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Abstract 
Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) is one of the most serious pandemics 

affecting the world in recent years. It was first isolated in China in 2019 and then spread and identified 

worldwide. To date, due to the numerous mutations accumulated on the viral genome, hundreds of 

virus variants have been isolated. As a general trend, the SARS-CoV-2 variants identified so far have 

increased their diffusion and reduced their danger and mortality. About 15 million viral sequences were 

carried out to control the spread of the virus and its variability. However, due to the reduced danger, 

from December 2022 to May 2023 a reduction was observed in the viral sequences collected and 

entered in the GISAID database (Global Initiative on Sharing Avian Influenza Data; https://gisaid.org) 

from 99950 to 25415 sequences, respectively. At the beginning of 2022, a new group of variants was 

isolated, referred to as omicron, which in a few months replaced all the variants present up to then. 

Here, we have examined the latest variants BQ.1, BQ.1.18 (CH.1.1), XBF, XBB, XBB.1.5, XBB.1.9 

and XBB.1.16, indicating their origin and their derivation from the BA.2.12.1 and BA.5 variants, 

respectively, by analyzing the new mutations exhibiting these variants. Based on these studies, we 

proposed a new phylogenetic tree of omicron variants. 

 

Keywords: COVID-19; SARS-CoV-2; SARS-CoV-2 variants of concern; phylogenetic analysis; 

variants diffusion. 

 

1. Introduction 

Coronavirus disease 2019 (COVID-19), the pandemic due to the SARS-CoV-2 infection, 

reported for the first time in the city of Wuhan (China) in December 2019 [1], has posed a 

significant threat to public health. Over the past three years, we have been cyclically observing 

new waves of infections, due to the evolution of SARS-CoV-2 in new variants, capable of 

evading surveillance systems as well as eluding developed vaccines, impacting strongly 

people's health and lives. 

At the end of May 2023, data from the World Health Organization reported over 750 million 

confirmed cases and over 6.9 million deaths by COVID-19 (https://www.who.int, document: 

20230525_weekly_epi_update_144.pdf). 

More information about the origin of the virus and its mechanism of infection and replication 

has been clarified in the last three years. We currently know that SARS-CoV-2 is a 

coronavirus, that belongs to the Coronaviridae group [2]; membrane spike glycoprotein (S), the 

most abundant viral protein, is involved in the mechanism of viral infection [1]; and it has been 

used as an antigen for vaccine production [3], as well as its mutations have been used to classify 

variants of the SARS-CoV-2 [4]. 

The effect of mutations on the spike protein resulted in an alteration of the mechanisms of viral 

infection and propagation, and consequently in milder symptoms and/or increased viral 

spreading [5]. This led to speculation that the SARS-CoV-2 infection was turning from 

pandemic to endemic [6]. To date, hundreds of mutations on the viral genome have been 

sequenced. Many of them have been supplanted or eliminated during the viral evolution while, 

only a small number gave rise to new SARS-CoV-2 variants, and from these last ones, alpha, 
beta, gamma, delta, and omicron variants have been reported as Variant of Concern (VOC) [4].  
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The current globally circulating dominant variants are 

derived from omicron, accounting for nearly all sequences 

reported into the GISAID database (Global Initiative on 

Sharing Avian Influenza Data; https://gisaid.org). It has been 

observed that the new variants, in a few weeks from their 

isolation and sequencing, showed an increasing diffusion 

compared to the others. Further, since these variants could 

originate new waves of contagion all over the world, they 

have been classified as Variant of Interest (VOI) and their 

monitoring is critical. Since the last isolated variants derive 

from omicrons, which are VOCs, they have been considered 

by WHO for their potential diffusion and replacement of 

previous variants, and for these reasons they have been 

classified as Variant Under Monitoring (VUM) (https:// 

www.who.int/news/item/16-03-2023-statement-on-the-

update-of-who-s-working-definitions-and-tracking-system-

for-sars-cov-2-variants- by -concern-and-variants-of-

interest). The sequences submitted to GISAID from the 

beginning of the pandemic are 15,670,000. 

