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Abstract
The present classification of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) variants plays a central role in shaping public health policies, vaccine 
strategies, and global risk communication. However, existing designations of 
variants of concern (VOCs) rely on evolving epidemiological and phenotypic criteria 
rather than quantitative genetic divergence thresholds. In this study, we evaluated 
the genetic divergence of SARS-CoV-2 variants relative to human immunodeficiency 
virus type 1 (HIV-1), hepatitis C virus (HCV), and influenza A virus, and proposed a 
framework integrating genetic, functional, and epidemiological criteria for variant 
classification. Comparative phylogenetic analysis assessed the divergence of 
SARS-CoV-2 (S) relative to HIV-1 (env), HCV (E1), and influenza A virus (HA). Maximum 
likelihood phylogenies with bootstrap support were constructed using MEGA6, 
and pairwise genetic distances were calculated through the maximum composite 
likelihood model. Monte Carlo simulations (n = 1,000) using adjusted SARS-CoV-2 
evolutionary rates (0.0006 – 0.003 substitutions/site/year) estimated time to reach 
divergence thresholds defined by other viruses. SARS-CoV-2 variants showed 
a maximum divergence of 0.006 substitutions/site – far below thresholds for 
HIV-1  (0.157), HCV (0.371), and influenza A (1.956). Projections estimate HIV-1-like 
divergence in 53.7 years, HCV-like in 126.8 years, and influenza A-like in 668.6 years. 
No present VOC met all proposed functional criteria: transmissibility, immune escape, 
disease severity, and global dominance. Omicron exhibited partial immune escape 
but insufficient divergence for lineage reclassification. While present classification 
supports short-term response, integrating evolutionary benchmarks would enhance 
their biological relevance as the virus continues to diversify. A new evidence-based 
framework is needed to reduce public alarm, guide rational policymaking, and 
prioritize durable countermeasures over variant-specific responses.
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1. Introduction
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a member of the family Coronaviridae 
that was first characterized in early 2020.1-3 This virus is the 
causative agent of coronavirus disease 2019 (COVID-19) 
and long COVID.4,5 COVID-19 has been recognized as the 
pandemic of the 21st century.6 It ranges in manifestations from 
asymptomatic infections and mild cold-like illnesses to more 
severe forms that result in significant morbidity and mortality, 
especially in elderly patients with chronic illnesses.7-11

Like other members of Coronaviridae, SARS-CoV-2 
has a genome comprising a positive-sense, single-
stranded RNA with a linear configuration.12,13 Despite the 
lack of accurate characterization of the exact origins of 
SARS-CoV-2, the early spread of the virus has been well 
documented.14-18 Phylogenetic analyses of SARS-CoV-2 
sequences from the early infections in China suggested 
that the first human cases likely occurred in late 2019.19,20 
The present evidence suggests that the emergence of 
SARS-CoV-2 resulted from recombination events 
between bat SARS-like coronaviruses and, possibly, 
coronaviruses found in pangolins, leading to cross-species 
transmission.21-24 More recent research suggested that 
direct spillover from bats remains the most likely scenario, 
with limited genomic evidence supporting a significant 
role of pangolins in the emergence of SARS-CoV-2.25,26

The earliest available SARS-CoV-2 genomes were 
obtained from patients in December 2019.27 These 
early viral sequences provided key insights into the 
genetic structure and early divergence of SARS-CoV-2.3 
Chinese researchers conducted phylogenetic analyses 
comparing these genomes with known bat and pangolin 
coronaviruses to infer the likely ancestral form of the 
virus.28 Based on mutational differences, they identified 
an ancestral genome type, designated “S”, and a more 
dominant derived type, labeled “L”, to reflect specific 
amino acid substitutions.29 Concurrently, Western 
researchers conducted independent analyses using similar 
methodologies but assigned different nomenclatures to 
describe the early divergence of SARS-CoV-2. Instead of 
“S” and “L,” they labeled the ancestral strain as “A” and the 
derived strain as “B”.30-33 Over time, the B lineage continued 
to mutate, giving rise to sub-lineages, including B.1, which 
became the predominant SARS-CoV-2 lineage globally.34 
This lineage eventually diversified into major global 
variants of concern (VOCs), which the World Health 
Organization (WHO) formally labeled as Alpha, Beta, 
Gamma, Delta, and Omicron variants.35 The early genomic 
studies illustrated the complex evolutionary dynamics of 
SARS-CoV-2, highlighting both early genetic bottlenecks 
and the subsequent rapid adaptation of the virus.36

During the initial phase of the COVID-19 pandemic, 
the relatively low number of infections limited the 
opportunities for genetic diversification within the SARS-
CoV-2 genome. With fewer viral replication cycles, the 
accumulation of mutations was constrained, resulting in a 
lower frequency of SARS-CoV-2 variant emergence.37 At 
this stage, mutations in the spike (S) protein, particularly 
within the receptor-binding domain (RBD), which 
mediates interaction with the human angiotensin-
converting enzyme-2 (ACE2) receptor, were rarely 
observed.37 As transmission increased globally, the virus 
evolved, with a positive selection of certain substitutions 
that conferred higher transmissibility (e.g., D614G).38,39 
Over time, specific S protein substitutions that enhanced 
SARS-CoV-2’s ability to bind more efficiently to human 
cells became more prevalent and led to the emergence of 
genetic variants with epidemiological advantages. Notably, 
the Alpha (B.1.1.7) variant, first identified in the UK, and 
the Delta (B.1.617.2) variant, which originated in India, 
both demonstrated significantly higher transmission rates 
than earlier circulating strains.40-42 These variants carried 
key S protein mutations, such as N501Y in the Alpha 
variant and L452R and P681R in the Delta variant, which 
enhanced their ability to infect host cells and possibly 
contributed to their global dominance at different phases 
during the pandemic.43,44 The progressive emergence of 
more transmissible variants indicates the role of natural 
selection in shaping SARS-CoV-2 evolution, favoring 
mutations that increase infectivity while the virus continues 
to adapt to human hosts.45

