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Abstract

Severe acute respiratorysyndrome coronavirus‐2 (SARS‐CoV‐2) pandemic spread

rapidly and this scenario is concerning worldwide, presenting more than 590 million

coronavirus disease 2019 cases and 6.4 million deaths. The emergence of novel

lineages carrying several mutations in the spike protein has raised additional public

health concerns worldwide during the pandemic. The present study review and

summarizes the temporal spreading and molecular evolution of SARS‐CoV‐2 clades

and variants worldwide. The evaluation of these data is important for understanding

the evolutionary histories of SARSCoV‐2 lineages, allowing us to identify the origins

of each lineage of this virus responsible for one of the biggest pandemics in

history. A total of 2897 SARS‐CoV‐2 whole‐genome sequences with available

information from the country and sampling date (December 2019 to August 2022),

were obtained and were evaluated by Bayesian approach. The results demonstrated

that the SARS‐CoV‐2 the time to the most recent common ancestor (tMRCA) in Asia

was 2019‐12‐26 (highest posterior density 95% [HPD95%]: 2019‐12‐18; 2019‐12‐

29), in Oceania 2020‐01‐24 (HPD95%: 2020‐01‐15; 2020‐01‐30), in Africa 2020‐

02‐27 (HPD95%: 2020‐02‐21; 2020‐03‐04), in Europe 2020‐02‐27 (HPD95%:

2020‐02‐20; 2020‐03‐06), in North America 2020‐03‐12 (HPD95%: 2020‐03‐05;

2020‐03‐18), and in South America 2020‐03‐15 (HPD95%: 2020‐03‐09; 2020‐03‐

28). Between December 2019 and June 2020, 11 clades were detected (20I

[Alpha] and 19A, 19B, 20B, 20C, 20A, 20D, 20E [EU1], 20F, 20H [Beta]). From July

to December 2020, 4 clades were identified (20J [Gamma, V3], 21 C [Epsilon], 21D

[Eta], and 21G [Lambda]). Between January and June 2021, 3 clades of the Delta

variant were detected (21A, 21I, and 21J). Between July and December 2021, two

variants were detected, Delta (21A, 21I, and 21J) and Omicron (21K, 21L, 22B, and

22C). Between January and June 2022, the Delta (21I and 21J) and Omicron (21K,

21L, and 22A) variants were detected. Finally, between July and August 2022,

3 clades of Omicron were detected (22B, 22C, and 22D). Clade 19A was first

detected in the SARS‐CoV‐2 pandemic (Wuhan strain) with origin in 2019‐12‐16

(HPD95%: 2019‐12‐15; 2019‐12‐25); 20I (Alpha) in 2020‐11‐24 (HPD95%: 2020‐

11‐15; 2021‐12‐02); 20H (Beta) in 2020‐11‐25 (HPD95%: 2020‐11‐13; 2020‐11‐

29); 20J (Gamma) was 2020‐12‐21 (HPD95%: 2020‐11‐05; 2021‐01‐15); 21A
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(Delta) in 2020‐09‐20 (HPD95%: 2020‐05‐17; 2021‐02‐03); 21J (Delta) in 2021‐02‐

26 (2020‐11‐02; 2021‐04‐24); 21M (Omicron) in 2021‐01‐25 (HPD95%: 2020‐09‐

16; 2021‐08‐08); 21K (Omicron) in 2021‐07‐30 (HPD95%: 2021‐05‐30; 2021‐10‐

19); 21L (Omicron) in 2021‐10‐03 (HPD95%: 2021‐04‐16; 2021‐12‐23); 22B

(Omicron) in 2022‐01‐25 (HPD95%: 2022‐01‐10; 2022‐02‐05); 21L in 2021‐12‐20

(HPD95%: 2021‐05‐16; 2021‐12‐31). Currently, the Omicron variant predominates

worldwide, with the 21L clade branching into 3 (22A, 22B, and 22C). Phylogeo-

graphic data showed that Alpha variant originated in the United Kingdom, Beta in

South Africa, Gamma in Brazil, Delta in India, Omicron in South Africa, Mu in

Colombia, Epsilon in the United States of America, and Lambda in Peru. The COVID‐

19 pandemic has had a significant impact on global health worldwide and the present

study provides an overview of the molecular evolution of SARS‐CoV‐2 lineage

clades (from the Wuhan strain to the currently circulating lineages of the Omicron).
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1 | INTRODUCTION