1.1. omicron variants evolution 

In November 2021, about two years after the first isolation 

of SARS-CoV-2, the variant named omicron was isolated [6]. 

To date, this variant has accumulated several mutations, 

generating changes in the main features of the virus and 

resulting in eight different new omicron variants. The origin 

of the omicron lineage may be derived from a common early 

ancestor with the delta variant [7]. Two mutations, T478K 

and D614G, were identified on the spike protein of both 

delta and all the omicron variants, suggesting their common 

origin. However, we cannot exclude that the omicron’ origin 

could be derived by events of genomic recombination in two 

VOCs, infecting patients, simultaneously.  

In the omicron variants the mutations are not only on the 

spike protein but also throughout the whole genome, in fact, 

the BA.4 and BA.5 omicron variants have the same 31 

mutations on the spike protein, but they differ for another 20 

mutations on the genome [7]. In particular, BA.4 exhibits 

specific mutations in N protein, nonstructural protein 1 

(NSP1) and ORF7b, while BA.5 shows specific mutations in 

ORF6 and membrane M protein [8]. The first isolated 

omicron variant BA.1 (omicron 1) displayed 34 mutations 

on the spike protein [7]. The second isolated omicron variant 

BA.2 (omicron 2), originated from a common ancestor with 

BA.1, as it shows only seventeen common mutations with 

the BA.1 spike protein, while in total BA.2 has 28 mutations 

on spike protein, indicating a separate evolution between 

these two variants [7]. The third isolated omicron BA.2.12.1, 

known as omicron 3, evolved from BA.2. The variants BA.4, 

BA.5 and BA.2.75, known as omicron 4, omicron 5 and 

centaurus, respectively, originated separately from omicron 

BA.2.12.1 [7]. 

1.2. the Omicron variants: symptoms and their main features 

SARS-CoV-2, isolated in 2019, was characterized by a high 

mortality and spreading rate compared to other viral 

infections that appeared in the last decade [9]. SARS-CoV-2 

infection begins after an incubation time ranging from 2 to 4 

days. It is characterized by dry cough and low-grade fever 

within 3 days from infection (38–39°C or 100,5–102,1°F). 

Mostly, the infection remains mild to moderate, and the 

symptoms resolve within one week [10]. Schematically, the 

timeline of COVID-19 disease could be divided into four 

stages: stage 0), a pre-illness stage; stage 1), the phase of 

viral infection and amplification, characterized by dry 

cough, fever and fatigue; stage 2), viral expansion to other 

organs and the initiation of immune response, characterized 

by severe breathing difficulties; stage 3), inflammation by a 

cytokine storm in response to viral infection, which led to 

pulmonary failure, multiple organ failure and death in severe 

cases [11]. 

In the first phase of the pandemic in early 2020, the infection 

was accompanied by other symptoms associated with an 

increased risk of developing more severe COVID-19 

disease, affecting the respiratory, musculoskeletal, 

gastrointestinal, skin, nervous and cardiovascular systems 
[10]. Among all the SARS-CoV-2 variants, the last one 

isolated and called omicron, exhibited different 

characteristics than the previous ones, showing milder 

symptoms despite being highly infectious and transmissible 
[12]. Five major omicron lineages were isolated from 

December 2021 to September 2022, with BA.2 sublineage 

being the dominant strain over all the others [13]. From BA.2 

evolved the BA.2.12.1 sublineage, denoted as omicron 

BA.3, from which derive BA.4, BA.5 and BA.2.75 

(unofficially referred to as centaurus) [7].  

BA.2.75 has been isolated in May 2022 in many countries 
[14]. It is characterized by having thirty-four mutations on the 

spike protein, seven of which are unique and specific to this 

variant, and are K147E, W152R, F157L, I210V, G257S, 

G446N and N460K [7, 15-16]. This could explain the immune 

escape capacity and resistance to antibody therapies shown 

by this variant compared to the previous ones [16]. The 

symptoms, associated to BA.2.75, are those of a seasonal flu: 

fever, cough, diarrhea and tiredness [16]. 

