is more transmissible, has a high risk of reinfection and a high
capacity to evade host-immunity provided by vaccines and previous
infections. Even though this variant seems to have more mild
symptoms, mostly associated with an upper respiratory tract infec-
tion, it is necessary to keep in mind that the number of infected
people is strongly related to the emergence of new variants. More-
over, it has been proven that patients with mild COVID-19 had
several brain alterations. Up to this moment it is still not clear if these
changes, including the reduction of brain size, are reversible. Addi-
tionally, the high infection rates associated with Omicron (BA.1, BA.2
and BA.3) are associated with the cases of double infection (where a
patient is contaminated by both variants) and the appearance of the

new variant “Deltacron”, which is a fusion between VOCs, Delta and
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Omicron. The emergence of these new potentially harmful variants
needs to be taken into consideration when revising the restrictions
relieves worldwide.
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