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Supplementary Figures
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Supplementary Fig. S1 ImmunIC’s workflow. The total immune gene expression (T) of an input
cell is determined by summing the expression levels of 547 genes from its normalized single-cell
RNA sequencing data, using the predetermined leukocyte gene signature matrix! (LM22). To
calculate the correlation coefficient, each cell’s normalized gene expression is compared to the
gene profiles of various immune cell types in LM22, and the maximum correlation coefficient
(Pmax) across different cell types is obtained. Immune cells were then differentiated from non-
immune cells in the p,,x and T plane, separated by the dotted line. If the input cell is classified as
an immune cell, it is further categorized into B cell, plasma cell, T cell, NK cell, monocyte,
macrophage, dendritic cell, neutrophil and other myeloid cell based on the maximum correlation
coefficient to LM22 profiles. If the input cell is designated asa T cell, it is inputted into an Xgboost

classifier to further classify it as either CD4+ or CD8+ T cell.
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Supplementary Fig. S2 Differential gene expressions of immune and non-immune cells. Top
20 upregulated genes from LM22 547 genes for B cells, T cells, NK cells and myeloid cells (ordered
by adjusted p value).
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Supplementary Fig. S3. Clustering of PBMCs and NK cells. a UMAP presentation of 2,700
PBMCs from one individual?® along with 200 NK cells from other study®. Added NK cells formed
a separate cluster (NK-2, colored by pink), not grouping with PBMC’s NK cells (C7-NK-1, colored
by purple). b Heatmap of 9 clusters of 2,700 PBMCs (from C1 to C9) along with the added NK
cells (NK-2). ¢ Upregulated genes of the added NK cells (NK-2), compared to NK cells within the
PBMCs (C7-NK-1).



Supplementary Tables

Non-

Study ID B Plasma CD4+T CD8+ T NK Monocyte DC Macrophage Neutrophil mc;ter;g:’d immune
cells