1.3. spike protein S 

SARS-CoV-2 spike protein S is a glycoprotein of 1273 

amino acids residues (Figure 1); it is a homotrimer localized 

on the virus surface in a high number of copies. The receptor 

binding domain (RBD; residues from 319 to 529) is 

responsible for the binding to the host cell by the recognition 

of the angiotensin converting enzyme 2 (ACE-2), it has been 

found that many mutations on the RBD domain originated 

new virus variants [6].  

 

 

 
 

Fig. 1. Schematic representation of spike protein. The site 676-688 is recognize from furin and divided spike protein in two sub-domains S1 
and S2; the site 811-818 is recognize from TMPRSS2 protease during the infection mechanism. SP is the signal peptide (residues 1-13); NTD 
is the N-Terminal domain (residues 14-306); RBD is the receptor-binding domain (residues 319-529).  NTD and RBD are responsible for the 
binding to ACE-2 receptor; FP is the fusion peptide (residues 788-806); HR1 is the heptapeptide repeat sequence 1 (residues 912-984); HR2 
is the heptapeptide repeat sequence 2 (residues 1163-1213); TM is the transmembrane domain (residues 1214-1233); CD is the cytoplasmatic 
domain (residues 1234-1273). 
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The mutations accumulated on the spike protein had a 

double effect: on the one hand they increased the binding 

affinity of the spike protein to the human ACE-2 receptor, 

leading to a greater spread of the virus; on the other, they can 

reduce the affinity against the neutralizing antibodies [17]. 

These mutations conferred an evolutionary advantage for the 

virus. This effect is evident for the omicron variants which 

accumulated 30 to 50 mutations compared to the initial 

version of the virus. In omicron BA.1, 15 mutations are in 

the RBD spike domain, which is also the target of 

neutralizing antibodies [17]. Some studies have indicated that 

omicron BA.1 is three to six times more infectious than the 

previous variants [18]. Studies have been conducted to 

measure the neutralizing capacity of vaccine-induced 

immunity against omicron variants, and in the case of 

omicron BA.1, a marked reduction in the neutralizing 

capacity of approximately 10-fold the vaccine efficacy has 

been demonstrated [17, 19]. 

The omicron variant BA.2, compared with BA.1, having 

additional mutations in the RBD spike domain (S371F, 

T376A, D405N, R408S), showed higher antibody evasion 

than BA.1 [17, 20]. It has been observed that some substitutions 

in the RBD domain of the omicron variants conferred a 

higher binding affinity to ACE2. Interestingly, some of 

them, notably S373P, S375F, T478K Q498R, and N501Y, 

are common to all the omicron variants, while others such as 

the Q493R substitution is present in BA.1, BA.2 and 

BA.2.12.1; S371L only in BA.1, and S371F in all the other 

omicron variants. [17, 21]. 

The omicron variants BA.4 and BA.5 have been shown to 

have other mutations in the spike protein. In particular, it has 

been observed that the L452R substitution, is associated with 

their higher transmissibility [22], and together with the other 

spike mutations it seems to be responsible for their ability to 

evade neutralizing antibodies more easily than the previous 

variants [23].  

In terms of the basic reproduction number, R0, which 

provides indications about the contagiousness and 

transmissibility of infectious pathogens, in general, for the 

BA.1 variant it was estimated to be respectively two- and 

about fourteen-folds higher than the delta variant and initial 

version [24], making the omicron variants the most 

transmissible SARS-CoV-2 variants [25]. 

 

2. Materials and Methods 

2.1. SARS-Cov-2 diffusion analysis 

The data related to the sequences number and variants 

diffusion were from WHO database, we consider the reports 

“COVID-19 Weekly Epidemiological Update” from 

December 2022 up to May 2023 (https://www.who.int, 

document: 20230125_Weekly_Epi_Update_127.pdf; 

20230222_Weekly_Epi_Update_131.pdf; 

20230330_Weekly_Epi_Update_136.pdf; 

20230427_Weekly_Epi_Update_140.pdf; 

20230525_Weekly_Epi_Update_144.pdf) and from 

GISAID (Global Initiative on Sharing Avian Influenza Data; 

https://gisaid.org). 

