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Supplemental Information  

Supplemental Figures 

Figure S1. SARS-CoV-2 CTL’s express chemokine receptors that support trafficking to the lungs, related to 
Figure 1. T-SNE plots showing expression of chemokine receptors that support trafficking to the lungs in SARS-
CoV-2 CTL’s, left panel showing CXCR3 and right panel showing CCR4. 



  
 

 
 
Figure S2. Cytokine profile from COVID-19 reactive T cells supports a functional profile without CRS, 
related to Figure 1. Multiplex cytokine analysis showing the concentration of different cytokines in pg/ml detected 
in supernatants from COVID-19 reactive T cells stimulated with the different peptide libraries (S1, S2, M and N, 
either separately or in combination) at baseline (green triangles) or after expansion with IL-2/4/7 (blue circles) or IL-
2/7/15 (red squares). n=4 samples per group. Neg refers to negative control without peptide stimulation. 
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Figure S3. Expanded COVID-19 CTLs are directed against structural proteins, including both the C and N 
terminals of the S protein, related to Figure 3. A, Percentage of IFN-γ (+) COVID-19 reactive CD3+ T cells 
stimulated with the peptide libraries derived from the different structural proteins M (blue), N (red), S (green) 
cultured with different cytokine cocktails IL2/4/21 (left panel) or IL2/7/21 (right panel). B, Quantification of IFN-γ 
(+) COVID-19 reactive T cells subsets (CD4+ or CD8+) directed against N-terminus (S1, dark green) or the C-
terminus (S2, light green) of the S protein in both IL-2/4/21 (left panels) and IL-2/7/21 (right panels) stimulation 
conditions (n=7 samples per group). Bars represent median values with interquartile range. p-values are indicated at 
the top of each graph. Corresponding pie charts showing the percent distribution of M (blue), N (red), S1 (dark 
green) and S2 (light green) reactive IFN-γ (+) T cells are depicted under each bar graph. Please note that a pie chart 
was not generated for the CD8+ T cells cultured with IL-2/4/21 due to the very low number of cells. Inset 
percentages (%) within each pie chart represent the fraction of IFN-γ (+) T cells that are reactive to specific 
peptides. Sum of all fractions is 100% representing the total IFN-γ (+) T cells. Statistical analysis by paired t-test (A, 
B).  
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Figure S4. Absolute number of COVID-19 specific T cells cultured with IL-2/4/7 correlates with antibody 
titer of Spike protein IgG, related to Figure 3. A. Scatter plots showing correlation between absolute number of 
COVID-19 specific T cells (on Y axis) and antibody titers on the X axis (Spike IgG) of COVID-19 specific T cells 
expanded with IL-2/4/7 (left panel) or IL-2/7/15 (right panel). B. Scatter plot showing no correlation between 
absolute number of COVID-19 specific T cells (on Y axis) and antibody titers on the X axis (Spike IgG) of COVID-
19 specific T cells prior to expansion. Statistical analysis by simple linear regression analysis (A, B).  



 

Figure S5.  COVID-19 CTLs can be expanded from the PB of healthy donors but at lower frequencies 
compared to COVID-19-recovered donors, related to Figure 4. A, B Graphical analysis of IFN-γ (+) COVID-19 
reactive CD3+ T cells from healthy donors stimulated with the peptide libraries derived from the different structural 
proteins M (blue), N (red), S (green) at (A) baseline or (B) cultured with IL-2/4/7 (left panel) or IL-2/7/15 (right 
panel). Corresponding pie charts show the distribution of M (blue), N (red) or S (green) reactive IFN-γ (+) T cells 
for each group (n=5 samples per group). Bars represent median values with interquartile range. p-values are 
indicated at the top of each graph. C, Percentage of IFN-γ (+) COVID-19 reactive CD4 and CD8 T cells generated 
from PB of healthy donors stimulated with the peptide libraries derived from the different structural proteins M 
(blue), N (red), S (green) after expansion with IL-2/4/7 (left panels) or IL-2/7/15 (right panels). Distribution of M 
(blue), N (red) or S (green) reactive IFN-γ (+) T cells for each group is shown in pie charts below corresponding 
graphs (n=5 samples per group). Bars represent median values with interquartile range. p-values are indicated at the 
top of each graph. Inset percentages (%) within each pie chart represent the fraction of IFN-γ (+) T cells that are 
reactive to specific peptides. Sum of all fractions is 100% representing the total IFN-γ (+) T cells. Statistical analysis 
by paired t-test (A, B).  

