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Inventory of Supplementary Information  
 
Supplementary Figures, Methods and References 
 
Supplementary Figures and tables 
 
Supplementary Figure 1. Schematic overview of study design. This Figure relates to   
Supplementary Figure 2 and Table 1 (overview of the individuals in the groups) 

Supplementary Figure 2.  Symptoms and Inflammation during Omicron and Delta 
breakthrough infection. This Figure presents characteristics of individuals with Omicron 
and Delta BTI and inflammatory markers. Relates to Table 1 and Supplementary Fig. 1. 

Supplementary Figure 3. CD8+ T cell immunity during Omicron and Delta BTI. This 
Figure provides further detail on Spike specific and non-spike specific CD8+ T cells with 
PCA biplots, clustering and volcano plots that add to Figure 1 and also relate to 
Supplementary Figure 4 and 5. 
 
Supplementary Figure 4. CD8+ T cells analysis of granzyme B and perforin. This Figure 
provides hierarchical clustering of phenotypes of Spike specific and non-spike specific CD8+ 
T cells, relating to Figure 1 and Supplementary Figure 3. It also provides functional analysis 
of granzyme and perforin secretion, extending the results from the phenotype analyses 
(Figure 1 and Supplementary Figure 3). 
 
Supplementary Figure 5. Non-classical T cells and CD4/CD8 ratio during Omicron and 
Delta BTI. This Figure shows innate T cells and CD4/CD8 ratio and completes the T cell 
subtypes before the CD4+ T cell subset is analyzed. Relates to the T cell Figures 1&2 and 
Supplementary Figures 2-4. 
 
Supplementary Figure 6. CD4+ T helper cell immunity during Omicron and Delta BTI. 
This Figure provides further data on CD4+ T helper cell immunity and adds to Figure 2. 
 
Supplementary Figure 7: B cell and humoral immunity during Omicron and Delta BTI. 
This Figure provides further details on the B cell analyses presented in Figure 3. 
 
Supplementary Figure 8: Gating strategy. This Figure presents the gating strategy for the 
analyses of the cell subsets in the study.   
 
Supplementary Methods and Supplementary References 
This section lists peptides used in the study and provides references to previous studies of 
these immunodominant peptides.  
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Supplementary Figures 
 
Supplementary Fig. 1. Schematic overview of study design   
Samples were collected from the four cohorts: participants from the Christmas party with 
Omicron BTI, donors with Delta BTI (see Table 1 and Supplementary Figure 2a for 
overview), control fully vaccinated health care workers (healthy donors, labelled HD) at the 
Oslo University Hospital, and non-hospitalized SARS-CoV-2 (Wuhan-Hu-1)-infected 
convalescent blood bank donors. SARS-CoV-2 RNA in nasal/pharyngeal swabs was whole-
genome sequenced or typed by variant specific SNP PCR to confirm infection by the 
Omicron or Delta VOC and for estimation of viral load. Blood was collected for: analyses of 
plasma/serum soluble mediators (inflammatory and acute phase markers and cytokines), left; 
analyses of humoral antibody responses as well as Spike binding B cells (middle), and further 
immune cell composition including T cell response assays (right). The Figure was generated 
with licensed BioRender software. 

  



Supplementary Figure 1
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Supplementary Fig. 2. Symptoms and Inflammation during Omicron and Delta 
breakthrough infection  

