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Supplemental Table and Figures

Supplemental Table 1

Non-pneumonia Other Other viral
Overall control preumonia covip-19 preumonia
Number 273 33 133 74 33
Age,median 8] K2oma 207001 10720 esses) 155065)
Female, n (%) 108 (39.6) 16 (48.5) 55 (41.4) 23(31.1) 14 (42.4)
Ethnicity, n (%)
Hispanic or Latino 60 (22.0) 5(152) 13(9.8) 37 (50.0) 5(15.2)
Not Hispanic or Latino 204 (74.7) 27(81.8) 118 (88.7) 33 (44.6) 26 (78.8)
Unknown or Not Reported 9(3.3) 1(3.0) 2(15) 4(5.4) 2(6.1)
Race, n (%)
Asian 10(3.7) 1(3.0) 5(38) 3(4.1) 1(3.0)
Black or African American 59 (21.6) 7(212) 28 (21.1) 18 (24.3) 6(18.2)
Unknown or Not Reported 49(17.9) 3(9.1) 15(11.3) 28(37.8) 3(0.1)
White 155 (56.8) 22(66.7) 85(63.9) 25(33.8) 23(69.7)
External transfer, n (%) 91(333) 12 (36.4) 43(323) 24 (32.4) 12 (36.4)
Admission BMI (kg/m2), median [IQR] * 292 26.4 27.0 31.9 283
[24.6,34.3] [24.632.2) [22.1,32.9] [28.9,40.6] [23.7,31.9]
SOFA score on ICU admission, median [IQR] 11.0(8.0,13.0] 11.0(8.0,13.0] 11.0 (8.0,14.0] 11.5[9.0,13.0] 10.0 [6.0,14.0]
APS score on ICU admission, median [IQR] 90.0 80.0 87.0 1.0 83.0
62.0,108.0] [62.0,104.0] 64.0,108.0] 65.8,109.0] 55.0,100.0]
Comorbidities, n (%)
Myocardial infarction 20 (7.3) 5(15.2) 12(9.0) 2(27) 1(3.0)
Congestive heart failure 81(29.7) 13 (39.4) 50 (37.6) 12(16.2) 6(18.2)
Peripheral vascular disease 63(23.1) 8(24.2) 39(29.3) 9(12.2) 7(212)
Cerebrovascular disease 57 (20.9) 6(18.2) 32 (24.1) 8(108) 11(33.3)
Dementia 13(48) 3(9.1) 4(3.0) 2(27) 4(12.1)
Chronic pulmonary disease 96 (35.2) 13 (39.4) 53 (39.8) 17 (23.0) 13 (39.4)
Rheumatic disease 21(7.7) 4(12.1) 11(8.3) 3(4.1) 3(0.1)
Peptic ulcer disease 27(9.9) 5(15.2) 16 (12.0) 1(1.4) 5(15.2)
Liver disease 80(29.3) 12 (36.4) 44(33.1) 11(14.9) 13 (39.4)
Diabetes 104 (38.1) 10 (30.3) 41(308) 35(47.3) 18 (54.5)
Hemiplegia or paraplegia 19(7.0) 3(9.1) 12(9.0) 2(27) 2(6.1)
Renal disease 77(28.2) 14 (42.4) 41(308) 11(14.9) 11(33.3)
Cancer 87(31.9) 12 (36.4) 48 (36.1) 11(14.9) 16 (48.5)
Immunocompromise 70 (25.6) 8(24.2) 40 (30.1) 6(8.1) 16 (48.5)
Biomarkers on day of first BAL procedure,
median [IQR]
Croactve prta, . pa0zes  miSe  Raswedl  Msomss  hssoased
D-dimer, ng/mL * 1103.0 1345.5 2922.0 896.5 1954.2
[492.53540.5]  [405.8,2220.5] 886.0,5091.0] [468.82892.6]  [1170.52931.1]
Feritn, ng/mi.* [300696,13 221 03] [57. 321 " 2 131 9.6;1 %853 7 [330716,,;5 3455,11 -
Lactate, mmol/L * 1501121 1701123 16[11,2.4] 1.4[1.01.8) 1.3[1.01.7)
Procalcitonin, ng/mL * 060228 0.4[01,1.6] 06(0329] 04[01,29)] 08(03338]
White blood cell count, per 1,000/pL * 11.6[8.0,16.7] 12.6(8.1,20.4] 12.6 [8.7,16.8] 10.1 [7.1,14.6] 10.7 [7.218.5]
Absolute neutrophil count, per 1,000/pL * 9.2(57,13.7) 12.2(6.0,18.8] 9.6 [6.3,15.3] 87 [5511.2) 89(52,13.0
Absolute lymphocyte count, per 1,000/uL * 08(05,1.4] 0.6(0.40.8] 09(051.7] 1.0[0.6,1.3] 08(02,1.6]
Medications
5:::‘;0:;:::::;:‘,’“”:2;(““ 162 (59.3) 20 (60.6) 80 (60.2) 39 (52.7) 23(69.7)
Prednisone equivalents administered 700 00 920 15.0 96,0
during admission, mg [0.0240.0] [0.0340.0] [0.0,250.0] 0.0,209.0] 0.0,272.0)
Tocilizumab, n (%) 13(48) - 1(08) 12(16.2) -
Sarilumab, n (%) 12 (4.4) - - 12(16.2) -
Remdesivir, n (%) 12 (4.4) - - 12(16.2) -
Remdesivir or placebo, n (%) 9(3.3) - - 9(12.2) -
ICU course
Ventilation duration (days), median [IQR] 10,0 30 9.0 20.0 7.0
[4.0,22.0] [2.09.0] [4.0,19.0] [10.033.0 [3.0,13.0]
ICU length of stay (days), median [IQR] 13.0 6.0 1.0 21.0 11.0
6.0,23.0] [4.011.0 5.021.0 [14.035.0) 9.020.0]
Tracheostomy, n (%) 70 (25.6) 3(9.1) 29(21.8) 32(432) 6(18.2)
Number of BALS, n (% of total) 432 (100) 36(8.3) 187 (43.3) 165 (38.2) 44(102)
Discharge disposition, n (%)
Died 86 (31.5) 10(30.3) 47(353) 19 (25.7) 10 (30.3)
Home 76 (27.8) 12 (36.4) 27 (203) 30 (40.5) 7(212)
LTACH 35(12.8) 3(9.1) 17 (12.8) 12(16.2) 3(9.1)
Rehab 50 (18.3) 4(12.1) 27 (203) 9(12.2) 10 (30.3)
SNF 18 (6.6) 2(6.1) 12(9.0) 4(5.4) -