25%

37.93% 37.07%

15.31%
60.20%

24.49%

41.01%

29.97% 29.02%

M N S
0.0

0.1

0.2

10
20
30
40
50 0.36

0.380.55

M N S
0.0

0.5

1.0

1.5

10
20
30
40
50

0.99 0.37

0.41

M N S
0.0
0.1
0.2
0.3
0.4
0.5

10
20
30
40
50

0.08 0.10

0.43

HD-Baseline HD-Expansion
IL-2/4/7 IL-2/7/15

IF
N-

γ (
%

)

IF
N-

γ (
%

)

IF
N-

γ (
%

)

A

M
N
S

23.93%

29.06%
47.01%

33.96%

45.28%

20.75%

38.24%

32.35% 29.41%

21.95%

45.12%
32.93%

M
N
S

M N S
0.0
0.1
0.2
0.3
0.4
0.5
10
20
30
40
50 0.92

0.350.28

M N S
0.0
0.1
0.2
0.3
0.4
0.5
10
20
30
40
50 0.28

0.330.14

M N S
0.0
0.1
0.2
0.3
0.4
0.5

10
20
30
40
50 0.42

0.150.31

M N S
0.0
0.1
0.2
0.3
0.4
0.5

10
20
30
40
50 0.24

0.220.45

CD4 CD8 CD4 CD8
IL-2/4/7 IL-2/7/15

IF
N-

γ (
%

)

IF
N-

γ (
%

)

IF
N-

γ (
%

)

IF
N-

γ (
%

)

B



 
Supplemental Tables 
 
Table S1. Mass cytometry panel used for phenotyping of COVID-19 reactive T cells, related to Figure 1. 
 

 
 

 
 
 
 



Table S2. Cytokine production and fold expansion of COVID-19 reactive T cells derived from the different 
recovered donors and expanded with IL-2/4/7 or IL-2/7/15 cytokine cocktails, related to Figure 1.  
 

 
 
Percent IFN-γ, IL-2 and TNF-α production from total CD3+, and CD4+ and CD8+ subsets of COVID-19 reactive T 
cells derived from each recovered donor and stimulated with the peptide libraries derived from M, N and S structural 
proteins and fold expansion after culture with IL-2/4/7 or IL-2/7/15 cytokine cocktails. 

Fold 
Expansion M N S M N S M N S

Patient 1 177.37 IFN-g 5.59 6.44 14.80 7.90 8.29 20.10 0.43 2.62 1.40
IL-2 0.92 0.91 2.31 0.45 0.47 1.82 0.81 0.71 0.79

TNF-a 3.18 2.67 6.52 3.14 3.10 7.12 1.45 1.13 2.03
Patient 3 506.42 IFN-g 1.22 17.10 13.50 0.91 18.90 15.00 3.77 0.81 1.25

IL-2 0.14 1.85 1.07 0.14 2.09 1.21 0.09 0.34 0.34
TNF-a 0.67 7.50 3.99 0.57 8.41 4.59 0.66 0.00 0.11

Patient 4 540.69 IFN-g 2.74 10.20 3.84 2.51 9.01 3.24 0.21 5.08 0.32
IL-2 0.43 1.40 0.94 0.36 1.09 0.80 0.17 0.41 0.32

TNF-a 1.66 5.35 3.23 1.63 5.06 3.26 1.05 3.01 2.42
Patient 5 897.59 IFN-g 2.94 2.87 10.90 2.70 2.41 10.50 1.06 19.40 0.61

IL-2 0.21 0.32 0.54 0.23 0.31 0.53 0.00 0.24 0.20
TNF-a 1.23 1.18 4.42 1.30 1.26 4.64 0.53 3.07 0.61

Patient 6 7.16 IFN-g 0.11 0.12 0.21 0.14 0.14 0.22 0.10 0.05 0.25
IL-2 0.21 0.23 0.20 0.16 0.18 0.16 0.23 0.16 0.22

