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Abstract 
The Omicron SARS-CoV-2 variant contains 34 mutations in the Spike gene likely impacting 
protective efficacy from vaccines. We evaluated the potential impact to the cellular immune 
response. Combining epitope mapping to SARS-CoV-2 vaccines that we have determined from 
past experiments along with TCR repertoire sequencing from thousands of vaccinated or 
naturally infected individuals, we estimate the abrogation of the cellular immune response in 
Omicron. Although the fraction of CD4+ T-cell epitopes that are potentially affected accounts 
for 20%, the loss of T-cell immunity is estimated to be slightly above 30% as some of the 
epitopes have higher immunogenicity and generate a stronger T-cell response. For CD8+ T cells, 
we estimate a loss of approximately 20%. These reductions in T-cell immunity are substantially 
larger than observed in other widely distributed variants. Combined with the expected 
substantial loss of neutralization from antibodies, the overall protection provided by SARS-CoV-
2 vaccines could be impacted adversely. From analysis of prior variants, the efficacy of vaccines 
against symptomatic infection has been largely maintained and is strongly correlated with the 
T-cell response but not as strongly with the neutralizing antibody response. We expect the 
remaining 70% to 80% of on-target T cells induced by SARS-CoV-2 vaccination to be sufficient to 
limit morbidity and mortality from infection with Omicron and other variants of concern. 
 
  



Introduction 
As the SARS-CoV-2 virus continues to evolve into new strains, the amino acid sequence coding 
for the surface glycoprotein (“Spike protein”) is diverging from the originally identified strain 
upon which all currently available COVID-19 vaccines were designed. Given the global scale of 
the pandemic, a vast amount of data has been collected on the immune response induced by 
SARS-CoV-2 vaccines, the effect of this response on each strain and the efficacy of the vaccines 
in each context.1-7,28 Both components of the adaptive immune system, T cells and antibody-
producing B cells, have been well-characterized in the setting of SARS-CoV-2 infection or 
vaccination8-15. 
 
The SARS-CoV-2 virus appears to violate the dogma that vaccine efficacy is primarily 
determined by neutralization from antibodies. Despite the observation that circulating variants 
escape most of the neutralization induced by the vaccines, the efficacy of the available SARS-
CoV-2 vaccines has remained high.2,3,6 The SARS-CoV-2 vaccines induce a more robust T-cell 
response than expected,16,17 which has played a role in preventing severe (or even 
symptomatic) disease in vaccine recipients.18 The T-cell response has been only mildly affected 
by the mutations in the variants.19,20 Surprisingly, the T-cell response appears to partially offset 
the abrogation of neutralization from antibodies and helps control infection as well (Figure 1), 
with recent research demonstrating direct influence of cytotoxic T-cell responses to some 
antigens leading to milder disease.14,12,21   
 
Early data regarding Omicron, a new SARS-CoV-2 variant which emerged in November 2021, 
suggest rapid worldwide spread.22 The Omicron variant encodes 34 mutations in the spike gene 
as compared to the original SARS-CoV-2 strain used to formulate the current set of available 
vaccines. For comparison, the current and previous widely circulated variants contained 12 or 
fewer mutations in the spike gene. The neutralizing antibody response generated by the 
currently available SARS-CoV-2 vaccines was reduced against the previous Alpha, Beta, and 
Delta variants and several of the key efficacy-reducing mutations are conserved in Omicron. 
Considering the continued acquisition of mutations, it is expected the antibody response will be 
further diminished against Omicron.23 In contrast, prior work has shown that the vast majority 
of the cellular immune response induced by current vaccines remains on target against widely 
circulating variants including Alpha, Beta, and Delta.24  The substantially larger set of mutations 
in the spike protein in the Omicron variant increases the potential to avoid the cellular immune 
response induced by SARS-CoV-2 vaccines. Here, we assess the fraction of both the HLA class I 
and class II-restricted cellular immune response impacted by the mutations in the Omicron 
variant.   
 
Results 
As part of the ImmuneCODE project, we have mapped the cellular immune response to SARS-
CoV-2. This mapping includes resolution of 199 class I epitopes across sSpike protein, with 
resolution to exact n-mers or short overlapping stretches, as well as resolution of the full set of 
class II epitopes to the level of approximately 50 amino acid windows. Additionally, we have 
accumulated data from immunosequencing of the T-cell receptor repertoires from over 5,000 
individuals following SARS-CoV-2 infection or vaccination. Combining these two sources of data 



allows us to determine the relative fraction of T cells induced by each antigen as well as the HLA 
association of each T-cell clone. 
 