The pandemic caused by coronavirus disease 19 (COVID‐19) has had

an overwhelming impact, with more than 614 825 354 cases and

6 536 284 deaths worldwide as of September 24, 2022.1 Considering

the situation by region, Europe has a total of 252 176 618 cases, the

Americas have 177 751 530 cases, the Western Pacific 88 872 987

cases, South‐East Asia 60 235 604 cases, the Eastern Mediterranean

23 061 879 cases, and Africa 9 322 404 cases.2 At the country level,

the highest numbers of new cases were reported in Japan (605 919

new cases), the United States of America (395 117 new cases), the

Republic of Korea (389 579 new cases), the Russian Federation

(372 485 new cases), and China (297 693 new cases).3

COVID‐19 is caused by the severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2), a virus of the Coronaviridae family,

which infects animals and humans.4 Tissue tropism and symptoms of

infection caused by this virus may vary among different host

species.5 The SARS‐CoV‐2 virus is from the Coronaviridae family of

the betacoronavirus B lineage.6,7 Coronaviruses are viruses with a

single‐stranded positive‐sense RNA (ssRNA)—ready for translation

and subsequent synthesis of its proteins—and a nucleocapsid with

helical symmetry.8 The genome is considered large, with 29 903 base

pairs.9 There are at least 50 different sites where translation can

begin.10 The genomic sequence mainly encodes proteins necessary

for virus synthesis and structure. Its genome is covered by a

nucleocapsid protein, which makes up the viral capsid, consisting of

three structural proteins: membrane protein, an envelope protein,

and a spike protein.11 In addition to these structural proteins, the

virus contains about 16 nonstructural proteins, which participate in

different functions within the viral replication process.12

Interindividual variability regarding the incidence, severity, and

mortality rate of the COVID‐19 outbreak, was recently recorded.

Human genetics, where different genetic polymorphisms of specific

genes, might account for higher susceptibility and unexpected

outcomes of COVID‐19 infections in different populations. It was

found that both angiotensin converting enzyme 2 (ACE2) and

transmembrane protease serine‐type 2 (TMPRSS2) are playing a

crucial role for virus entry into host cells.13

The role and effect of variants alleles of human leukocyte antigen

(HLA) on the severity and incidence of infection with COVID‐19 and

its management were investigated. HLA‐DQA1 may induce the

production of anti‐drug antibodies against anti‐TNF drugs like

infliximab, and adalimumab; which are used as options in the

management of COVID‐19, and therefore might result in manage-

ment failure. Also, HLA‐B*46:01 carrier individuals are more

vulnerable to COVID‐19.14

Several genetic mutations were discovered in several gene

locations; c.222G>C (p.Leu74Leu) in the E structural protein and

c.213C>T(p.Tyr71Tyr) in the M structural protein, D614 G, and other

additional variants have been found which might decrease the main

host antibody response. The probability of fast generation of

treatment‐resistant strains, including antiviral resistance, is highly

possible and consequently is an important raised issue concerning

vaccine effectiveness and its benefits in immunization against SARS‐

COV‐2.15

The established nomenclature systems for naming and tracking

SARS‐CoV‐2 genetic lineages are GISAID (which has allowed the

comparison of viral genome variation in various regions of the world),

Nextstrain, and Pango. These are currently and will remain in use by

scientists and scientific research.16 The main classifications to assess

the clinical and virological relevance between the different variants,

according to the WHO are five variants of concern (VOCs), namely

Alpha (B.1.1.7 lineage); Beta (B.1.351 lineage); Gamma (P.1 lineage);

Delta (B.1.617.2 lineage) and Delta (B.1.617.2 lineage); and, eight
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variants of interest (VOIs), namely Epsilon (B.1.427 and B.1.429);

Zeta (P.2); Eta (B.1.525); Theta (P.3); Iota (B.1,526); Kappa

(B.1.617.1); Lambda (C.37); and Mu (B.1.621). In terms of VOCs,

the B.1.1.7 strain (Alpha variant) was initially a UK strain, associated

with worrisome variants such as N501Y, P681H, and several other

mutations.17 Lineage B.1.351 (Beta variant) was first identified in

South Africa. The P.1 lineage (Gamma variant) was identified for the

first time in Brazil with the biologically significant variants E484K,

N501Y, and K417T. Lineage B.1.617.2 (Delta variant) was first

detected in India. The B.1.1.529 strain (Omicron variant) was

detected in several countries with a high number of spike protein

mutations.18

According to the public database of the GISAID, three major

SARS‐CoV‐2 lineages/clades could be initially identified and they

were named G (variant of the spike protein S‐D614G), V (variant of

the ORF3 according protein NS3‐G251), and S (variant ORF8‐

L84S).19 All viruses, including SARS‐CoV‐2, vary over time. Most of

these changes have little, if any, impact on the properties of the virus.

