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Abstract

The severe acute respiratory syndrome coronavirus (SARS-CoV)-2 responsible for the global COVID-19 pandemic has
caused almost 760 million confirmed cases and 7 million deaths worldwide, as of end-February 2023. Since the begin-
ning of the first COVID-19 case, several virus variants have emerged: Alpha (B1.1.7), Beta (B135.1), Gamma (P.1), Delta
(B.1.617.2) and then Omicron (B.1.1.529) and its sublineages. All variants have diversified in transmissibility, virulence, and
pathogenicity. All the newly emerging SARS-CoV-2 variants appear to contain some similar mutations associated with greater
"evasiveness" of the virus to immune defences. From early 2022 onward, several Omicron subvariants named BA.1, BA.2,
BA.3, BA.4, and BA.5, with comparable mutation forms, have followed. After the wave of contagions caused by Omicron
BA.5, a new Indian variant named Centaurus BA.2.75 and its new subvariant BA.2.75.2, a second-generation evolution of
the Omicron variant BA.2, have recently been identified. From early evidence, it appears that this new variant has higher
affinity for the cell entry receptor ACE-2, making it potentially able to spread very fast. According to the latest studies, the
BA.2.75.2 variant may be able to evade more antibodies in the bloodstream generated by vaccination or previous infection,
and it may be more resistant to antiviral and monoclonal antibody drug treatments. In this manuscript, the authors highlight
and describe the latest evidences and critical issues have emerged on the new SARS-CoV-2 variants.
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Introduction
SARS-CoV-2 variants

SARS-CoV-2 is responsible for the current ongoing
global pandemic of coronavirus disease 2019 (COVID-19)
(https://www.who.int/emergencies/diseases/novel-coron
avirus-2019). SARS-CoV-2 is a member of the Coronavi-
rus (CoV) family. Coronaviruses (CoVs) are a large fam-
ily of respiratory viruses with an envelope and a genome
consisting of single-stranded positive-stranded RNA that
can cause mild to moderate illness, from the common cold
to severe respiratory syndromes (Peeri et al. 2020; Zhu
et al. 2020). Coronaviruses are common in many animal
species (such as camels and bats) but in some cases, albeit
rarely, they can evolve and infect humans. SARS-CoV-2
penetrates the host cell through fusion of the viral enve-
lope with the cell membrane or through membrane fusion
within the endosome after endocytosis (Petrovszki et al.
2022). One of the major receptors for endocellular penetra-
tion utilized by SARS-CoV-2 is angiotensin-converting
enzyme 2 (ACE2), which is widely expressed in pulmo-
nary pneumocytes, intestinal cells, and myocardiocytes.
COVID-19 disease can be asymptomatic, mild, severe
to cause patient death (Balse and Hatem 2021). Typical
symptoms of COVID-19 such as dyspnoea, fever, cough,
and fatigue can be followed by numerous complications
including pneumonia, myocarditis, and kidney injury,
resulting in some cases of death (Rosa et al. 2021). To
avoid a larger number of deaths caused by COVID-19, a
tremendous effort has been made throughout the scientific
world to make vaccines and antiviral treatments available
as quickly as possible (Vitiello and Ferrara 2021; Vitiello
et al. 2021). COVID-19 was declared a global pandemic
by the World Health Organization (WHO) on March
11, 2020. As of 28 February 2023, data recorded by the
WHO indicate 758. 390.564 confirmed cases, 6.859.093
associated deaths, and over 13.228 million vaccine doses

administered (Table 1) (https://www.who.int/emergencies/
diseases/novel-coronavirus-2019).