Hospice 8(29) 2(6.1) 3(23) 0(0.0) 3(9.1)
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Supplemental Table 1. Description of the cohort. * Missing values, n: BMI, 1; C-reactive
protein, 195; D-dimer, 174; ferritin, 208; lactate, 70; procalcitonin, 114; white blood cell count, 3;
absolute neutrophil count, 96; absolute lymphocyte count 101. Empty cells represent data not
available or not applicable. BMI, body mass index; SOFA, Sequential Organ Failure Assessment;
APS, Acute Physiology Score from APACHE IlI; LTACH, long-term acute care hospital; SNF,

skilled nursing facility; IQR, interquartile range.
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Supplemental Figure 1
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Supplemental Figure 1. (A) CONSORT diagram of patients included in this study. (B) Schematic
depicting multi-step analysis of BAL fluid samples with flow cytometry, bulk RNA-sequencing, and

bulk TCR-sequencing by diagnosis and T cell subset.
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Supplemental Figure 2. SARS-CoV-2 pneumonia is characterized by a lymphomonocytic
alveolar infiltrate early following intubation. (A) Heatmap of flow cytometry analysis of alveolar
immune cell subsets from BAL fluid samples ordered by duration of mechanical ventilation (blanks
indicate chronically ventilated patients) and grouped by diagnosis, binary outcome (whether a
given patient was discharged or died during hospitalization), and infection status (presence or
absence of bacterial superinfection in patients with COVID-19 or other viral pneumonia). Blanks
in these two groups refer to samples for which microbiological data were incomplete and

