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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variants (B.1.1.529 
and related) that emerged in November 2021 have spread worldwide, and are designated a variant 
of concern by the World Health Organization (WHO) (1). They have become the dominant 
strains, comprising >99% of newly deposited SARS-CoV-2 sequences in GISIAD (www.
gisaid.org) as of May 16, 2022 (2). Following the emergence of B.1.1.529 (BA.1), BA.2 (often 
called stealth Omicron) soon became the most prevalent sublineage worldwide. Subsequent 
subvariants, including BA.2.9, BA.2.12.1, BA.4, and BA.5, are now rapidly dominating the 
circulating Omicron subvariants in originating regions, and are beginning to spread globally 
(2). The dominance of Omicron variants and their rapid evolution into various subvariants have 
raised concerns regarding the effects of the immunity elicited by natural infection or vaccination. 
As evolution continues, the variants’ spike proteins exhibit higher affinities toward ACE2, and/
or increasing capacity for evading preformed neutralizing antibodies induced by previous 
natural infection or vaccination (3-5). These changes are consistent with increased breakthrough 
infections and re-infections with Omicron variants (6,7).

However, less is known about responses of memory T cells elicited by previous natural 
infection or vaccination against continuously emerging Omicron subvariants. We previously 
reported considerable conservation of T cell epitopes that had been identified from the 
original SARS-CoV-2 strain (Wuhan-Hu-1) in the first reported Omicron variant (hCoV-19/
South Africa/CERI-KRISP-K032284/2021) (8). Additionally, we recently demonstrated 
that BNT162b2-induced memory T cells respond to the Omicron spike with preserved 
polyfunctionality (9). Now, we have extended our previous analyses by including subsequent 
Omicron subvariants: BA.2, BA.2.9, BA.2.12.1, BA.4, and BA.5. In these subvariants, we 
examined the fractions of completely conserved T cell epitopes to provide insights into T cell 
responses against continuously arising Omicron subvariants.

We downloaded major histocompatibility complex (MHC) class I-restricted CD8+ T cell (CD8) 
epitopes and MHC class II-restricted CD4+ T cell (CD4) epitopes of the original SARS-CoV-2 
strain (Wuhan-Hu-1) from the Immune Epitope Database (www.iedb.org) (10). We used 
only experimentally validated epitopes for any MHC alleles by applying the filtering option 
of ‘positive outcome’, ‘T cell’, and ‘MHC Ligand’ in ‘Assay’ in the database. The following 
analysis included epitopes with lengths of ≤11-mers for CD8, and ≤16-mers for CD4. The 
epitope information is presented in Supplementary Table 1. Among the millions of amino 
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acid sequences of Omicron subvariants that have been uploaded to GISIAD since November 
2021, we randomly sampled 100 sequences for each subvariant and finally selected the top 
50 reliable sequences that carried the least number of unidentified amino acids in epitope 
regions. For each sequence, we quantified the percentage of conserved epitopes and 
calculated the median value of the percentages of conserved epitopes for each subvariant.

First, we examined CD8 epitopes (Fig. 1A). In all examined subvariants, the median conserved 
fractions were ≥85.3% for the spike protein (with 360 epitopes) (Fig. 1A, left), and ≥97.0% for the 
non-spike proteins (with 1048 epitopes) (Fig. 1A, center). Considering all 1408 CD8 epitopes, the 
subvariants exhibited median conserved fractions of 94.0%–95.1% (Fig. 1A, right).

We then examined CD4 epitopes (Fig. 1B). In all examined subvariants, the median conserved 
fractions were ≥73.9% for the spike protein (with 617 epitopes) (Fig. 1B, left), and ≥91.9% for 
the non-spike proteins (with 296 epitopes) (Fig. 1B, center). Considering all 913 CD4 epitopes, 
the subvariants exhibited median conserved fractions of 79.7%–84.2% (Fig. 1A, right).

These results illustrate that T cell epitopes of the ancestral SARS-CoV-2 are considerably 
preserved across major Omicron subvariants (≥94.0% for CD8 epitopes and ≥79.7% for CD4 
epitopes). The extent of conservation differs depending on epitope class (higher for CD8 vs. 
CD4), protein (higher for non-spike vs. spike), and subvariant (higher for BA.1/BA.2/BA.2.9 
vs. BA2.12.1/BA.4/BA5). The greater conservation of CD8 epitopes than CD4 epitopes is likely 
due to the shorter peptide length of CD8 epitopes. The reduced conservation of epitopes 
derived from the spike protein, compared to non-spike proteins, is consistent with the 
high mutation rates in the spike protein across Omicron subvariants. Among the examined 
Omicron subvariants, T cell epitopes were less conserved in the newest subvariants—
BA.2.12.1, BA.4, and BA.5—compared to in BA.1, BA.2, and BA.2.9.
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Figure 1. Fractions of conserved epitopes in Omicron subvariants. We downloaded CD8 and CD4 epitopes of the original SARS-CoV-2 from the Immune Epitope 
Database (www.iedb.org). We obtained 100 random sequences for each subvariant from GISIAD and selected the top 50 reliable sequences that carried the 
least number of unidentified amino acids in epitope regions. For each sequence, we quantified the percentage of conserved epitopes and calculated the median 
value of the percentages of conserved epitopes for each subvariant. Bar plots show the median conserved fractions of CD8 (A) and CD4 (B) epitopes from spike 
(left), non-spike (center), and total (right) proteins. Fractions from individual viral sequences are shown as points on bar plots.

http://www.iedb.org


As of July 15, 2022, BA.5-related subvariants that originated from Africa have become the most 
dominant in Asia and Europe (2). Although new Omicron subvariants are continuously emerging, 
memory T cells elicited by prior infection or vaccination likely respond against them, thereby 
potentially reducing disease severity under foreseeable surges of emerging Omicron subvariants.
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