However, some changes can affect the properties of the virus, such

as the ease with which it spreads, the severity of the associated

disease, or the performance of vaccines, drugs, diagnostic tools, or

even other social prevention and prevention measures of public

health.16 Therefore, it is extremely important to know the character-

istics of the pathogen and its origins, as well as its classification into

clades and lineages. This aspect is important, as it allows a better

understanding of the speed of dissemination, geographic routes, as

well as possible clinical aggressiveness of the strains.

The present study aims to review and summarizes the temporal

spreading and evolution of SARS‐CoV‐2 clades and variants world-

wide by Bayesian method evaluating 2897 whole genome sequences

(WGS) of SARS‐CoV‐2 obtained between December 2019 and

August 2022. The evaluation of these data is important for under-

standing the evolutionary histories of SARS‐CoV‐2 lineages, allowing

us to identify the origins of each lineage, speed of dissemination, and

geographic routes of this virus responsible for one of the biggest

pandemics in history.

2 | METHODS

2.1 | Data collection and phylogenetic tree

SARS‐CoV‐2 WGS with available country and year of sampling were

downloaded from GenBank and nextstrain20,21 (Supporting Informa-

tion material). All SARS‐CoV‐2 WGS were aligned by the MAFFT v7

and visually inspected with AliView v1.26. The best‐fitting nucleotide

substitution (GTR) model was selected using a hierarchical likelihood

ratio, Akaike information criterion, and Bayesian information criterion

tests with Model Finder in IQ‐TRE web server (http://iqtree.cibiv.

univie.ac.at/). Maximum likelihood phylogenetic tree was inferred

according to the best‐fitting model using IQ‐TRE web server (http://

iqtree.cibiv.univie.ac.at/). We used this tree to obtain root‐to‐tip

regressions in TempEst v1.5.

2.2 | Bayesian coalescent inference

Time‐scaled phylogenetic trees, evolutionary rates, and demographic

histories of SARS‐CoV‐2 WGS were evaluated using the Bayesian

coalescent framework implemented in BEAST v2.6.2, which uses a

Markov Chain Monte Carlo (MCMC) sampling method to obtain posterior

distributions of tree topologies and parameter estimates. Bifurcating

nodes with posterior probability greater than 0.95 were considered

statistically well supported. For each run of 500 million of MCMC, the

marginal likelihood was estimated via path sampling (PS) and stepping

stone (SS) methods and the resulting Bayes factors (BF) (ratio of marginal

likelihoods) was used to select the best‐fitting clock/demographic model.

The models can be compared to evaluate the strength of evidence against

the null hypothesis (H0) defined in the following way: 2lnBF <2 indicates

no evidence against H0; 2−6, weak evidence; 6−10, strong evidence; and

>10 very strong evidence. Both SS and PS estimators indicated the

uncorrelated lognormal relaxed molecular clock (BF= 25.1) as the best‐

fitted model to the data set under analysis. Besides, we have used the

GTR substitution model.

2.3 | Viral dynamics

MCMC were run for 500 million generations to ensure stationary and

adequate effective sample size for all statistical parameters. Tracer v.1.6

software was used to diagnose MCMC, adjust initial burn‐in. Bayesian

coalescent analyses were performed to estimate the viral dynamics and

the time to the most recent common ancestor (tMRCA). The time‐scale

calibration was based on the isolation date of samples. Uncertainty in

parameter estimates was evaluated in the 95% highest posterior density

(HPD95%) interval. TreeAnnotator v1.8.2 was used to summarize the

maximum clade credibility tree from the posterior distribution of trees.

2.4 | Phylogeographic approach

Phylogeographic analysis, incorporating both spatial and temporal

information, was performed with BEAST v2.6.2 using a discrete trait,

symmetric substitution model with Bayesian stochastic search variable

selection. The reversible discrete Bayesian phylogeographic model with a

continuous‐time Markov chain rate reference prior was performed. The

number of viral migrations between locations was estimated using

“Markov Jump” counts of location‐state transitions along with the

posterior tree distribution. Migratory events across time were summa-

rized using the SPREAD v.1.0.7. BFs >10 were considered as well‐

supported diffusion rates constituting the migration graph.