Over one third of the cases reported worldwide was reg-
istered in the WHO Europe Region (36%), followed by the
Western Pacific (27%) and the Americas (25%) Regions.
The Europe Region also contributed to over one third (32%)
of the COVID-19 associated deaths, while the Americas
registered almost half (43%) of the cumulative number
of deaths occurred globally. The Western Pacific was the
WHO Region with the highest number of COVID-19 vac-
cine doses administered, together with the South-East Asia
Region (25%) (Table 1). Since the beginning of the first
detected positive SARS-CoV-2 cases, numerous variants of
the virus have occurred and alternated: Alpha (B1.1.7), Beta
(B135.1), Gamma (P.1), Delta (B.1.617.2) and now Omicron
(B.1.1.529) and subvariants. On May 31, 2021, the WHO
announced easy-to-say labels for SARS-CoV-2 variants of
concern (VOC) and variants of interest (VOI) that do not
concern their origin. However, the established nomencla-
ture systems for naming and tracking SARS-CoV-2 genetic
lineages by GISAID, Nextstrain and Pango are still used by
scientists. VOC are all those variants of SARS-CoV-2 with
clear evidence suggesting a possible significant impact on
the severity of COVID-19 and consequently on the epide-
miological situation, while VOI are all the variants with still
preliminary evidence and high uncertainty indicating that
they could imply a significant impact on the transmissibility
and severity of COVID-19. Most mutations in the various
SARS-CoV-2 variants have had minimal impact on certain
properties of the virus, such as ease of spread, transmis-
sibility, associated disease severity, virulence, pathogenic-
ity, associated vaccine antibody response, and efficacy of
antiviral treatments (Vitiello et al. 2022). From early 2022
onward, several BA.1, BA.2, BA.3, BA.4, and BA.5 sub-
variants with very similar mutation forms have followed one
another. After the wave of contagions caused by Omicron
BA.5, a new Indian variant named Centaurus BA.2.75 and
its new subvariant BA.2.75.2, a second-generation evolu-
tion of Omicron variant BA.2, have recently been identi-
fied (Shaheen et al. 2022). From early evidence, it appears

Table 1 Confirmed SARS-

Cumulative cases (%)

COVID-19 vaccine
doses administered

(%)

Cumulative deaths (%)

. WHO Region
CoV-2 cases, associated deaths,
and COVID-19 vaccine doses
administered in the WHO
Regions, 28 February 2023 Europe

Western Pacific
Americas
South-East Asia

273.261.618 (36)
201.263.891 (27)
190.340.817 (25)
60.767.139 (8)

2.193.638 (32)
405.481 (6)
2.931.281 (43)
803.851 (12)

1.709.075.705 (13)
4.658.304.367 (35)
2.099.825.828 (16)
3.314.003.488 (25)

Eastern Mediterranean 23.258.662 (3) 349.534 (5) 877.196.471 (7)
Africa 9.497.673 (1) 175.295 (3) 570.207.767 (4)
Global 758.390.564 (100) 6.859.093 (100) 13.228.613.626 (100)
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that this new variant has higher affinity for the cell entry
receptor ACE-2 making it potentially able to spread very
fast. According to the latest studies, the BA.2.75.2 variant
may be able to evade more antibodies in the bloodstream
generated by vaccination or previous infection, and it may
be more resistant to antiviral and monoclonal antibody
drug treatments. Recently, updated mRNA vaccines were
licensed against subvariants BA.4, and BA.5 (https://www.
ema.europa.eu/en/human-regulatory/overview/public-
health-threats/coronavirus-disease-covid-19/covid-19-lat-
est-updates). The new updated mRNA vaccine helps to cre-
ate a broader immune response and improve the strength
and duration of protection against circulating variants. Epi-
demiologic studies are underway to test whether the new
SARS-CoV-2 subvariants may have greater transmissibility
and pathogenicity than their predecessor variants. In addi-
tion, epidemiological evidence is showing that SARS-CoV-2
infection is associated with a range of persistent symptoms
impacting everyday functioning, known as post-COVID-19
condition or long COVID (Han et al. 2022). What might be
the impact of infection with the new SARS-CoV-2 subvari-
ants BA .4, and BA.S in an individual with post-COVID-19
condition or long COVID symptoms? Are the licensed
SARS-CoV-2 antivirals, such as remdesivir, PF-07321332/
ritonavir, molnupiravir, equally effective against the new
subvariants? In the epidemiological week 6 to 12 February
2023, pooled recombinant variant sequences accounted for
41.5% of all the collected sequences, XBB.1.5 accounting
for 32.6%, BA.5 and its descendent lineages 31.8%, BA.2
and its descendent lineages 13.7%, XBF 1.2%. In the same
week, Omicron BA.1, BA.3 and BA.4 variants and their
descendent lineages all accounted for < 1% prevalence;
unassigned sequences (all presumably Omicron awaiting
descendent lineage assignment) accounted for 12.9% of the
shared sequences (https://www.ecdc.europa.eu/en/covid-19/
country-overviews).

