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Figure 3. Acute and memory CD4* T cell responses after mRNA-1273, BNT162b2, Ad26.COV2.S, or NVX-CoV2373
immunization.

(A) Longitudinal spike-specific CD4* T cell responses induced by four different COVID-19 vaccines measured by OX40* CD137* AIM
after spike megapool (MP) stimulation. See Figures S2B-C for the representative gating strategy of AIM* cells.

(B) Longitudinal spike-specific circulating T follicular helper cells (cTfh) induced by COVID-19 vaccines. Spike-specific cTth cells
(CXCR5*OX40*sCD40L*, as % of CD4* T cells) after stimulation with spike MP. See Figure S2D for representative gating strategy.
(C) Spike-specific CD4* T cells measured by ICS. Expressing iCD40L and producing IFNy, TNFa, IL-2, or GzB (Secreted-effector* =
ICS*). See Figure 4 for analysis of individual IFNy, TNFa, IL-2, or GzB on spike-specific CD4* cytokine* T cells expressing iCD40L).
Donut charts depict the proportions of multifunctional secreted effector profiles among the spike-specific ICS* CD4* T cells: 1 (light
gray), 2 (dark gray), 3 (black), and 4 (turquoise) functions (See also Figure S4).

(D-F) Comparison of spike-specific CD4* T cells by AIM (D), cTgy (E), and ICS (F) between COVID-19 vaccinees at 185 = 6 days post-
vaccination and SARS-CoV-2-exposed subjects 170 to 195 days PSO.

The dotted black line indicates the limit of quantification (LOQ). The color-coded bold linesin (A), (C), and (E) represent the geometric
mean in each time post-vaccination. Background-subtracted and log data analyzed. P values on the top in (A), (C), and (E) show the
differences between each time point in the different vaccines and are color-coded as per Figure 1. Bottom bars in (A), (C), and (E)
show fold-changes between T3 and T5. Data were analyzed for statistical significance using the Mann-Whitney test [(A-F)]. NS, non-
significant.
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Figure 4. Longitudinal spike-specific CD4* T cells expressing intracellular CD40L (iCD40L) and producing cytokines or
granzyme B in subjects vaccinated with the mRNA-1273, BNT162b2, Ad26.COV2.S, or NVX-CoV2373 COVID-19 vaccines.
(A) Representative gating strategy of spike-specific CD4* T cells expressing iCD40L* producing cytokines or Granzyme B (GzB)
detected in COVID-19 vaccine platforms at T3. Secreted-effectort CD4* T cell responses were quantified by expressing iCD40L*
along with the production of IFNy, TNFa, IL-2, and/or GzB after stimulation with spike megapool (MP).

(B-E) Spike-specific CD4" T cells expressing iCD40L* and producing IFNy (B), TNFa (C), IL-2 (D), or GzB (E) from COVID-19 vaccinees
evaluated atT1, T2, T3, T4, and T5.

The dotted black line indicates the limit of quantification (LOQ). The color-coded bold lines in (B-E) represent the Geometric mean in
each time post-vaccination. Background-subtracted and log data analyzed. P values on the top in (B-E) show the differences between
each time point in the different vaccines and are color-coded as follows: mRNA-1273 (red), BNT162b2 (blue), Ad26.COV2.S (green),

or NVX-CoV2373 (purple). Data were analyzed for statistical significance using the Mann-Whitney test [(B-E)]. T1, Baseline; T2, 15 + 3
days; T3, 42 =7 days; T4, 108 = 9 days; T5, 185 = 8 days.


https://doi.org/10.1101/2022.03.18.484953

bioRxiv preprint doi: https://doi.org/10.1101/2022.03.18.484953; this version posted March 21, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Gated on CD8" T cells