TNF-a 0.19 0.22 0.25 0.05 0.04 0.07 0.10 0.12 0.32
Patient 7 45572.50 IFN-g 33.60 9.81 10.30 33.40 9.31 10.80 42.00 19.40 3.99

IL-2 1.41 1.10 0.97 1.44 1.11 0.99 0.61 0.43 0.22
TNF-a 12.90 5.36 5.43 12.90 5.20 5.53 4.36 3.70 0.45

Patient 8 2645.58 IFN-g 6.81 3.33 4.87 5.77 3.46 5.48 25.90 4.53 0.27
IL-2 0.92 0.52 0.67 0.58 0.35 0.40 1.20 0.57 0.68

TNF-a 2.80 0.87 1.71 2.64 0.88 1.81 5.65 0.97 0.68
Patient 9 3537.23 IFN-g 18.90 3.51 12.50 17.50 2.77 12.70 19.00 14.00 1.02

IL-2 3.80 1.16 1.34 3.51 0.93 1.32 1.13 1.12 0.18
TNF-a 12.50 2.35 7.86 12.20 2.09 7.90 1.83 0.56 0.09

Fold 
Expansion M N S M N S M N S

Patient 1 163.62 IFN-g 1.65 3.92 1.96 2.12 4.65 2.24 0.24 1.63 2.65
IL-2 1.08 1.56 1.64 0.49 0.81 0.92 0.38 0.23 1.75

TNF-a 4.18 4.20 3.98 4.22 4.50 3.67 0.38 1.29 3.61
Patient 3 141.91 IFN-g 0.37 1.40 2.83 0.44 1.51 3.10 0.35 0.26 0.12

IL-2 0.15 0.47 0.45 0.20 0.53 0.51 1.27 0.90 1.19
TNF-a 0.39 1.97 2.37 0.52 2.22 2.74 0.00 0.52 0.24

Patient 4 1746.55 IFN-g 8.67 8.12 26.00 8.70 4.21 29.40 0.27 20.50 0.77
IL-2 1.24 1.31 6.59 0.87 0.91 6.52 0.37 0.76 0.29

TNF-a 3.93 3.60 10.10 3.99 2.41 11.20 0.69 7.27 0.76
Patient 5 530.27 IFN-g 3.43 3.28 6.08 3.29 3.00 5.64 0.30 2.41 1.53

IL-2 0.35 0.33 0.45 0.34 0.30 0.43 0.20 0.38 0.41
TNF-a 1.40 1.40 2.31 1.52 1.46 2.47 0.91 1.25 0.82

Patient 6 15.97 IFN-g 0.15 0.17 0.48 0.13 0.21 0.42 0.09 0.04 0.34
IL-2 0.26 0.32 0.31 0.22 0.28 0.22 0.52 0.74 0.58

TNF-a 0.24 0.48 0.78 0.10 0.60 0.33 0.09 0.10 0.28
Patient 7 27716.61 IFN-g 20.80 5.36 5.51 34.20 7.19 9.23 7.35 3.84 1.58

IL-2 0.98 0.59 0.65 1.64 0.85 0.95 0.26 0.26 0.27
TNF-a 7.06 2.83 3.33 12.60 4.19 5.89 1.27 1.47 0.33

Patient 8 2912.07 IFN-g 19.10 15.50 3.43 17.30 16.10 3.46 47.30 5.02 0.93
IL-2 2.55 1.04 0.92 0.94 0.62 0.69 2.24 1.16 0.36

TNF-a 4.90 1.70 1.91 3.90 1.43 1.82 18.50 1.45 1.14
Patient 9 3088.38 IFN-g 17.80 0.90 8.86 18.00 0.78 9.89 5.45 6.26 1.36

IL-2 2.12 0.40 0.93 2.08 0.36 0.91 0.33 0.49 0.45
TNF-a 5.14 0.38 3.53 5.41 0.48 3.84 0.33 0.38 0.65

CD3 % CD4 % CD8 %

IL-2/4/7
CD3 % CD4 % CD8 %

IL-2/7/15



Table S3. Cytokine production and fold expansion of COVID-19 reactive T cells derived from the different 
recovered donors and expanded with IL-2/4/21 or IL-2/7/21 cytokine cocktails, related to Figure 1.  
 