2.2. sequence analysis 

The omicron variants sequences of SARS-CoV-2 spike 

protein were from “expasy viralzone” web site 

(https://viralzone.expasy.org/9556). Successively, to 

generate the phylogenetic three of the omicron variants, 

multiple sequence alignment was performed by using 

Clustal Omega program (Multiple Sequence Alignment at 

https://www.ebi.ac.uk/Tools/msa/clustalo/). 

 

3. Results 

In recent months, the perception of the danger of SARS-

CoV-2 has decreased. In many countries, controls and 

restrictions have been minimized and the number of genomic 

sequences of the virus carried out from December 2022 to 

May 2023 and reported into the GISAID database, decreased 

from about 100,000 to about 25,000 (Table 1). However, the 

virus has continued to be active and in recent months a 

number of new variants have been isolated, which according 

to their spreading have been kept under control by the World 

Health Organization (WHO). In particular, the new variants, 

indicated as BA.2.75 (centaurus), BA.5.2.1.7 (BF.7, a 

sublineage derived from BA.5), BQ.1(cerberus), BQ.1.18 

(CH.1.1/orthrus), XBB (gryphon), XBB.1.5 (kraken), and 

XBB.1.16 (arctur), are rapidly spreading in several countries 

and are annotated as Variant Of Interest (VOI), while the last 

variants XBF (bythos) and XBB.1.9 (hyperion) are 

annotated as Variant Under Monitoring (VUM) 

(https://www.who.int).  

The use of fantasy names for omicron variants, such as 

centaurus, cerberus, gryphon, kraken, bhytos, hyperion, 

orhtrus, and arctur, is misleading because these variants 

appear as new evolutionary lines completely different from 

those previously studied. Instead, in this case, they derive 

from omicron BA.5 or BA.2.12.1. Moreover, the new 

variants showed different features mainly due to the 

accumulation of mutations on the genome. In this study, a 

phylogenetic tree of these new variants was generated by 

multisequence alignment (see Materials and supplemental 

data). In particular, were used the spike sequences from the 

BA.1, BA.2, BA.2.12.1 (omicron 3), BA.4, BA.5, BA.2.75 

(centaurus), XBB (gryphon) and BQ.1 (cerberus) variants, 

while the sequences from the latest BA.5.2.1.7 (BF.7), 

BQ.1.18 (CH.1.1/orthrus), XBB.1.5 (kraken), XBB.1.9 

(hyperion), XBB.1.16 (arctur), and bythos (XBF) variants 

are not been considered, being sublineages of the other 

omicron variants.  

3.1.variants spreading 

During the last six months, we have followed the data on the 

spreading of the isolated omicron variants. As reported in 

Table 1, in December 2022 the most widespread were BA.5 

and BQ.1 (Cerberus), respectively with 43 and 29 % of 

genomes sequenced, both in March 2023 were decreased to 

about 6 %. In December 2022, BA.4 was at 1.2 %, but then, 

it disappeared completely in two months. The BA.2.75 

variant (centaurus) showed a peak in January 2023 (16 % of 

total sequences) and since March 2023 it is around 1 %. 
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Table 1: List of the most widespread SARS-CoV-2 variants from December 2022 to May 2023, as reported by WHO. The data related to the 

omicron variants spreading were from the sequences shared through GISAID (Global Initiative on Sharing Avian Influenza Data; 

https://gisaid.org) and WHO. The data are reported as percentage of the total number of sequences reported for each month. 
 

