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Abstract: The >30 mutated residues in the Omicron spike protein have led to its rapid
classification as a new SARS-CoV-2 variant of concern. As a result, Omicron may escape from
the immune system, decreasing the protection provided by COVID-19 vaccines. Preliminary data
shows a weaker neutralizing antibody response to Omicron compared to the ancestral SARS-
CoV-2 virus, which can be increased after a booster vaccine. Here, we report that CD8" T cells
can recognize Omicron variant epitopes presented by HLA-A*02:01 in both COVID-19
recovered and vaccinated individuals, even 6 months after infection or vaccination. Additionally,
the T cell response was stronger for Omicron variant epitopes after the vaccine booster.
Altogether, T cells can recognize Omicron variants, especially in vaccinated individuals after the
vaccine booster.

One-Sentence Summary: CD8" T cells response against Omicron variant epitopes is stronger
after the vaccine booster.
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The new SARS-CoV-2 variant named Omicron (B.1.1.529) was first isolated in Southern
Africa, and rapidly classified as a variant of concern (VOC) by the WHO (/, 2). Omicron has
>30 spike mutations, 21 of which are not shared with the other classified variants (GISAID (3)).
The first reports on the ability of neutralizing antibodies (nAb) to block the Omicron variant
were alarming. The data showed a lack of neutralization in both vaccinated (4) and recovered
individuals (5, 6); a 40-fold decrease of nAb levels against Omicron in vaccinees (3, 7). The
study by Sigal’s team showed that vaccinated individuals with prior SARS-CoV-2 infection had
higher levels of nAb to Omicron than individuals who were vaccinated alone (5). In addition, a
booster vaccine (3" vaccine dose) stimulated cross-reactive nAb, limiting the nAb levels
decrease to a 4-6 fold compared to the original SARS-CoV-2 (8). Overall, the current data
suggests a decreased nAb levels against Omicron, with a serious potential for viral escape from
this variant.

It is clear that nAb offers protection against SARS-CoV-2, however the immune system
is composed of multiple immune cell subsets with the potential to both recognize and provide
protection against emerging variant strains. T and B lymphocytes have important roles in anti-
viral immunity, including against SARS-CoV-2, with memory capabilities that offer long-lasting
immunity (9-13). T cells in SARS-CoV-1 recovered individuals demonstrated retention of a
robust cross-reactive memory response persisting after 17 years (/3). Cross-reactive T cells have
also been identified in COVID-19 recovered and unexposed individuals (/4, 15), suggesting that
memory T cells could provide long lasting protection. Meanwhile, despite waning SARS-CoV-2-
specific antibody titers, studies demonstrate that memory B cells have a long lasting presence
after infection and vaccination (/0, 16), and exhibit cross-reactive potential to varying degrees
(17). Overall, both T and B cells could be essential in cross-reactive recognition of the Omicron
variant.

A global effort is being made to understand the immune response to SARS-CoV-2 in
depth, mediated by vaccination or infection, with details that would give researchers an
advantage against future variants. Here, we show that, in HLA-A*02:01" individuals, the nAb
levels against the original SARS-CoV-2 virus increase after the 2" dose of vaccine (ChAdOx1
nCoV-19 [AstraZeneca] or the BNT162b2 [Pfizer]| vaccine) then slowly decrease over 6 months
after infection or vaccination, with a similar pattern for memory B cells. Our study focuses on
spike-derived CD8" T cell epitopes restricted to HLA-A*02:01, one of the most common Human
Leukocyte Antigen (HLA) class I molecules (15.3% frequency worldwide and ~40% in
Caucasian populations (/8)). Five of the Omicron mutations in the spike protein fall within three
HLA-A*02:01-restricted peptides, which could escape CD8" T cell recognition. To understand
the impact of Omicron mutations we solved the crystal structures of peptide-HLA-A*02:01
complexes (pHLA-A*02:01) and assessed CD8" T cell recognition to the three Omicron variants
in recovered and vaccinated individuals.