At present, SARS-CoV-2 variants are designated 
as distinct viral lineages when they exhibit genetic 
changes deemed significant enough to warrant separate 
classification, as determined by the WHO Coronavirus 
Network (CoViNet).35,46 Since the onset of the COVID-19 
pandemic, the continuous evolution of SARS-CoV-2 has 
led to the identification of multiple VOCs and variants 
of interest (VOIs).43,47,48 These designations have been 
based on the projected capacity of emerging variants 
to outcompete previously circulating strains through 
increased transmissibility or the necessity to adjust public 
health interventions.49-51 This classification system has been 
important to facilitate epidemiological surveillance and 
risk assessment. However, its primary reliance on limited 
genetic divergence and evolving phenotypic criteria, rather 
than on consistent, functionally meaningful differentiation, 
highlights the opportunity for refining the system. 
Incorporating genetic and evolutionary benchmarks could 
enhance the alignment between nomenclature and the 
underlying virological or clinical significance of emerging 
SARS-CoV-2 variants.52-54
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Certain SARS-CoV-2 variants are classified as VOCs 
due to their ability to maintain or enhance replication 
fitness despite increasing levels of population immunity – 
either through natural infection or vaccination.43,45 These 
variants often exhibit mutations that provide a selective 
advantage, allowing them to spread more efficiently in 
partially immune populations.55 A defining feature of 
many VOCs is the presence of mutations in the RBD of 
the S protein, which plays a critical role in host cell entry 
through the human ACE2 receptor.56 Thus, the designation 
VOC is reserved for SARS-CoV-2 lineages in which specific 
genetic changes significantly enhance RBD binding affinity 
– as seen with substitutions such as N501Y – while also 
demonstrating epidemiological evidence of increased 
transmissibility.57,58

Before being categorized as a VOC, an emerging 
SARS-CoV-2 lineage is often first labeled as a VOI or, in 
some national surveillance frameworks, a variant under 
investigation.35 If subsequent data confirm enhanced 
transmissibility, immune escape potential, or increased 
disease severity, the variant is formally designated 
as a VOC.35 Once a variant reaches VOC status, it is 
systematically classified within the Pango nomenclature 
system, which provides detailed lineage assignments based 
on phylogenetic relationships.48 In addition, the variant is 
assigned to specific clades within Nextstrain and Global 
Initiative on Sharing All Influenza Data (GISAID), two 
global platforms used for genomic epidemiology and 
viral evolution tracking.59,60 These classification systems 
facilitate real-time monitoring of SARS-CoV-2 evolution, 
aiding in public health responses and vaccine adaptation 
strategies.

The WHO played a central role in the classification and 
monitoring of SARS-CoV-2 variants, regularly updating its 
framework to reflect emerging evidence on viral evolution, 
transmissibility, and immune escape potential.35,47 Thus, 
the identification and designation of SARS-CoV-2 variants 
rely on genomic surveillance efforts, with submissions 
from member states analyzed through global platforms 
such as GISAID. This is followed by field investigations to 
assess the public health impact of SARS-CoV-2 variants.61 
Over time, the WHO expanded its classification system 
to include additional categories beyond VOCs. The 
updated framework now includes VOIs and variants under 
monitoring.60 A VOI is defined as a variant possessing 
genetic changes that are predicted or known to affect viral 
characteristics, such as transmissibility, virulence, antibody 
evasion, therapeutic susceptibility, or detectability.35,47 In 
addition, to be classified as a VOI, a variant must exhibit 
increasing circulation in at least one WHO region, 
raising concerns about potential global public health 

implications.35 Other public health agencies, such as the 
United States Centers for Disease Control and Prevention 
(CDC), maintain independent classification criteria, 
which can lead to differences in the timing of variant 
de-escalation.62,63 For example, the CDC, the European 
Centre for Disease Prevention and Control (ECDC), and 
the WHO de-escalated SARS-CoV-2 variants at different 
times, reflecting regional epidemiological assessments and 
risk evaluations.35,64,65

At this point, it is important to consider the foundational 
pillars in the field of virus evolution. It is well established 
that the accumulation of sufficient genetic divergence to 
produce a biologically distinct virus lineage – one with 
unique properties affecting transmission dynamics, 
pathogenicity, or immune interactions – typically requires 
several years of sustained evolutionary pressure.66-70 The 
present classification framework for SARS-CoV-2, which 
designates new variants based on short-term genetic 
fluctuations, contradicts this fundamental understanding 
of viral evolution.71 The issue is particularly pronounced in 
SARS-CoV-2 due to its genomic stability relative to other 
RNA viruses, such as human immunodeficiency virus type 1 
(HIV-1), hepatitis C virus (HCV), and influenza A virus, 
all of which evolve under stronger selection pressures and 
exhibit markedly higher mutation rates.72-75 Unlike HIV-
1, HCV, and influenza A virus, SARS-CoV-2 possesses a 
proofreading exonuclease (nsp14-ExoN), a unique feature 
among the majority of RNA viruses that reduces the 
accumulation of replication errors.76,77 This proofreading 
mechanism results in a significantly slower evolutionary 
rate for SARS-CoV-2, estimated between 0.0004 and 
0.002 substitutions per site per year (s/s/y).49,73,78 This 
evolutionary rate allows for gradual adaptation; however, 
it does not support the level of rapid divergence seen 
among other RNA viruses.79 Consequently, it is plausible 
to assume that the frequent designation of SARS-CoV-2 
variants as distinct entities, based on transient mutational 
changes rather than sustained functional divergence, 
represents a departure from well-established evolutionary 
virology principles.

Thus, the present study argues that the currently adopted 
classification of SARS-CoV-2 lineages has introduced 
significant challenges in COVID-19 risk communication. 
The existing SARS-CoV-2 classification systems are often 
the source of unnecessarily amplified public concern and 
inconsistent scientific justification that influences policy 
decisions, leading to a cycle of reactionary responses 
rather than well-balanced epidemiological measures. 
Accordingly, the present study aimed to: (1) Assess the 
genetic divergence of SARS-CoV-2 variants in comparison 
to established RNA virus speciation models (e.g., HIV-1, 
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HCV, and influenza A virus); (2) estimate the minimum 
evolutionary timeframe required for SARS-CoV-2 to reach 
a level of genetic divergence equivalent to that observed 
in HIV-1, HCV, and influenza A virus; and (3) propose a 
complementary classification framework for SARS-CoV-2 
that is based on evolutionary and phylogenetic principles.

2. Materials and methods
2.1. Study design, dataset acquisition, and sequence 
selection

This study aimed to propose a practical and evolutionarily 
informed classification framework for SARS-CoV-2, 
grounded in a conservative, objective threshold of 
genetic divergence that could support the identification 
of biologically distinct lineages as the virus continues to 
evolve. To achieve this, the evolutionary divergence of 
SARS-CoV-2 variants was compared with that of three 
well-characterized RNA viruses – HIV-1, HCV, and 
influenza A virus. These viruses were selected as their 
lineage differentiation is associated with substantial 
biological and functional differences in transmissibility, 
immune evasion, and pathogenesis.