Utilizing these data and a few simple assumptions, we are able to assess the impact of the 
mutations on cellular immune response. The primary assumption is that the mutations were 
not selected to avoid the cellular immune response; confidence in this assumption is supported 
by the diversity of HLA molecules that present the epitopes. To test this assumption, we 
reviewed our available data to identify if there were any significant enrichment of class I or II 
HLAs for prior variants and for Omicron looking across all antigen mutations; we did not 
observe any statistically significant enrichments from the Delta and Omicron variants within 
spike; however, a class II HLA association (DQA1*05:05+DQB1*03:01) connected to a 
nucleocapsid phosphoprotein antigen mutation (R203M in Delta and R203K/G204R in Omicron) 
was identified from both repertoire-focused and antigen-focused analyses. The second 
assumption relates to the probability that a mutation in an epitope or flanking sequence either 
prevents the epitope from being presented or affects  binding, rendering vaccine- or infection-
induced TCRs off-target. As a conservative assumption, we estimate any coding mutation 
spanning a presented epitope would impact all binding of TCRs to that epitope. 
 
Given these assumptions, we determined that the mutations in the Omicron variant impact as 
much as 21% of the class I-restricted cellular immune response and 33% of the class II-
restricted cellular immune response induced by SARS-CoV-2 vaccines (Figure 2, averaged 
projection in Figure 1B). Some mutations may not impact antigen presentation or recognition 
by certain TCRs, but this assessment score is an upper bound on the impact that can be inferred 
from available experimental data. For T-cell responses targeted to non-spike regions that are 
induced by natural infection, the impact on the Omicron variant is miniscule (≤ 5%), because 
the mutations are concentrated in spike and rare in the rest of the genome.   
 
Discussion 
 
We have estimated the impact of Omicron mutations on the binding of the vaccine-induced 
cellular immune response, both for CD4+ and CD8+ T cells. Although there is a measurable 
reduction in on-target T-cell memory, over two-thirds of the cellular immune response is 
expected to remain preserved. For individuals with prior SARS-CoV-2 infection with other 
variants, we expect a similar reduction in the spike-specific cellular immune memory. However, 
the mutations in Omicron are highly concentrated in the spike protein.25As the number of 
mutations impacting T-cell epitopes in other genes of SARS-CoV-2 is comparable to prior 
variants with over 95% conservation, we expect almost no abrogation of the cellular immune 
response outside of the spike region. In particular, the CD8+ T-cell response to natural SARS-
CoV-2 infection is distributed across the full viral genome and is expected to remain well-
directed against Omicron regardless of which variant was responsible for the natural infection. 
 
It remains unresolved whether the T-cell response to SARS-CoV-2 can prevent initial, 
symptomatic, mild, and/or severe infection. The present dogma is that T cells can prevent 
severe and possibly mild COVID-19 illness but likely do not prevent initial infection.26-27 



However, these considerations may be less relevant in the context of vaccine-associated 
prevention of SARS-CoV-2 transmission and symptomatic control. For example, it is conceivable 
that a mucosal T-cell response could eliminate virus-infected cells along the respiratory tract 
sufficiently enough that an individual may experience mild or asymptomatic illness with 
reduced or absent risk of transmission to others and lower likelihood of testing positive for 
SARS-CoV-2 infection. In other words, given a robust T-cell response, the dogma that antibodies 
can prevent infection while T cells play a role in resolving infection may not be a meaningful 
distinction.   
 
The differences in the protective efficacy of SARS-CoV-2 vaccines predicted from evaluation of 
humoral vs. cellular immune responses underscore the importance of T-cell testing as a reliable 
measure of vaccine-induced immune protection, particularly in the setting of new and 
emerging viral variants that can evade immune surveillance. The recent development of a high-
throughput, scalable assay to measure the cellular immune response to SARS-CoV-2 empowers 
such an approach to measuring immune protection against variant infection, with important 
implications for identifying individuals and groups who may be at high risk of severe illness36-39. 
 