Omicron subvariants

In recent months, multiple lineages of the omicron SARS-
CoV-2 variant have been identified globally, i.e. the BA.1
and BA.2 subvariants, the BA.2.12.1 subvariant which is
the dominant strain in the United States currently, BA.4 and
BA.5 are dominant in South Africa, and lastly the Centaurus
BAZ2.75 and BA2.75.2 subvariants. These variants can par-
tially evade the antibody response induced by licensed vac-
cines (Cele et al. 2022; Liu et al. 2022). A country overview
of the prevalence of several Omicron variants assigned as
VOC or VOI in EU/EEA countries, and other variants, reg-
istered in epidemiological week 8, 2023, is shown in Table 2
(European Centre and for Disease Prevention and Control
2023a).

The VOC (Table 3) and VOI (Table 4) circulating at the
global level are listed in the tables below, together with the
mutation sites identified in the spike protein of each vari-
ant, the date of first detection, and the estimated impact on
transmissibility, immunity and severity of disease.

BA.2

The Delta variant of SARS-CoV-2 was rapidly replaced by
the Omicron variant and subvariants due to natural selec-
tion. Several lineages, BA.1, BA.2, have resulted from the
Omicron variate. Omicron subvariant BA.2 shares 32 muta-
tions with BA.1 and 28 different ones and is about 1.5 and
4.2 times more infectious than BA.1 and Delta, respectively.
Epidemiological data immediately indicated a greater trans-
missibility and spread of BA.2 than BA.1 (European Centre
and for Disease Prevention and Control 2023a). Molecular
studies showed 31 amino acid changes in the spike region
compared to the reference strain Wuhan/Hu-1/2019, specifi-
cally 7 changes in the N-terminal domain (NTD), includ-
ing substitutions and deletions (T19L, A24-27S, G142D,
V213G); 16 substitutions in the receptor-binding domain
(RBD) (G339D, S371F, S373P, S375F, T376A, D405N,
R408S, K417N, N440K, S477N, T478K, E484A, Q493R,
Q498R, N501Y and Y505H), 3 substitutions near the furin
cleavage site (H655Y, N679K and P681H), and 4 substitu-
tions in the S2 region (N764K, D796Y, Q954H and N969K)
(Lyngse et al. 2022). Studies have shown that in the face
of greater immune evasiveness, the BA.2 variant is com-
parable to BA.1 in terms of pathogenicity (Kawaoka et al.
2022; Halfmann et al. 2022; Shuai et al. 2022). However,
an interesting study showed that in a paediatric population
sample, Omicron SARS-CoV2 BA.2 can cause severe ill-
ness in unvaccinated and hospitalised children who have had
low exposure to previous SARS-CoV-2 variants in the past
2 years (Suzuki et al. 2022). However, evidence has shown
no difference in severity for individuals infected with sub-
variant BA.2 and BA.1 Omicron, considering the risk of
severe clinical outcomes and length of hospital stay, indi-
cating that the reduced COVID-19 severity associated with
the Omicron variant compared to the Delta variant persisted
after the emergence and establishment of the BA.2 subvari-
ant (Tso et al. 2022).

BA.4/BA.5

The two lineages BA.4 and BA.5 of the Omicron variant
were first identified in South Africa (Lewnard et al. 2022)
and then rapidly spread to different countries around the
world. At the end of 2022, according to data from the WHO
and the European Centre for disease prevention and control
(ECDC), and as also shown in Table 1, subvariants BA.4
and BA.S are the most widespread in EU/EEA countries.
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Table 2 Prevalence (%) of