 
 
Percent IFN-γ, IL-2 and TNF-α production from total CD3+, and in CD4+ and CD8+ subsets of COVID-19 reactive 
T cells derived from each recovered donor and stimulated with the peptide libraries derived from M, N and S 
structural proteins and fold expansion after culture with IL-2/4/21 or IL-2/7/21 cytokine cocktails. 
 
  

Fold 
Expansion M N S M N S M N S

Patient 3 0.57 IFN-g 0.03 0.14 0.09 0.00 0.09 0.16 0.00 0.00 0.00
IL-2 0.12 0.09 0.09 0.13 0.09 0.16 0.00 0.00 0.00

TNF-a 0.10 0.14 0.14 0.06 0.00 0.12 0.00 0.00 0.00
Patient 4 0.53 IFN-g 0.30 0.52 0.36 0.52 0.79 0.13 0.00 0.00 0.00

IL-2 0.30 0.26 0.82 0.52 0.20 0.63 0.00 0.00 0.00
TNF-a 0.40 0.17 0.21 0.26 0.00 0.13 0.00 7.69 0.00

Patient 5 82.96 IFN-g 1.11 0.20 2.53 1.81 0.29 3.63 0.00 0.00 0.00
IL-2 0.12 0.13 0.13 0.13 0.09 0.15 0.00 0.00 2.17

TNF-a 0.66 0.09 1.66 0.87 0.13 2.36 0.00 0.00 0.00
Patient 6 0.08 IFN-g 0.30 0.19 1.15 0.16 0.00 0.61 0.00 0.00 0.00

IL-2 0.40 0.84 1.02 0.31 0.30 0.81 0.00 0.00 0.00
TNF-a 0.90 0.47 0.00 0.47 0.45 0.00 3.70 0.00 0.00

Patient 7 996.18 IFN-g 2.46 0.64 0.55 4.99 1.08 1.00 3.37 0.22 0.63
IL-2 0.10 0.10 0.15 0.11 0.10 0.06 0.24 0.00 0.00

TNF-a 0.93 0.34 0.28 1.95 0.50 0.42 0.72 0.22 0.00
Patient 8 0.71 IFN-g 0.07 0.27 0.08 0.23 0.54 0.00 0.00 0.00 0.00

IL-2 0.26 0.25 0.29 0.00 0.33 0.14 0.00 0.48 0.56
TNF-a 0.19 0.13 0.12 0.23 0.33 0.14 0.00 0.00 0.00

Patient 9 6.77 IFN-g 0.45 0.15 0.12 0.51 0.24 0.11 1.49 0.00 0.97
IL-2 0.16 0.21 0.16 0.16 0.24 0.16 0.00 0.00 0.00

TNF-a 0.24 0.15 0.14 0.34 0.20 0.24 2.99 0.00 0.00

Fold 
Expansion M N S M N S M N S

Patient 3 0.85 IFN-g 0.97 0.35 0.23 1.27 0.44 0.18 0.00 0.00 0.00
IL-2 0.73 0.66 0.31 1.27 1.10 0.37 0.00 0.00 0.52

TNF-a 1.70 0.31 0.17 2.55 0.88 0.18 0.00 0.72 0.00
Patient 4 2.72 IFN-g 0.21 0.38 0.29 0.07 0.16 0.09 0.00 0.33 0.72

IL-2 0.09 0.05 0.09 0.17 0.00 0.09 0.40 0.33 0.00
TNF-a 0.13 0.19 0.16 0.17 0.22 0.18 0.40 0.00 0.00

Patient 5 109.68 IFN-g 0.87 0.06 0.47 1.62 0.09 1.11 1.52 0.00 0.54
IL-2 0.07 0.07 0.07 0.20 0.12 0.14 0.00 0.00 0.00

TNF-a 0.18 0.07 0.20 0.44 0.20 0.59 0.76 0.57 0.54
Patient 6 1.82 IFN-g 0.21 0.17 0.13 0.18 0.00 0.00 0.28 0.21 0.34