The viral genomes and corresponding genes chosen 
for analysis were: (1) SARS-CoV-2: S gene (3,822 bases); 
(2) HIV-1: env gene (2,592 bases); (3) HCV: E1 gene (576 
bases); and (4) influenza A virus: HA gene (1,707 bases). 
These regions were selected due to their relevance in viral 
entry, immune evasion, and vaccine targeting, besides 
being recognized as rapidly evolving genomic regions of 
each virus.80-83 Full-length viral sequences were retrieved 
from the Los Alamos HIV Database, Los Alamos HCV 
Database, GenBank Influenza Virus Database, and 
NCBI Virus Database.84-87 Selection criteria included: 
(1)  Complete coding sequences (removal of sequences 
with large gaps or ambiguous bases, defined as >1% 
nucleotide base); (2) diversity in collection date and 
geographical origin to ensure representation of global 
viral evolution; (3) exclusion of recombinant sequences, 
except where recombination is inherent to viral evolution 
(e.g., HIV-1 circulating recombinant forms [CRFs]); and 
(4) at least 40 representative sequences per viral subtype/
lineage to ensure robust phylogenetic reconstruction.88 The 
selection of 50 (SARS-CoV-2), 58 (HIV-1), 40 (HCV), and 
49 (influenza A virus) sequences adhered to this standard.

2.2. Selection of viral subtypes/lineages

To ensure a comprehensive comparison of SARS-CoV-2 
genetic divergence with well-characterized RNA viruses, 
representative subtypes and lineages for HIV-1, HCV, 
and influenza A virus were selected based on their global 
prevalence and established phylogenetic classification. 

For SARS-CoV-2, sequences from the major VOCs were 
included in the analysis. These variants were selected 
based on their distinct S protein mutations and their role 
in altering transmissibility, immune escape, and vaccine 
efficacy.

HIV-1 exhibits significant genetic diversity, with distinct 
subtypes and CRFs contributing to its global dissemination. 
The following subtypes/CRFs, representing the most 
common lineages, were selected: A1, B, C, D, CRF01_AE, 
and CRF02_AG.89 These subtypes were chosen due to their 
high epidemiological relevance and established divergence 
patterns, which serve as a benchmark for evaluating the 
evolutionary dynamics of SARS-CoV-2.90

HCV classification is based on well-defined genotypes 
and subtypes, which exhibit substantial genetic diversity.91 
The following subtypes were selected: subtype  1a, 
subtype  1b, subtype  3a, and subtype  4a. These subtypes 
represent widely studied lineages with distinct evolutionary 
trajectories, providing an appropriate comparison for 
assessing SARS-CoV-2 divergence. Influenza A virus 
evolves through antigenic drift and shift, leading to the 
emergence of distinct subtypes with significant genetic and 
antigenic variation. The following subtypes were included: 
H1N1 and H3N2.92 These subtypes were selected as they 
represent the dominant circulating influenza lineages over 
the past century, providing a well-documented model of 
viral evolution and antigenic variation. For SARS-CoV-2, 
sequences from the five major VOCs designated by the 
WHO were analyzed, representing key evolutionary 
lineages that have dominated transmission waves globally: 
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta 
(B.1.617.2), and Omicron (B.1.1.529).43

2.3. Sequence alignment and genetic distance 
estimation

Multiple sequence alignments were performed separately 
for HIV-1, HCV, influenza A, and SARS-CoV-2 using 
MAFFT v7.490, employing the L-INS-i algorithm, which 
optimizes alignment accuracy for sequences with frequent 
insertions and deletions, particularly in the HIV-1 env and 
influenza HA genes.93 Alignment quality was manually 
reviewed in MEGA6, and sequences with poor alignment 
were excluded.94 Genetic distances were estimated using the 
maximum composite likelihood (MCL) model, with rate 
variation among sites modeled using a gamma distribution 
(shape parameter = 1). Codon positions included 1st, 2nd, 
and 3rd coding positions, as well as non-coding regions.94,95 
All positions containing gaps or missing data were 
removed before analysis. The final alignment of HIV-1 
(n = 58) consisted of 2,214 nucleotide positions; HCV 
(n = 40) consisted of 513 nucleotide positions; influenza 
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A virus (n = 49) consisted of 939 nucleotide positions; 
and SARS-CoV-2 (n = 50) consisted of 3,089 nucleotide 
positions. Evolutionary analyses were conducted using 
MEGA6 to compute pairwise genetic distances across all 
sequence groups.94

To enhance the temporal signal in assessing the genetic 
divergence of the viruses, we included sequences spanning 
multiple years and epidemic phases as follows. For HIV-1, 
the sequence collection years spanned 1993 – 2017, from 20 
countries, including Argentina, Australia, Brazil, Botswana, 
China, Cyprus, Spain, Ethiopia, Finland, Indonesia, 
India, Iran, Kenya, Nigeria, Sweden, Thailand, Tanzania, 
Uganda, UK, and US. For HCV, the sequence collection 
years spanned 1993 – 2023, from 15 countries, including 
Australia, Switzerland, China, Cuba, Germany, Egypt, 
Spain, France, Ireland, India, Japan, Pakistan, Thailand, the 
UK, and the US. For influenza A, sequences were collected 
in multiple locations in Sweden spanning 1992 – 2010. For 
SARS-CoV-2, sequences were collected during 2020 – 2025 
from Canada, Ghana, Japan, New Zealand, and several 
locations in the US, including Arizona, California, the 
District of Columbia, Iowa, Indiana, Michigan, Minnesota, 
North Carolina, Nevada, New Jersey, North Carolina, 
Oklahoma, Oregon, Pennsylvania, South Carolina, South 
Carolina, and Washington.

