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Supplementary Table 1. Panel and reagents for mass cytometry assay. Intracellular cytokines
were highlighted by light gold color.

Index Target Clone Metal Vendor Identifier
1 CD45 HI30 89Y Standard BioTools 3089003B
2 IFNa LT27:295 115In Miltenyi N/A*

3 CD235a/b HIR2 141Pr Standard BioTools 3141001B
4 CD19 HIB19 142Nd Standard BioTools 3142001B
5 CD4 RPA-T4 145Nd Standard BioTools 3145001B
6 CD8a RPA-T8 146Nd Standard BioTools 3146001B
7 CD20 2H7 147Sm Standard BioTools 3147001B
8 CD16 3G8 148Nd Standard BioTools 3148004B
9 CD25 2A3 149Sm Standard BioTools 3149010B
10 MIP1B D21-1351 150Nd Standard BioTools 3150004B
11 CD123 6H6 151Eu Standard BioTools 3151001B
12 TNFa Mabl1 152Sm Standard BioTools 3152002B
13 CD80 2D10.4 155Gd Miltenyi N/A*
14 CDS86 1T2.2 156Gd Standard BioTools 3156008B
15 CD33 WMS53 158Gd Standard BioTools 3158001B
16 CDll1c Bul5 159Tb Standard BioTools 3159001B
17 CD14 MSE2 160Gd Standard BioTools 3160001B
18 IL-23p19 23dcdp 161Dy Standard BioTools 3161010B
19 CD27 L128 162Dy Standard BioTools 3162009B
20 CD34 581 163Dy Standard BioTools 3163014B
21 IL-17A N49-653 164Dy Standard BioTools 3164002B
22 CD40 5C3 165Ho Standard BioTools 3165005B
23 1L-10 JES3-9D7 166Er Standard BioTools 3166008B
24 CCR7 GO043H7 167Er Standard BioTools 3167009A
25 IFNy B27 168Er Standard BioTools 3168005B
26 CD45RA HI100 169Tm Standard BioTools 3169008B
27 CD3 UCHT1 170Er Standard BioTools 3170001B
28 CD66a CD66a-B1.1 171Yb Standard BioTools 3171004B
29 CD38 HIT2 172Yb Standard BioTools 3172007B
30 TCRyd 11F2 173YDb BioLegend N/A*
31 HLA-DR 1243 174YDb Standard BioTools 3174001B
32 CD71 OKT-9 175Lu Standard BioTools 3175011B
33 CD56 NCAM16.2 176Yb Standard BioTools 3176008B
34 Cell-ID Intercalator - 1911r Standard BioTools 201192B
35 Cell-ID Intercalator - 1931r Standard BioTools 201192B
36 Viability - 195Pt Standard BioTools 201195
37 CDIl11b ICRF44 209Bi Standard BioTools 3209003B

* Custom conjugated antibodies were indicated by N/A.
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Supplementary Table 2. Immune cell populations and phenotypic definition.

