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                     Abstract 
 Omicron and its subvariants have been ranked as the most common SARS-CoV-2 mutants throughout the United States and 

elsewhere around the world for more than a year. By December 2021, omicron had caused over a million global daily cases 

to grow massively, and it had begun to replicate subvariants. Several new subvariants emerged at the end of November 2022, 

including BF.5, BF.7, BQ.1 and BQ.1.1. This study conducted an exploratory investigation into the propagation rate of 33 

SARS-CoV-2 omicron subvariants along with their ancestor that were prevalent in the United States and around the world 

in mid-December 2022. As a result, among omicron variant and 33 subvariants, out of 3,306,275 sequences in the United 

States as of mid-December 2022, the propagation rate of omicron variant and its subvariants, such as B.1.1.529, BA.2, BA.1, 

BA.1.10, BA.1.1, BA.5, BA.5.2, BA.5.2.1, BA.4, BA.5.1, BA.5.3, BA.5.3.1, BA.5.5, BE.1, BE.1.1, BE.1.1.1 and BQ.1 were 

found to be 29%, 17%, 13%, 11%, 7%, 7%, 4%, 2%, 1%, 1%, 1%, 1%, 1%, 1%, 1%, 1% and 1%. In the rest of the countries, 

out of 1,822,086 sequences, the propagation rate of omicron variant and its subvariants, including B.1.1.529, BA.2, BA.1, 

BA.1.10, BA.1.1, BA.5, BA.1.18, BA.4, BA.5.2, BA.5.2.1, BA.5.3, and BE.1 were found to be 35%, 23%, 14%, 10%, 6%, 

4%, 1%, 1%, 1%, 1%, 1%, 1%, and 1%. The fi ndings indicate that by 2023, omicron subvariants and their recombinants, 

including BA.1*, BA.2*, BA.5*, BE.1*, and BQ.1*, become prevalent worldwide. 

   Keywords     SARS-CoV-2 omicron variant    ·  Omicron subvariant    ·  Perception of omicron subvariant    ·  Propagation of 

omicron subvariant  

      Introduction 

 Coronavirus disease has been induced by a virus renowned 

as severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). Because of their risk for greater infectiousness, 

higher pathogenicity, or decreased effi  ciency of immunisa-

tions over pathogens, several are thought to be of key sig-

nifi cance or were reported as such. Variations like these are 

incorporated into the COVID-19 emerging infectious dis-

eases dispersed (Shahhosseini et al.  2021a ; Kupferschmidt 

 2021 ). By October 2022, the World Health Organization 

had only identifi ed the Omicron variant as a propagating 

variant of concern (Rathinasamy and Kandhasamy  2022a ; 

Shahhosseini et al.  2021b ). Inter-propagation may have 

resulted in the emergence of SARS-CoV-2 as a result of 

synthesis between a coronavirus which induces SARS-like 

ailments in bats and a coronavirus that causes SARS-like 

ailments in pangolins (Muthusami and Saritha  2020 ; Tang 

et al.  2020 ). In order to determine the prehistoric biologi-

cal coronavirus type, a Chinese study measured the oldest 

SARS-CoV-2 viral genetic code to those of bat and pangolin 

coronavirus pathogens. The labelled prehistoric genome sort 

was labelled "S," and its dominant based type was labelled 

"L" to represent the gene protein shifts. The primordial type 

was designated "A" and the developed type was "B" auton-

omously by Western scholars who conducted comparable 

studies. The B-type evolved into more forms, notably B.1, 

which is the progenitor among the most signifi cant global 

variants of concern, identifi ed by the WHO as alpha, beta, 
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gamma, delta, and omicron variants in 2021 (Forster et al. 

 2020 ; Rambaut et al.  2020 ; Tregoning et al.  2021 ). 