3 | RESULTS

In the present study, 2897 WGS of SARS‐CoV‐2 collected between

December 2019 and August 2022 were evaluated. Figure 1 shows

the phylogenetic tree of SARS‐CoV‐2 WGS in the world, and
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additionally, Figure 2 demonstrates the global distribution of SARS‐

CoV‐2. The SARS‐CoV‐2 tMRCA in Asia was 2019‐12‐26 (HPD95%:

2019‐12‐18; 2019‐12‐29), in Oceania 2020‐01‐24 (HPD95%: 2020‐

01‐15; 2020‐01‐30), in Africa 2020‐02‐27 (HPD95%: 2020‐02‐21;

2020‐03‐04), in Europe 2020‐02‐27 (HPD95%: 2020‐02‐20; 2020‐

03‐06), in North America 2020‐03‐12 (HPD95%: 2020‐03‐05; 2020‐

03‐18), and in South America 2020‐03‐15 (HPD95%: 2020‐03‐09;

2020‐03‐28).

The correlation between the nucleotide divergence and the years

of sequence collection was positive (R2 = 0.88; p < 0.01) (Figure 3).

Figure 4 demonstrates the phylogenetic tree of SARS‐CoV‐2 clades

and variants detected up to August 2022. While Figure 5 shows the

global distribution of these clades and variants. Between December

2019 and June 2020, another 11 clades were detected (20I

[Alpha] and 19A, 19B, 20B, 20C, 20A, 20D, 20E [EU1], 20F, 20H

[Beta]). From July to December 2020, 4 clades were identified (20J

[Gamma, V3], 21C [Epsilon], 21D [Eta], and 21G [Lambda]). Between

January and June 2021, 3 clades of the Delta variant were detected

(21A, 21I, and 21J). Between July and December 2021 two variants

were detected, Delta (21A, 21I, and 21J) and Omicron (21K, 21L,

F IGURE 1 Time‐scaled maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS‐CoV‐2 complete
genome sequences by countries obtained from GenBank and GISAID between December 2019 and August 2022. pp, posterior
probability; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus‐2.

F IGURE 2 SARS‐CoV‐2 dissemination in worldwide detected between December 2019 and August 2022. SARS‐CoV‐2, severe acute
respiratory syndrome coronavirus‐2.
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22B, and 22C). Between January and June 2022, the Delta (21I and

21J) and Omicron (21K, 21L, and 22A) variants were detected.

Finally, between July and August 2022, 3 clades of Omicron were

detected (22B, 22C, and 22D).

Clade 19A was first detected in the SARS‐CoV‐2 pandemic

(Wuhan strain) and had a tMRCA of 2019‐12‐16 (HPD95%: 2019‐

12‐15; 2019‐12‐25). The tMRCA of 20I (Alpha) 2020‐11‐24

(HPD95%: 2020‐11‐15; 2021‐12‐02); 20H (Beta) was 2020‐11‐25

(HPD95%: 2020‐11‐13; 2020‐11‐29); 20J (Gamma) was 2020‐12‐21

(HPD95%: 2020‐11‐05; 2021‐01‐15), 21A (Delta) tMRCA was 2020‐

09‐20 (HPD95%: 2020‐05‐17; 2021‐02‐03); 21J (Delta) was 2021‐

02‐26 (2020‐11‐02; 2021‐04‐24); 21M (Omicron) was 2021‐01‐25

F IGURE 3 Root‐to‐tip regression of 2897 complete genomes of SARS‐CoV‐2 by countries between December 2019 and August 2022.
SARS‐CoV‐2, severe acute respiratory syndrome coronavirus‐2.

F IGURE 4 Time‐scaled maximum clade credibility tree from the evolutionary reconstruction by Bayesian analysis of SARS‐CoV‐2 complete
genome sequences by clades obtained from GenBank and GISAID between December 2019 and August 2022. pp, posterior probability;
SARS‐CoV‐2, severe acute respiratory syndrome coronavirus‐2.