BC-1 97.3% 1.31% 0.11% 0.3% 0.24% 0.6% 0.015% 0.052% 0.001% 0.006% 0.083%
BC-2 91% 0.44% 0.3% 1.25% 0.08% 0.024% 0.26% 0.084% 0.02% 0.02% 6.5%
BC-3 99.8% 0.01% 0.03% 0% 0% 0% 0.01% 0% 0% 0% 0.16%
BC-4 75.9% 1.67% 1% 0.074% 0.15% 0% 1.7% 1.74% 0.037% 0.63% 17.1%
PLASMA 1.25% 75.9% 0.48% 0.56% 0.14% 0.52% 0.04% 0.087% 0.021% 0.049% 20.9%
TC-1 0.17% 0.028% 68.6% 12.5% 5.87% 0.031% 0.4% 0.89% 0.038% 2.43% 9.06%
TC-2 1.74% 0.047% 25.2% 48% 5.05% 18.8% 0.27% 0.46% 0.044% 0.014% 0.37%
CD4-1 0.016% 0.002% 94.1% 0.11% 2.57% 0% 0.53% 0.74% 0.0023% 0.081% 1.83%
CD4-2 0.032% 0% 86.2% 0% 0.35% 0% 2.22% 0.16% 0.6% 0.13% 10.3%
CD4-3 0.5% 0.009% 96.2% 0.71% 0.18% 0% 0.027% 0% 0% 0.009% 2.36%
CD4-4 0.075% 0% 97% 0.6% 1.94% 0.057% 0.075% 0.094% 0% 0.094% 0.075%
CD4-5 0.69% 0% 95.6% 0.25% 0.33% 0% 0.03% 0% 0% 0.0098% 3.07%
CD4-6 0.45% 0.048% 95.3% 0.96% 0.12% 0% 0.0096% 0% 0% 0% 3.08%
CD4-7 0.29% 0.0098% 94.5% 1.26% 0.31% 0% 0.0098% 0% 0% 0.02% 3.6%
CD4-8 0.0014% 0% 88.3% 0.08% 6.73% 0% 0.51% 0.078% 0.029% 3.64% 0.58%
CD4-9 0.29% 0% 97.5% 0.14% 1.29% 0.048% 0.048% 0.095% 0% 0.14% 0.43%
CD4-10 0.41% 0% 96.8% 0.035% 0.21% 0% 0% 0% 0% 0% 2.56%
CD4-11 0% 0% 95.4% 0.21% 0.21% 0.11% 2.7% 0.8% 0% 0.21 0.32%
CD8-1 0% 0% 1.73% 88.7% 9.44% 0% 0.023% 0.023% 0% 0.023% 0.045%
CD8-2 0.069% 0% 5.08% 90.4% 3.07% 0% 0% 0% 0% 0% 1.34%
CD8-3 0.021% 0.019% 0.37% 93.3% 4% 0% 0.012% 0.1% 0.07% 0.13% 1.96%
CD8-4 0% 0% 0.16% 82.1% 15.2% 0.067% 0% 0% 0% 0% 2.45%
CD8-5 0.084% 0.0084% 5.7% 90.7% 0.076% 0% 0% 0% 0% 0% 3.43%
CD8-6 0.0086% 0% 0.26% 96.6% 1.26% 0% 0% 0.0043% 0.058% 0.0043% 1.8%
NK-1 0% 0% 0.3% 0.71% 98.8% 0.012% 0.012% 0% 0% 0% 0.19%
NK-2 0.018% 0% 1.77% 1.12% 96% 0.027% 0.0091% 0% 0% 0% 1.01%
NK-3 0% 0% 2.35% 0.89% 96.5% 0.011% 0% 0% 0% 0.011% 0.21%
Myeloid-1  6.36% 4.26% 7.74% 0.47% 0.56% 20.7% 25.8% 0.79% 0% 25.3% 8.03%
Myeloid-2 1.25% 0.97% 0.35% 0.41% 1.17% 82.3% 1.97% 0.089% 0.19% 0.12% 11.2%
Myeloid-3  1.69% 0.29% 1.76% 0.062% 0.35% 42.5% 19.6% 8.41% 0.22% 0.25% 24.8%
Mono-1 0.35% 0% 0.7% 0.23% 0.23% 96.5% 0.35% 0% 0.35% 0% 1.29%
Mono-2 0.38% 0.57% 0.65% 0.077% 0.27% 82.5% 5.21% 1.34% 0.73% 0.11% 8.12%
Mono-3 0% 0% 0.54% 0.27% 2.69% 89.5% 1.08% 0.27% 1.88% 1.08% 2.69%
Mono-4 0% 0% 0% 0% 0% 70.1% 0% 2.54% 3.55% 3.05% 20.8%
Mono-5 0% 0% 0% 0% 0% 99.6% 0.13% 0.064% 0.037% 0% 0.16%
Mono-6 0.51% 0.0058% 0.0029% 0.0029% 0.0058% 98.5% 0.046% 0.22% 0.22% 0.17% 0.36%
DC-1 0% 0% 0.014% 0% 0.014% 0% 84.7% 13.9% 0% 0.027% 1.33%
DC-2 0% 0% 0% 0% 0.52% 18.2% 79.7% 0.52% 0% 0% 1.04%
DC-3 0.61% 0% 0% 0% 0% 0% 87.2% 0% 0% 0% 12.2%
Macro 0% 0% 0.2% 0% 0.1% 8.51% 10.5% 77.2% 0.2% 0.2% 3.1%

mgﬂ::g:; 0.026% 0.0033% 0.023% 0.0049% 1.84% 4.06% 0.0016% 0.011% 93.7% 0.25% 0.078%

Supplementary Table S1. Confusion matrix of ImmunlIC.



Study Cross Validation

Study ID Accession Number Test Accuracy
CD4-1 EGAS00001003215* 99.9% [99.8% - 99.9%]
CD4-2 GSE121267° 99.9% [99.9% - 100%)]
CD4-3 6 99.3% [99.2% - 99.4%]
CD4-4 GSE992547 99.3% [99.2% - 99.4%]
CD4-5 6 99.7% [99.7% - 99.8%]
CD4-6 6 99.1% [98.9% - 99.3%]
CD4-7 6 98.6% [98.5% - 98.7%]
CD4-8 GSE1501328 99.8% [99.7% - 99.9%]
CD4-9 GSE992547 99.5% [99.4% - 99.7%]
CD4-10 GSE119373° 99.9% [99.8% - 100%)]
CD4-11 GSE1228460 99.8% [99.7% - 99.9%]
CD8-1 GSE992547 97.7% [97.5% - 97.8%]
CD8-2 6 93.6% [93.3% - 94.5%]
CD8-3 GSE180268!! 99.5% [99.4% - 99.6%]
CD8-4 GSE169503*? 99.7% [99.7% - 99.5%]
CD8-5 6 93.0% [92.5% - 93.5%]
CD8-6 GSE15925213 99.7% [99.6% - 99.8%]

Supplementary Table S2. Five-fold cross-validation of our Xgboost classifier. Average

classification accuracy with minimum and maximum accuracy out of five independent tests.