infectious status could not be determined. The VAP (ventilator-associated pneumonia) flag
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designates samples from non-pneumonia controls or patients with COVID-19 or other viral
pneumonia who cleared the virus and then developed a bacterial pneumonia. (B-H) Percent of
alveolar immune cell subsets detected in BAL fluid samples from flow cytometry analysis (q <
0.05, pairwise Wilcoxon rank-sum tests with FDR correction). (I-L, N and Q) Comparison of
alveolar immune cell subset percentages between early (<48 hours following intubation) and late
(>48 hours following intubation) samples (g < 0.05, pairwise Wilcoxon rank-sum tests with FDR
correction). (M, O and R) Correlation analysis between the percentage of alveolar immune cell
subsets and duration of mechanical ventilation with Pearson correlation coefficient. (P and S)
Comparison of neutrophil (P) and CD3" T cell (S) percentage grouped by the presence or absence
of bacterial superinfection in early (€48 hours following intubation) and late (>48 hours following

intubation) COVID-19 samples (g < 0.05, pairwise Wilcoxon rank-sum tests with FDR correction).
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Supplemental Figure 3
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Supplemental Figure 3. Persistent alveolar T cell enrichment throughout the course of
severe SARS-CoV-2 pneumonia is associated with discharge from hospital. (A-L)
Comparison of alveolar immune cell subset percentages by binary outcome (C, E, G, I, and K)
and between timing of BAL sampling (B, D, F, H, J and L) (q <0.05, pairwise Wilcoxon rank-sum
tests with FDR correction). (M) Proportion of BAL fluid samples from patients with COVID-19,

comparing presence or absence of bacterial superinfection with binary outcome (not significant
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by Fisher exact test). (N) Proportion of BAL fluid samples from patients with COVID-19, comparing
pneumonia episode outcome status with binary outcome (q < 0.05, Fisher exact test with FDR

correction). C (Cured) and NC (Not cured).
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Supplemental Figure 4
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Supplemental Figure 4. Correlation of alveolar immune cell subset abundance with clinical
outcomes differs between patients with distinct etiologies of severe pneumonia. (A-C).
Correlation analysis between the percentage of alveolar immune cell subsets and clinical,
physiologic, and laboratory variables as a function of diagnostic group. No significant values after
calculating Spearman rank correlation coefficient with FDR correction. (D) Correlation between T
cell subset surface expression of CD127 and HLA-DR in the alveolar space with clinical,
laboratory, and physiological variables in COVID-19 samples. Spearman rank correlation
coefficient with FDR correction (q < 0.05 [*]). Abbreviations: PaCO2 (partial arterial carbon dioxide
pressure), HCO3 (bicarbonate), Days on MV (days on mechanical ventilation), SOFA (Sequential
Organ Failure Assessment), WBC (peripheral white blood cells), CK (creatinine kinase), Vte
(minute ventilation), LDH (lactate dehydrogenase), FiO2 (fraction of inspired oxygen), CRP (C-
reactive protein), PEEP (positive end-expiratory pressure), BMI (body mass index), AST
(aspartate aminotransferase), PaO2 (partial arterial oxygen pressure), P/F (ratio of partial arterial
oxygen pressure to fraction of inspired oxygen), COPD (chronic obstructive pulmonary disease),

MFI (median fluorescence intensity).
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Supplemental Figure 5. Composition and demographics of bulk RNA-sequencing samples.

(A) Number of participants grouped by diagnosis. (B) Proportion of samples grouped by T cell

subset and diagnosis. (C) Number of samples categorized by timing of BAL. (D) Distribution of

Sequential Organ Failure Assessment (SOFA) scores by patient. Nonsignificant after pairwise

Wilcoxon rank-sum tests with FDR correction). (E) Mortality by patient. Nonsignificant after

pairwise yios; 2

tests for homogeneity of proportions with FDR correction. (F) Sex by patient

(pairwise yii 2 tests for homogeneity of proportions with FDR correction).
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Supplemental Figure 6. SARS-CoV-2 pneumonia is characterized by a transcriptional
program enriched for processes associated with monocyte and T cell activation, migration,
and angiogenesis in alveolar CD8" T cells. (A) K-means clustering of 975 differentially
expressed genes (q < 0.05, likelihood-ratio test with FDR correction) across pneumonia
diagnoses. Columns represent unique samples grouped by diagnosis and are ordered by duration
of mechanical ventilation. Column headers are color-coded by diagnosis, binary outcome
(whether a given patient was discharged or died during hospitalization), duration of mechanical