 Originally in the outbreak, lesser infestations (especially 

in the later periods) meant less possibility for the genetic 

code to mutate and consequently lower chance for such 

emergence of distinct variants (Piplani et al.  2021 ). Due 

to the rarity of sequences, it has also been uncommon to 

observe S-protein genetic changes in the RBD sequence of 

the enzyme that interacts with ACE2 (Tao et al.  2021 ). As 

the SARS-CoV-2 gene evolved over time randomness substi-

tutions, biologically viral types that were shown to be highly 

contagious were environmentally evolved. Signifi cantly, it 

was found that the viral genotypes Alpha and Delta had both 

been highly contagious as commonly identifi ed viral repli-

cation. As community resilience increases due to disease 

restoration or vaccination, some SARS-CoV-2 variants are 

seen as concerning because these preserve (or even improve) 

inherent reproductive competence (Mohamed et al.  2021 ). 

The RBD of such S-protein has abnormalities in a number 

of problematic versions (Viana et al.  2022 ). 

 As the newest current VOC, omicron was initially found 

in South Africa in November 2021 and is far more conta-

gious than prior VOCs. It also has more genetic changes 

than prior variations (Garcia-Beltran et al.  2022 ; Pajon et al. 

 2022 ; Muthusami and Saritha  2021 ; Rathinasamy and Kand-

hasamy  2022b ; Yamasoba et al.  2022 ), which allows it to 

evade spontaneously evolved immune as well as immuniza-

tion protection. When taken as a whole, these traits made 

omicron the variant that quickly took across the world, caus-

ing infection surges that were signifi cantly larger than those 

that had been observed earlier throughout the outbreak. 

Ever since the advent of omicron, the originally dominant 

subvariant BA.1 was quickly displaced by the subvariants 

BA.2 and BA.2.12.1, that are higher transmissible although 

do not seem to be able to avoid vaccine-elicited protection 

than BA.1 (Fonager et al.  2022 ; Chemaitelly et al.  2022 ; 

Malato et al.  2022 ). The subvariants BA.4 and BA.5 sur-

passed them as the most prevalent genotypes worldwide, 

though (Hachmann et al.  2022 ; Qu et al.  2022 ). With regard 

to BA.4 and BA.5, so many in preclinical researches found 

decreased spontaneous SARS-CoV-2 disease and immuniza-

tion neutralization activity compared to prior omicron sub-

variants, expressing issues about a possible rise in a breakout 

through innate and immunization defense (Cao et al.  2022a ; 

Tegally et al.  2022a ; Khan et al.  2022 ; Tuekprakhon et al. 

 2022 ; Khoury et al.  2021 ; Wang et al.  2022 ). 

 The predominance of all numerous Omicron sublineages, 

which emerged through diverse formerly cycling subline-

ages, is already rising all across the globe. Examples include 

BQ.1, BQ.11, BF.7, BA.2.75, and XBB. The spike enzyme 

has many variations that distinguish every sublineage from 

the rest (Tegally et al.  2022b ; Jørgensen et al.  2022 ; Baker 

et al.  2022 ). Various Omicron sublineages surpass its Delta 

variant in aspects of propagation while also being more 

resistant to neutralising antibodies caused by disease and 

vaccination than earlier sublineages. Compared to certain 

other mutations, these seem to be linked to fewer chronic 

symptoms. 

 Substantial spikes in SARS-CoV-2 outbreaks have indeed 

been linked to the establishment of every dominant Omicron 

sublineage (BA.1, BA.2, BA.4, BA.5, BQ.11, XBB, as well 

as its descendants XBB.1 and XBB.1.5), showing that all of 

which have a proliferation gain over the previous dominant 

variety or sublineage. In comparison to Delta, Omicron (par-

ticularly the BA.1 sublineage) is further linked to a greater 

rate of recurrent attacks (in one research, 25% over 19%) 

(Pulliam et al.  2022 ). A recurrent outbreak probability of 

53% was indicated by diff erent research of suff erers' infected 

persons who had Omicron BA.1 infection; this probability 

diff er based on the benchmark suff erer's vaccination record 

and the usage of prevention strategies there in the home 

(Altarawneh et al.  2022a ). There is an inadequate amount 

of data on higher-level incidence rates for those other Omi-

cron sublineages. In research assessing public health moni-

toring records in South Africa, the proportion of immuno-

competency to original transmissions was greater just at the 

start of the case spike linked to the Omicron BA.1 feature 

relative to its spikes connected for the Beta and Delta ver-

sions (Persons Rössler et al.  2022 ). Comparable results were 

obtained out of a particular instance of research conducted 

in Qatar, where it was revealed that having a background 

of disease reduced the probability of contamination with 

Omicron BA.1 by just 56% while reducing the chance of 

being infected with the Alpha, Delta, or Beta genotypes by 

85–90% (Schmidt et al.  2022 ). 