Study ID

Number
of Cells

ImmunlIC

Garnett

Cell BLAST®

CellAssign'®

BC-1
BC-2
BC-3
BC-4

294,643
24,946
10,047

2,700

98.6% [98.6% - 98.6%]
91.5% [91.1% - 91.8%]
99.8% [99.7% - 99.9%]
77.6% [76.0% - 79.2%]

98.8% [98.7% - 98.8%]
98.8% [98.7% - 99.0%]
100% [100% - 100%]
84.5% [83.1% - 85.8%]

96.4% [96.3% - 96.4%]
82.5% [82.0% - 83.0%]
100% [99.9% - 100%]
73.0% [71.3% - 74.6%]

88.3% [88.2% - 88.4%]
95.4% [95.1% - 95.7%]
90.7% [90.1% - 91.3%]
86.3% [85.0% - 87.6%]

TC-1
TC-2

63,861
36,550

81.1% [80.8% - 81.4%]
73.3% [72.8% - 73.7%]

52.5% [52.1% - 52.9%]
69.4% [68.9% - 69.8%]

86.2% [85.9% - 86.4%]
47.0% [46.5% - 47.5%]

32.3% [31.9% - 32.6%]
47.7% [47.2% - 48.2%]

CD4-1
CD4-2
CD4-3
CD4-4
CD4-5
CD4-6
CD4-7
CD4-8
CD4-9
CD4-10
CD4-11

43,112
3,149
11,180
5,300
10,162
10,427
10,224
73,566
2,098
2,892
1,886

94.1% [93.9% - 94.3%]
86.2% [85.0% - 87.4%]
96.2% [95.9% - 96.6%]
97.0% [96.5% - 97.4%]
95.6% [95.2% - 96.0%]
95.3% [94.9% - 95.7%]
94.5% [94.1% - 94.9%]
88.3% [88.1% - 88.6%]
97.5% [96.9% - 98.2%]
96.8% [96.1% - 97.4%]
95.4% [94.5% -96.4%]

97.2% [97.0% - 97.4%]
100% [100% - 100%]
99.9% [99.8% - 100%]
100% [100% - 100%]
100% [100% - 100%]
99.2% [99.0% - 99.3%]
99.3% [99.1% - 99.4%]
98.8% [98.7% - 98.9%]
100% [100% - 100%]
100% [100% - 100%]
97.2% [96.4% -97.9%]

77.1% [76.7% - 77.5%]
35.5% [33.8% - 37.2%%]
86.9% [86.3% - 87.5%]
96.2% [95.7% - 96.7%]
89.0% [88.4% - 89.6%]
89.8% [89.2% - 90.4%]
97.8% [97.5% - 98.1%]
1.9% [1.8% - 2.0%]
98.5% [98.0% - 99.0%]
65.1% [63.4% - 66.9%]
55.6% [55.3% - 57.8%]

54.0% [53.5% - 54.4%]
90.0% [88.9% - 91.0%]
6.1% [5.6% - 6.5%]
1.2% [0.9% - 1.4%]
6.4% [5.9% - 6.9%]
91.6% [91.0% - 92.1%]
5.8% [5.3% - 6.3%]
51.2% [50.8% - 51.5%]
37.9% [35.8% - 40.0%]
10.7% [9.6% - 11.8%]
75.0% [73.1% - 77.0%]

CD8-1
CD8-2
CD8-3
CD8-4
CD8-5
CD8-6

4,439
10,192
56,470

4,487
11,915
69,457

88.7% [87.8% - 89.6%]
90.4% [89.9% - 91.0%]
93.3% [93.1% - 93.5%]
82.1% [81.0% - 83.2%]
90.7% [90.2% - 91.29%]
96.6% [96.5% - 96.7%]