WOLF ET AL. | 5 of 10



(HPD95%: 2020‐09‐16; 2021‐08‐08); 21K (Omicron) was 2021‐07‐

30 (HPD95%: 2021‐05‐30; 2021‐10‐19); 21L (Omicron) was 2021‐

10‐03 (HPD95%: 2021‐04‐16; 2021‐12‐23); 22B (Omicron) was

2022‐01‐25 (HPD95%: 2022‐01‐10; 2022‐02‐05); 21L was 2021‐

12‐20 (HPD95%: 2021‐05‐16; 2021‐12‐31) (Figure 4). Currently, the

omicron variant predominates worldwide, with the 21L clade

branching into three (22A, 22B, and 22C) (Figure 4).

Phylogeographic data demonstrate the origin of the main

variants that circulated in the world (Figure 5). Alpha variant

originated in the United Kingdom (BF = 125), Beta in South Africa

(BF = 102), Gamma in Brazil (BF = 117), Delta in India (BF = 99),

Omicron in South Africa (BF = 101), Mu in Colombia (BF = 31),

Epsilon in the United States of America (BF = 28), and Lambda in

Peru (BF = 39) (Figure 5). Table 1 shows the characteristics of the

main SARS‐CoV‐2 strains (Alpha, Beta, Gamma, Delta, and

Omicron). The transmissibility of the strains increased progres-

sively over time, while the Gamma and Delta variants were the

most clinically aggressive.

F IGURE 5 Frequency of SARS‐CoV‐2 clades in worldwide detected between December 2019 and August 2022. SARS‐CoV‐2, severe acute
respiratory syndrome coronavirus‐2.

TABLE 1 Characteristics of the main variants detected during the COVID‐19 pandemic

Variants Origin tMRCA Transmissibility Clinical severity Clinical response to vaccines

Alpha UK 2020‐11‐25 Higher than previous
variants

Possibly similar incidence of
severe COVID‐19 and
death

Vaccines prevent infection and adverse
events

Beta South Africa 2020‐11‐24 Higher than previous
variants

Possibly similar incidence of
severe COVID‐19 and
death

Vaccines prevent infection and adverse
events (possibly less effective in
preventing infection)

Gamma Brazil 2020‐12‐21 Higher than previous

variants

Possibly similar incidence of

severe COVID‐19 and
death

Vaccines prevent infection and adverse

events (possibly less effective in
preventing infection)

Delta India 2020‐09‐20 Much higher than

previous variants

Increased incidence of severe

COVID‐19 and death

Vaccines prevent infection and adverse

events (slightly lower efficacy in
preventing infection)

Omicron South Africa 2021‐01‐25 Extremely higher than
previous variants

Lower incidence of severe
COVID‐19 and death

Preliminary data suggest that vaccines
prevent infection and adverse events

(possible lower efficacy vs.
other VOCs)

Abbreviations: tMRCA, time to the most recent common ancestorp; UK, United Kingdom; VOCs, variants of concern.
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4 | DISCUSSION

The phylogenetic characterization of an emerging viral infection can

help in understanding and monitoring the pandemic progression.

Currently, there is a very large amount of WGS data to study the

recent SARS‐CoV‐2 spreading. More evolutionary and dissemination

studies are necessary to understand the SARS‐CoV‐2 genetic diversity

and to identify the main epidemic findings. These data are essential to

define public health measures to control the current pandemic.

The present study reviewed the phylodynamic data of SARS‐

CoV‐2 lineages in the world between December 2019 and August

2022. According to our findings, SARS‐CoV‐2 presented different

dates of origin on the continents: Asia (2019‐12‐26), Oceania (2020‐

01‐24), Africa (2020‐02‐27), Europe (2020‐02‐27), North America

(2020‐03‐12), and South America (2020‐03‐15). The rapid spread of

SARS‐CoV‐2 worldwide, from China, was due to the intense air traffic

present in the 21st century, which spread the virus widely in the

world. This scenario was particular since we do not experience a

pandemic in modern times, the last one being caused by the Spanish

flu at the beginning of the 20th century, a historical moment when

the world population was smaller and the means of transport were

completely different from those present today.

The first lineage of SARS‐CoV‐2 (clade 19A) was detected in

Wuhan China dated 2019‐12‐16. The Alpha, Beta, Gamma, Delta,

and Omicron strains were initially spread during the period of the

pandemic. Alpha on 2020‐11‐24, Beta on 2020‐11‐25, Gamma on

2020‐12‐21, Delta on 2020‐09‐20 and 2021‐02‐26, Omicron on

2021‐01‐25 and 2022‐01‐25. The Alpha lineage originated in the

United Kingdom, Beta in South Africa, Gamma in Brazil, Delta in India,

Omicron in South Africa, Mu in Colombia, Epsilon in the United

States of America, and Lambda in Peru.