 Research results from numerous research labs that dem-

onstrate that sera from people to evidence of illness as 

well as earlier vaccination just does not defuse Omicron in 

addition to those sequences also endorse such fi ndings. In 

certain instances, neutralizing behavior against Omicron 

was unnoticeable through the nursing facility in addition 

to post-vaccination sera (Cao et al.  2022b ). Sublineages 

BA.2.12.1, BA.4, and BA.5 weren't as easily identifi ed by 

specifi c antibodies induced by BA.1 or BA.2 illness as well 

as vaccination as Omicron BA.1 (Altarawneh et al.  2022b ). 

Even while recombinant research suggests little immune 

cross-reactivity, earlier infection by one Omicron subvariant 

may nevertheless off er some resistance against later infec-

tion with specifi c other subvariants. As an illustration, the 

chance of re-infection with BA.4 and BA.5 was lower after 

infection with BA.1 or BA.2 than after contamination with a 

well-before version (Cao et al.  2022c ). That certain evidence 

indicates that Omicron sublineages evacuate the linkage of 

regdanvimab, casirivimab-imdevimab, and bamlanivimab-

etesevimab, and as a result, these immunotherapies are 

anticipated for being unproductive when such sublineages 
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sequences in the USA, B.1.1.529 (ancestor) comprises 

29% with 946,946 occurrences, BA.2 constitutes 17% 

with 575,188 instances, BA.1 indicates 13% with 424,654 

frequencies, and BA.1.10 resembles 11% with 376,633 

phenomena, BA.1.1 accounts for 7% of the total with 

238,749 substances, BA.5.2 makes up for 4% with 128,680 

sequences, BA.5.2.1 accounts for 2% with 79,903 instances, 

BA.4 reports for 1% with 37,055 substances, BA.5.1 stands 

  Fig. 1       The SARS-CoV-2 Omicron variant and its top 33 subvariants dispersion in the United States and around the world from 91 countries is 

depicted using data of the Global Initiative on Sharing Avian Infl uenza Data (GISAID) between December 28, 2019 and December 10, 2022  

  Fig. 2       Depicts global perceptions of SARS-CoV-2 Omicron variant and its subvariants in the USA and other nations between December 28, 

2019 and December 10, 2022 using data of the Global Initiative for Sharing Avian Infl uenza Data (GISAID)  
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for 1% with 21,436 happenings, BA.5.3 accounts for 1% 

with 23,325 samples, BA.5.3.1 accounts for 1% with 22,557 

phenomena, BA.5.5 accounts for 1% with 17,469, BE.1 had 

27,763 instances for 1%, BE.1.1 featured 22,004 sequences 

for 1%, BE.1.1.1 contained 17,034 instances for 1%, and 

BQ.1 had 19,353 sequences for 1%.         

 Out of 1,822,086 sequences in the other USA nation, 

B.1.1.529 (ancestor) accounts for 35% of the total with 

630,295 samples, BA.2 makes up for 23% with 415,422 

sequences, BA.1 accounts for 14% with 260,118 phenom-

ena, BA.1.10 accounts for 10% with 191,269 samples, 

BA.1.1 had 104,381 instances for 6%, BA.5 featured 69,199 

sequences for 4%, BA.1.18 contained 12,593 instances for 

1%, BA.4 featured 13,152 for 1%, BA.5.2 accounts for 1% of 

the total with 21,894 substances, BA.5.2.1indicates 1% with 

10,976 sequences, BA.5.3 resembles 1% with 9855 phenom-

ena, and BE.1 had with 9334 instances for 1%. 