a. Self-reported symptoms of Omicron- (top) and Delta-(bottom) BTI at the time of inclusion. 
Duration of symptoms and PCR cycle threshold (Ct) values from the initial SARS-CoV-2 
diagnostic tests are indicated. b. Acute phase proteins were measured in the serum (first row) 
and inflammatory markers were quantified in the plasma (second and third rows) of 
vaccinated individuals-either health care workers or healthy donors (4 months since second 
dose of vaccine), Omicron BTI (8-13 d after symptom debut), Delta BTI (5-24 d), and 
unvaccinated COVID-19 convalescent (3-6 months post-infection). Statistical analyses were 
performed by Mann-Whitney Test, P values are indicated. c. Systemic inflammatory 
signature of included patients. Correlogram describes the potential interaction between the 
different molecules measured in the serum during acute Omicron BTI (anti-Trypsin, LDH, 
Albumin, Transferrin, Ferritin, Haptoglobin, CRP, IFNα, IL-6, IL-18), or in the plasma 
(Calprotectin, CXCL4, D-Dimer, Fibrinogen, Galectin-9, GDF-15, IP-10, LBP, MPO, sCD14 
and Zonulin) and cellular ratio associated with COVID-19 infection in the peripheral blood 
such as CD4+/CD8+, LMR (Lymphocytes/ Monocytes Ratio), and NLR 
(Neutrophils/Lymphocytes Ratio). The correlations are represented by a cold to hot heatmap 
(blue= negative correlation and red= positive correlation) and the significant combinations 
are indicated by an asterisk (* and ** for p<0.05 and p<0.01), see Methods for statistics. d. 
Homeostasis of immune cells during Omicron BTI. Cells counts were obtained by the 
staining of fresh blood in Trucount Tubes (BD Bioscience), Mann-Whitney Test, P value is 
indicated. e. Inflammatory signature of Omicron and Delta breakthrough infection. Principal 
component analyses (PCA) for individual patients according to the inflammatory profile 
measured in b. Each circle represents one individual patient position on the first two 
dimensions (PC1 and PC2). Delta and Omicron BTI are represented in red and green 
respectively and compared to vaccinated healthy donors in blue. f. Quantification of the 
Omicron BTI inflammatory signature. Volcano plot summarized the significant fold change 
in each marker for the Omicron BTI vs controls and the significance of these fold changes. 
Statistically significant changes in marker expression is represented by different colors with * 
and ** for p<0.05 and p<0.01 respectively. g. Quantification of the Delta and Omicron BTI 
vs convalescent COVID-19 inflammatory signature. Volcano plot summarizes the significant 
fold change in the serum and plasma of Delta BTI for each molecule and the significance of 
these fold changes in comparison with healthy donors (left) or Omicron BTI (middle).  
COVID-19 convalescent patients were compared to vaccinated healthy donors (right). Source 
data are provided as a Source Data file. 
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Supplementary Figure 3. CD8+ T cell immunity during Omicron and Delta BTI 

a. Signature of Spike-specific CD8+ T cells during Omicron BTI. The expression of surface 
markers by antigen-specific CD8 T cells were compared between Spike-specific dextramer+ 
cells detected in healthy donors (blue) and in Omicron- BTI (green). Mann-Whitney test P 
values are shown. b. Signature of Spike-specific CD8+ T cells during BTI vs vaccinated 
healthy donor controls. High dimensional analysis of individual patients according to the 
phenotype of Spike-specific Dextramers in principal component analysis (PCA) biplots. Each 
dot represents one individual patient analysis. Delta- and Omicron-infected patients are 
represented in red and green respectively and compared to vaccinated healthy donors (blue). 
c. Analysis of log P value vs. fold change, volcano plots of Spike-specific CD8 T cells during 
Delta BTI vs HD (left), and Delta vs. Omicron BTI (right). Significantly upregulated markers 
are indicated in darker shades of red. d. Distribution of SARS-CoV-2 specific T cells and 
control-virus specific CD8+ T cells in tSNE plot. The phenotype of Spike-, Nucleocapsid-, 
and ORF-specific CD8+ T cells was compared to immune profile of CMV- and EBV-specific 
CD8+ T cells from our entire cohort. The profile of each virus-specific CD8+ T cell was 
visualized by tSNE representation with CMV-, EBV-, SARS-CoV-2 non-spike-ORF/N), and 
Spike-specific CTLs in red, blue, green and purple respectively. e. Immune phenotype ex 
vivo of non-spike (ORF/N) SARS-CoV-2 specific CD8+ T cells. A cold to hot heatmap 
represents the scaled frequency of each individual marker expressed by non-Spike antigen-
specific CD8+ T cells. Patient. HLA type and time post-infection are indicated in top two 
rows-Delta BTI, Omicron BTI, vaccinated healthy donors (HD); (HLA subtypes). The 
identification of marker types as subsets (Activation, Effector, Exhaustion, Memory) are 
indicated in the leftmost column. f. PCA Biplot analysis of non-Spike SARS-CoV-2 specific 
CD8+ T cells during Delta and Omicron BTI vs vaccinated HD. g. Analysis of log p-value vs 
fold change, volcano plots of non-Spike SARS-CoV-2 specific CD8+ T cells during Omicron 
BTI vs vaccinated HD (left), Delta BTI vs vaccinated HD (middle) and Delta BTI vs 
Omicron BTI (right). Significant markers are indicated in darker shades of red. Source data 
are provided as a Source Data file. 
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Supplementary Figure 4. CD8+ T cells analysis of granzyme B and perforin 
a. Immune phenotype ex vivo of Spike and b. non-spike (ORF/N) SARS-CoV-2 specific
CD8+ T cells. A cold to hot heatmap represents the scaled frequency of each individual
marker expressed by a. Spike and b. non-Spike antigen-specific CD8+ T cells. The
distribution of markers and patients were automatically performed by unsupervised
hierarchical clustering. Patient and HLA type are indicated in top two rows-Delta BTI,
Omicron BTI, vaccinated healthy donors (HD); (HLA subtypes). The identification of marker
types as subsets (Activation, Effector, Exhaustion, Memory) are indicated in the leftmost
column. c. Functionality of SARS-CoV-2 specific CD8+ T cells. Activation (CD137) and
expression of granzyme B (CD137+GZM-B+, left panel) and perforin (CD137+Perforin+, right
panel) in CD8+ T cells responding to the stimulation in vitro by Spike (WT) peptides, left;
middle: pooled overlapping SARS-CoV-2 membrane (M) and nucleoprotein (N) peptides,
and ORF peptides-See Methods Table 2) –and right: the whole proteome of WT SARS-CoV-
2 (S, M, N, E, O), see Methods. Mann Whitney Test P values are shown. Source data are
provided as a Source Data file.
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Supplementary Figure 5. Non-classical T cells during Omicron and Delta BTI 
Quantification of innate T cells and CD4/8 T cell ratio by mass cytometry. Left panel: γδ T 
cells were identified from cryo-preserved PBMCs with the expression of the Pan-γδ TCR. 
Middle panel - MAIT cells were defined by the co-expression of CD161 and TCR Vα7.2 
during Delta and Omicron BTI vs vaccinated HD. Right panel: Ratio of CD4/CD8 CD3+ T 
cells. Mann Whitney Test P values are shown. See also gating strategy in extended Figure 8. 
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Supplementary Figure 6. CD4+ T helper cell immunity during Omicron and Delta BTI 