Index Populations Phenotypic definition
1 Mononuclear cells (MNC) CD45" CD66a
2 Plasmablasts MNC* CD3- CD19" CD16- CD56- CD14- CD20- CD38* CD27*
3 B cells MNC* CD3-CD19* CD16- CD56-CD14- CD20*
4 B Memory B Cells* CD27" HLA-DRdm. *
5 B Naive B Cells" CD27- HLA-DRdim. +
6 v0 T cells MNC* CD3" CD19- TCRgd4™*CD14- CD4- CD$8"
7 Double positive (DP) T cells MNC* CD3* CD19-TCRgd  CDl11¢c CD14- CD4* CDS8*
8 Double negative (DN) T cells MNC* CD3* CD19-TCRgd- CD11¢” CD14- CD4-CD§-
9 NKT cells MNC* CD3* CD19-TCRgd  CD11c" CD14- CD4- CD56"
10 CDS8 T cells MNC* CD3* CD19-TCRgd CD11¢c” CD14- CD4- CD8*
11 CD8 Effector Memory cells CDS8 T cellst* CCR7- CD27*
12 CD8 Terminal Effector cells CD8 T cells* CCR7- CD27
13 CD8 Central Memory cells CD8 T cells* CD45RA- CCR7" CD27*
14 CD8 Naive cells CD8 T cells* CD45RA* CCR7" CD27*
15 CDA4 T cells MNC* CD3" CD19-TCRgd- CD11c- CD14- CD4" CD8-
16 Thl cells CDA4 T cells* IFNy" / TNF*
17 CD4 Effector Memory cells CDA4 T cells*CD45RA-CCR7-CD27*
18 CD4 Terminal Effector cells CDA4 T cells* CD45RA-CCR7- CD27-
19 CD4 Central Memory cells CDA4 T cells* CD45RA- CCR7* CD27*
20 CD4 Naive cells CDA4 T cells* CD45RA*CCR7* CD27*
21 Treg cells CD4 T cellst CD25"
22 NK Cells MNC* CD3- CD19- HLA-DR4™.-CD56dm *CD123- CD14- CD45RA"
23 Monocytes MNC* CD3- CD19-HLA-DR* CD56- CD11c*
24 Classical monocytes Monocytes+ CD14* CD38"
25 Non-classical monocytes Monocytes+ CD14- CD38"
26 Transitional monocytes Monocytes+ CD14dim CD38dim
27 Myeloid dendritic cells MNC*CD3- CD19-CD14- CD20- HLA-DR*CD123- CDl11c*
(mDCs) CD38dim *CD16
28 Plasmacytoid DCs (pDCs) MNC*CD3- CD19-CD14- CD20- HLA-DR*CD123* CDl11¢
29 Basophils MNC* CD3- CD19- HLA-DR- CD56- CD123*
30 Eosinophils CD45" CD66a* CD3- CD19- HLA-DR- CD16
31 Neutrophils CD45" CD66at CD16"CD3- HLA-DR-
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Supplementary Table 3. Biological samples, reagents and algorithms for mass cytometry assay.

Reagent or Resource Source Identifier

Biological samples

The use of human blood
samples for this study was
approved by the Institutional
Review Board of the BCH.

BMCs from newborn cord (38-40
weeks), healthy adult (22-63 years)
and elder (65-85 years) participants
were collected before the COVID-

See “Supplementary Data 2”

19 pandemic

See “Methods”

Chemicals, TLR agonists

Ficoll-Paque PREMIUM Cytiva 17544203
Synthetic Monophosphoryl Lipid A InvivoGen tirl-mpls
(MPLA) (TLR4)

Resiquimod (R848) (TLR7/8) InvivoGen tlrl-r848-5
ODN 2216 (Class A CpG InvivoGen tlrl-2216-5
oligonucleotide) (TLR9)

Alhydrogel® adjuvant 2% (Alum) InvivoGen vac-alu-250
Human TruStain FcX™ BioLegend 422302
Cell-ID 20-Plex Pd Barcoding Kit Standard BioTools 201060
Maxpar® Barcode Perm Buffer Standard BioTools 201057
Maxpar® Water Standard BioTools 201069
Maxpar® PBS Standard BioTools 201058
Maxpar® Cell Staining Buffer Standard BioTools 201068
Maxpar® Fix | Buffer Standard BioTools 201065
Maxpar® Perm-S Buffer Standard BioTools 201066
Maxpar® Cell Acquisition Solution Standard BioTools 201240
EQ Four Element Calibration Beads Standard BioTools 201078
GolgiPlug (containing Brefeldin A) BD Biosciences 555029
GolgiStop (containing Monensin) BD Biosciences 554724

Software and Algorithms

Cytobank Cytobank https://premium.cytobank.org/cytobank/
PeacoQC Cytobank https://premium.cytobank.org/cytobank/
tSNE-CUDA Cytobank https://premium.cytobank.org/cytobank/
SPADE Cytobank https://premium.cytobank.org/cytobank/
Prism 10 (Version 10.2) for macOS GraphPad Software https://www.graphpad.com
EndNote 21 Clarivate https://endnote.com
Microsoft 365 Microsoft https://www.microsoft.com/en-
us/microsoft-365
Deposited Data
FCS files for CyTOF Cytobank https://premium.cytobank.org/cytobank/

projects/3668
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Supplementary Figure 1: Quality control of the cytometry files using
PeacoQC algorithm by the Cytobank platform. (A) Representative plot
(from adult cohort after R848 stim) of ungated, anomaly and clean raw
normalized events after PeacoQC run. (B) Statistics, which is directly
exported from the Cytobank platform showing the percent of population
varying by columns of ungated events. Clean population was selected for

downstream manual gating according to Supplementary Table 2.
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Cleaning up strategy and CD45" CD66a” MNCs
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Supplementary Figure 2: Gating strategy for MNCs, T cells and NK cells.

