











Fig. 4. SARS-CoV-2 circulating memory CD4* T cells. (A) Representative flow cytometry plots of SARS-CoV-2-
specific CD4* T cells (CD137+* OX40*, See fig. S4 for gating) after overnight stimulation with S, N, M, ORF3a, or nsp3
peptide pools, compared to negative control (DMSO). (B) Cross-sectional analysis of frequency (% of CD4* T cells) of
total SARS-CoV-2-specific CD4* T cells. Continuous decay preferred fit model, ti,» = 94 days. R =-0.29, p<0.0001. (C)
Longitudinal analysis of total SARS-CoV-2-specific CD4* T cells in paired samples from the same subjects. (D) Cross-
sectional analysis of Spike-specific CD4* T cells. Linear decay preferred model, t1,2 =139 days. R =-0.26, p<0.0001. (E)
Longitudinal analysis of Spike-specific CD4* T cells in paired samples from the same subjects. (F, G) Distribution of
central memory (Tewm), effector memory (Tem), and terminally differentiated effector memory cells (Temra) among total
SARS-CoV-2-specific CD4* T cells. (H, I) Quantitation of SARS-CoV-2-specific circulating T follicular helper (cTen) cells
(surface CD40L* OX40*, as % of CD4* T cells. See fig. S5 for gating) after overnight stimulation with (H) Spike (S) or
(1) MP_R peptide pools. (J) PD-1" SARS-CoV-2-specific Tey at 1-2 months (mo) and 6 mo PSO. (K) CCR6* SARS-CoV-
2-specific cTey in comparison to bulk cTey cells in blood. For (A-E), n =169 COVID-19 subjects (n = 215 data points, white
circles) for cross-sectional analysis, n = 37 COVID-19 subjects (n = 83 data points, white circles) for longitudinal
analysis. The dotted black line indicates limit of detection (LOD). The dotted green line indicates limit of sensitivity
(LOS). For (H-J), n =29 COVID-19 subject samples (white circles), n =17 COVID-19 subjects at 1-2 mo, n =12 COVID-
19 subjects at 6 mo. The dotted black line indicates limit of detection (LOD). Statistics by (J) Mann-Whitney U test and
(K) Wilcoxon signed-rank test. * p<0.05, **p<0.01, *** p<0.001.
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Fig. 5. Immune memory relationships. (A) Relationship between gender and Spike IgG titers over time. Males:
Linear decay preferred model, t1,» = 110 days, 95% Cl: 65-349 days, R =-0.27, p = 0.0046. Females: linear decay
preferred model, t1> = 159 days, 95% Cl 88-846 days, R = -0.22, p = 0.016. ANCOVA p = 0.00018. Test for
homogeneity of regressions F = 1.51, p = 0.22. (B-E) Immune memory at 120+ days PSO in COVID-19 non-
hospitalized and hospitalized subjects. Symbol colors represent peak disease severity (white: asymptomatic,
gray: mild, blue: moderate, red: severe.) For subjects with multiple sample timepoints, only the final timepoint was
used for these analyses. (B) Spike-specific IgG (left) and RBD-specific 1gG (right) binding titers. n = 64 (non-
hospitalized), n = 10 (hospitalized). Mann-Whitney U tests. (C) Frequency memory B cells specific to Spike (left)
and RBD (right) at 120+ days PSO. n = 66 (non-hospitalized), n = 10 (hospitalized). Mann-Whitney U tests. (D)
Frequency total SARS-CoV-2-specific CD8* T cells (left) and Spike-specific CD8* T cells (right). p = 0.72 for total
SARS-2-CoV-specific, p = 0.60 for Spike-specific by Mann-Whitney U tests. n = 72 (non-hospitalized), n = 10
(hospitalized). (E) Frequency total SARS-CoV-2-specific CD4* T cells (left) and Spike-specific CD4* T cells (right).
p = 0.23 for total SARS-CoV-2-specific, p = 0.24 for Spike-specific by Mann-Whitney U tests (F) Immune memory
to SARS-CoV-2 during the early phase (1-2 mo, black line), medium phase (3-4 mo, red line), or late phase (5-8
mo, blue line). For each individual, a score of 1 was assigned for each response above LOS for RBD IgG, Spike IgA,
RBD-specific memory B cells, SARS-CoV-2 specific CD4* T cells, and SARS-CoV-2-specific CD8* T cells, giving a
maximum total of 5 components of SARS-CoV-2 immune memory. Only COVID-19 convalescent subjects with all
five immunological parameters tested were included in the analysis. n =78 (1-2 mo), n = 52 (3-4 mo), n = 44 (5-8
mo). (G) Percentage dot plots showing frequencies (normalized to 100%) of subjects with indicated immune
memory components as described in (B) during the early (1-2 mo) or late (5-8 mo) phase. “G", RBD-specific IgG.
“B”, RBD-specific memory B cells. “4", SARS-CoV-2 specific CD4* T cells. “8", SARS-CoV-2 specific CD8* T cells.
“A", Spike-specific IgA. n = 78 (1-2 mo), n = 44 (5-8 mo). (H) Relationships between immune memory
compartments in COVID-19 subjects over time, as ratios (full curves and data shown in fig. S10, B to F). AU =
arbitrary units, scaled from fig. S10, B to F. “B/IgA”, RBD-specific memory B cell ratio to Spike IgA antibodies.
“B/1gG", RBD-specific memory B cell ratio to RBD IgG antibodies. “B/CD4", RBD-specific memory B cell ratio to
SARS-CoV-2-specific CD4* T cells. “CD4/CD8", SARS-CoV-2-specific CD4* T cells ratio to SARS-CoV-2-specific
CD8* T cells. “CD4/1gG", SARS-CoV-2-specific CD4* T cells ratio to RBD IgG antibodies.
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Table 1. Participant characteristics.

COVID-19 (n = 188)

Age (years)
Gender
Male (%)
Female (%)
Race
African American
or Black (%)
Alaskan Native or
American Indian (%)
Asian (%)
Native Hawaiian or
Pacific Islander (%)
Multiracial (%)
Other (%)
Unknown (%)
White (%)
Ethnicity
Hispanic or Latino (%)
Non-Hispanic (%)
Unknown (%)
Hospitalization status
Never hospitalized (%)
Hospitalized (%)
Unknown if hospitalized (%)
Sample Collection Dates
SARS-CoV-2 PCR Positivity
Positive
Negative
Not performed
Unknown

Peak Disease Severity (%) [Female (F), Male (M)]

Asymptomatic (score 1)

Mild (Non-hospitalized; Score 2-3)
Moderate (Hospitalized; Score 4-5)

Severe (Hospitalized; Score 6+)
Unknown

Days Post Symptom Onset at Collection; n = 254

Blood Collection Frequency
Multiple Time Point
Donors (2-4 times)

Single Time Point Donors

19-81 [Median = 40, IQR = 18.75]

43% (80/188)
57% (108/188)

3% (5/188)

1% (1/188)
7% (14/188)
0% (0/188)
1% (2/188)
1% (1/188)

10% (19/188)
78% (146/188)

15% (28/188)
80% (150/188)
5% (10/188)

93% (174/188)
7% (13/188)
1% (1/188)
March-October 2020

77% (145/188)
1% (2/188)
20% (37/188)
2% (4/188)

2% (4/188) [2F, 2M]
90% (170/188) [100F, 70M]
3% (6/188) [3F, 3M]

4% (7/188) [3F, 4M]

1% (1/188) [OF, 1M]
6-240 (Median 88, IQR 97.75)

27% (51/188)
73% (137/188)
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