month 
Number of 

sequences** 
Variants 

  BA.4 BA.5 BA.2.75 XBB XBB.1.5 XBB.1.9 XBB.1.16 BQ.1 BQ.1.18 XBF 
* Not 

assigned 

December 

2022 
99950 1.2  43.1  9.8  4.3  - - - 29.4  - - 12.2  

January 

2023 
78505 0.4  40.0  16  9.9  - - - 28.1  - - 5.4  

February 

2023 
67081 <0.2  19.5  7.6  6.3  29  - - 22.7  - - 12.9  

March 

2023 
54922 - 6.8  1.7  9.7  45  - - 8.4  6.4 % - 11.9  

April 

2023 
35474 - < 1  1.7  13  45.4  12  4.3  3.6  4 % 12  14.7  

May  

2023 
25415 - - 1.1  10.8  41.4  20.7  13.1  0.3  2.3 % 20.7  9.6  

 

*Variants with different mutations derived from others omicron not reported in table. 

**data from https://www.who.int, “weekly epidemiological update”, see Materials. 

 

The variant XBB, unofficially named gryphon, and its 

derivatives (XBB.1.5, XBB.1.9 and XBB.1.16), from 

December 2022 showed the greatest diffusion compared to 

the others, originating new waves of contagion worldwide; 

in particular, XBB remained around 10 %, while XBB.1.5 

(kraken) from March to today is the most common variant, 

resulting in more than 40 % of the total sequences (Table 1). 

Instead, the last two variants XBB derived, XBB.1.9 and 

XBB.1.16 are increased up to 20 and 13 %, respectively in 

May 2023 (Table 1). 

Finally, the last emerging variant XBF (bythos) was 

confirmed in April 2023 at 12 % and in May was increased 

at 20 % of total sequences (Table 1). 

3.2.omicron variants evolution 

The most impressive data about SARS-CoV-2 is the high 

number of mutations isolated that have modified its features. 

It has been previously demonstrated that some intermediate 

variants, during the evolution of SARS-CoV-2, accumulated 

new mutations without generating defined variants, as these 

were rapidly replaced by the new variants that had 

accumulated other mutations in the meantime [7]. Just to 

clarify this point, if we consider the BA.1 and BA.2 variants, 

they have not evolved from each other, but they have a 

common ancestor (intermediate variant, Figure 2) that shares 

twenty common mutations on the spike protein of both, 

BA.1 and BA.2, and which are: G339D, S373P, S375F, 

K417N, N440K, S477N, T478K, E484A, Q493R, Q498R, 

N501Y, Y505H, D614G, H655Y, N679K, P681H, N764K, 

D796Y, Q954H and N969K.  

BA.1 has eighteen other mutations, nine of which are not 

present on other omicron variants (A67V, DEL69-70, T95I, 

DEL142-145D, DEL211-212, G496S, T547K, N856K and 

L981F), while BA.2 lacks thirteen mutations present in BA.1 

but displays four mutations not present on the BA.1 spike 

protein (T19I, DEL24-27S, G142D and V213G) [7].  

Following the same reasoning, omicron BA.4 and BA.5 

evolved from BA.2.12.1 (omicron 3). They exhibit the same 

mutations on the spike protein and differ of about twenty 

mutations on the rest of the genome [26]. Therefore, it has 

been postulated the presence of an intermediate variant 

between them, carrying only the mutations identified on the 

spike protein in BA.4 and BA.5 and not on the other viral 

genome regions, where other mutations occurred separately 

during the evolution of BA.4 and BA.5 [7]. 

It is evident that the new and unique mutations accumulated 

on spike protein are of interest to discriminate new variants 

and/or the intermediate among them. In Table 2, the new 

mutations on the spike protein of the last omicron variants 

are reported. These mutations are crucial in order to assign 

the new variants to the specific evolution sublineages, as 

reported in the phylogenetic tree (Figure 2). 

3.3.BA.5.2.1.7 (BF.7) and BQ.1 (cerberus) variants  

Sequence analysis of these variants, by means of alignment 

(Supplemental data), allowed to clearly highlight that the 

BQ.1/cerberus variant evolved from BA.5. Indeed, its spike 

protein has all the mutations present in BA.5 plus two new 

mutations: R346T and K444T, while BA.2.1.7 (BF.7) has 

the mutations present in BA.5 plus K444T and D1199N, 

indicating that both derived from BA.5 by divergent 

lineages; while in the case of the variant BA.5.2.1.7 (BF.7) 

the new spike mutation D1199N (Table 2) was found giving 

it new features.  