A | |
I 1
IFNy TNFo IL-2
0 0 1.78E-3|
DMSO
o 0.012
£
x
2 i SARS-CoV-2
6) Spike
L’CDGQ
mRNA-1273 BNT162b2 Ad26.COV2.S NVX-CoV2373
<0.0001 0.3557 0.0112 0.9505 0.0019 0.6871 0.0019 0.6871
Pvalues 0.3712 0.0204 0.1693 0.8678 0.7858 0.1629 0.7860 0.4942 0.7858 0.1629 0.7860 0.4942 0.0112 505
0.2218 0.2304 0.4303 0.2845 0.2218 0.2304 0.4303 0.2845 0.3712 0.0204 0.1693 0.8678 <0.0001 0.3557
Geometric mean  0.0059 0.023 0.057 0.031 0.028 0.0051 0.020 0.036 0.028 0.019 0.0050 0.015 0.018 0.021 0.031 0.0056 0.018
Samples(n) 14 30 30 28 24 14 29 27 28 22 6 15 16 25 14 10 10
Responders (%) 0 67 8 79 67 0 45 74 61 55 0 67 50 52 57 0 50
g
®
I
LE
@
oL
(S
L8
=
FRe] 0.1
o
@
(9]
=
Q
%)
1 1 1 1 1 1 1 1 1 1 hl 1 1 1 1 T T T 1 1
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
c mRNA-1273 BNT162b2 Ad26.COV2.S NVX-CoV2373
<0.0001 0.3348 0.0077 0.7309 0.0169 0.7144 0.0169 0.7144
Pvalues 0.3002 0.0110 0.0543 0.8279 0.7140 0.0805 0.2460 0.7573 0.7140 0.0805 0 0.7573 0.0077 0.7309
0.1719 0.2436 0.7174 0.5221 0.1719 0.2436 0.7174 0.5221 0.3002 0.0110 © 0.8279 <0.0001 0.3348
Geometric mean  0.0078 0.033 0.077 0.042 0.033 0.0052 0.025 0.051 0.040 0.026 0.0072 0.019 0.022 0.023 0.035 0.0071 0.020
Samples(n) 14 30 30 28 24 14 29 27 28 22 6 15 16 25 14 10 10
Responders (%) 14 83 87 8 67 0 5 8 75 64 17 67 56 638 64 10 50
v QOO0 Q000 0000 ©0
< 57
2
©
©
O+ 14
- 2
+ =2
@
g £
O O
Qo %
53 0.14
8 0
% o
Q
X<
: /__—/ /
0.01+ 7 P d
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T T T 1 1
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5 T1 T2 T3 T4 T5
P —
2.3x 2x NS

Figure 5. Acute and memory CD8* T cell responses after mRNA-1273, BNT162b2, Ad26.COV2.S, or NVX-CoV2373
immunization.

(A) Representative gating of spike-specific CD8* T cells. Cytokine-producing (“cytokine™) CD8* T cells were quantified as CD69*
along with IFNy, TNFa,, or IL-2 expression after stimulation with spike MP.

(B) Longitudinal quantitation of CD69*IFNy* spike-specific CD8* T cells. See Figure S5 for TNFo and IL-2, and Figure S9 for additional
analysis.

(C) Longitudinal quantitation of cytokine® spike-specific CD8" T cells. CD8* T cells were quantified as CD69* along with IFNy, TNFa,
or IL-2 expression after stimulation with spike MP. Bottom bars show fold-changes between T3 and T5. The donut charts depict the
proportions of multifunctional cytokine® profiles of the spike-specific CD8* T cells, including IFNy, TNFa, or IL-2 and GzB: 1 (light
gray), 2 (dark gray), 3 (black), and 4 (turquoise) functions (See also Figure S9).

The dotted black line indicates the limit of quantification (LOQ). Graphs are color-coded as per Figure 2. Background-subtracted and
log data analyzed. Data were analyzed for statistical significance using the Mann-Whitney test [(B), (C)].
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Figure 6. SARS-CoV-2-specific memory B cells to mRNA-1273, BNT162b2, Ad26.COV2.S, and NVX-CoV2373 vaccines.