2.4. Maximum likelihood phylogenetic analysis

To assess evolutionary relationships and determine 
whether SARS-CoV-2 variants exhibit lineage divergence 
comparable to that observed in HIV-1, HCV, and influenza 
A virus, maximum likelihood (ML) phylogenetic trees 
were constructed using MEGA6.94,95 The MCL model was 
employed for nucleotide substitution, with rate variation 
among sites modeled using a gamma distribution (shape 
parameter = 1). The analysis included all nucleotide 
sequences, with codon positions (first, second, third, and 
non-coding regions) considered. Sequences containing 
gaps or missing data were removed before analysis.94,95 
An unrooted ML tree was generated with 100 ultrafast 
bootstrap replicates to evaluate branch support, with 
bootstrap values exceeding 70% considered statistically 
significant.96 The resulting tree was visualized using 
FigTree software to facilitate the interpretation of lineage 
relationships.97 The inclusion of ≥40 sequences per virus 
provided sufficient phylogenetic resolution.96,98

2.5. Defining the genetic divergence threshold for 
variant classification

To establish an objective cutoff for defining distinct 
viral variants, the genetic distances of SARS-CoV-2 
were compared to the following benchmarks: (1) HIV-1 
subtypes (env region) mean divergence; (2) HCV subtypes 

(E1 region) mean divergence; and (3) influenza A virus 
subtypes (HA gene) mean divergence. ANOVA and 
Kruskal–Wallis tests were used to compare mean genetic 
divergence values among viral groups, and the analysis was 
conducted using IBM SPSS Statistics for Windows, Version 
26.0 (IBM Corp, United States). It was hypothesized that 
if SARS-CoV-2 variants do not surpass the established 
genetic divergence thresholds derived from HIV-1, HCV, 
and influenza A virus, this would indicate that their present 
classification is driven more by transient mutations than by 
meaningful virological differentiation.

2.6. Estimation of speciation time for SARS-CoV-2 
based on genetic distances compared to HIV-1, HCV, 
and influenza A virus

To estimate the time required for SARS-CoV-2 to reach 
speciation-level divergence, we compared its genetic 
distances to those observed in HIV-1, HCV, and influenza 
A virus. Speciation thresholds were defined based on 
the minimum genetic distances observed between 
recognized subtypes or genotypes in these viruses. Using 
the established evolutionary rate of SARS-CoV-2 (0.0004 
– 0.002  s/s/y), we applied the formula: Years = Genetic 
distance threshold/evolutionary rate. The evolutionary rate 
of SARS-CoV-2 was set at 0.0004 – 0.002 s/s/y, consistent 
with published estimates.17,51,99-103 To evaluate how 
recombination affects divergence, an adjusted evolutionary 
rate model was incorporated based on the estimated 
recombination frequency in SARS-CoV-2 genomes (~2.7% 
recombinant ancestry).104,105 A 1.5× acceleration factor was 
applied, as recombination has been shown to elevate the 
viral evolutionary rate,106,107 yielding adjusted evolutionary 
rates: lower bound, 0.0006 s/s/y; upper bound, 0.003 s/s/y. 
Monte Carlo simulation was performed by generating 
1,000 random evolutionary rates sampled uniformly from 
the adjusted range. Simulated rate values and calculated 
time estimates were compiled into a structured dataset 
and analyzed using the IBM SPSS Statistics for Windows, 
Version 26.0 (IBM Corp, United States). Descriptive 
statistics (mean, standard deviation, and 95% confidence 
intervals [CIs]) were computed for the estimated time 
required to reach each threshold.

2.7. Basis of the proposal of new SARS-CoV-2 
classification scheme

To establish a robust and biologically meaningful 
classification system for SARS-CoV-2 variants, a two-
pronged methodological approach was employed, 
integrating (1) genetic divergence thresholds derived 
from well-characterized viral evolution patterns, and 
(2) functional impact criteria identified through a 
comprehensive review of literature on viral pathogenesis, 

https://dx.doi.org/10.36922/MI025190042


Microbes & Immunity SARS-CoV-2 complementary classification

Volume 2 Issue 3 (2025)	 92� doi: 10.36922/MI025190042

transmissibility, and immune escape mechanisms. Genetic 
divergence thresholds were established by analyzing the 
evolutionary distances between recognized subtypes 
or genotypes of HIV-1, HCV, and influenza A virus, as 
outlined in the sections above.

A review of the literature was conducted in PubMed/
MEDLINE to identify key functional parameters that have 
historically defined viral lineages in other RNA viruses, 
including HIV-1, HCV, influenza A virus, and previous 
SARS-CoV-2 designated as VOCs. The exact search strategy, 
concluded on 31 January 2025, was: ((“SARS-CoV-2” OR 
“COVID-19” OR “HIV-1” OR “Hepatitis C Virus” OR 
“HCV” OR “Influenza A”) AND (“variant of concern” 
OR “VOC” OR “subtype” OR “genotype” OR “lineage” 
OR “clade”) AND (“transmissibility” OR “replication 
fitness” OR “R0” OR “immune escape” OR “neutralizing 
antibodies” OR “vaccine resistance” OR “vaccine escape” 
OR “clinical severity” OR “hospitalization” OR “mortality” 
OR “epidemiological dominance” OR “variant persistence” 
OR “lineage replacement”)).

Criteria were categorized into four virologically relevant 
domains: (1) Transmissibility: Evidence of increased 
replication fitness40,91,108-112; (2) Immune escape potential: 
≥2-fold reduction in neutralizing antibody effectiveness, 
impacting vaccine efficacy, or convalescent immunity92,113; 
(3) Clinical impact: Increased hospitalization, mortality, or 
multisystem complications compared to prior circulating 
variants114-119; and (4) Epidemiological dominance: Variant 
must persist for >12 months, indicating sustained selective 
advantage.89,120-122

3. Results
3.1. HIV-1 env dataset description and ML 
phylogenetic analysis

A total of 58 full-length HIV-1 env sequences were analyzed, 
representing six major subtypes and CRFs. The ML 
phylogenetic tree robustly supported the classification of 
these subtypes into distinct lineages, with bootstrap values 
exceeding 0.99, indicating high confidence in the inferred 
evolutionary relationships (Figure 1). The distances ranged 
from 0.157  s/s (A vs. CRF02_AG) to 0.235  s/s (D vs. 
CRF01_AE), with an overall mean divergence of 0.21 s/s. 
The highest divergence was observed between subtypes D 
and CRF01_AE (0.235 s/s), whereas the lowest was found 
between subtypes A and CRF02_AG (0.157 s/s) (Table 1).

3.2. HCV E1 dataset and evolutionary distance 
estimation

A total of 40 HCV E1 sequences were analyzed, representing 
four major subtypes: 1a, 1b, 3a, and 4a. The dataset was 
curated to ensure full-length coding sequences, with all 

ambiguous bases and incomplete sequences removed 
before analysis. The final alignment contained a total 
of 2,214 nucleotide positions, with discrete clustering 
observed in the ML phylogenetic analysis (Figure 2).

The evolutionary divergence between subtypes was 
assessed using pairwise genetic distances (Table  2). The 
genetic distances among HCV subtypes ranged from 
0.371 s/s (1a vs. 1b) to 0.674 s/s (3a vs. 4a), reflecting the 
well-documented high genetic diversity of HCV. The mean 
divergence across all subtype comparisons was 0.57  s/s, 
which is notably higher than that observed in HIV-1 env 
sequences.