 Table  1  shows the number of sequences found greater 

than 500 and the initial sequence obtained after October 

2020 for each variant in this study. The propagation factor 

was calculated as the proportion of sequences that occurred 

in the specifi ed time span for each variant and the timespan 

of the fi rst and last sequence from Table  1 . The propagation 

percentage was then calculated using the propagation factor, 

which is the ratio of the propagation factor to the number of 

sequences considered for each variant. Figure  3 a shows the 

  Table 1       Shows the number 

of sequences of each SARS-

CoV-2 Omicron variant and its 

subvariant that occurred in the 

USA and other nations between 

the recognized date (fi rst_seq) 

and the collecting date (last_

seq) based on the dataset from 

the Global Initiative on Sharing 

Avian Infl uenza Data (GISAID)  

  Omicron’s Subvariant    USA    Non-USA  

  Number of 

sequences  

  fi rs_seq    last_seq    Number of 

sequences  

  fi rs_seq    last_seq  

  B.1.1.529 (ancestor)    946,946    2020-01-25    2022-12-10    630,295    2020-01-11    2022-12-10  

  BA.1    424,654    2019-12-28    2022-11-26    260,118    2020-01-11    2022-11-26  

  BA.1.1    238,749    2020-10-17    2022-11-12    104,381    2020-01-11    2022-11-26  

  BA.1.10    376,633    2020-10-17    2022-11-26    191,269    2020-01-11    2022-11-26  

  BA.1.18    8391    2021-01-09    2022-12-10    12,593    2020-01-11    2022-11-26  

  BA.2    575,188    2020-03-21    2022-12-10    415,422    2020-04-18    2022-11-26  

  BA.2.3    15,723    2021-12-11    2022-12-10    6472    2020-10-31    2022-11-26  

  BA.2.65    8601    2021-10-02    2022-12-10    2233    2021-12-25    2022-11-26  

  BA.2.75    2775    2022-06-11    2022-12-10    1140    2022-01-08    2022-11-26  

  BA.4    37,055    2021-12-25    2022-12-10    13,152    2022-01-22    2022-11-26  

  BA.4.1    14,200    2022-04-02    2022-11-26    4657    2022-03-05    2022-11-12  

  BA.4.6    9691    2022-04-30    2022-12-10    857    2022-05-28    2022-11-26  

  BA.5    237,366    2021-10-02    2022-12-10    69,199    2020-04-18    2022-12-10  

  BA.5.1    21,436    2022-01-08    2022-12-10    26,539    2020-04-18    2022-12-10  

  BA.5.1.10    1514    2022-04-30    2022-11-26    479    2022-04-16    2022-11-26  

  BA.5.1.22    1075    2022-05-28    2022-11-26    1268    2022-04-16    2022-11-12  

  BA.5.1.23    971    2022-05-14    2022-11-26    1588    2022-01-08    2022-11-26  

  BA.5.1.30    1397    2022-05-28    2022-11-26    402    2022-05-14    2022-11-26  

  BA.5.2    128,680    2021-10-30    2022-12-10    21,894    2020-06-27    2022-12-10  

  BA.5.2.1    79,903    2021-10-30    2022-12-10    10,976    2020-06-27    2022-11-26  

  BA.5.2.6    2474    2021-12-25    2022-12-10    351    2022-06-25    2022-11-26  

  BA.5.3    23,325    2021-12-25    2022-12-10    9855    2020-06-27    2022-12-10  

  BA.5.3.1    22,557    2021-12-25    2022-12-10    8861    2020-06-27    2022-12-10  

  BA.5.5    17,469    2022-01-08    2022-11-26    651    2022-04-30    2022-11-26  

  BE.1    27,763    2021-10-30    2022-12-10    9334    2020-06-27    2022-12-10  

  BE.1.1    22,004    2021-10-30    2022-12-10    7289    2021-09-04    2022-12-10  

  BE.1.1.1    17,034    2021-11-13    2022-12-10    2703    2021-09-04    2022-12-10  

  BF.5    3468    2022-04-30    2022-12-10    1313    2022-01-08    2022-11-26  

  BF.7    4393    2022-02-05    2022-12-10    1063    2022-05-28    2022-11-26  

  BJ.1    1837    2022-08-06    2022-12-10    438    2022-09-17    2022-12-10  

  BQ.1    19,353    2021-11-13    2022-12-10    2614    2021-09-04    2022-12-10  

  BQ.1.1    11,982    2021-11-13    2022-12-10    2070    2021-09-04    2022-12-10  

  XBB    1000    2022-08-06    2022-12-10    337    2022-09-17    2022-12-10  

  XBB.1    668    2022-08-06    2022-12-10    273    2022-10-01    2022-11-26  
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  Fig. 3       depicts the propagation 