. . Country SARS-CoV-2 circulating variants in EU/EEA (%)
the Omicron variants and
others detected in the EU/EEA BQ.1 XBB.1.5 BA.2.75 BA.S BA.2 XBB BA4 Other
countries, epidemiological
week 8, 2023 (European Centre Austria 23.6 45.5 22.2 4.6 1.2 2.9 0.1
and for Disease Prevention and Belgium 44.1 25.1 22.7 34 4.7
Control 2023a) Bulgaria
Croatia 48.9 6 14.9 27.3 0.9 14 0.6
Cyprus
Czechia 15 70 10 5
Denmark 229 33.6 35.5 6.6 0.6 0.8
Estonia 154 8.5 29.9 19.7 26.5
Finland 53.6 16.3 6 10.2 6.6 7.2
France 48.4 339 10.4 4.9 0.3 2
Germany 232 52.1 24.6 0.1
Greece 43.2 7.9 24.5 8.6 15.1 0.7
Hungary 22.5 32.5 45
Iceland 4.3 52.2 43.5
Ireland 12.9 46.9 27.1 4.4 0.2 8.5
Italy 54.9 20.3 11.2 10.4 1.2 1.7 0.1 0.1
Latvia 33.8 64.4 1.6 0.2
Liechtenstein
Lithuania
Luxembourg 30 35 11.2 7.5 14.2 2.1
Malta 100
The Netherlands 30.3 30.5 20.3 53 0.6 9.6 0.4 3
Norway 18.8 12.5 312 6.2 25 6.2
Poland 48.5 14.9 17.9 15.7 0.7 2.2
Portugal 48.3 24.1 27.6
Romania 34.3 2 12.6 31.8 16.2 2 1
Slovakia
Slovenia 38.2 11.8 353 14.7
Spain 38.5 49.3 8.8 2 0.7 0.7
Sweden 22.7 15.8 10 304 12.1 8.9

Table 3 SARS-CoV-2 Variants of Concern (VOC) and spike mutations of
europa.eu/en/covid-19/country-overviews)

interest identified globally, as of 23 February 2023 (https://www.ecdc.

WHO label Lineage Spike mutations of interest

Date of first detection Impact on

Transmissibility Immunity Severity

Omicron  BA.2 G142D, N2111, A212, 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
Omicron BA4 L452R, F486V, R493Q
Omicron BA.S L452R, F486V, R493Q

November 2021 Increased Increased Reduced
January 2022 No evidence Increased No evidence
February 2022 No evidence Increased Unclear

Variants BA.4 and BA.5 caused a surge in COVID-19 posi-
tive cases in South Africa, rapidly replacing the previous
variants BA.1 and BA.2, despite the large number of people
vaccinated and already recovered from a previous COVID-
19 infection. However, despite the surge in cases, no increase

@ Springer

in the number of deaths has been reported (Callaway 2022a).
From a molecular point of view, the BA.4 and BA.5 vari-
ants have spike region mutations at positions L452R, F486V,
R493Q, as shown in Table 2. These mutations are responsi-
ble for the increased spread and transmissibility of the virus.
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Table 4 SARS-CoV-2 Variants of Interest (VOI) and spike mutations identified globally, as of 23 February 2023 (https://www.ecdc.europa.eu/

en/covid-19/country-overviews)

WHO label Lineage+addi- Spike mutations of interest ~ Year and month Impact on
tional mutations first detected — - -
Transmissibility Immunity Severity
Omicron BA.2.75 May 2022 Unclear Similar to baseline  No evidence
Omicron BQ.1 K444T, N460K Not available Baseline Baseline Baseline
Omicron XBB N460K, F490S Not available Similar to baseline  Increased No evidence
Omicron XBB.1.5 N460K, S486P, F490S Not available Increased Increased Similar to baseline