We firstly assessed the level of spike-specific nAb, against the original SARS-CoV-2
virus, in COVID-19 recovered HLA-A*02:01" individuals early (< 2 months) and late (up to 8
months) after SARS-CoV-2 infection (Table S1). While we observed a decrease of the median
value over time (Fig 1A), the nAb were retained, in line with other studies (79, 20). We also
determined the nAb levels in individuals after vaccination (Table S1) with samples isolated from
blood samples collected 10 to 14 days after the 1% and 2" dose, and 6 months post-1% dose of the
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vaccine. The nAb levels were significantly increased after the 2" dose of either vaccine (p =
0.0039) and decreased, but still present, after 6 months to comparable levels post-1% vaccine
dose (Fig 1B), in line with previous reports (27). As the nAb levels decreased over time (21, 22),
we wanted to know if the memory B cell pool would be maintained over time, helping provide
long term protection. The level of spike-specific memory B cells was determined in COVID-19
recovered individuals (Fig 1C and Fig S1), and vaccinated individuals (Fig 1D and Fig S1) at
different time points. The level of spike-specific memory B cells only slowly decreased over
time in both recovered and vaccinated individuals, as previously shown (/0, 27), with a
noticeable increase in memory B cells after the 2" vaccine dose (Fig 1C-D).

Given that preliminary studies showed a partial escape of Omicron from nAb (4-6, §), we
wanted to determine the impact of Omicron spike mutations on the T cell response. Three spike
peptides able to bind HLA-A*02:01 are mutated in Omicron (Table 1). The first two peptides
were described as immunogenic from the original SARS-CoV-2, the S417 (23, 24) and S976 (25,
26), and have a single mutated residue in Omicron, with the S417 variant also shared in the Beta
variant. The third peptide, S367, we predicted to bind HLA-A*02:01, has three Serine residues
mutated to Leu, Pro and Phe at positions 5, 7, and 9, respectively (Table 1 and Fig S2).

To understand the impact of these Omicron spike mutations on peptide presentation by
HLA-A*02:01, we solved the structures of S367, S976 and S417-Omicron (S417-O) bound to
HLA-A*02:01 (HLA-A*02:01-S417 was previously solved (24)), and generated models for
S367-Omicron (S367-0) and S976-Omicron (S976-0) (Fig 2, Table S2, and FigS3). The overall
structure of the HLA-A*02:01 cleft (residue 1-180) bound to S367, S976 and S417-O was
similar with an average root mean square deviation (r.m.s.d.) of 0.14 A. The three peptides bind
in the cleft in a similar conformation to other HLA-A*02:01-restricted peptides (27, 28). As
predicted the S367 peptide could bind to HLA-A*02:01, however, there is currently no data on
the S367 peptide. The S367 peptide shows that P5-S and P9-S are solvent exposed, and as such
accessible for TCR interaction, whereas P7-S is buried in the cleft forming a hydrogen bond with
Arg97 (Fig 2A and Fig S4A). Based on the structure of S367, a model of S367-O was generated
by mutating the three serine residues to P5-L, P7-P, and P9-P (Fig 2B). While these substitutions
did not introduce steric clashes, the addition of a P7-P could alter the S367-O peptide
conformation. Interestingly, the triple mutations significantly increased the stability of the HLA-
A*02:01 presenting the S367-O variant compared to when bound to the S367 cognate peptide by
11.5°C (p = 0.01363, Table S3). An overlay of the HLA-A*02:01 structures bound to S417 (24)
and S417-O shows a large difference in the peptide conformation (r.m.s.d. of 1.08 A, Fig 2C).
The central part of the peptide shows an inverted conformation of the side chains, with P5-Y and
P7-Y of S417-O being buried (Fig 2D), and P6-N solvent exposed, while it is the opposite for
the S417 peptide (24) (Fig 2C). The P5-Y and P7-Y side chains in the HLA-A*02:01-S417
structure shows weak electron density, suggesting high mobility (24), while it was well defined
for the S417-O peptide (Fig S3C-D). Surprisingly, the overall stability of the HLA-A*02:01-
S417-O complex was significantly lower by 7.4°C (p = 0.01392) than that of HLA-A*02:01-
S417 (Table S3). This might be due to the loss of hydrophobic interactions between P1 residue
and W167 from the HLA-A*02:01 (Fig S4B-C (24)). The P4-D, P6-L and P8-R from the S976
peptide are exposed to the solvent and likely to interact with TCRs (Fig 2E). The S976-O
epitope is mutated at P6 (L6F), which is solvent exposed, and therefore, the mutation is unlikely
to impact on the conformation of the peptide, as per our proposed model (Fig 2F), and did not
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impact on the stability of the pHLA-A*02:01 complexes exhibiting a similar thermal melt point
of 50°C within the range of other pHLA-A*02:01 complexes (Table S3) (27).