3.3. Influenza A virus dataset and evolutionary 
distance analysis

The influenza dataset included 49 full-length HA 
sequences, representing two major subtypes, H1 and H3, 
as indicated in the ML phylogenetic tree (Figure  3). The 
genetic divergence between these subtypes was estimated at 
1.956 s/s, which is substantially higher than the divergence 
observed in both HIV-1 and HCV subtypes.

3.4. SARS-CoV-2 dataset and evolutionary distance 
analysis

The SARS-CoV-2 S sequence dataset in the ML phylogenetic 
analysis showed a clear separation into five different 
statistically supported monophyletic clades (Figure  4). 
Pairwise genetic distance analysis of SARS-CoV-2 variants 
revealed minimal divergence, with nucleotide substitution 
rates ranging from 0.002 to 0.006 s/s. The highest genetic 
distance was observed between Omicron and Beta 
(0.006 s/s) and Omicron and Alpha (0.006 s/s), while the 
lowest was between Beta and Gamma (0.002 s/s). Variants 
Delta, Beta, and Gamma exhibited similar divergence levels 
relative to Alpha (0.003 – 0.004  s/s), indicating limited 
evolutionary separation. These findings demonstrate that 
SARS-CoV-2 variants remain within a constrained genetic 
space, with divergence levels substantially lower than those 
observed in HIV-1 subtypes, HCV genotypes, or influenza 
A virus subtypes (Table 3).

3.5. Establishing the genetic divergence threshold 
based on sequences analyzed

To objectively classify viral genetic divergence, three 
evolutionary divergence thresholds were established 
based on the minimum observed genetic distances in 
HIV-1, HCV, and influenza A virus. Three thresholds, 
shown in Figure 5, are as follows: low divergence, below 
0.157 s/s (based on HIV-1 subtype minimum); moderate 
divergence, between 0.157 and 0.371 s/s (based on HCV 
subtype minimum); and high divergence, above 0.371 s/s 
(with influenza A virus defining the upper bound at 
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1.956  s/s). HCV exhibited the highest mean genetic 
distance (0.5747 s/s, 95% CI: 0.4619 – 0.6874), consistent 
with the established differentiation of HCV genotypes. 
HIV-1 displayed moderate divergence (0.2159  s/s, 
95% CI: 0.2043 – 0.2274), reflecting known subtype 
diversification. SARS-CoV-2 demonstrated extremely 
low divergence (0.004  s/s, 95% CI: 0.00299 – 0.00501), 
with all pairwise genetic distances ranging from 0.002 
to 0.006  s/s, placing it well within the low divergence 
threshold. One-way ANOVA revealed highly significant 
differences in mean genetic distances among viral 
groups (F = 606.821, p<0.001), confirming that SARS-
CoV-2 exhibits markedly lower divergence compared to 
HIV-1 and HCV. Kruskal–Wallis test further confirmed 
significant divergence differences (H = 26.75, df = 3, 
p<0.001).

3.6. Speciation time for SARS-CoV-2 based on 
genetic distances compared to HIV-1, HCV, and 
influenza A virus

Using 1,000 Monte Carlo-simulated evolutionary rates 
sampled uniformly from the adjusted range of 0.0006 
to 0.003  s/s/y – to reflect SARS-CoV-2’s empirically 
observed substitution rate, modified to account for 
recombination – we estimated the time required for the 
virus to reach genetic divergence thresholds comparable 
to those defining well-established subtypes of HIV-1, 
HCV, and influenza A virus.

For the HIV-1 divergence benchmark of 0.157  s/s, 
the estimated mean time for SARS-CoV-2 to reach an 
equivalent level of genetic divergence was 53.7 years (95% 
CI: 52.0 – 55.3), corresponding to a projected speciation 

Figure 1. Maximum likelihood phylogenetic tree of HIV-1 subtypes/CRFs. Statistically supported branches are highlighted in red. The tree was 
visualized using the FigTree software. 
Abbreviations: CRF: Circulating recombinant form; HIV-1: Human immunodeficiency virus 1.
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year of 2074 (range: 2046 – 2148). The median estimate 
was 43.8  years, or the year 2064, with a right-skewed 
distribution reflecting variability in substitution rates. 
For HCV-level divergence (0.371 s/s), the mean estimated 
timeframe was 126.8  years (95% CI: 123.0 – 130.6), 

Table 1. Estimates of evolutionary divergence over sequence 
pairs between HIV‑1 subtypes/CRFs

HIV‑1 species 1 HIV‑1 species 2 Genetic distance (s/s)

CRF01_AE C 0.231

CRF02_AG CRF01_AE 0.200

CRF02_AG C 0.227

A CRF02_AG 0.157

A CRF01_AE 0.203

A C 0.223

B D 0.188

B A 0.220

B CRF02_AG 0.223

B CRF01_AE 0.226

B C 0.227

D A 0.219

D CRF02_AG 0.230

D CRF01_AE 0.235

D C 0.229

Abbreviations: CRFs: Circulating recombinant forms; HIV‑1: Human 
immunodeficiency virus 1; s/s: Substitutions per site.

Figure 2. Maximum likelihood phylogenetic tree of HCV subtypes. Statistically supported branches are highlighted in red. The tree was visualized using 
the FigTree software. 
Abbreviation: HCV: Hepatitis C virus.

corresponding to a projected divergence year of 2147 
(range: 2082 – 2324), with a median of 103.5 years (year 
2124). For the influenza A virus threshold (1.956  s/s), 
the mean estimated time to comparable divergence 
was 668.6 years (95% CI: 648.4 – 688.7), translating to a 
projected year of 2689 (range: 2346 – 3620), with a median 
of 545.7 years, or the year 2566 (Figure 6).

3.7. Application of the new literature-based 
classification system to existing SARS-CoV-2 variants

To evaluate whether existing SARS-CoV-2 variants met the 
criteria for variant classification, each was assessed using 
the new literature-based classification system as follows: 
(1) Genetic distance analysis: None of the examined 
SARS-CoV-2 variants exceeded the moderate divergence 
threshold (0.157  s/s); (2) Functional and epidemiological 
review: While some variants demonstrated increased 
transmissibility and immune escape, none met all 
classification functional criteria. Omicron sub-lineages 
exhibited notable immune evasion but did not substantially 
increase clinical severity or hospitalization rates 
beyond prior VOCs; and (3) Longitudinal surveillance: 
No SARS-CoV-2 variant maintained dominance for 
>12 months or necessitated a fundamental vaccine update, 
which would indicate a stable antigenic drift pattern. 
These findings suggest that the present classification of 
SARS-CoV-2 variants as distinct lineages is not supported 
by genetic, virological, or epidemiological data. Under 
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the suggested classification system, none of the examined 
SARS-CoV-2 variants qualify as VOCs by both genetic and 
functional impact criteria, reinforcing the need for a revised 
classification framework based on objective thresholds.