In November 2020, Alpha lineage was identified in the United

Kingdom based on a sample obtained in September 2020. This

lineage stood out from those previously observed due to the more

significant increase in cases and the high number of observed

mutations of potential epidemiological impact.22 On 2020‐12‐18,

Alpha lineage was designated as a VOC.16 This lineage has at least 22

mutations, including 13 non‐synonymous, 6 synonymous, and 3

deletions.23 These mutations include the N501Y of the spike protein,

which increases the affinity of RBD with the host cell's receptor

(ACE2), the P681H, which would facilitate the entry of the virus into

the cell,22 and the D614G in the spike protein which increases

infectivity.24 The D614G mutation was initially detected in early

2020 and has also been identified in all the VOCs that have appeared

after lineage Alpha.25 Concerning transmissibility, this lineage has a

higher transmission capacity than previous lineages of SARS‐COV‐2,

between 50% and 100% higher.26,27 Regarding the severity of the

disease, the evidence is not conclusive. Although initial studies have

associated this lineage with a higher rate of severe COVID‐19 and

death,28,29 other studies have shown no differences in adverse

outcomes.30 Regarding the efficacy of vaccines, the available

evidence indicates that there would be no decrease in efficacy to

prevent infection and adverse outcomes.31,32

In December 2020, Beta lineage was detected in South Africa,

identified for the first time in September 2020 in the same country, which

presented a rapid expansion in the region as compared to previous

lineages,33,34 receiving the VOC designation on 2020‐12‐18.16 This

lineage has at least 18 important mutations, including some previously

described in the Alpha, such as N501Y in protein S.35 Among the

mutations of this lineage, K417N and E484K stand out, present in the

RBM region of the RBD domain of the spike protein, which is associated

with increased infectivity.36 This variant presents higher transmissibility

compared to other previous variants.34,36 Regarding the severity of the

disease, as with variant Alpha, the evidence is not conclusive. Previous

studies have shown that it would be associated with a more significant

number of hospitalizations. However, an increase in mortality has not

been observed.37,38 Additionally, regarding the efficacy of vaccines, the

available data indicate that they prevent infection and adverse

outcomes,31,32 but some reports indicate less efficacy to prevent infection

as compared to previous lineages.39

At the beginning of January 2021, Gamma lineage was detected for

the first time inTokyo, Japan, in four people from the Brazilian Amazon in

December 2020. Its extension was subsequently demonstrated in

Brazil.40,41 On 2021‐01‐11, it was designated as VOC by the WHO.16

This lineage has at least 23 important mutations, including some reported

in other variants such as N501Y and E484K in protein S, which increase

the infective capacity of the virus on the host cell.36,42 Regarding

transmissibility, data reported from Brazil indicate higher transmissibility

as compared to other previous variants.40,43 However, it has not been

demonstrated increase in the severity of the disease. Although an

increase in deaths was initially reported in Brazil,44 epidemiological data

from Europe do not show an increase in deaths but an increase in

hospitalizations.37 Therefore, it has been proposed that the higher

mortality in Brazil was more associated with the region's socioeconomic

and public health limitations.45,46 Finally, on the efficacy of the vaccines,

there is less information as compared to the Alpha and Beta lineages.

However, the available data indicate that the vaccines prevent infection

and adverse outcomes,31,32 similar to variant Beta.33

On 2021‐03‐24, the Indian Ministry of Health reported Delta

lineage, with mutations associated with potential immune escape.47 On

2021‐04‐04, the WHO assigned the VOI classification, and on 2021‐05‐

11, its classification was changed to VOC.16 This variant presents at least

21 important mutations, such as D614G, L452R (which gives higher

stability to the RBD‐ACE2 complex, increasing infectivity), and P681R

(which optimizes spike protein cleavage, with the potential to increase

transmissibility).48,49 All these mutations provide a higher infective

capacity of the virus than the previously reported variants. The

transmissibility of Delta is higher than reported in previous variants,33,50

with high transmissibility indoors.51 Therefore, as of 2021‐12‐31, it is the

dominant lineage of SARS‐CoV‐2 worldwide.52 Furthermore, regarding

severity, it has been observed that patients infected with this lineage have

a higher rate of adverse outcomes, including hospitalizations, ICU

requirements, and deaths, compared to those infected with variant

Alpha.53,54 Finally, vaccines have a slight decrease in their efficacy to

prevent infection but similar efficacy to prevent severe disease when

compared with other variants, including previous VOCs.32,33
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On 2021‐11‐11, Omicron lineage was reported in South Africa