In particular, the spike region mutation L452R is responsible
for the increased transmissibility because it promotes both
the viral attachment to the human cells and mechanisms of
viral escape (European Centre and for Disease Prevention
and Control 2023b). In addition, the spike region mutation
F486V could help the variants to escape the human immune
system. The symptoms and severity of COVID-19 caused by
subvariants BA.4 and BA.5 are not yet fully known. How-
ever, it is important to emphasise that the evidence does not
show an increase in the number of deaths caused by these
subvariants. Underlying this may probably be several factors
such as mass vaccination and natural immunity resulting
from a large Omicron wave (Islam et al. 2022). In addition
to the assumption of increased immune evasion by BA.4
and BA.5, an interesting study showed that these subvariants
substantially evade neutralising antibodies induced by both
vaccination and infection, and that furthermore, neutralising
antibody titres against subvariant BA.4 or BA.5 are lower
than the titres against subvariants BA.1 and BA.2, suggesting
that the omicron variant of SARS-CoV-2 has continued to
evolve with increasing escape ability from neutralisation. All
of these described findings may explain the spikes caused
by subvariants BA.4 and BA.5 in populations with high fre-
quencies of vaccination and previous BA.1 or BA.2 infection
(Cao et al. 2022). However, in the face of increased immune
evasion, the evidence does not demonstrate increased sever-
ity or mortality caused by BA.4 BA.5. infected individu-
als had a similar odd of hospitalisation and severe outcome
compared to BA.1-infected individuals (Callaway 2022b).
Probably the extremely high population immunity, and spe-
cifically the elicited T-cell responses, could explain the low
severity observed despite the emergence of additional Omi-
cron lineages with increased transmissibility and immune
escape. An important aspect to consider is that the spike
region mutations L452Q, L452R and F486V are located in
the receptor binding domain (RBD) of the spike protein, the
main target of monoclonal antibody therapies. To date, the
efficacy of monoclonal antibodies against BA.4 and BA.5
subvariants is unknown. An interesting study that used live-
virus focus reduction neutralisation testing (FRNT) showed
that monoclonal antibody casirivimab lost neutralising activ-
ity against BA.4, and BA.S, instead imdevimab retained

neutralising activity against these VOC (Hachmann et al.
2022; Takashita et al. 2022).

BA.2.75 and BA.2.75.2

SARS-CoV-2 Omicron variant BA.2.75 was first detected in
India in May 2022, then it spread rapidly to other countries
such as Japan, and United States (Wolter et al. 2022). Sub-
sequently, on July 19, 2022, the WHO classified this variant
as a VOC under close monitoring. BA.2.75 shows higher
immunogenicity profile and virulence than other Omicron
variants, and different susceptibility to anti-SARS-CoV-2
monoclonal antibodies. Compared to BA.2, BA.2.75 consists
of 14 amino acid substitutions, including 9 substitutions in
the protein S. In an interesting study, it was shown that,
BA.2.75 exhibits an approximately 57-fold higher binding
affinity to the ACE-2 membrane receptor compared to the
BA.5 variant and an approximately 3000-fold higher recep-
tor binding affinity compared to the Alpha variant (B.1.1.7)
(Hirotsu and Omata 2023). Sheward and colleagues (Zappa
et al. 2022) also showed that in the spike protein of Omi-
cron subvariant BA.2.75 there are 9 additional mutations
compared to variant BA.2 namely, G339H, G446S, G2578S,
1210V, F157L, R493Q, N460K, W152R, and K147E
(Fig. 1).

In view of the mutations present at the spike protein,
the target site of anti-SARS-CoV-2 monoclonal antibod-
ies, and the antibody response induced by stimulation fol-
lowing administration of anti-COVID-19 mRNA vaccines,
several studies have investigated the possible immune
escape of the BA.2.75 with respect to the vaccine-induced
antibody response, and with respect to anti-SARS-CoV-2
antibodies. Important evidence has shown that the use of
the monoclonal antibody cilgavimab has an approximately
11-fold reduced efficacy and potency compared with the
B.1 variant, while the monoclonal antibody tixagevimab
showed overlapping potency. In addition, for the mono-
clonal antibody bebtelovimab, an approximately sevenfold
reduction against BA.2.75 was demonstrated, while the first
anti-SARS-CoV-2 monoclonal antibodies that came on the
market, such as casivirimab and imdevimab, showed no neu-
tralizing activity against BA.2.75 (Sheward et al. 2022a).
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BA.2.75

Fig. 1 Illustration of the three-dimensional structure of the spike pro-
tein from SARS-CoV-2 Omicron subvariant BA.2.75. Nine additional
mutations are highlighted in the spike protein subvariant BA.2.75
compared with the BA.2 variant, namely G339H, G446S, G257S,
1210V, F157L, R493Q, N460K, W152R and K147E. RBD: receptor-
binding domain; FP: N-terminal hydrophobic fusion peptide; S2 sub-
unit of spike protein