52.4% [50.9% - 53.9%]
68.5% [67.6% - 69.4%]
57.5% [57.1% - 57.9%]
61.4% [59.9% - 62.8%]
95.9% [95.6% - 96.3%]
39.7% [39.3% - 40.1%]

0% [0% - 0%]
96.5% [96.2% - 96.9%]
22.4% [22.0% - 22.7%]
51.4% [50.0% - 52.9%]
97.6% [97.3% - 97.8%]
58.1% [57.7% - 58.4%]

82.5% [81.3% - 83.6%)]
43.9% [42.9% - 44.9%]
97.0% [96.9% - 97.1%)]
96.9% [96.4% - 97.4%]
5.7% [5.3% - 6.1%)]
71.7% [71.3% - 72.0%)]

NK-1
NK-2
NK-3

8,339
11,036
9,195

98.8% [98.5% - 99.0%]
96.0% [95.7% - 96.4%]
96.5% [96.2% - 96.9%]

95.0% [94.5% - 95.4%]
93.6% [93.2% - 94.1%]
97.2% [96.9% - 97.5%]

99.5% [99.3% - 99.6%]
97.1% [96.8% - 97.4%]
98.5% [98.3% - 98.7%]

NA
NA
NA

Mono-1
Mono-2
Mono-3
Mono-4
Mono-5
Mono-6

856
2,612
372
197
10,878
34,772

96.5% [95.3% - 97.7%]
82.5% [81.1% - 84.0%]
89.5% [86.4% - 92.6%]
70.1% [63.7% - 76.4%]
99.6% [99.5% - 99.7%]
98.5% [98.3% - 98.6%]

89.7% [87.7% - 91.8%]
87.0% [85.7% - 88.3%]
67.2% [62.4% - 72.0%]
66.0% [59.4% - 72.6%]
91.9% [91.4% - 92.5%]
78.9% [78.4% - 79.3%)]

91.4% [89.5% - 93.2%]
94.4% [93.5% - 95.3%]
19.1% [15.1% - 23.1%)]
95.4% [92.5% - 98.3%]
99.4% [99.2% - 99.5%]
96.8% [99.6% - 97.0%]

DC-1
DC-2
DC-3

7,383
192
164

84.7% [83.9% - 85.6%]
79.7% [74.0% - 85.4%)]
87.2% [82.1% - 92.3%]

58.9% [57.8% - 60.0%]
57.3% [50.3% - 64.3%]
86.0% [80.7% - 91.3%]

0.1% [0.0% - 0.1%)]
9.9% [5.7% - 14.1%)
2.4% [0.1% - 4.8%]

Supplementary Table S3. Immune cell classification accuracy of ImmunIC, Garnett!?,
Cell BLAST?®®, and CellAssign?¢. CellAssign does not assign NK cells, monocytes, and

dendritic cells as a separate population.



Pathways Coverage (%) P Differentially Expressed Genes
RPL10, RPL11, RPL12, RPL13A, RPL14, RPL18,
RPL22, RPL24, RPL28, RPL29, RPL30, RPL31,
EIF2 Signaling 14.3 <0.001 RPL32, RPL34, RPL35, RPL37, RPL39, RPLA41,
RPL8, RPLP2, RPS12, RPS13, RPS14, RPS2,
RPS21, RPS23, RPS24, RPS26, RPS27A, RPS28,
RPS7, RPS8
Role of IL-17A in Psoriasis 14.3 <0.001 S100A8, SI00A9
TNFR2 Signaling 9.4 <0.001 FOS, JUN, NFKBIA
B Cell Activating Factor
I 93 <0.001 FOS, JUN, NFKBIA, TNFSF13B
Signaling
Interferon Signaling 8.3 <0.001 IF16, IFITM1, IFITM3
IL-17A Signaling in
7.9 <0.001 FOS, JUN, NFKBIA
Fibroblasts
IL-17A Signaling in Gastric
7.7 0.0034 FOS, JUN
Cells
. . FOS, JUN, NFKBIA, RPS12, RPS13, RPS14, RPS2,
Coronavirus Pathogenesis
7.4 <0.001 RPS21, RPS23, RPS24, RPS26, RPS27A, RPS28,
Pathway
RPS7, RPS8
Primary Immunodeficiency
o 7.1 <0.001 IGHAL, IGHG1, IGHM, IGKC
Signaling
April Mediated Signaling 7.1 <0.001 FOS, JUN, NFKBIA
MIF Regulation of Innate
. 6.8 <0.001 FOS, JUN, NFKBIA
Immunity
Regulation of elF4 and 67 0.001 RPS12, RPS13, RPS14, RPS2, RPS21, RPS23,
. <0.
p70S6K Signaling RPS24, RPS26, RPS27A, RPS28, RPS7, RPS8
iNOS Signaling 6.4 <0.001 FOS, JUN, NFKBIA
4-1BB Signaling in T
5.9 0.0059 JUN, NFKBIA
Lymphocytes
TNFR1 Signaling 5.8 <0.001 FOS, JUN, NFKBIA
o RPS12, RPS13, RPS14, RPS2, RPS21, RPS23,
mMTOR Signaling 5.7 <0.001
RPS24, RPS26, RPS27A, RPS28, RPS7, RPS8
CD27 Signaling in
53 <0.001 FOS, JUN, NFKBIA
Lymphocytes
Toll-like Receptor
51 <0.001 FOS, JUN, NFKBIA, RPS27A