IL-2 0.16 0.05 0.11 0.45 0.51 0.00 0.10 0.07 0.34
TNF-a 0.19 0.22 0.14 0.45 1.01 2.58 0.94 0.35 0.93

Patient 7 415.98 IFN-g 0.74 0.30 0.50 2.93 0.81 1.36 0.39 0.39 0.41
IL-2 0.10 0.07 0.15 0.43 0.22 0.14 0.39 0.13 0.00

TNF-a 0.44 0.18 0.25 2.22 0.81 0.61 0.39 0.26 0.10
Patient 8 2.03 IFN-g 0.14 0.21 0.11 0.23 0.09 0.11 0.00 5.82 0.00

IL-2 0.06 0.05 0.11 0.10 0.12 0.20 1.75 0.53 0.83
TNF-a 0.13 0.25 0.26 0.25 0.33 0.44 0.00 0.53 0.42

Patient 9 78.48 IFN-g 0.76 0.25 0.49 1.87 0.30 1.01 0.00 0.60 1.11
IL-2 0.03 0.11 0.09 0.13 0.56 0.57 0.00 0.60 0.37

TNF-a 0.19 0.14 0.25 0.52 0.19 0.64 0.00 0.60 0.00

CD3 % CD4 % CD8 %

IL-2/4/21
CD3 % CD4 % CD8 %

IL-2/7/21



Table S4. Cytokine production of COVID-19 reactive T cells from recovered donors expanded with IL-2/4/7 or 
IL-2/7/15 against S1 and S2 (N and C terminals of the S protein), related to Figure 2.  

 
 

Percent IFN-γ, IL-2 and TNF-α production from total CD3+, and CD4+ and CD8+ subsets of COVID-19 reactive T 
cells derived from each recovered donor and stimulated with the peptide libraries derived from S1 and S2 (N and C 
terminals of the S protein) after expansion with IL-2/4/7 or IL-2/7/15 cytokine cocktails. 
 

S1 S2 S1 S2 S1 S2
Patient 1  IFN-g 4.69 0.71 4.47 0.66 0.70 0.60

IL-2 0.58 0.38 0.59 0.45 0.09 0.15
TNF-a 7.19 1.11 5.97 0.75 0.26 0.45

Patient 3 IFN-g 1.33 5.12 1.00 0.46 1.43 3.62
IL-2 0.19 0.24 0.12 0.07 1.04 0.75

TNF-a 2.62 0.92 1.86 0.51 7.04 1.09
Patient 4 IFN-g 10.20 7.84 8.33 6.60 13.20 6.29

IL-2 2.58 4.48 1.04 2.72 6.15 6.47
TNF-a 2.85 1.52 2.30 0.88 3.71 1.15

Patient 5 IFN-g 26.20 1.93 9.10 2.14 12.20 3.12
IL-2 0.14 0.83 0.09 0.37 0.00 3.29

TNF-a 4.62 2.63 3.62 1.60 9.38 2.44
Patient 6 IFN-g 6.92 1.09 10.60 1.31 2.70 1.05

IL-2 1.50 1.22 1.20 1.49 2.52 2.44
TNF-a 9.47 0.72 12.80 0.86 0.00 0.00

Patient 7 IFN-g 26.50 8.54 20.80 3.66 12.90 2.11
IL-2 5.03 0.36 2.55 0.13 0.60 5.79

TNF-a 2.42 1.30 1.67 0.61 8.70 2.63
Patient 8 IFN-g 1.53 3.84 1.42 1.34 1.88 3.40

IL-2 0.17 0.41 0.06 0.15 3.56 1.99
TNF-a 3.62 1.67 2.81 1.08 27.30 13.70

Patient 9 IFN-g 2.67 3.92 1.22 1.76 3.34 3.60
IL-2 0.48 0.61 0.22 0.38 6.05 4.32

TNF-a 0.45 1.63 0.33 1.00 3.97 14.70

S1 S2 S1 S2 S1 S2
Patient 1  IFN-g 5.96 3.25 4.47 3.72 0.83 7.77

IL-2 0.8 0.58 0.59 0.69 4.13 3.88
TNF-a 7.59 1.17 5.97 0.93 5.79 0.97

Patient 3  IFN-g 7.43 1.61 1.05 0.76 4.57 1.72
IL-2 0.41 0.13 0.07 0.04 3.28 0.54