ventilation (blanks indicate chronically ventilated patients), and infection status (presence or

absence of bacterial superinfection in patients with COVID-19 or other viral pneumonia). The VAP
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(ventilator-associated pneumonia) flag designates samples from non-pneumonia controls or
patients with COVID-19 or other viral pneumonia who cleared the virus and then developed a
bacterial pneumonia. Representative genes and significant gene ontology (GO) biological
processes are shown for each cluster. (B) Gene set enrichment analysis (GSEA) of Hallmark
gene sets for the pairwise comparison between COVID-19 samples and other viral pneumonia
samples. Count denotes pathway size after removing genes not detected in the expression
dataset. Enrichment denotes significant (g < 0.25 with FDR correction) upregulated (red) and
downregulated (blue) pathways by normalized enrichment score. (C-D) Gene ontology (GO)
parent term annotation after grouping significant terms (following classical or over-representation
enrichment analysis, ¢ < 0.05 with multiple testing correction using the Benjamini-Hochberg
method) by semantic similarity. Reduced GO terms are depicted in a scatter plot where distance
between points represent the similarity between terms and axes are the first two components
after applying a principal coordinates analysis to the dissimilarity matrix. Points are color-coded

by unique terms and size denotes the number of genes within each GO term.


https://doi.org/10.1101/2023.12.13.571479
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.12.13.571479; this version posted December 14, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

Supplemental Figure 7

I 1 s === iagrosis
I TN NN BT BT WU U N F W | Outcome:
11 SIS N | 0NN IIINENET [ 5§ IPE DL B B 0 infection status COVID-19 vs Other
[ Days from intubation viral pneumonia (CD4 T cells)
. - = = = 1556 gene: HALLMARK_INFLAMMATORY_RESPONSE | ! o
Proieraton: MKI67, CCNL, KI:
Acivaton Fl, IF27, 144, GZM, GNLY, PRF HALLMARK_ANGIOGENESIS 1 .
TNFAIP2, TNFRSFL4, TNESFLL L
Ant-inflammatory: IKBKB, TGFB, IL10, NLRC3. HALLMARK_COAGULATION{ )
‘Cornnibiory molecules: POCDL, LAG, HAVCRZ -
Vonacye chemoatiaciants: GCL3, COL4, CCLS HALLMARK_TNFA_SIGNALING_VIA_NFKB { ]
Tissue residencylefiecor LGALSY, WARS, CRTAM, |
Tesue HALLMARK_KRAS_SIGNALING_UP- ®
& cell chemoatiracant: CXCLI3 .
'GO.0042116 macrophage acivation HALLMARK_IL6_JAK_STAT3_SIGNALING { °
00050900 eukocyte mgraion
300001816 cytokne poducton HALLMARK_COMPLEMENT | )
= GO0042095 T cal proferaton
Z 600042119 T coll acvtion HALLMARK_XENOBIOTIC_METABOLISM | ®
1 HALLMARK_ APICAL_SURFACE | .
3 HALLMARK_UV_RESPONSE DN+ )
3
g HALLMARK_MYOGENESIS Y
5 HALLMARK_EPITHELIAL_ MESENCHYMAL_TRANSITION{ °
H
= HALLMARK_KRAS_SIGNALING_DN+ °
s
H HALLMARK_MTORC1 SIGNALING | )
2 HALLMARK_DNA_REPAIR| ®
5 Cluster 2: 09 genes
Restnglcental memory T cal . 1
ey nen HALLMARK_E2F_TARGETS )
HALLMARK_MYC_TARGETS_V21{ ®
HALLMARK_OXIDATIVE_PHOSPHORYLATION| @)
HALLMARK_MYC_TARGETS V1 (@)
! T
Normalized Enrichment Score
Count Enrichment
O 50 @ Upregulated
Normalized expression O 100 @ Downreguiated
—] ©
= 0 3 O 150
Diagnosis Outcome  Infection status Days from intubation
M Non-pneumonia conirol [ Discharged [ Primary Only ~ — 100
B Other pneumonia I Deceased Superinfection
=COVID—|9 VAP jgg
Other viral proumoria
o o
&
o
Significant gene ontology parent terms, cluster 1 (CD4" T cells)
14 (blood creutation {Fegulation of smooth muscle cal prolferation fon of & e
o o eukoeyte meckated o otoch
(paion o moar emetacie s ot - (negative roguiaton of complement astivation, ecin pafway ]
057 (ragulation of monoeyte che potein 1 prock /
o s (celulr response t mtrieron gamma)
4
§ (laolot dogranuiion)
&
£ >
&
oo
o 03