Recently, it has been noted that the Omicron SARS-CoV-2
subvariant BA.2.75 is further mutating into a new subvari-
ant called BA.2.75.2. The first cases of infection caused by
this new subvariant BA.2.75.2 have been reported in India
(Sheward et al. 2022b). Times and colleagues reported that
this subvariant is more transmissible than the others and it
is going to be established as the dominant Omicron sub-
variant. However, no scientific reports to this effect have
been published to date. Currently, the BA.2.75.2 subvari-
ant is present in eight countries, including Germany, India,
Chile, England, Singapore, and Spain. Global monitoring
of BA.2.75.2 is immediately needed, because as in the past
few months Omicron subvariant BA.2.75 had replaced pre-
vious subvariants BA.4 and BA.5, now BA.2.75.2 appears
to be relatively more transmissible and thus may have high
chances of rapid spread in various countries (Times 2022).
An important study was conducted to investigate resistance
to serum antibodies and monoclonal antibody agents against
the BA.2.75.2 subvariant. The study demonstrated signifi-
cantly greater resistance of BA.2.75.2 than BA.2.75 against
serum antibodies suggesting that it effectively evades current
humoral immunity in the test population (Times 2022).

BQ.1

BQ.1 is a sublineage of BA.5, which carries spike mutations
in some key antigenic sites, including K444T and N460K.

@ Springer

Since 20 October 2022, ECDC have been designated BQ.1
and its sub-lineages as VOI. BQ.1 was monitored as it
showed a significant spread advantage over other circulat-
ing Omicron sublineages in Europe and the US probably due
to immune escape advantage over other circulating Omi-
cron sublineages associated to those mutations. Therefore,
the main warrant is a possible higher reinfection risk, while
there is no epidemiologic data suggesting an increase in dis-
ease severity. Protection by vaccines (both the index and the
recently introduced bivalent vaccines) against infection may
be reduced, but no major impact on protection against the
severe disease is evident so far.

XBB

XBB is a recombinant of BA.2.10.1 and BA.2.75 subline-
ages. Along with BQ.1 variants, XBB variants are the most
antibody-resistant variants known. There has been a broad
increase in prevalence of XBB in the global genomic sur-
veillance, not associated consistently with an increase in
new infections. The current data do not suggest there are
substantial differences in disease severity for XBB infec-
tions. The prevalence of XBB, a subvariant of BA.2, is rap-
idly increasing in several countries, including the US and
India However, early evidence suggests a higher reinfection
risk, as compared to other circulating Omicron sublineages.
Depending on the regional immune landscape as affected
by the size and timing of previous Omicron waves, as well
as the COVID-19 vaccination coverage, XBB variant could
drive new infection waves. Moreover, the XBB variant has
additional substitutions in the spike (S) protein receptor
binding domain, which is the main target of vaccines and
therapeutic monoclonal antibodies for coronavirus disease
2019 (COVID-19). These subvariants may therefore be more
immune-evasive than BA.5 and BA.2. Recent evidence sug-
gests that the Omicron XBB subvariant has superior immune
evasion capabilities compared to earlier Omicron variants,
including BA.5 and BA.2. This evidence reinforces the
need to identify new therapeutic monoclonal antibodies for
COVID-19.

XBB.1.5

The Omicron XBB.1.5 variant is a sublineage of XBB,
which is a recombinant form of two BA.2 sublineages. Most
of the recent sequences have been reported from the United
States of America, but this variant is also described in the
United Kingdom, Canada, Germany, Austria and Denmark.
Based on the rapid increase in proportion in the north-east
part of the United States of America, on 24 February 2023
the WHO’s Technical Advisory Group on Virus Evolution
(TAG-VE) assessed that XBB.1.5 may contribute to increase
case incidence, at least in the United States of America
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(Sheward et al. 2022c). Indeed, there is high-strength of evi-
dence for increased risk of transmission XBB.1.5. Besides,
it is shown to be equally immune evasive as XBB.1, and
one of the Omicron subvariant with the highest immune
escape reported, as of February 2023. So far there is limited
data available globally, with a low number of cases associ-
ated with XBB.1.5 is still low in many countries. Severity
assessments are ongoing, with no early signals of increased
severity observed or any mutation known to be associated
with potential change in severity. Therefore, the available
information does not suggest that XBB.1.5 has additional
public health risks compared to the Omicron variants circu-
lating currently. Besides the VOC and the VOI, some more
variants named Variants Under Monitoring (VUM) could
have properties similar to a VOC and in the process to be
assessed with evidence-based data. As of 23 February 2023,
VUM include five Omicron variants: BA.2.3.20, BE.7, XBC,
BN.1, CH.1.1. Moreover, XAY lineage has not been labelled
by the WHO yet. The country where these variants were first
detected is unknow, as well as data are missing regarding
their impact on transmission, immunity and disease sever-
ity (https://www.ecdc.europa.eu/en/covid-19/country-overv
iews).