TNF-a 5.06 2.48 3.70 1.45 26.20 18.40
Patient 4  IFN-g 18.00 14.60 2.50 1.32 10.10 5.90

IL-2 1.57 1.29 0.22 0.12 1.04 0.75
TNF-a 1.94 1.93 1.53 1.31 8.33 8.86

Patient 5 IFN-g 4.99 1.96 0.82 1.81 5.86 0.46
IL-2 0.12 0.05 0.05 0.03 3.15 0.46

TNF-a 1.63 4.14 0.84 3.05 12.20 22.60
Patient 6 IFN-g 3.95 2.72 1.97 2.53 1.22 1.20

IL-2 0.80 0.24 0.21 0.09 1.28 0.40
TNF-a 2.46 2.29 1.51 1.41 18.70 15.30

Patient 7 IFN-g 11.10 1.72 15.80 2.00 2.70 1.05
IL-2 4.37 3.80 3.02 2.34 3.60 3.48

TNF-a 10.50 0.95 13.90 1.03 0.36 0.00
Patient 8 IFN-g 1.73 4.34 2.71 10.50 1.81 3.70

IL-2 0.12 4.97 0.18 1.13 0.14 4.48
TNF-a 1.57 2.10 1.38 2.25 16.10 13.90

Patient 9 IFN-g 5.92 5.03 7.23 6.43 4.48 2.71
IL-2 1.20 1.21 0.47 0.42 2.90 2.98

TNF-a 1.59 1.41 4.48 0.38 0.40 0.27

CD3 % CD4 % CD8 %

IL-2/4/7
CD3 % CD4 % CD8 %

IL-2/7/15



Table S5. Cytokine production of COVID-19 reactive T cells from recovered donors expanded with IL-2/4/21 
or IL-2/7/21 against S1 and S2 (N and C terminals of the S protein), related to Figure 2.  
 

 
 
Percent IFN-γ, IL-2 and TNF-α production from total CD3+, and CD4+ and CD8+ subsets of COVID-19 reactive T 
cells derived from each recovered donor and stimulated with the peptide libraries derived from S1 and S2 (N and C 
terminals of the S protein) after expansion with IL-2/4/21 or IL-2/7/21 cytokine cocktails. 
 
 
 

S1 S2 S1 S2 S1 S2
Patient 3 IFN-g 0.04 0.08 0.02 0.05 0.00 0.00

IL-2 0.12 0.16 0.13 0.16 0.00 0.00
TNF-a 0.08 0.05 0.08 0.04 0.00 1.59

Patient 4 IFN-g 0.17 0.19 0.14 0.23 0.00 0.00
IL-2 0.40 0.57 0.68 0.23 0.00 0.00

TNF-a 0.40 0.19 0.27 0.00 0.00 0.00
Patient 5 IFN-g 4.15 0.14 6.21 0.22 0.00 0.00

IL-2 0.17 0.08 0.24 0.09 0.00 0.00
TNF-a 1.78 0.13 2.69 0.22 0.00 0.00

Patient 6 IFN-g 0.33 0.14 0.17 0.22 0.00 0.00
IL-2 0.00 0.57 0.00 0.44 0.00 0.00

TNF-a 1.00 0.72 0.34 0.22 0.00 0.00
Patient 7 IFN-g 0.68 0.21 1.12 0.60 0.67 0.00

IL-2 0.21 0.18 0.31 0.22 0.22 0.33
TNF-a 0.23 0.12 0.35 0.18 0.00 0.67

Patient 8 IFN-g 0.08 0.09 0.00 0.14 0.00 0.00
IL-2 0.35 0.16 0.14 0.00 0.66 0.61

TNF-a 0.18 0.14 0.29 0.00 0.00 0.00
Patient 9 IFN-g 0.03 0.26 0.08 0.50 0.00 0.00