Table 2. Estimates of evolutionary divergence over sequence 
pairs between HCV subtypes

HCV species 1 HCV species 2 Genetic distance (s/s)

1a 1b 0.371

1a 3a 0.613

1b 3a 0.554

1a 4a 0.599

1b 4a 0.637

3a 4a 0.674

Abbreviations: HCV: Hepatitis C virus; s/s: Substitutions per site.

Figure 3. Maximum likelihood phylogenetic tree of influenza A virus subtypes. Statistically supported branches are highlighted in red. The tree was 
visualized using the FigTree software.

4. Discussion
Although the present SARS-CoV-2 classification schemes 
played a role in early variant detection and response 
planning, several shortcomings remain that could be 
addressed with a complementary evolutionary and 
biologically based system. First, the present schemes 
overgeneralize risk, frequently triggering disproportionate 
public reactions before sufficient epidemiological data are 
available. Second, they lack robust quantitative severity 
metrics, often prioritizing genetic alterations over concrete 
clinical outcomes or real-world vaccine effectiveness. 
Third, they inadvertently amplify public anxiety by 
reinforcing the notion that each new variant constitutes an 
existential crisis, rather than a predictable feature of viral 
evolution.123,124 A shift toward a refined, biologically relevant 
classification system is therefore needed. Rather than 
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abandoning existing surveillance efforts, a new approach 
would re-anchor SARS-CoV-2 variant designation in a 
long-term phylogenetic context – improving public health 
communication, reducing overreaction, and aligning 
public health policy with actual risk.

The recurrent emergence of new SARS-CoV-2 variants 
has repeatedly led to heightened concern. These concerns 
were amplified by media coverage with reactive health 
policy shifts despite limited evidence of substantial 
biological divergence of these variants.125 From Alpha 
to Omicron and its subsequent sub-lineages, the actual 
epidemiological impact of these variants has exhibited 
substantial variability.126,127 While certain mutations have 
been associated with enhanced transmissibility, immune 
evasion, or altered pathogenicity, the magnitude of these 
changes is often overstated in public discussions.114,128-130 
The assumption that every newly designated variant 
introduces a profound shift in SARS-CoV-2 behavior 
lacks consistent empirical validation. Most SARS-CoV-2 
variants remain genetically and phenotypically constrained 
within a narrow evolutionary space, exhibiting only minor 
incremental changes rather than the transformative 
antigenic shifts observed in viruses such as influenza A 
virus.131,132

The classification of SARS-CoV-2 variants has 
dominated scientific discourse and public health decision-
making, yet findings from the present study reveal 
fundamental flaws in the system currently in use. The 

Figure 4. Maximum likelihood phylogenetic tree of SARS-CoV-2 VOCs. Statistically supported branches are highlighted in red. The tree was visualized 
using the FigTree software. 
Abbreviations: SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; VOCs: Variants of concern.

Table 3. Estimates of evolutionary divergence over sequence 
pairs between SARS‑CoV‑2 VOCs

SARS‑CoV‑2 
species 1

SARS‑CoV‑2 
species 2

Genetic  
distance (s/s)

Omicron Delta 0.005

Omicron Beta 0.006

Delta Beta 0.003

Omicron Gamma 0.005

Delta Gamma 0.003

Beta Gamma 0.002

Omicron Alpha 0.006

Delta Alpha 0.003

Beta Alpha 0.003

Gamma Alpha 0.004

Abbreviations: SARS‑CoV‑2: Severe acute respiratory syndrome 
coronavirus 2; s/s: Substitutions per site; VOCs: Variants of concern.
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existing system, which rapidly designates emerging lineages 
as VOCs based on relatively minor genetic mutations, 
lacks quantifiable thresholds rooted in evolutionary 
virology. This study establishes a comparative framework 
by analyzing genetic divergence in well-characterized RNA 
viruses, including HIV-1, HCV, and influenza A virus, to 
determine whether SARS-CoV-2 variants exhibit levels 
of genetic differentiation that justify their classification as 
distinct viral entities. Results indicated that SARS-CoV-2 
genetic distances are orders of magnitude below those 
observed in these benchmark viruses, demonstrating that 
the repeated designation of SARS-CoV-2 variants has been 
driven more by reactionary classification than by true viral 
evolution.

The classification of RNA viruses into lineages, variants, 
subtypes, clades, or genotypes has historically been based on 
genetic divergence thresholds that correlate with functional, 
epidemiological, or antigenic differentiation.133-135 In 
this study, HIV-1 subtype classification was defined 
by a minimum genetic distance of 0.157  s/s, with clear 
distinctions in antigenicity, immune evasion, and drug 
resistance between HIV-1 subtypes/CRFs, as indicated by 
previous studies.136-138 In addition, HCV subtypes exhibited 
even greater divergence (≥0.371 s/s), with genetic differences 
that impact both viral pathogenesis and treatment responses, 
as indicated by a multitude of previous studies.139-142 
Influenza A virus subtypes, which undergo antigenic 
shift, demonstrate a genetic divergence of approximately 
1.956  s/s, corresponding to profound structural and 
functional changes in the hemagglutinin (HA) protein that 
drive immune escape and reinfection dynamics.143,144

In contrast, the analysis revealed that SARS-CoV-2 
variants exhibited a maximum genetic distance of only 

Figure 5. Genetic distance distributions among HIV-1, HCV, and 
SARS-CoV-2 
Notes: Circles indicate mild outliers (1.5 – 3× interquartile range (IQR) 
from Q1 or Q3); asterisks indicate extreme outliers (>3× IQR). 
Abbreviations: HCV: Hepatitis C virus; HIV-1: Human 
immunodeficiency virus 1; SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus 2; s/s: Substitutions per site. 

Figure 6. Projected time required for SARS-CoV-2 to reach speciation-
level divergence based on comparative viral benchmarks 
Abbreviations: HCV: Hepatitis C virus; HIV-1: Human 
immunodeficiency virus 1; SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus.