We next tested whether the Omicron variant peptides, and the cognate peptides, could
elicit an ex vivo CD8" T cell response in recovered HLA-A*02:01" individuals (Table S1 and
Fig S5-6). Responses to S976, S976-O and S367 peptides were only observed in one of three
individuals. Two individuals demonstrated a higher CD8" T cell response towards the S417-O
and S367-0 variants compared to the cognate peptides (Fig 3A). The ex vivo response towards
individual peptides from recovered individuals did not change the median level of CD8" T cell
activation over time (Fig 3A). We performed an ex vivo CD8" T cell responses in PBMC from
vaccinated individuals collected after each of the three vaccine doses and 6 months post-1%* dose
(Fig 3B-D). There was a weak but detectable ex vivo CD8" T cell response, even after the 1%
vaccine dose, towards all peptides, cognate and variants, in at least two of six individuals. The
CD8" T cell response did not significantly increase after the 2" vaccine dose. However, in
contrast with nAb levels (Fig 1B), T cell responses were similar or stronger 6 months post-1%
vaccine dose (Fig 3B-D). In addition, T cell responses were increased towards all three Omicron
variants compared to the cognate peptides following the booster vaccine (Fig 3B-D), with a
significant increase observed in the S367-0O specific T cell response between the 6 months post-
1%t dose and the booster vaccine (p < 0.019, Fig 3D).

To determine the level of T cell activation after 6 months post-1% vaccination in vitro,
and the T cell cross-reactivity to the Omicron variants, T cell lines were established with the
three cognate epitopes together (S367, S417 and S976), and were re-stimulated with single
peptide (cognate or Omicron variant). The CD8" T cell polyfunctionality was assessed in
samples collected 6 months post-1% dose injection (Fig 3E and Fig S5-S6). All epitopes were
recognized in at least 50% (n=2/4), and up to 100% (n=4/4) of the individuals, and all
individuals were able to recognize at least three, and up to all six epitopes, suggesting the
presence of memory T cells in all donors. The cytokine profile of the activated CD8" T cells
differed between individuals and between epitopes. The S367-O epitope, that carries three
mutations, was recognized by all donors and showed a strong cytokine profile with IFNy"/CD8"
T cell present in all individuals (Fig 3E). Interestingly, the level of IFNy-producing CD8" T cells
was higher upon presentation of the S367-O peptide than the cognate S367 peptide used to set up
the T cell lines in three out of four individuals (Fig S6).

Analysis of the Omicron variant epitopes shows that, despite the numerous spike
mutations, they can be presented by HLA-A*02:01, although some mutations can impact the
peptide conformation. However, the ability of T cells to cross-recognize multiple peptides leads
to strong T cell activation against Omicron variants. A stronger T cell activation against the
Omicron variants (S417-O and S367-O) compared to the cognate epitopes was observed after 6
months post-1% vaccine dose in some individuals. This could be due to T cell diversity, with
some T cells able to engage more effectively with the Omicron variants than cognate epitopes.
This diversity could explain the level of T cell activation observed against S417-O and S367-O
epitopes even after the 1% vaccine dose alone. This could also reflect that even if the S417 and
S417-0 peptides are presented in different conformation by HLA-A*02:01, T cells are still able
to recognize the Omicron and cognate peptides. It is also possible that some T cells engage with
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the Omicron variants with higher affinity, or that peptide like S367-O stay on the cell surface
longer due to higher stability, leading to higher cytokine production.

In vaccinated individuals, even with only one vaccine dose, CD8" T cells could be
activated ex vivo against both the cognate and Omicron variant epitopes suggesting provision of
early protection against the SARS-CoV-2 Omicron. In addition, the 2™ vaccine dose increased
the nAb levels, spike-specific memory B and T cells detected in peripheral blood. The nAb
response slowly decreased over time, and after 6 months was comparable to the response levels
detected after the 1% vaccine dose, still providing a level of protection, albeit less. Interestingly,
recall of spike-specific T cell responses in PBMCs were increased following the booster vaccine,
higher than the levels detected following the 2" vaccine dose.

The presence of CD8" T cells able to produce cytokines towards the Omicron variants, in
the context of HLA-A*02:01, in combination with cross-reactive nAb (4-8) and long lived
memory B cells show that the current vaccines are likely to provide a level of protection against
Omicron. In addition, booster vaccination not only increases the nAb levels to Omicron (§), it
induces a stronger T cell response, especially against the triple mutated S367-Omicron epitope.
This evidence of memory T cell responses towards the Omicron variants in individuals
previously infected with non-Omicron variants, or that have received vaccines based on ancestral
strain of SARS-CoV-2, could be critical in protecting people from severe COVID-19 if infected
with this highly transmissible variant.