IL-2 0.10 0.13 0.11 0.12 0.00 0.00
TNF-a 0.07 0.20 0.16 0.30 0.00 0.00

S1 S2 S1 S2 S1 S2
Patient 3 IFN-g 0.05 0.10 0.00 0.00 0.58 0.00

IL-2 0.11 0.21 0.09 0.43 0.00 0.69
TNF-a 0.22 0.07 0.35 0.14 0.00 0.00

Patient 4 IFN-g 0.20 0.13 0.23 0.10 0.00 0.00
IL-2 0.07 0.21 0.10 0.24 0.00 0.87

TNF-a 0.16 0.15 0.20 0.07 0.00 0.00
Patient 5 IFN-g 0.89 0.05 2.22 0.08 0.00 0.00

IL-2 0.08 0.14 0.17 0.11 0.00 0.83
TNF-a 0.37 0.06 1.01 0.15 0.00 0.83

Patient 6 IFN-g 0.20 0.13 0.34 1.00 0.43 0.10
IL-2 0.06 0.08 0.34 1.50 0.22 0.00

TNF-a 0.16 0.07 1.02 1.50 0.43 0.50
Patient 7 IFN-g 0.31 0.12 0.86 0.21 0.63 0.47

IL-2 0.06 0.04 0.11 0.39 0.00 0.00
TNF-a 0.20 0.09 1.18 0.21 0.63 0.00

Patient 8 IFN-g 0.10 0.09 0.13 0.05 0.56 0.00
IL-2 0.08 0.07 0.18 0.18 0.00 0.00

TNF-a 0.20 0.23 0.31 0.55 0.00 0.00
Patient 9 IFN-g 0.05 0.63 0.04 1.24 0.27 0.35

IL-2 0.08 0.07 0.37 0.41 0.54 0.35
TNF-a 0.08 0.31 0.20 0.85 0.54 0.35

CD3 % CD4 % CD8 %

IL-2/4/21
CD3 % CD4 % CD8 %

IL-2/7/21



Table S6. Cytokine production of COVID-19 reactive T cells from healthy controls expanded with different 
cytokine cocktails against M, N and S structural proteins, related to Figure 4.  
 

 
 
Percent IFN-γ, IL-2 and TNF-α production (median, minimum and maximum values) from total CD3+, and CD4+ 
and CD8+ subsets of COVID-19 reactive T cells stimulated with the peptide libraries derived from M, N and S 
structural proteins after expansion with the two different cytokine cocktails IL-2/4/7 or IL-2/7/15. 
 
  

M N S M N S M N S
IFN-g median 0.43 0.29 0.44 0.55 0.28 0.34 0.11 0.18 0.24
IFN-g min 0.13 0.16 0.19 0.14 0.16 0.06 0.02 0.07 0.04
IFN-g max 1.37 0.67 2.57 2.59 1.12 2.50 0.19 0.67 2.59
IL-2 median 0.14 0.50 0.16 0.10 0.16 0.10 0.24 0.18 0.24
IL-2 min 0.03 0.12 0.04 0.03 0.14 0.04 0.00 0.09 0.02
IL-2 max 0.31 0.74 0.63 0.23 1.27 0.17 0.41 0.63 0.29
TNF-a median 0.25 0.23 0.16 0.26 0.57 0.27 0.04 0.22 0.19
TNF-a min 0.15 0.17 0.06 0.11 0.07 0.07 0.02 0.12 0.02
TNF-a max 1.11 2.34 1.59 2.19 5.17 3.55 0.18 0.28 0.67
IFN-g median 0.24 0.15 0.59 0.27 0.18 0.37 0.10 0.13 0.11
IFN-g min 0.10 0.09 0.21 0.17 0.05 0.16 0.07 0.08 0.06
IFN-g max 2.13 0.39 1.64 6.63 0.49 1.58 0.91 0.24 1.22
IL-2 median 0.17 0.12 0.18 0.10 0.12 0.11 0.11 0.08 0.15
IL-2 min 0.05 0.00 0.07 0.09 0.00 0.07 0.02 0.00 0.07
IL-2 max 0.25 0.25 0.29 0.25 0.14 0.31 0.22 0.21 0.27
TNF-a median 0.12 0.12 0.18 0.24 0.21 0.31 0.10 0.10 0.14
TNF-a min 0.09 0.02 0.09 0.10 0.00 0.14 0.06 0.01 0.08
TNF-a max 1.44 0.14 0.38 4.88 0.23 1.14 0.24 0.18 0.22

CD3 % CD4 % CD8 %

IL-2/4/7

IL-2/7/15



Table S7. Cytokine production and fold expansion of COVID-19 reactive T cells derived from the different 
healthy controls and expanded with IL-2/4/7 or IL-2/7/15 cytokine cocktails, related to Figure 4.  
 