0.006 s/s, placing them significantly below the minimum 
divergence threshold established for the HIV-1 subtype. This 
indicates that the widely publicized SARS-CoV-2 variants, 
including Alpha, Delta, and Omicron, fall within the range 
of normal intra-lineage variation rather than approaching 
the level of divergence that would justify classification as 
separate viral lineages. The absence of substantial genetic 
separation challenges the rationale behind the present 
SARS-CoV-2 classification system. Emerging data from 
the later stages of the COVID-19 pandemic (2023 – 2024) 
support the view that SARS-CoV-2 continues to evolve 
within a constrained genetic landscape.145 For example, 
Markov et al.49 described the appearance of VOCs as “shift-
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like” events – abrupt, mutation-rich transitions following 
prolonged periods of undetected evolution. These contrast 
with the more gradual, “drift-like” evolution observed 
within the Omicron lineage.49 Complementary CDC 
genomic surveillance during 2023 – 2024 indicated that 
dominant Omicron sub-lineages (e.g., XBB.1.5, JN.1) 
remained genetically close to earlier variants.146,147

To further contextualize the slow evolutionary 
trajectory of SARS-CoV-2, the time required for the 
virus to reach genetic divergence thresholds observed 
in HIV-1, HCV, and influenza A was modeled. Using 
the estimated evolutionary rate of SARS-CoV-2  (0.0004 
– 0.002  s/s per year), the timeframes necessary for the 
accumulation of genetic distances comparable to those of 
other RNA viruses were calculated as follows: On average, 
HIV-1-like divergence would require 54  years; HCV-
like divergence would require 127  years; and influenza 
A virus-like divergence would require 669  years. Even 
under accelerated evolutionary scenarios that incorporate 
recombination events, the time required for SARS-CoV-2 
to evolve into a distinct viral lineage is projected to exceed 
the present pandemic timeline. This finding disputes the 
variant-driven narrative that suggests SARS-CoV-2 is 
undergoing rapid evolutionary shifts with each new lineage 
designation. Instead, the data support a preliminary 
conclusion that SARS-CoV-2 remains evolutionarily 
constrained, undergoing relatively slow genetic drift rather 
than true speciation.

As stated earlier, the WHO classification framework for 
SARS-CoV-2 variants is not entirely based on established 
genetic divergence thresholds but rather on epidemiological 
trends and qualitative assessments of transmissibility, 
immune escape, and severity.35 However, the findings of 
this study suggest several contradictory aspects. Variant 
designations are applied inconsistently, with transient 
genetic mutations (e.g., D614G, N501Y) serving as the 
primary justification for labeling variants, despite similar 
mutations occurring in other viruses without warranting 
separate classification.45,148

Further supporting the hypothesis that some 
SARS-CoV-2 variant classifications may lack robust 
biological justification is the consistent observation that 
functional changes attributed to SARS-CoV-2 variants 
are quantitatively minor, particularly in comparison 
to antigenic shifts in influenza A virus.75,149 While 
Omicron sub-lineages exhibit a 3 – 4-fold reduction in 
neutralizing antibody titers, this pales in comparison to 
the differences observed between HIV-1 subtypes/CRFs, 
highlighting the exaggerated portrayal of SARS-CoV-2 
mutations as profound evolutionary shifts.150,151 Thus, 
the epidemiological dominance of a SARS-CoV-2 

variant at a given time point was often misinterpreted as 
increased viral fitness, without sufficient consideration of 
immune landscape effects, stochastic founder effects, and 
shifting population-level immunity in shaping variant 
emergence.43 By relying on short-term epidemiological 
observations rather than virological principles, the present 
classification system of SARS-CoV-2 VOCs appears to 
promote an illusion of continuous viral emergence, despite 
genetic evidence indicating relative evolutionary stability 
of SARS-CoV-2, as shown by Lv et al.71

A more rigorous and biologically grounded framework 
for classifying SARS-CoV-2 variants would complement 
the existing system by providing clearer genetic and 
functional thresholds. This integrative approach could 
enhance the present SARS-CoV-2 classification schemes, 
offering additional context for long-term surveillance while 
preserving their relevance for rapid public health response. 
This approach would help to ensure that SARS-CoV-2 
variant classifications are based on measurable 
evolutionary changes, rather than transient mutations that 
have contributed to public anxiety and misdirected public 
health responses.123,124 A robust classification system must 
first define genetic divergence thresholds aligned with 
the established evolutionary dynamics of RNA viruses. 
In the case of HIV-1, HCV, and influenza A virus, genetic 
distances serve as a key determinant of whether a viral 
strain is classified as a distinct subtype/CRF, genotype/sub-
genotype, or lineage.

While genetic divergence serves as the foundation of viral 
classification, the functional consequences of mutations 
must also be considered. A variant should not be designated 
solely based on genetic alterations, but rather on whether 
these changes confer a meaningful impact on transmission, 
immune evasion, or disease severity. Functional criteria 
must also be met in conjunction with genetic divergence 
thresholds to ensure that only biologically significant 
variants are designated as VOCs. These functional criteria 
include: (1) A demonstrable increase in transmissibility 
compared to the previously dominant variant; (2) a 
significant reduction in neutralizing antibody titers, 
confirmed in real-world immunological studies rather than 
isolated in vitro assays, indicating a meaningful immune 
escape advantage; (3) a significant increase in hospitalization 
rates attributable to increased intrinsic virulence, rather 
than confounding factors such as healthcare system burden 
or case misclassification; and (4) sustained epidemiological 
dominance lasting ≥12 months, ensuring that the emergent 
variant represents a sustained shift in viral evolution rather 
than a transient lineage fluctuation.

To put these criteria into practical aspects, influenza 
emerges as a stark example with antigenic shifts between 
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H1N1 and H3N2 being associated with near-complete 
immune escape and requiring substantial vaccine 
reformulation with a long period of circulation.152,153 
In contrast, no SARS-CoV-2 variant has maintained 
epidemiological dominance for over 12  months, a key 
criterion for distinguishing transient genetic shifts from 
long-term evolutionary changes. For instance, while 
Delta emerged as the dominant strain for several months, 
it was rapidly displaced by Omicron, which, in turn, has 
continued to generate multiple sub-lineages without a 
single, stable successor.154 This pattern strongly suggests 
that SARS-CoV-2 evolution is characterized by alternating 
variant prevalence rather than sustained antigenic 
evolution, a hallmark of viruses undergoing immune-
driven lineage differentiation. On the other hand, HIV-1 
subtypes/CRFs, HCV genotypes/subtypes, and influenza A 
subtypes maintain long-term epidemiological dominance, 
persisting for decades despite selective pressures from 
immune responses and antiviral therapies.138,141