A representative gating strategy after cleaning up the cytometry files using
PeacoQC algorithm followed by phenotyping of CD45* CD66a- cells (MNCs),
CD4* or CD8* T cells and NK cells. Manual gating was accomplished by the
Cytobank platform.
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Supplementary Figure 3: Inmunophenotyping the baseline of cell lineages involved
in the innate and adaptive arm of each study participant. DR analysis using tSNE-
CUDA of CD45" CD66a MNCs from each individual (n=27) without any stimulation.
Data from 3 participants were excluded for downstream analysis as they did not fit the
threshold criteria of 70K events/ individuals as described in Figure 1. Percent of
population varying by overlaid (selected cell populations) of CD45" CD66a- MNCs were
shown in tables from (A) newborn, (B) adult and (C) elder cohorts. Data were directly
exported from the Cytobank platform.
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Supplementary Figure 4: Activation profile of co-stimulatory molecule CD86 on mDCs, pDCs and monocytes after PRRa
stimulation. Median metal intensity (Med MI) of CD86 expression on mDCs, pDCs and monocytes in the (A) newborn, (B) adult and (C) elder
cohorts. Color (randomly assigned but in a numerical order) in histogram indicates each participant’s (n=27) CD86 activation profile upon PRRa
stimulation. Non-stimulated BMCs (control) or stimulated with alum (10pg/ml), MPLA (100ng/ml), CpG (5uM) and R848 (5uM) for 18h. Green
dotted lines separate each cohort whereas red dotted lines separate each stimulant. Data were directly exported from the Cytobank platform.
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Supplementary Figure 5: Activation profile of co-stimulatory molecule CD40 on mDCs, pDCs and monocytes after PRRa stimulation.
Median metal intensity (Med MI) of CD40 expression on mDCs, PDCs and monocytes in the (A) newborn, (B) adult and (C) elder cohorts.
Color in histogram indicates each participant’s CD40 activation profile upon PRRa stimulation. Non-stimulated BMCs (control) or stimulated
with alum (10pg/ml), MPLA (100ng/ml), CpG (5uM) and R848 (5uM) for 18h. Green dotted lines separate each cohort whereas red dotted
lines separate each stimulant. Data were directly exported from the Cytobank platform.
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Supplementary Figure 6: TLR7/8a (R848) has greater IFNy inducing efficacy
than other PRRa in human cord BMCs. Non-stimulated cord BMCs were treated as
(A) control group. BMCs were stimulated with (B) alum (10ug/ml), (C) MPLA
(100ng/ml), (D) CpG (5uM) and (E) R848 (5uM) for 18h from the newborn cohort.
I[FNy expression (in Z-axis channel) overlaid on tSNE-CUDA embedding. Color
indicates median metal intensity of [FNy expression ranging from low (blue) to high
(red). 70K events of MNCs from each donor used in visualization with tSNE-CUDA.
For R848 stimulation in (E), a manual gate in tSNE-CUDA plot indicates (for
visualization, not for quantification) the predominant island expressing IFNy in
MNCs. (F) Proportion (frequencies) of IFNy" cells in MNCs are shown for each
stimulation. The FCS files are excluded from the tSNE-CUDA analysis which does
not possess 70K events of MNC population during equal event sampling as described
in the Methods section. Data were directly exported from the Cytobank platform.
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Supplementary Figure 7: TLR7/8a (R848) has greater IFNy inducing efficacy than
other PRRa in human adult BMCs. Non-stimulated adult BMCs were treated as (A)
control group. BMCs were stimulated with (B) alum (10ug/ml), (C) MPLA (100ng/ml), (D)
CpG (5uM) and (E) R848 (5uM) for 18h from the adult cohort. IFNy expression (in Z-axis
channel) overlaid on tSNE-CUDA embedding. Color indicates median metal intensity of
IFNy expression ranging from low (blue) to high (red). 70K events of MNCs from each
donor used in visualization with tSNE-CUDA. For R848 stimulation in (E), a manual gate
in tSNE-CUDA plot indicates (for visualization, not for quantification) the predominant
island expressing IFNy in MNCs. (F) Proportion (frequencies) of IFNy™ cells in MNCs are
shown for each stimulation. The FCS files are excluded from the tSNE-CUDA analysis
which does not possess 70K events of MNC population during equal event sampling as
described in the Methods section. Data were directly exported from the Cytobank platform.
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Supplementary Figure 8: TLR7/8a (R848) has greater IFNy inducing efficacy
than other PRRa in human elder BMCs. Non-stimulated elder BMCs were
treated as (A) control group. BMCs were stimulated with (B) alum (10ug/ml), (C)
MPLA (100ng/ml), (D) CpG (5uM) and (E) R848 (5uM) for 18h from the elder
cohort. IFNy expression (in Z-axis channel) overlaid on tSNE-CUDA embedding.
Color indicates median metal intensity of IFNy expression ranging from low (blue)
to high (red). 70K events of MNCs from each donor used in visualization with
tSNE-CUDA. For R848 stimulation in (E), a manual gate in tSNE-CUDA plot
indicates (for visualization, not for quantification) the predominant island