Semanic Space PC1

Superinfection status

1.88e-02

HALLMARK_MYC_TARGETS V1 °

FALLWARK ALLOGRAFT_REJECTION
HALLWARK THEA_SIGHALINGVIA_NFKG °

TGFBI
average log(CPM)
°

HALLMARK_EPITHELIAL_MESENCHYMAL TRANSITION.

HALLMARK_TNFA_SIGNALING_ViA_NFKE

HALLMARK_IL6_JAK_STAT3_SIGNALING.

HALLMARK_HYPOXIA-

HALLMARK_COMPLEMENT-

HALLMARK_KRAS_SIGNALING_UP

Primary Only

Superinfection

s

z
HALLMARK_COAGULATION ° S
ol

780
HALLMARK_MYC_TARGETS V1| @ <t
g
HALLMARK_PS3_PATHWAY °® g

21

HALLMARK_KRAS_SIGNALING_UP
i 2 s . ees
00 05 10 15 ) i 50 75 5 125 150
Normalized Enrichment Score SOFA score

Normalized Enrichment Score

Count Enrichment

15 @ Upregulated
O 20 @ Downregulated
O 25

O30
Supplemental Figure 7. SARS-CoV-2 pneumonia is characterized by a transcriptional

program enriched for processes associated with monocyte, B cell and T cell activation,

migration, and angiogenesis in alveolar CD4* T cells. (A) K-means clustering of 865
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differentially expressed genes (q < 0.05, likelihood-ratio test with FDR correction) across
pneumonia diagnoses. Columns represent unique samples grouped by diagnosis and are ordered
by duration of mechanical ventilation. Column headers are color-coded by diagnosis, binary
outcome (whether a given patient was discharged or died during hospitalization), duration of
mechanical ventilation (blanks indicate chronically ventilated patients), and infection status
(presence or absence of bacterial superinfection in patients with COVID-19 or other viral
pneumonia). The VAP (ventilator-associated pneumonia) flag designates samples from non-
pneumonia controls or patients with COVID-19 or other viral pneumonia who cleared the virus
and then developed a bacterial pneumonia. Representative genes and significant gene ontology
(GO) biological processes are shown for each cluster. (B) Gene set enrichment analysis (GSEA)
of Hallmark gene sets for the pairwise comparison between COVID-19 samples and other viral
pneumonia samples. Count denotes pathway size after removing genes not detected in the
expression dataset. Enrichment denotes significant (g < 0.25 with FDR correction) upregulated
(red) and downregulated (blue) pathways by normalized enrichment score. (C) Gene ontology
(GO) parent term annotation after grouping significant terms (following classical or over-
representation enrichment analysis, g < 0.05 with multiple testing correction using the Benjamini-
Hochberg method) by semantic similarity. Reduced GO terms are depicted in a scatter plot where
distance between points represent the similarity between terms and axes are the first two
components after applying a principal coordinates analysis to the dissimilarity matrix. Points are
color-coded by unique terms and size denotes the number of genes within each GO term. (D-E)
GSEA of COVID-19 samples after performing correlation analysis of differentially expressed
genes in CD4" T cells and clinical variables of interest with Spearman rank correlation coefficient
computation. Count denotes pathway size after removing genes not detected in the expression
dataset. Enrichment denotes significant (g < 0.25 with FDR correction) upregulated (red) and

downregulated (blue) pathways by normalized enrichment score. (F-G) Leading edge analysis
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reveals selected core genes driving pathway enrichment signal in clinical variables, which are

annotated for the superinfection and SOFA score variables.