6


https://doi.org/10.1101/2022.01.12.473243
http://creativecommons.org/licenses/by-nc-nd/4.0/

10

15

20

25

30

35

40

45

bioRxiv preprint doi: https://doi.org/10.1101/2022.01.12.473243; this version posted January 13, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

References and Notes

10.

11.

12.

13.

14.

15.

E. Callaway, Heavily mutated Omicron variant puts scientists on alert. Nature 600, 21
(2021).

Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concer. .
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-
cov-2-variant-of-concern, ((accessed Dec 14, 2021)).

S. Elbe, G. Buckland-Merrett, Data, disease and diplomacy: GISAID's innovative
contribution to global health. Glob Chall 1, 33-46 (2017).

W. Dejnirattisai et al., Reduced neutralisation of SARS-COV-2 Omicron-B.1.1.529
variant by post-immunisation serum. medRxiv, 2021.2012.2010.21267534 (2021).

L. J. S Cele, K Khan, D Khoury, T Moyo-Gwete, H Tegally, C Scheepers, D Amoako, F
Karim, M Bernstein, G Lustig, D Archary, M Smith, Y Ganga, Z Jule, K Reedoy, J
Emmanuel San, SH Hwa, J Giandhari, J M. Blackburn9, B 1. Gosnell, S Abdool Karim,
W Hanekom, NGS-SA, COMMIT-KZN Team, A von Gottberg, J Bhiman, R J. Lessells,
MY S. Moosa, M Davenport, T de Oliveira, P L. Moore, A Sigal, SARS-CoV-2 Omicron
has extensive but incomplete escape of Pfizer BNT162b2 elicited neutralization and
requires ACE2 for infection. https.//www.ahri.org/wp-
content/uploads/2021/12/MEDRXIV-2021-267417vi-Sigal.pdf, (2021).

C. K. D J. Sheward, A Pankow, X Castro Dopico, D Martin, J Dillner, G B. Karlsson
Hedestam, J Albert, B Murrell, Quantification of the neutralization resistance of the
Omicron Variant of Concern. - Preliminary Report - Early release, subject to
modification.

https://drive.google.com/file/d/1 CuxmNYj5Scplux WXhjj VmuDgntxXwlfXQ/view,
((accessed 14.12.2021)).

A. Wilhelm et al., Reduced Neutralization of SARS-CoV-2 Omicron Variant by Vaccine
Sera and Monoclonal Antibodies. medRxiv, 2021.2012.2007.21267432 (2021).

W. F. Garcia-Beltran et al., mRNA-based COVID-19 vaccine boosters induce
neutralizing immunity against SARS-CoV-2 Omicron variant. medRxiv,
2021.2012.2014.21267755 (2021).

R. J. Cox, K. A. Brokstad, Not just antibodies: B cells and T cells mediate immunity to
COVID-19. Nat Rev Immunol 20, 581-582 (2020).

J. M. Dan et al., Immunological memory to SARS-CoV-2 assessed for up to 8§ months
after infection. Science 371, (2021).

L. Kealy, K. L. Good-Jacobson, Advances in understanding the formation and fate of B-
cell memory in response to immunization or infection. Oxford Open Immunology 2,
(2021).

A. Grifoni et al., Targets of T Cell Responses to SARS-CoV-2 Coronavirus in Humans
with COVID-19 Disease and Unexposed Individuals. Cell 181, 1489-1501 e1415 (2020).
N. Le Bert et al., SARS-CoV-2-specific T cell immunity in cases of COVID-19 and
SARS, and uninfected controls. Nature 584, 457-462 (2020).

K. E. Lineburg et al., CD8(+) T cells specific for an immunodominant SARS-CoV-2
nucleocapsid epitope cross-react with selective seasonal coronaviruses. Immunity 54,
1055-1065 €1055 (2021).