 
  
  



 

 
 
Figure 1A displays the apparent impact of variants of SARS-CoV-2 on the efficacy of vaccines, 
splitting out reported efficacy from infection from reported efficacy for severe or symptomatic 
disease. 1B displays the apparent impact of variants on two aspects of the immune response 
towards the spike protein, from T cells and from neutralizing antibody titers (normalized to the 
peak of response expected against the initial strain of SARS-CoV-2). Projections are made for 
Omicron based on early evidence and the analysis performed here. Both panels aggregate data 
from multiple publications and vaccines/antibody tests to give a representative view of 
trajectories. 
 



 
 
Figure 2 displays the mapping of the T-cell epitopes, the Omicron mutations and the relative 
size of the T-cell response to each epitope range in the population. We have generated an 
impact score that combines these variables to estimate the amount of the cellular immune 
response that is off-target within each epitope window when challenged with Omicron.   
 
 
  



Methods 

Meta-analysis of vaccine efficacy 

Vaccine efficacy estimates from literature were gathered for BNT162b2 = Pfizer,1,2,3,28 mRNA-
1273 = Moderna ,3,4,28 and Ad26.COV2.S = Janssen vaccines,5,6 including the registrational 
studies run by these vaccine makers and real-world large scale efficacy studies organized by 
others. Separate measures of protection against symptomatic or severe infection, or protection 
from any infection, were taken based off endpoints reported across studies. Recognizing 
vaccine efficacy changes with time, outputs focused on first 3 months after full vaccine 
administration were prioritized in aggregating data for comparison to variants.  

Meta-analysis of antibody activity against variants 

Neutralizing antibody and other antibody readouts were gathered from multiple published 
studies, including studies that included DFT (IC50) measures to allow some comparison across 
vaccines, primarily from Yu et al (2021)29 and supported by Sadoff et al (2021)6, Jackson et al 
(2020)30, Folegatti et al (2020)31, , and Walsh et al (2020)32. The fold change of neutralizing 
antibody response to these variants compared to the original strain was gathered for each 
vaccine from other publications: BNT162b2 (Pfizer) from Anichini et al (2021)8, Edara et al 
(2021)9, with support from Tada et al (2021)11 and Garcia-Beltran et al (2020)33; for mRNA-1273 
(Moderna) from Wu et al (2021)10, Edara et al (2021)9, with support from Wang et al (2021)34 
and Garcia-Beltran et al (2020)33; for Ad26.COV2.S (Janssen), Tada et al (2021)11 and Alter et al 
(2021)12, with support from Naranbhai et al (2021)35. While there was some missing data for 
given vaccines and variants, the meta-analysis revealed consistent trends in drop-offs for 
variants when averaging the fold-change results.  

Mutation identification for Omicron 

172 published sequences for individuals infected with Omicron in GISAID (available on Nov 30, 
2021; https://www.gisaid.org/hcov19-variants/) were aligned and mutations seen in over 75% 
of the individuals retained as the reference sequence for Omicron. This preliminary definition 
has remained consistent with the now >1,000 sequences available for analysis. 

Analysis of T cell activity against variants including Omicron 

To estimate the proportion of the cellular immune response impacted by the Omicron 
mutations, we overlapped the Omicron spike mutation list with each antigen using a 
convalescent COVID donor-based MIRA/antigen mapping dataset in ImmuneCODE and its 
associated T cell count as a measure of immunogenicity. For individually addressed antigens in 
CD8+ T cells, a peptide with any mutation was considered to remove 100% of the response for 
that antigen. For multiply addressed antigens in CD4+ or CD8+ T cells, we calculated the 
proportion of the peptides within each set of antigens presented together that contain one or 
more Omicron mutations and used that fraction to calculate an impact score. Across all antigen 



positions, we then estimated the total cellular immune impact over that region as the number 
of T cells responding multiplied by the proportion of the cellular immune response impacted, 
shown as the blue lines in Figure 2. The final estimates of CD4+ and CD8+ T cell reduced efficacy 
reflect the impacted count of T cells over the original count of T cells for all spike antigens. 
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Data Availability 
As part of the ImmuneCODE data resource (Nolan 2020), the COVID-19 MIRA data and COVID-
19 study immunosequencing data are freely available for analysis and download from the 
Adaptive Biotechnologies immuneACCESS site under the immuneACCESS Terms of Use at 
https://clients.adaptivebiotech.com/pub/covid-2020. This resource is being updated with the 
additional vaccine repertoire and other data included in this analysis. 
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