From BQ.1 derived BQ.1.18 (CH.1.1/orthrus), which have 

other two new mutations: deletion Y144 and T376A (Table 

2). 
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Table 2. Unique mutations and mutations present in a restricted number of subvariant identified in spike proteins from the omicron variants 

and subvariants BA.2.12.1, BA.2.75, XBB, XBB.1, XBB.1.5, XBB.1.9, XBB.1.16, XBF, BA.5.2.1.7, BQ.1 and BQ.1.18, to highlight their 

possible evolution. 
 

variants 
BA.2.12.1 

(omicron 3) 

BA.2.75 

(centaurus) 

XBB 

(gryphon) 

XBB.1 

 

XBB.1.5 

(kraken) 

XBB.1.9 

(hyperion) 

XBB.1.16 

(arctur) 

XBF 

(bythos) 

BA.5.2.1.7 

(BF.7) 

BQ.1 

(cerberus) 

BQ.1.18 

(CH.1.1 

or 

orthrus) 

mutations 

        S33F   

     V62I      

  V83A         

Y144 del  Y144 del        
Y144 

del 

  H146Q         

 K147E      K147E    

 W152R      W152R    

 F157L      F157L    

      E180V     

  Q183E Q183E Q183E Q183E Q183E     

 I201V      I201V    

   G252V G252V G252V G252V     

     S256L      

       I257E    

 G275S          

G339D G339H G339H G339H G339H G339H G339H G339H    

  R346T R346T R346T R346T R346T R346T R346T R346T R346T 

  L368I L368I L368I L368I L368I     

        S375A S375A  

          T376A 

        K444T K444T K444T 

  V445P V445P V445P V445P V445P     

 G446S      G446S G446S G446S G446S 

Y452L           

  N460K N460K N460K N460K N460K N460K N460K N460K N460K 

    S478R S478R S478R   T478K T478K 

  F486S F486S F486P F486P F486P F486P    

  F490S F490S F490S   F490S F490S F490S F490S 

S704L           

        D1199N   

 

3.4.XBB lineage 

Regarding the origin of the XBB variant, it has been reported 

that derived from a recombination between two BA.2 

lineages: BJ.1 (BA.2.10.1, called also argus) and BA.2.75 
[27]. The sequence alignment that we obtained and the related 

phylogenetic tree (Figure 2), confirmed that XBB evolved 

from the recombination of BJ.1 and BA.2.75.  

As reported in Table 1, XBB was present starting from 

December 2022 and today it is still present in many 

countries. Due to its rapid spreading in many countries, it 

generated new variants, and one of them has been indicated 

as kraken, like the legendary sea monster, but it is a sub-

lineage of XBB; in fact, it is correctly reported as XBB.1.5, 

and it has been isolated also the intermediate variant between 

XBB and XBB.1.5, which is XBB.1. 

XBB.1 differs from XBB by the mutation G252V, whereas 

XBB.1.5 retains the mutation G252V but it changed the 

mutation F486S in F486P, compared to XBB and XBB.1 

(Table 2). The substitution at position 486 has been indicated 

as critical for the immune response of these variants, leading 

to an increased transmissibility, as observed [28]. 

Since April 2023, other two new variants evolved from 

XBB: XBB.1.9 (hyperion) and XBB.1.16 (arctur). The 

genome of both variants was sequenced in 20 and 13 % of 

the total sequences, respectively, in May 2023. XBB.1.9 has 

been defined a Variant Under Monitoring (VUM) 

(https://github.com/cov-lineages/pango-

designation/issues/1980) since its appearance; it shows only 

two new mutations: V62I and S256L. Instead, XBB.1.16 

(arctur) has been classified as Variant Of Interest (VOI) 

(https://github.com/cov-lineages/pango-

designation/issues/1723), and it is characterized by the new 

mutation E180V and by the change of T478R in T478K 

(Table 2). All the variants XBB1.5, 1.9 and 1.16 are 

sublineages of XBB.1 (Figure 2). 