rate of SARS-CoV-2 Omicron 

variant and its subvariants in 

the USA and other countries 

based on Table  1 ,  A  USA and  B  
Non-USA  



670 Proceedings of the Indian National Science Academy (2023) 89:664–672

1 3

B.1.1.529 (ancestor) omicron variant's propagation rate in 

the USA. This variant was initially observed on January 25, 

2020, and 946,946 sequences were reported until December 

10, 2022. A propagation rate of 29% is indicated by the 902 

propagation coeffi  cient requisite for 1050 days. From March 

21, 2020, to December 10, 2022, 575,188 sequences were 

found for the BA.2 omicron subvariant. It can spread for 

994 days with a probability of 17% and a propagation coef-

fi cient of 579. A total of 424,654 sequences were reported 

in GISAID database between November 26, 2022, and 

December 28, 2019, for the BA.1 omicron subvariant. A 

propagation rate of 13% is indicated by the 399 propagation 

coeffi  cient required for 1064 days. On October 17, 2020, the 

BA.1.10 omicron subvariant was identifi ed. As until Novem-

ber 26, 2022, 376,633 sequences were found. It can spread 

for 770 days with a probability of 11% and a propagation 

coeffi  cient of 489.          

 Beginning on October 17, 2020, 238,749 sequences 

belonging to the BA.1.1 omicron subvariant were detected 

through November 12, 2022. A 316 propagation coeffi  cient 

over 756 days indicates a 7% propagation rate. From Octo-

ber 2, 2021, until December 10, 2022, 237,366 sequences 

were found for the BA.5 omicron subvariant. It may spread 

for 434 days and has a 547 propagation coeffi  cient and pos-

sibly 7%. 128,680 sequences belonging to the BA.5.2 omi-

cron subvariant were found between October 30, 2021, and 

December 10, 2022. The fact that 317 of a specifi c propaga-

tion coeffi  cient have been required for 406 days indicates a 

propagation rate of 4%. On October 30, 2021, the BA.5.2.1 

omicron subvariant was found, and 79,903 sequences were 

found up until December 10, 2022. It can spread for 406 days 

and has a propagation coeffi  cient of 197 and possibly 2%. 

With 37,055 sequences revealed between December 10, 

2022, and December 25, 2021, the BA.4 omicron subvariant 

was fi rst identifi ed. The fact that 106 of a specifi c propaga-

tion coeffi  cient have been required for 350 days indicates 

a propagation rate of 1%. 21,436 sequences were found up 

until December 10, 2022, for the BA.5.1 omicron subvari-

ant, which was found on January 8, 2022. It can spread for 

336 days with a propagation coeffi  cient of 64 and possibly 

1%. 

 Beginning on December 25, 2021, 23,325 sequences 

of the BA.5.3 omicron subvariant were exposed up until 

December 10, 2022. 350 days require 67 of the propagation 

coeffi  cient, indicating a 1% propagation rate. From Decem-

ber 25, 2021, to December 10, 2022, 21,436 sequences were 

found for the BA.5.3.1 omicron subvariant. It may spread 

for 350 days and has a 64 propagation coeffi  cient. 17,469 

sequences belonging to the BA.5.5 omicron subvariant were 

revealed between January 8, 2022, and November 26, 2022. 

A propagation rate of 1% is indicated by the 54 propaga-

tion coeffi  cient required during the course of 322 days. On 

October 30, 2021, the BE.1 omicron subvariant was found, 

and 27,763 sequences were found up until December 10, 

2022. It may spread for 406 days and has a 68 propagation 

coeffi  cient and possibly 1%. Beginning on October 30, 2021, 

22,004 sequences of the BE.1.1 omicron subvariant were 

observed through December 10, 2022. A propagation rate 

of 1% is indicated by the 54 propagation coeffi  cient required 

over the course of 406 days. From November 13, 2021, to 

December 10, 2022, 17,034 sequences were found for the 

BE.1.1.1 omicron subvariant. It can spread for 392 days and 

has a 43 propagation coeffi  cient. Since the BQ.1 omicron 

subvariant was fi rst detected on November 13, 2021, 19,353 

sequences have been found. The 49 of desired propagation 

coeffi  cient over 392 days indicates a 1% propagation rate. 