J. Mateus et al., Selective and cross-reactive SARS-CoV-2 T cell epitopes in unexposed
humans. Science 370, 89-94 (2020).



https://doi.org/10.1101/2022.01.12.473243
http://creativecommons.org/licenses/by-nc-nd/4.0/

10

15

20

25

30

35

40

45

bioRxiv preprint doi: https://doi.org/10.1101/2022.01.12.473243; this version posted January 13, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

16.  C.O. Ogega et al., Durable SARS-CoV-2 B cell immunity after mild or severe disease. J
Clin Invest 131, (2021).

17.  G. Song et al., Cross-reactive serum and memory B-cell responses to spike protein in
SARS-CoV-2 and endemic coronavirus infection. Nat Commun 12,2938 (2021).
18.  O.D. Solberg et al., Balancing selection and heterogeneity across the classical human

leukocyte antigen loci: a meta-analytic review of 497 population studies. Hum Immunol
69, 443-464 (2008).

19. S. Yamayoshi et al., Antibody titers against SARS-CoV-2 decline, but do not disappear
for several months. EClinicalMedicine 32, 100734 (2021).

20.  A. Haveri et al., Persistence of neutralizing antibodies a year after SARS-CoV-2
infection in humans. Eur J Immunol 51, 3202-3213 (2021).

21.  A. Ciabattini et al., Evidence of SARS-CoV-2-Specific Memory B Cells Six Months
After Vaccination With the BNT162b2 mRNA Vaccine. Front Immunol 12, 740708
(2021).

22.  E.G. Levin et al., Waning Immune Humoral Response to BNT162b2 Covid-19 Vaccine
over 6 Months. N Engl J Med 385, e84 (2021).

23.  Z.Chenetal., T and B cell Epitope analysis of SARS-CoV-2 S protein based on
immunoinformatics and experimental research. J Cell Mol Med 25, 1274-1289 (2021).

24.  H. Zhang et al., Profiling CD8(+) T cell epitopes of COVID-19 convalescents reveals
reduced cellular immune responses to SARS-CoV-2 variants. Cell Rep 36, 109708
(2021).

25. Y. Lv, Z. Ruan, L. Wang, B. Ni, Y. Wu, Identification of a novel conserved HLA-
A*0201-restricted epitope from the spike protein of SARS-CoV. BMC Immunol 10, 61
(2009).

26.  J.R. Habel et al., Suboptimal SARS-CoV-2-specific CD8(+) T cell response associated
with the prominent HLA-A*02:01 phenotype. Proc Natl Acad Sci U S A 117, 24384-
24391 (2020).

27.  C. Szeto et al., The presentation of SARS-CoV-2 peptides by the common HLA-A
*02:01 molecule. iScience 24, 102096 (2021).

28.  A.T.Nguyen, C. Szeto, S. Gras, The pockets guide to HLA class I molecules. Biochem
Soc Trans 49, 2319-2331 (2021).

Acknowledgments:

The authors would like to thank Queensland Health Forensic & Scientific Services, Queensland
Department of Health who provided the SARS-CoV-2 isolate QLDO02; La Trobe University
Facilities (Imaging platform with Flow cytometers, Crystallisation Facility); VTIS and CareDx
for HLA Typing; MX team for assistance at the Australian Synchrotron. This project obtained
samples for the COVID-19 Biobank based at the Alfred Hospital and acknowledge all its
investigators and the participants who contributed samples. We acknowledge the research co-
ordinators in the clinical research unit at the Alfred Hospital. The authors would also like to
thank all the participants who took part in our study.

Funding:
This work was supported by generous donations from the QIMR Berghofer COVID-19 appeal,
and financial contributions from La Trobe University, Australian Nuclear Science and

8


https://doi.org/10.1101/2022.01.12.473243
http://creativecommons.org/licenses/by-nc-nd/4.0/

10

15

20

25

30

35

40

bioRxiv preprint doi: https://doi.org/10.1101/2022.01.12.473243; this version posted January 13, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

Technology Organisation (ANSTO, AINSE ECR grants), Australian Research Council (ARC),
National Health and Medical Research Council (NHMRC), and the Medical Research Future
Fund (MRFF). The Alfred Health COVID-19 biobank was funded by the Lord Mayor’s
Charitable Foundation and the Ray William Houston Trust in Melbourne, Australia.

E.J.G. was supported by an NHMRC CJ Martin Fellowship (#1110429) and is supported by an
Australian Research Council DECRA (DE210101479).

K.L.G-] is supported by a Bellberry-Viertel Fellowship.

K.R.S. is supported by an Australian Research Council DECRA (DE180100512).

S.G. is supported by and NHMRC SRF (#1159272).