(A-B) Representative gating strategy for (A) spike-binding and (B) RBD-binding memory B cells (“MBCs") (See also Figure S11).
(C-D) Frequency of (C) spike-binding and (D) RBD-binding MBCs from total MBCs elicited after 3.5 and 6 months. Limit of detection=
0.0017. RBD donut graphs representisotype distribution; IgG (grey), IgA (blue), IgM (black), and other (yellow).

(E and F) Proportion of spike-binding MBCs with activated phenotype (CD21-CD27+) at (E) 3.5 and (F) 6 months.

(G and H) Proportion of spike-binding MBCs expressing (G) CD71 or (H) CXCR3 at 3.5 months.

(land J) Comparisons between vaccinees and SARS-CoV-2-infected individuals for (1) Spike-binding MBCs and (J) RBD-binding MBCs
at 6 months.

The vaccines are color-coded as per Figure 2. The color-coded bold lines in (B) and (D) represent the geometric mean at each time
post-vaccination. Bottom bars show T4 to T5 statistics. Data were analyzed for statistical significance using the Mann-Whitney test
[(B), (D)], Kruskal-Wallis (KW) test and Dunn'’s post-test for multiple comparisons [(E), (F), (G), (H), (1), (J)]. NS, non-significant. See also
Figure S12.
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Figure 7. Vaccine-specific correlation analyses.

(A) Correlation matrix of T5 (6-month) samples, plotted as mRNA (mRNA-1273 and BNT162b2) and Ad26.COV2.S COVID-19
vaccines. The red rectangle indicates the association between antibody and MBC; the blue rectangle indicates the association
between antibody and CD4* T cells; the green rectangle indicates the association between antibody and CD8* T cells. Spearman
rank-order correlation values (r) are shown from red (-1.0) to blue (1.0); r values are indicated by color and square size. p values are
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indicated by white asterisks as * p <0.05, **p <0.01, *** p <0.001. MBCs indicates memory B cell, AIM1 indicates OX40*CD137*, AIM2
indicates OX40*sCD40L", nAb indicates neutralization antibody.

(B-I) The association of indicated parameters shown by scatter plot. Red indicated mRNA, green indicated Ad26.COV2.S. Spearman
rank-order correlation values (r) and p values were shown.

(J) Correlation matrix of CD4* and CD8" T cell data from the early time point with MBCs and antibody data from the late timepoint.
The blue rectangle indicates the association between CD4* T cell and antibody. Spearman rank-order correlation values (r) are shown
from red (-1.0) to blue (1.0); r values are indicated by color and square size. P values are indicated by white asterisks as * p <0.05, **p
<0.01, *** p <0.001. T4 MBC and antibody data were preferred for Ad26.COV2.S due to fewer T5 paired samples.

(K-N) The association of indicated parameters shown by scatter plot. Red indicated mRNA, green indicated Ad26.COV2.S. Spearman
rank-order correlation values (r) and p values were shown.

(O) Principal component analysis (PCA) representation of mRNA-1273 (n=19), BNT162b2 (n=14), Ad26.COV2.S (n=14), and NVX-
Cov-2373 (n=10) on the basis of all parameters obtained 6-month post-vaccination. Only paired subjects were used for the PCA
analysis. Arrows indicated the prominent immunological distinguishing features. Ellipse represented the clustering of each vaccine.
Red indicated mRANA-1273, blue indicated BNT162b2, and green indicated Ad26.COV2.S. MBCs indicates spike-specific memory
B cell, cMBCs indicates spike-specific classical memory B cell, aMBCs indicates spike-specific activated memory B cell, AIM1+
indicates OX40+CD137+, AIM2+ indicates OX40+CD40L+, nAb indicates neutralization antibody.

(P) Spearman rank-order correlation between PSV neutralization titers and frequency of spike MBCs expressing CXCR3 at 3.5 months
after vaccination. Background-subtracted and log data analyzed.
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