3.5.XBF variant (bythos) 

Another new SARS-CoV-2 variant, annotated as XBF 

(bythos) has been isolated at the end of 2022. This new that 

caused an increase in infections in Australia and Sweden [29], 

and actually is a Variant Under Monitoring (VUM). The 

unofficial name bythos, referred to the mythological sea 

monster having human body, horse legs and fish tail, is not 

casual because this variant seems originated from the 

recombination of two or three variants, in particular it has 

been reported as a recombination between BA.5 and 

BA.2.75 or BQ variants [29]. 

3.6.omicron phylogenetic tree 

Based on the spike protein sequence’s alignment of these 

variants (see supplemental) we generated a new 

phylogenetic tree. As illustrated in Figure 2, it is evident that 

BA.1 and BA.2 evolved separately from a common 

intermediate, while omicron 3 (BA.2.12.1) derived from 

BA.2. 
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Fig. 2. Phylogenetic lineage of the omicron variants, based on their spike proteins sequence alignment. BA.1 and BA.2 evolved separately 

from a common intermediate; omicron 3 (BA.2.12.1) derived from BA.2. From omicron 3 derived two separate lineages, one is related to 

BA.5-BQ.1 variants, and the second is related to the BA.2.75-XBB variants. XBF is the results of a recombination between BA.2.75 and 

XBB lineage. 

 

Based on this finding, omicron 3 can be considered the 

progenitor of the omicron lineage 4 and 5 evolution, and 

their sublineages BA.2.75 (centaurus) and XBB variants. 

BQ.1 and BA.5.2.1.7 (BF7) lineages evolved from BA.5. 

The variant BA.5.2.1.7 spread very fast in China at the end 

of September 2022 and then in other counties [30, 31]. The 

wave of infection of BA.5.2.1.7 rapidly led to the 

accumulation of new mutations (Table 2), diverging rapidly 

from BQ.1. The latest variants BQ.1.18, also named CH.1.1 

or orthrus derived from BQ.1; about its possible origin, the 

spike deletion Y144 occurred, it is also present in BA.2.12.1 

(omicron 3), suggesting that it could originate from patients 

co-infected with two different variants: BA.2.12.1 and BQ.1.  

Regarding the XBB lineage, it has been reported that the 

XBB variant derives from the recombination of BA.2.10.1 

(BJ.1) and BA.2.75 [27], alternatively as a derivative of BA.5 
[32]. Analysis of omicron sequence alignment (see 

supplemental) and the unique mutations presented by the 

omicron variants (Table 2) revealed that the origin of XBB 

is from BA.2.10.1, in recombination with BA.2.75.  

Again, it has been reported that XBF variants derives from 

the recombination of between BA.5 and BA.2.75 or BQ 

variants [29]. Our sequence analysis, by considering the 

mutation present on the spike protein of XBF, showed a 

different scenario. Among the mutations, we observed five 

mutations present in BA.2.75: K147E, W152R, F157L, 

I210V and G446S; one mutation present in BQ.1: N460K; 

four mutations present in XBB: G339H, R346T, F486P and 

F490S, and a unique mutation present only in XBF: G257E 

(Table 2). This finding supports the origin of XBF as a 

recombination between BA.2.75 and XBB (Figure 2). 

 

 

4. Discussion 

Several studies have reported that all the new variants 

originating from SARS-CoV-2 are characterized by the 

presence of an increased number of mutations that favor a 

greater viral transmissibility, as well as the virus ability to 

escape the immune response of the host. In the RBD domain 

of the omicron’s spike protein have been identified nine 

mutations that affect the binding affinity between viral spike 

and ACE-2 host receptor, and they are: K417N, G446S, 

S477N, E484A, Q493R, G496S, Q498R, N501Y, and 

Y505H [33]. In particular, the mutations S477N, Q498R and 

N501Y increase binding affinity, representing the molecular 

basis of the higher virus transmissibility and immune 

evasion. There are data indicating that BA.2 was 30 % more 

infectious than BA.1 [34], and a further increase in virus 

transmission was associated with F486V and L452R 

mutations in the spike protein of BA.4/5 variants [34]. 