Author contributions:

Conceptualization: A.T.N., C.S., D.S.M.C., S.G.; Methodology: A.T.N., C.S., D.SM.C,,
Z.WM.T., M.D.O., L.C, KY.C,, B.G, D.J,, EJ.G., C.Smith., JM., KL.G-J., P.JB., K.R.S,,
S.G.; Investigation: A.T.N.,, C.S., D.SM.C., ZW.M.T., K.Y.C., M.D.O., L.C., L.D.M., AR.T,,
R.W., DJ., YYMA. S.G.; Visualization: A.T.N,, C.S., D.SM.C., ZWM.T., L.C., C AL, S.G,;
Reagents: K.E.L., B.G., C.Smith., J.M.; Funding acquisition: C.Smith., J.M., K.L.G-J., P.J.B.,
K.R.S., S.G.; Project administration: S.G.; Supervision: C.Smith., J.M., K.L.G-J., P.J.B,,
K.R.S., S.G.; Writing — original draft: S.G.; Writing — review & editing: all authors.

Competing interests: K.R.S. is a consultant for Sanofi, Roche and NovoNordisk. The opinions
and data presented in this manuscript are of the authors and are independent of these
relationships.

Data and materials availability: All data are available in the main text or the supplementary
materials.

Figure Legend

Fig. 1. Antibody and B cell responses towards spike protein derived from the original
SARS-CoV-2 in recovered and vaccinated individuals

A. Plasma reactivity to spike protein in COVID-19 recovered individuals at <2 months and 3-8
months post infection time points. B. Plasma reactivity to S protein in vaccinated individuals at
three post vaccination time points (1% and 2™ vaccine dose and 6 months post-1° vaccine dose).
C. Spike tetramer positive B cells in COVID-19 recovered individuals at different time points
post recovery. D. Spike tetramer positive B cells in vaccinated individuals at three post
vaccination time points. The decoy tetramer used on panels (C-D) was of HLA-A*02:01-M15sg
(M1ss is an influenza epitope).

Fig. 2. Structural basis for selective T cell cross-reactivity

Crystal structures of the HLA-A*02:01 binding cleft depicted as a white cartoon presenting (A)
S367 (teal stick), (B) S367-O (pale blue stick with Omicron specific mutations in yellow, P5-L,
P7-P and P9-F), (C) overlay of the crystal structures of the S417 (orange) and S417-O peptides
(light orange stick with Omicron specific mutations in yellow, P1-N), (D) S417-O (light orange
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stick with Omicron specific mutations in yellow, P1-N), (E) S976 (pink stick), and (F) S976-O
peptide (light pink stick with Omicron specific mutations in yellow, P6-F).

Fig. 3. CD8" T cell responses toward spike peptides derived from SARS-CoV-2 and
Omicron

PBMCs from HLA-A*02:01" recovered or vaccinated individuals at different recovered or
vaccinated time points were stimulated with SARS-CoV-2 and Omicron derived peptides and
then assessed for cytokine production A. Bar chart depicting the cumulative total of all IFN-y,
all TNF* and all IL-2* CD8" T cells in COVID-19 recovered individuals at <3 months and 3-8
month time points. B. Bar chart depicting the cumulative total of all IFN-y*, all TNF" and all IL-
2" CD8" T cells towards S976 and S976-0O in vaccinated individuals. C. Bar chart representing
frequency of cytokine response towards S417 and S417-O in vaccinated individuals. D. Bar
chart representing frequency of cytokine response towards S367 and S367-O in vaccinated
individuals. E. Heatmap representing the frequency of CD8* IFN-y, TNF, MIP1f, CD107a and
IL-2 producing T cells responding to S367, S417, S976 cognate peptides and S367-O, S417-0,
S976-O Omicron variants in vaccinated individuals at 6 months post-1% vaccine dose (n = 4).
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Table 1. Spike derived HLA-A2-restricted epitopes from the Omicron variant.

Epitope name |[Variant epitope Spike mutation SARS-CoV-2 variant

S367 S7VLYNLAPFFT?76 [S371L-S373P-S375F |Omicron (B.1.1.529)

S417 TNIADYNYKL*?  [K417N Omicron (B.1.1.529)
Beta (B.1.351)

S976 Y76VLNDIFSRL*®*  [L981F Omicron (B.1.1.529)

The mutated residues present in the Omicron variant of SARS-CoV-2 are indicated in bold and
red.
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Figure 2
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Figure 3
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