An important aspect that motivated this study can be 
presented as follows. By failing to incorporate both genetic 
divergence thresholds and functional impact assessments, 
the present WHO SARS-CoV-2 VOCs classification 
system may have resulted in unnecessary alarm and 
misdirected public health interventions.155,156 The repeated 
reclassification of variants might have eroded public trust 
by creating the impression that SARS-CoV-2 is undergoing 
rapid, unpredictable evolutionary leaps, despite evidence 
indicating that it remains a genetically stable virus with a 
slow rate of change. This has also led to inefficient resource 
allocation, with disproportionate emphasis placed on 
variant-specific vaccine formulations, booster campaigns, 
and travel restrictions, rather than investing in broad-
spectrum immunological strategies that provide durable 
protection against viral evolution.47

The potential misclassification of SARS-CoV-2 variants 
could have far-reaching consequences, influencing 
public health policies, economic stability, and scientific 
priorities, often in ways that lack a solid virological 
foundation. Reactive policy decisions, including travel 
bans, lockdowns, and stringent restrictions, were hastily 
implemented in response to the emergence of Beta, 
Gamma, and Omicron, despite these variants exhibiting 
genetic distances well within the bounds of normal intra-
lineage variation.157,158 Such responses were not only 
scientifically unjustified but also economically disruptive, 
fueling cycles of uncertainty that undermined long-term 
pandemic planning. Compounding this issue, the frequent 
and often sensationalized designation of new variants has 
significantly eroded public trust in health authorities. The 
portrayal of SARS-CoV-2 as an unpredictable, rapidly 

evolving virus – despite genomic evidence indicating 
relatively slow evolutionary change – has led to widespread 
misinformation, fostering public skepticism toward 
vaccination efforts and pandemic control measures.159 In 
addition, scientific resources have been misallocated, with 
an excessive focus on sequencing minor genetic mutations 
rather than investing in broadly protective vaccines, long-
term antiviral solutions, and cross-reactive immunological 
strategies. This relentless pursuit of tracking and naming 
every emerging sub-lineage has diverted focus from more 
sustainable public health interventions, including endemic 
virus management and the development of durable, 
pan-coronavirus strategies better suited for long-term 
mitigation efforts.

Building on the findings of this study, several 
areas for future research are warranted. Comparative 
genomic analyses should be expanded to include other 
coronaviruses – such as SARS-CoV-1, Middle East 
respiratory syndrome coronavirus (MERS-CoV), and 
endemic human coronaviruses – to establish divergence 
thresholds that are biologically tailored to the coronavirus 
family, rather than relying solely on benchmarks derived 
from HIV-1, HCV, and influenza A virus. Evolutionary 
rate modeling should be extended to longer timeframes, 
incorporating host adaptation, immune-driven selection, 
and antiviral pressure, all of which may alter divergence 
trajectories over time. Given the unique RNA proofreading 
mechanisms in coronaviruses, future work should also 
assess the role of recombination in shaping long-term 
evolution. Studies should investigate whether observed 
genetic divergence corresponds to antigenic drift by 
utilizing neutralization assays across multiple viral proteins 
beyond the spike. Moreover, large-scale meta-analyses are 
needed to clarify whether specific mutations consistently 
associate with increased clinical severity. Variant-specific 
models should be integrated into real-world vaccine 
effectiveness studies to better quantify the impact of 
mutations on breakthrough infections and the duration of 
immunity. Finally, the framework proposed in this study 
could be integrated with existing nomenclature systems 
such as Pango and the WHO variant classifications. By 
delineating transient, antigenically responsive sub-lineages 
from those exhibiting sustained phylogenetic divergence, 
this approach could provide a complementary strategy that 
improves evolutionary resolution and may help prevent 
overinterpretation of SARS-CoV-2 genomic changes, 
thereby reducing unnecessary public health interventions.

Finally, this study is subject to several limitations that 
should be taken into account as follows. First, SARS-CoV-2 
has circulated in humans for a relatively short period, and 
while evolutionary projections were made based on the 
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present mutation rates, unforeseen selective pressures may 
alter these trajectories. Second, although SARS-CoV-2 has 
exhibited limited divergence to date, the potential for future 
recombination or adaptive mutations remains. Third, while 
the analysis included the most epidemiologically significant 
SARS-CoV-2 variants, it may not capture the evolutionary 
dynamics of rare or geographically restricted lineages. 
Fourth, evolutionary rate estimates are constrained by the 
availability and geographic distribution of sequencing data, 
which may overrepresent certain SARS-CoV-2 variants 
due to sequencing concentration in high-income countries. 
Fifth, although recombination was incorporated into the 
modeling, its true long-term impact on divergence is not 
fully understood. Sixth, inferences about transmissibility 
were drawn from epidemiological data rather than direct 
experimental comparisons, which were beyond the scope of 
this study. Finally, while the proposed classification system 
aims to guide future policy and research, its global adoption 
will require coordination and consensus among international 
public health authorities with potentially divergent priorities.

5. Conclusion
The classification of SARS-CoV-2 variants has profoundly 
shaped public health policy, vaccine development, and 
global perceptions throughout the pandemic. However, the 
analysis suggests that many of these classifications have not 
been consistently anchored in robust virological criteria, 
highlighting an opportunity to enhance the present system 
with more biologically grounded standards. Comparative 
genomic analyses demonstrate that the maximum 
divergence among SARS-CoV-2 variants (0.006  s/s) is 
substantially below the thresholds used to define subtypes 
in HIV-1, HCV, or influenza A virus. Even under accelerated 
evolutionary scenarios, the virus would require centuries 
to reach divergence levels warranting lineage designation. 
These findings challenge the prevailing narrative of rapid, 
unpredictable viral evolution and instead suggest that 
SARS-CoV-2 remains evolutionarily constrained. The 
frequent and inconsistent designation of VOCs has led 
to public confusion, reactionary policy decisions, and the 
diversion of scientific resources. To address these issues, an 
evidence-based framework integrating genetic, functional, 
and epidemiological criteria is proposed to classify SARS-
CoV-2 variants. Under this proposed framework, none 
of the existing SARS-CoV-2 VOCs meet the combined 
genetic and functional thresholds typically required for 
lineage-level classification in other RNA viruses. Rather 
than replacing present classification systems, the proposed 
approach advocates for a paradigm shift that distinguishes 
persistent evolutionary patterns from short-term genetic 
fluctuations – to support more proportionate, evidence-
based responses in future phases of the pandemic.
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