a. Phenotype of Follicular helper CD4+ T cells during BTI. Mass cytometry staining of TFH

cells-identified as CXCR5+ CD4+ T cells in vaccinated infected patients. Cells from
representative patients of each group (n=6) were concatenated and visualized by tSNE
generated by analysis of the following markers: CCR4, CCR6, CCR7, CD25, CD27, CD38,
CD45RA, CD56, CD57, CD71, CD85j, CD95, CD127, CD160, CD161, PD-1, CRTH2,
CXCR3, HLA-DR, TIGIT, TIM-3.  The intensity of each marker is represented by a
heatmap. The Phenograph algorithm was used to automatically identify the different clusters
(see phenograph plot in lower row). Distribution of cells from patient categories are shown-
right in lower row). Distribution of TFH cells in tSNE plot is shown for markers as indicated.
b. Distribution of cells within clusters identified by Phenograph in a. for Omicron and Delta
BTI and vaccinated HD, c. Overview and spatial visualization of TFH cells from vaccinated
HD, Omicron and Delta BTI. Localization is based on specific co-expression of markers as
shown in a. d. Immune phenotype of TFH cells. A cold to hot heatmap represents the scaled
intensity of each individual metal-tagged marker expressed by clusters of TFH cells identified
in a. The distribution of markers and clusters were automatically performed by unsupervised
hierarchical clustering. e. Identification of SARS-CoV-2 specific CD4 T cells by flow
cytometry. Representative dot plots of CD4 T cells left unstimulated, or after stimulation with
overlapping peptides from Spike; after stimulation with non-spike peptides-pooled
overlapping SARS-CoV-2 membrane (M) and nucleoprotein (N) peptides, and ORF peptides;
or stimulated with full SARS-CoV-2-the whole proteome of WT SARS-CoV-2 (S, M, N, E,
O). Cytostim was used as positive control. CD154 vs CD137, TNF, IFN-γ, IL-2 are shown. f.
Quantification of SARS-CoV-2 specific CD4 T cells by flow cytometry. Cells were
stimulated by Spike peptide as in e. or left unstimulated (US). Specific responders were
quantified as CD154+CD137+, CD154+IFN-γ+ or CD154+TNF+. g. SARS-CoV-2 specific
responses of CD4+ Th cells in response to peptides as indicated. Left: Spike(S) peptides.
Middle: non-spike peptides (M, N, O). Right: the whole proteome of WT SARS-CoV-2 (S,
M, N, E, O). CD154+IL-2+ cells are shown. The statistical analysis was performed with
Wilcoxon test on paired samples for the comparison between unstimulated and peptides
stimulated samples and with rank Mann-Whitney for the comparison between different
groups. The P values are shown. Source data are provided as a Source Data file.
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Supplementary Figure 7: B cell and humoral immunity during Omicron and Delta BTI 