Signaling

Supplementary Table S4. Differential signaling pathways of macrophages in 48

COVID-19 severe-progression cases, compared to 20 healthy controls.



Pathways Coverage (%) p Genes
Thyroid Hormone Biosynthesis 50.0 0.0022 CTSD
Pathogenesis of Multiple Sclerosis 22.2 <0.001 CCL3, CCL4
Role of IL-17A in Psoriasis 21.4 <0.001 CXCLS, S100A8, S100A9
Differential Regulation of Cytokine Production
in Macrophages and T Helper Cells by IL-17A 16.7 <0.001 CCL3, CCL4, IL1B
and IL-17F
Differential Regulation of Cytokine Production
in Intestinal Epithelial Cells by IL-17A and IL- 13.0 <0.001 CCL3, CCL4, IL1B
17F
Interferon Signaling 111 <0.001 IF16, IFITM1, IFITM3, ISG15
Role of
Hypercytokinemia/hyperchemokinemia in the 7.0 <0.001 AREG, CCL3, CCL4, CXCLS, IL1B, ISG15
Pathogenesis of Influenza
Role of IL-17F in Allergic Inflammatory
Airway Diseases 6.4 <0.001 CCL4, CXCLS8, IL1B
TNFR2 Signaling 6.3 <0.001 NFKBIA, TNFAIP3
Airway Inflammation in Asthma 6.1 <0.001 CXCL8, RNASE2
Granzyme A Signaling 53 0.0204 H1-10
Inflammasome pathway 5.0 0.0214 IL1B
Coronavirus Replication Pathway 4.4 0.0011 IFITM1, IFITM3
IL-23 Signaling Pathway 4.4 0.0011 IL1B, NFKBIA
I1L-10 Signaling 4.2 <0.001 IL1B, IL1R2, NFKBIA
TREML Signaling 3.9 <0.001 CCL3, CXCLS, IL1B
Role of MAPK Signaling in Inhibiting the
Pathogenesis of Influenza 39 <0.001 CXCLS, IL1B, NFKBIA
Toll-like Receptor Signaling 3.9 <0.001 IL1B, NFKBIA, TNFAIP3
TNFR1 Signaling 3.9 0.0014 NFKBIA, TNFAIP3
IL-17A Signaling in Gastric Cells 3.9 0.0282 CXCL8
Role of Cytokines in Mediating
Communication between Immune Cells 37 00016 CXCL8, IL1B
Role of IL-17A in Arthritis 35 0.0018 CXCLS8, NFKBIA
LXR/RXR Activation 33 <0.001 CLU, IL1B, IL1R2, S100A8
Granulocyte Adhesion and Diapedesis 3.2 <0.001 CCL3, CCL4, CXCL2,CXCLS8, IL1B, IL1R2
IL-6 Signaling 3.1 <0.001 CXCLS, IL1B, IL1R2, NFKBIA
Activation of IRF by Cytosolic Pattern
Recognition Receptors 3 00023 15615, NFKBIA
Atherosclerosis Signaling 31 <0.001 CLU, CXCLS, IL1B, S100A8

Supplementary Table S5. Differential functional pathways of monocytes in the severe

progression group, compared to the healthy control group.
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