Discussion

SARS-CoV-2 continues to spread at the regional and
global levels. As of 28 February 2023, the global cumu-
lative incidence reached 758.390.564 confirmed cases
and 6.859.093 associated deaths, despite 13.228.613.626
vaccine doses administered globally (WHO 2023a; Real-
time dashboard 2019). The highest number of new 28-day
deaths was reported from the United States of America (12
111 new deaths; —17%), followed by China (5915 new
deaths; —91%), Japan (4818 new deaths; —52%), Brazil
(2186 new deaths; —24%), and the UK (2027 new deaths;
—48%) (WHO 2023a; Real-time dashboard 2019). Despite
this decreasing trend for both new cases and deaths, local
and national prevalence surveys indicated that the number
of reported COVID-19 cases have been underestimated in
respect of the true burden of global infections and rein-
fections (WHO 2023b; Cohen et al. 2022; Coronavirus
(COVID-19) Infection Survey, UK 2022). The general
reduction in testing and delays in reporting in many coun-
tries contribute to this underestimation. Besides, different
countries have distinct immune profiles because their his-
tories of COVID-19 waves and vaccination rates differed.
Moreover, most of the western countries are doing little to
control SARS-CoV-2 spread currently, therefore the spread
of subvariants is driven almost entirely by the level of popu-
lation immunity. As of 26 February 2023, 60.559 SARS-
CoV-2 sequences were shared through GISAID globally, in