expressing IFNy in MNCs. (F) Proportion (frequencies) of IFNy" cells in MNCs
are shown for each stimulation. The FCS files are excluded from the tSNE-CUDA
analysis which does not possess 70K events of MNC population during equal
event sampling as described in the Methods section. Data were directly exported
from the Cytobank platform.
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Supplementary Figure 10: Dissecting TLR7/8a-specific IFNy producing cell
subsets in each study participant. DR analysis using tSNE-CUDA of MNCs from
each individual study participant (n=27) after R848 (5uM) stimulation for 18h. Data
from 3 participants were excluded for downstream analysis as they did not fit the
threshold criteria of 70K events/ individual as described in the Method section. Percent
of population varying by overlaid (selected cell populations) of IFNy" MNCs were

shown in tables from (A) newborn, (B) adult and (C) elder cohorts. Data were directly
exported from the Cytobank platform.
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Supplementary Figure 11: Tracking the IFNy producing cellular lineages. (A) IFNy
production by major immune cell lineages in MNCs after R848 (5uM) stimulation for
18h. (B) Age-specific effect of IFNy" NK cells in MNC compartment after R848
stimulation. (C) Comparison of the frequency of IFNy* NK cells in R848 stimulated
MNCs by two distinctive tSNE-CUDA runs after selecting 70K MNCs and 2.5K IFNy*
MNCs respectively. Equal sampling option was chosen for each tSNE-CUDA in the
Cytobank platform. (D) Frequency of IFNy* MNCs in B cell, mDC, pDC, monocyte,
NKT cell and CD8* T cell compartment after R848 stimulation. Statistical comparison
was performed using either one-way ANOVA or nonparametric Kruskal-Wallis test
corrected for multiple comparisons. For S11C, two-tailed paired t-test was used for
comparison between 2 groups; *p < 0.05, **p < 0.01, ***p < 0.001, ns denoted non-
significant. N stands for newborn; A, adult and E, elder. Each dot represents a single
participant (n=7-11 per group).
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Supplementary Figure 12: Clustering analysis identifies 7 different cellular
populations of IFNy producing cells with age specific differences for yd T cells in
adults and CD4* T cell in later life. Representative SPADE plots using automatic
clustering by SPADE algorithm after R848 stimulation. Representative plots from a
newborn participant are displaying (A) CD3, (B) CD4, (C) CDS, (D) TCRy9d, (E)
CDllc and (F) CDS56 expression. Each tree is colored according to the indicated
marker. Median metal intensity ranging from low (blue) to high (red) was used to
identify 7 different subpopulations described in the text. Cell diversity was portrayed in
SPADE trees from representative (G) newborn, (H) adult and (I) elder participants based
on cell counts in each node. Each tree (G-I) is colored according to the cell
accumulation in each node. .17
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Supplementary Figure 13: Charaterization of nodes (16, 22 & 30) from the SPADE
bubble of IFNy* y0 T cell compartment after TLR7/8a (R848) stimulation.

(A) Representative histograms of node 16 according to the Med MI of (B) TCRgd, (C)
CD45RA, (D) CD27, (E) CCR7 and (F) CD56 expression. Data from 10 adult
participants were graphed here. Each color (A) and circle (B-F) represent a single
participant. Statistical comparison was performed using either one-way ANOVA or
nonparametric Kruskal-Wallis test corrected for multiple comparisons; **p < 0.01, ns
denoted non-significant.
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