which was detected on a traveler from Botswana. Later, this variant

began to be detected in patients from South Africa.55 The

appearance of this lineage was associated with an abrupt increase

in COVID‐19 cases in the country, from an average of 280 daily cases

to 800 daily cases in the following weeks. Especially relevant was the

situation in the Gauteng province of South Africa, where the doubling

time of cases decreased as compared to previous COVID‐19 waves in

the area.55,56 On 26‐11‐2021, the WHO classified this lineage as

VOC.16 This lineage presents a higher number of mutations as

compared to other VOCs, having identified at least 48 important

mutations by 2021‐12‐31, including several mutations previously not

described in other variants.57,58 Among the most relevant mutations

are RBD mutations, which would confer increased binding to ACE2

and infectivity of the host cell.59,60 Previous studies suggest that

lineage Omicron could infect between three and six times more

people than lineage Delta,56,60 making it the lineage of SARS‐CoV‐2

with the highest transmissibility identified up to date. Given this,

Omicron become the dominant variant worldwide in short term,

surpassing lineage Delta. Regarding severity, preliminary data suggest

that it would be lower than previous lineages.60,61 Data from the UK

suggest that hospitalization rates would be 50%–70% lower than for

variant Delta.61 This lineage showed higher transmissibility and the

number of hospitalizations was relatively high. Also, preliminary data

suggest that vaccines would continue to be effective in preventing

infection and adverse outcomes.62 Reports from Pfizer‐BioNTech63

and AstraZeneca64 indicate that a vaccine booster produces

neutralizing antibodies to the Omicron. However, recent data show

that the reinfection rate of lineage Omicron in COVID‐19 survivors

would be higher than lineage Beta or Delta.65 This suggests that the

immune response after infection or vaccination could be lower than

in other lineages. It should be noticed that for 2021‐12‐3, the two

most prevalent SARS‐CoV‐2 lineages are Delta and Omicron, while

variants Alpha, Beta, and Gamma have significantly reduced, being

practically absent in current COVID‐19 patients evaluated.66 In 2022,

the Omicron variant prevailed in the majority of SARS‐CoV‐2

infections.67,68

Competition among viral strains of changing virulence is being

evidenced during the current SARS‐CoV‐2 dissemination and

COVID‐19 pandemic. The continuous monitoring of the most

frequent SARSCoV‐2 clades, lineages, and strains as well as their

specific dynamic evolution processes are now imperative for

epidemiologists to define public health measures, such as limiting

or relaxing the social movement. Furthermore, this information will

be necessary to develop more appropriate diagnostic tests (as the

molecular biology methods) and vaccines for the circulating SARS‐

CoV‐2 strains. Deeply surveillance of viral transmission at local and

global scales and the evaluation of the effect of the different control

measures on COVID‐19 transmission will offer assistance to decide

an ideal mitigation procedure to minimize infections and decrease

public healthcare demand. Therefore, continued monitoring of the

SARS‐CoV‐2 genetic and antigenic diversity is already essential for

public human health in the World.

Finally, SARS‐CoV‐2 lineages with different virulence and pathoge-

nicity features are continuously emerging in the COVID‐19 pandemic.

The continuous monitoring of the most frequent viral clades, lineages,

VOIs, and VOCs as well as the study of the specific dynamic evolution

processes are really necessary to define public health measures. All this

information will be also necessary to develop more appropriate diagnostic

tests (as the molecular biology methods) and vaccines for the circulating

SARS‐CoV‐2 lineages. Deeply surveillance of viral transmission at local

and global scales and the evaluation of the effect of the different control

measures on COVID‐19 transmission will offer assistance to decide an

ideal mitigation procedure to minimize infections and decrease public

healthcare demand.

This review presents the different genetic variants of COVID‐19

from the start to date which is an important collective review for a

pandemic worldwide. These data are useful to understand the

transmission routes, origins, and evolutionary rates of this virus. The

review is very beneficial for the literature to get the whole history of

mutation of viral infection which gives an overview of the whole

story and readers could expect what will happen in the future

concerning this pandemic.
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