the last 28 days. Among these, 60.521 sequences (99.9%)
were VOC; among them, over one third was represented by
XBB.1.5 and another one third by BA.5 and its descendent
lineages. As of 3 March 2023, Omicron BA.2, BA.4 and
BA.5 variants are not circulating in the European Region.
Therefore, ECDC and WHO stated that these variants are
no longer considered VOC, reflecting the current improved
epidemiological situation (WHO 2023d). Indeed, during the
week ending on 26 February 2023, the hospital admission
rate for the EU/EEA was 2.4 per 100.000 population (data
reported by 15 countries, country range 0.0-10.0), compared
to 2.9 (country range 0.0-8.9) in the previous week; the ICU
admission rate in the EU/EEA was 0.2 per 100.000 popula-
tion (data reported by 13 countries, country range 0.0-0.5),
compared to 0.2 (country range 0.1-0.4) in the previous
week; the 14-day COVID-19 death rate was 4.5 per million
population (data reported by 25 EU/EEA countries, country
range 0.0-16.9), compared to 5.5 (country range 0.0-19.6) in
the previous week. The complexity of the molecular, biolog-
ical, pathophysiological mechanisms and subsequent clini-
cal manifestations of SARS-CoV-2 infection is still being
studied and not fully understood. In addition, as already
extensively described above, the continuous emergence of
SARS-CoV-2 variant forms that differ from their predeces-
sors in terms of virulence, transmissibility and pathogenicity
makes the scenario even more complex. In parallel with all
these considerations, there has been a continuous evolution
of the most appropriate drug therapy to be used in the vari-
ous stages of the disease, whether at home or in hospital.
However, it should be emphasised that for some therapeutic
interventions included in certain treatment schemes, clinical
evidence is still being gathered to determine the most correct
timing of administration. Numerous pharmacological thera-
peutic opportunities are currently available using monoclo-
nal and antiviral antibodies directed against SARS-CoV-2.
For both types of treatment, the greatest efficacy is observed
with early administration with respect to the onset of symp-
toms, possibly within 72 h (Parikh et al. 2020). Currently, the
indication for therapy with both monoclonal antibodies and
antivirals is to individuals with mild-to-moderate disease
who are not hospitalised and not on oxygen therapy and who
have risk factors for the development of severe COVID-19.
Authorised antivirals for the treatment of COVID-19 include
remdesivir, paxlovid (nirmatrelvir + ritonavir); monoclonal
antibodies include bamlanivimab, etesevimab, casirivimab,
imdevimab, sotrovimab, tixagevimab and cilgavimab (Fer-
rara et al. 2021). Two immunomodulators baricitinib and
tocilizumab are also approved for the treatment of COVID-
19 infection. However, research efforts to find new active
and effective compounds or to extend the use of compounds
already on the market for other indications are continuing
(Conti et al. 2021; Jorgensen et al. 2020). To date, numerous
clinical trials are underway to identify new compounds with
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antiviral activity against SARS-CoV-2 or capable of manag-
ing the hyperinflammatory state of the infection. Among the
numerous molecules in trials for the treatment of COVID-
19, masitinib is an oral tyrosine kinase inhibitor. Recent
studies have shown the anti-severe SARS-CoV-2 activity of
masitinib through inhibition of the major protease enzyme
(Mpro), an important pharmacological target for blocking
coronavirus replication. Masitinib analogues are also being
tested to identify more tolerable compounds (Mouffak et al.
2021). Other innovative compounds being tested are inhibi-
tors of transmembrane serine protease 2 (TMPRSS?2). This
protein is an important mediator in SARS-CoV-2 viral infec-
tion. Other innovative compounds under investigation are
inhibitors of transmembrane serine protease 2 (TMPRSS2)
(Gurung et al. 2023; Mantzourani et al. 2022). This protein
is an important mediator of SARS-CoV-2 viral infection.
SARS-CoV-2 uses ACE-2 and TMPRSS2 for endocellular
penetration. Currently, the main drugs targeting TMPRSS2
tested against COVID-19 are camostat mesylate and nafamo-
stat mesylate. Numerous in vitro experiments confirm their
efficacy against SARS-CoV-2 infection. In addition, several
inhibitors of the viral RNA-dependent RNA polymerase
(RdRp) of SARS-CoV-2 are under investigation. RdRp
plays a central role in viral replication and is therefore an
important target for the development of antiviral approaches
(Hoffmann et al. 2020). Moreover, it must be remembered
that the lack of a solid rationale and the absence of evidence
of efficacy in the treatment of patients with SARS-CoV-2
viral infection alone do not allow the use of antibiotics to
be recommended, either alone or in combination with other
drugs. Unjustified use of antibiotics may, moreover, lead to
the emergence and spread of antimicrobial resistance that
could compromise the response to the future therapies.

WHO and the international competent authorities are still
monitoring variants to detect signals of potential VOC or
VOI and to assess the risk posed to global public health.
National authorities can designate other variants of local
concern or interest. Public health measures that can reduce
transmission through scientific and proven disease control
strategies, including infection prevention and control (IPC)
measures, as well as avoid introduction into animal popula-
tions, are crucial to reduce the occurrence of mutations that
can impact the health of the general public and all the human
activities. The WHO continues to recommend to strengthen
epidemiologic and microbiologic surveillance and sequenc-
ing capacities.

Conclusions
Despite over 13 billion of COVID-19 vaccine doses admin-

istered, SARS-CoV-2 infections and deaths continue to
impact human health and activities globally. The main health
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indicators improved in the last 28 days in all the six WHO
regions, except for the Eastern Mediterranean Region where
—22% of cases, but+ 18% of deaths, have been registered.
However, the continued emergence of SARS-CoV-2 vari-
ants requires constant close monitoring and assessment of
their virulence, transmissibility and pathogenicity. Recently,
WHO updated the COVID-19 guidelines on masks, treat-
ments and clinical management (WHO 2023c). On the other
hand, a number of pharmacological therapeutic opportuni-
ties are currently available, e.g. monoclonal antibodies and
inhibitors, antivirals, immunomodulators, with the greatest
efficacy observed with early administration soon after the
onset of symptoms. Besides, the research for new effective
compounds continues worldwide. Global coordination and
fast sharing of accurate data remains crucial for an up-to-
date view of the SARS-CoV-2 pandemic trend, building
emergency preparedness and response capacity.
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