 
 
Percent IFN-γ, IL-2 and TNF-α production from total CD3+, and CD4+ and CD8+ subsets of COVID-19 reactive T 
cells derived from each healthy donor and stimulated with the peptide libraries derived from M, N and S structural 
proteins and fold expansion after culture with IL-2/4/7 or IL-2/7/15 cytokine cocktails. 
 
 
 
 
 

Fold 
Expansion M N S M N S M N S

HD 1 21.31 IFN-g 0.14 0.29 2.57 0.17 0.32 2.16 0.02 0.07 0.04
IL-2 0.31 0.74 0.63 0.11 0.14 0.07 0.26 0.63 0.29

TNF-a 0.15 0.23 0.06 0.14 0.27 0.58 0.02 0.22 0.11
HD 2 8.13 IFN-g 0.13 0.25 0.44 0.14 0.28 0.24 0.19 0.30 0.22

IL-2 0.25 0.50 0.27 0.10 0.16 0.10 0.41 0.30 0.27
TNF-a 0.16 0.21 0.16 0.26 0.57 0.27 0.18 0.27 0.19

HD 3 2.85 IFN-g 0.43 0.16 0.19 0.55 0.16 0.06 0.11 0.18 0.24
IL-2 0.14 0.12 0.13 0.23 0.15 0.10 0.24 0.18 0.06

TNF-a 0.25 0.17 0.12 0.11 0.07 0.07 0.17 0.12 0.38
HD4 27.74 IFN-g 1.37 0.67 0.33 1.57 1.12 0.34 0.08 0.17 0.41

IL-2 0.04 0.65 0.04 0.04 1.27 0.04 0.00 0.15 0.02
TNF-a 1.11 2.34 0.22 1.38 5.17 0.27 0.03 0.28 0.02

HD5 41.84 IFN-g 0.84 0.60 1.83 2.59 0.27 2.50 0.12 0.67 2.59
IL-2 0.03 0.15 0.16 0.03 0.22 0.17 0.03 0.09 0.24

TNF-a 0.63 0.62 1.59 2.19 0.96 3.55 0.04 0.22 0.67

Fold 
Expansion M N S M N S M N S

HD 1 15.73 IFN-g 0.24 0.23 0.56 0.26 0.30 0.36 0.10 0.10 0.11
IL-2 0.25 0.25 0.29 0.09 0.12 0.09 0.22 0.18 0.18

TNF-a 0.09 0.12 0.09 0.13 0.21 0.23 0.07 0.10 0.08
HD 2 9.01 IFN-g 0.10 0.11 0.21 0.17 0.13 0.16 0.07 0.17 0.06

IL-2 0.17 0.13 0.18 0.10 0.12 0.11 0.15 0.21 0.27
TNF-a 0.12 0.14 0.15 0.24 0.22 0.34 0.10 0.13 0.11

HD 3 4.00 IFN-g 0.24 0.15 0.59 0.27 0.18 0.37 0.10 0.08 0.09
IL-2 0.13 0.12 0.14 0.13 0.14 0.18 0.10 0.08 0.13

TNF-a 0.12 0.13 0.18 0.10 0.11 0.14 0.22 0.18 0.15
HD4 53.95 IFN-g 2.13 0.09 0.67 6.63 0.05 0.40 0.21 0.24 0.96

IL-2 0.05 0.00 0.07 0.10 0.00 0.07 0.02 0.00 0.07
TNF-a 1.44 0.02 0.33 4.88 0.00 0.31 0.06 0.07 0.22

HD5 24.77 IFN-g 1.23 0.39 1.64 1.24 0.49 1.58 0.91 0.13 1.22
IL-2 0.17 0.00 0.18 0.25 0.01 0.31 0.11 0.01 0.15

TNF-a 0.47 0.07 0.38 1.06 0.23 1.14 0.24 0.01 0.14

IL-2/7/15
CD3 % CD4 % CD8 %

IL-2/4/7
CD3 % CD4 % CD8 %