a. Phenotype of Spike-binding B cells during breakthrough infection. Dot plots of live singlet
total B cells from one representative healthy donor (top two rows) and one Omicron-infected
individual (bottom two rows) are shown. Dark blue dots are Spike-binding B cells. Grey
outlined plots show non-binding B cells. Surface molecules (IgG, IgD, CD21, CD24, CD27,
CD38, CD71) and intra-cellular transcription factors (IRF-4 and Blimp-1) are represented on
the X axis and Spike-binding on the Y axis. b. Distribution of class switched IgG vs IgM/D
of Spike-binding B cells in pie charts as indicated. Spike binding B cells that are IgG vs Non-
IgG are shown in violin plots. HD (blue), Omicron BTI (green) and Delta BTI (red) are
shown for RBD-Spike binders (left) and non-RBD Spike binders (right). Mann Whitney test
P values are shown. c. Humoral response and clinical parameters. The correlations between
anti-RBD IgG (BAU/mL) and the frequency of Spike-binding B cells, anti-RBD IgA
(BAU/mL), anti-Nucleocapsid IgG (BAU/mL), the age of patients, and the inclusion time
post-infection were calculated by a Spearman’s rank order test, r values and P values are
indicated on the graphs. Source data are provided as a Source Data file.
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Supplementary Figure 8: Gating strategy 

a. Identification of Virus-specific CD8 T cells by flow cytometry. Illustrative example of
Class I restricted multimers targeting Spike-, Nucleocapsid- and EBV- specific CD8 T cells is
displayed. b. Identification of Follicular CD4 T cells by mass cytometry. Individual donor
cells were de-barcoded according to their unique combination of double CD45 expression.
TFH cells were identified as CXCR5+ cells in total CD4 T cells after exclusion of dead, non-T
cells, γδ T cells and MAIT cells (CD161+TCR Vα7.2+). c. Identification of Spike-binding B
cells by flow cytometry. Spike and Spike RBD SARS-CoV-2 binding B cells were identified
in total B cells after exclusion of doublets, dead, and Lineage+ (Monocytes, NK cells and T
cells). The phenotype of B cells was also studied by high parameters flow cytometry to detail
naïve (IgD+) and Switched (IgG+) memory B cells.
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Supplementary Figure 9: Examples of peptide:HLA multimer stains of CD8+ T cells 
Cells were stained as described in the Methods section with peptide:HLA multimers (either 
dextramers from Immudex or Flex T tetramers from BioLegend), see Table 2 for 
peptide:HLA combinations. Dotplots show gated CD8+ T cells (see Supplementary Figure 8 
for gating), HLA peptide multimers as indicated vs. PD-1 are shown for Omicron or Delta 
BTI, or HD. 
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Extended Methods and Reference 
The following immunodominant peptide/HLA have been described as referenced: HLA-
A*0101-LTDEMIAQY1-6, HLA-A*0201 -YLQPRTFLL2,4,7-10, HLA-A*2402-
QYIKWPWYI2-4,6,7, HLA-B*0702 - SPRRARSVA4,8,11, HLA-A*0101-YTNSFTRGVY1,4, 
HLA-A*0201-LITGRLQSL10-13 and RLNEVAKNL5,10,11,14, HLA-A*2402-
NYNYLYRLF1,2,6,15, and HLA-B*0702-APHGVVFL2,5. Non-Spike derived peptides were 
HLA-A*0101-ORF3a, FTSDYYQLY2,4,11,16 and ORF1ab, TTDPSFLGRY3-5,7, HLA-
A*0201-ORF3a, LLYDANYFL2,7,8,11, HLA-A*2402-ORF3a, VYFLQSINF2,3,7, and HLA-
B*0702-Nucleoprotein, SPRWYFYYL7,8. CMV derived epitopes were for HLA-A*0101-
DNA polymerase processivity factor, VTEHDTLLY2,6,17, HLA-A*0201-65 kDa 
phosphoprotein, NLVPMVATV2,18, HLA-A*2402-65 kDa phosphoprotein, 
QYDPVAALF2,19, and HLA-B*0702-65 kDa phosphoprotein, RPHERNGFTVL2,20. EBV 
derived epitopes were for HLA-A*0201-EBV LMP2, FLYALALLL and HLA-B*0702-EBV 
antigen 3, RPPIFIRRL2,21. A Flu peptide was for HLA-A*0101-Nucleoprotein, Influenza A 
virus CTELKLSDY22. 
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