In the omicron variants, two aspects seem to be related: less 

severe disease and decreased mortality. Several studies 

reported that the omicron variants are less dangerous than 

the previous one, with a reduction in severe disease and 

hospitalization of patients [35, 36]. Data from England and 

South Africa, for omicron infected patients, indicated that 

the probability of requiring hospital treatment was reduced 

to less than half compared with delta variant infection [34]. 

Notably, only about 30% of patients developed pneumonia 

symptoms, and 70 % of them showed mild disease [34].  

SARS-CoV-2 use two mechanisms to infect the host cells: 

by a cell surface fusion process mediated by the 

TransMembrane Serine PRotease 2 (TMPRSS2), and by the 

endosomal fusion process mediated by cathepsin [11]. It has 

been described that wild type and early variants of SARS-

CoV-2, like delta variant, were able to infect cells expressing 
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TMPRSS2, such as lung, alveolar, and gut epithelial cells 
[11]. On the contrary, the omicron variants, having mutations 

in the cleavage region of TMPRSS2protease, use the 

cathepsin-dependent endosomal fusion mechanism, which 

results in a modified cell tropism towards nasal airway 

epithelial cells, exhibiting poor TMPRSS2 expression [11]. 

These are the reasons why delta variant is four-folds more 

efficient to use the TMPRSS2 mechanism to enter in the 

cells compared to the omicron variants, but they are ten-fold 

more efficient to use the endosomal mechanism to enter in 

the cells, respect the delta variant [11].  

Moreover, in vitro studies suggested that, in order to infect 

the nasal epithelium, SARS-CoV-2 used the ACE-2 receptor 

present on the motile cilia as tracks to penetrate the cell 

body, by-passing the airway barrier of mucus [37].  

Since omicron do not efficiently use the TMPRSS2 system, 

it does not form syncytia between the host cells, drastically 

reducing cell-cell direct virus transmission [11]. This different 

cell tropism of the omicron variants could explain their 

increased transmissibility over other VOCs, and their 

reduced danger due to their reduced ability to infect lung 

epithelial cells, compared to delta and other early variants 
[11]. 

The new emerged SARS-CoV-2 omicron sub-lineages, 

indicated as BQ and XBB, have accumulated additional 

spike mutations as reported in Table 2, which continue to 

increase their immune evasion of vaccine. However, recent 

studies regarding the binding affinity of spike protein in the 

BQ and XBB sub-lineages, for the ACE-2 receptor was 

substantially unchanged respect the previously variants 

whereby their dominance may be mainly due to their 

advantage in evading antibodies [27]. 

As suggested by the phylogenetic tree in Figure 2, the last 

variants, despite the unofficial name, are not 

phylogenetically unrelated but they are part of BQ and XBB 

sub-lineages (Figure 2). In some cases, the origin of new 

variants can take place by a recombination event between 

two variants, like the variant XBF, originated by the 

recombination between BA.2.75 and XBB (Table 2, Figure 

2). 

 

5. Conclusions 

The continue spreading of the last less dangerous omicron 

variants, showing symptoms and mortality levels 

comparable to other seasonal flus, suggests a transition in 

SARS-CoV-2 evolution from pandemic to endemic. Thus, 

the question is: is it justified to keep the alarm levels against 

SARS-CoV-2 still so high? The story of SARS-CoV-2 is not 

over and therefore it is justified to keep alert levels, because 

there are places in the world where vaccination levels have 

been very low, thus exposing the population to the risk of 

new waves of infection. Considering the high mutation rate 

of SARS-CoV-2, we cannot exclude the onset of new 

mutations that can completely elude vaccines or generate 

new and more hazardous variants, for example showing a 

high mortality. 
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