 Figure  3 b depicts the propagation rate of the B.1.1.529 

(ancestor) omicron variant elsewhere in the United States. 

This variant was determined on January 11, 2020, and 

630,295 sequences were noticed until December 10, 2022. 

The propagation coeffi  cient of 592 required for 1064 days 

indicates a propagation rate of 35%. From April 18, 2020 to 

November 26, 2022, 415,422 sequences of the BA.2 omi-

cron subvariant were found. It can spread for 952 days with 

a probability of 23% and a propagation coeffi  cient of 436. 

Between November 26, 2022, and January 11, 2020, a total 

of 260,118 sequences for the BA.1 omicron subvariant were 

explored. The propagation coeffi  cient of 248 required for 

1050 days indicates a propagation rate of 14%. 

 On January 11, 2020, the BA.1.10 omicron subvariant 

was determined. There were 191,269 sequences found as of 

November 26, 2022. It can spread for 1050 days with a 10% 

probability and a propagation coeffi  cient of 182. From Janu-

ary 11, 2020 to November 26, 2022, 104,381 sequences of 

the BA.1.1 omicron subvariant were conceived. A propaga-

tion coeffi  cient of 99 over 1050 days indicates a 6% propaga-

tion rate. Between April 18, 2020 and December 10, 2022, 

69,199 sequences for the BA.5 omicron subvariant were 

perceived. It has a propagation coeffi  cient of 72 and could 

spread for 966 days. 12,593 sequences of the BA.1.18 omi-

cron subvariant were found between January 11, 2020 and 

November 26, 2022. 350 days imply a propagation rate of 

1%. 

 Between January 22, 2022 and November 26, 2022, 

13,152 sequences from the BA.4 omicron subvariant were 

observed. The 43 propagation coeffi  cients needed over the 

course of 308 days indicate a dispersion frequency of 1%. 

Between June 27, 2020 and December 10, 2022, 21,894 

sequences belonging to the BA.5.2 omicron subvariant 

were revealed. The fact that 24 of a specifi c propagation 

magnitude have been required for 896 days indicates a dis-

persion frequency of 1%. The BA.5.2.1 omicron subvariant 

was determined on June 27, 2020, and 10,976 sequences 

were explored up until November 26, 2022. It can spread 

for 882 days and has a propagation coeffi  cient of 12 and 

possibly 1%. From June 27, 2020 to December 10, 2022, 
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9855 sequences of the BA.5.3 omicron subvariant were 

observed. 896 days necessitate 11 of the propagation coeffi  -

cient, implying a dispersion frequency of 1%. The BE.1 omi-

cron subvariant has been found on June 27, 2020, and 9334 

sequences were explored until December 10, 2022. It has a 

propagation coeffi  cient of 10 and may spread for 896 days. 

    Conclusion 

 This study reveals that the older SARS-CoV-2 omicron vari-

ant, B.1.1.529, and its subvariants, such as BA.1, BA.1.1, 

BA.1.10, and BA.2 that were appearance at the beginning of 

2020, are still playing their propagation in the United States 

and around the globe. The younger subvariants that were 

emergence at the end of 2021, such as BA.4, BA.5, BA.5.2, 

BA.5.2.1, BA.5.3, BA.5.3.1, BE.1, BE.1.1, BE.1.1.1, BQ.1, 

and BQ.1.1, are also in combat with them and take part in 

the transmission race. The latest subvariants, like XBB and 

XBB.1 (recombinant of BA.2.10.1 and BA.2.75 subvariants) 

which were occurrence at the end of 2022, are growing too 

swiftly and will be crucial in 2023. According to the fi nd-

ings, in order to preserve people everywhere, scientists and 

researchers must assess the eff ectiveness of vaccines against 

these brand-new and rising omicron subvariants. 
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