Supplemental Figure 8
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Supplemental Figure 8. The early T cell response during severe SARS-CoV-2 pneumonia
is dominated by an interferon signaling transcriptional program. (A-B) MA plot of
differentially expressed genes in CD4" T cells (81 samples from 46 patients with COVID-19
pneumonia) (A) and CD8" T cells (72 samples from 46 patients with COVID-19 pneumonia) (B),

comparing early (<48 hours following intubation) versus late (>48 hours following intubation)
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COVID-19 samples. Significantly upregulated genes in early samples are shown in red, and
significantly upregulated genes in late samples are shown in blue (q < 0.05, likelihood-ratio tests
with FDR correction). Genes shown in gray are not significantly differentially expressed.
Representative significant genes are annotated. (C) Heatmap of longitudinal analysis of
interferon-stimulated genes in combined CD4* and CD8" T cells of patients with severe SARS-
CoV-2 pneumonia. Columns represent unique T cell samples and are color-coded by binary
outcome, infection status, severity of illness (SOFA score), cumulative steroid dose (mg of
hydrocortisone), C reactive protein (CRP), D-dimer, viral load (Ct value), and ordered by duration
of mechanical ventilation. Blanks indicate missing values. (D) Comparison of SARS-CoV-2 viral
load (Ct value) by binary outcome and BAL sampling time in COVID-19 samples that underwent
RNA-sequencing (g < 0.05, pairwise Wilcoxon rank-sum tests with FDR correction). (E) Number
of COVID-19 BAL samples grouped by binary outcome and sampling time with a Ct value above
limit of detection (>40). (F) Correlation analysis of COVID-19 Ct values grouped by binary

outcome and duration of mechanical ventilation with Spearman rank correlation coefficient.
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Supplemental Figure 9
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Supplemental Figure 9. Distinct activation molecular signatures in alveolar CD8" T cells
predict clinical outcomes in patients with severe SARS-CoV-2 pneumonia. (A-O) Gene set
enrichment analysis (GSEA) of COVID-19 samples after performing correlation analysis of
differentially expressed genes in CD8" T cells and clinical variables of interest with Spearman
rank correlation coefficient computation. Count denotes pathway size after removing genes not
detected in the expression dataset. Enrichment denotes significant (g < 0.25 with FDR correction)
upregulated (red) and downregulated (blue) pathways by normalized enrichment score. Leading
edge analysis reveals selected core genes driving pathway enrichment signal in clinical variables,
which are annotated for the superinfection (B-E), severity of illness (SOFA score) (G-J), and

respiratory system compliance (L-O) variables.
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Supplemental Figure 10
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Supplemental Figure 10. Cell-type deconvolution of bulk RNA-sequencing reveals a
dominant activated memory phenotype of alveolar T cells during severe pneumonia. (A) K-
means clustering of 80 differentially expressed genes (q < 0.05, likelihood-ratio test with FDR
correction) in Treg cells across pneumonia diagnoses. Columns represent unique samples and
column headers are color-coded by diagnosis, binary outcome (whether a given patient was

discharged or died during hospitalization), duration of mechanical ventilation (blanks indicate
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chronically ventilated patients), and infection status (presence or absence of bacterial
superinfection in patients with COVID-19 or other viral pneumonia). The VAP (ventilator-
associated pneumonia) flag designates samples from non-pneumonia controls or patients with
COVID-19 or other viral pneumonia who cleared the virus and then developed a bacterial
pneumonia. Samples were clustered using Ward’s minimum variance clustering method.
Representative genes are shown for each cluster. (B-C) Gene set enrichment analysis (GSEA)
of Hallmark gene sets for the pairwise comparison between COVID-19 samples and combined
non-COVID-19 samples (non-pneumonia control, other pneumonia, and other viral pneumonia)
(B) or the pairwise comparison between COVID-19 samples and other viral pneumonia samples
(C). Count denotes pathway size after removing genes not detected in the expression dataset.
Enrichment denotes significant (@ < 0.25 with FDR correction) upregulated (red) and
downregulated (blue) pathways by normalized enrichment score. (D) Heatmap demonstrating the
proportion of alveolar CD8" T cell subsets from deconvolution analysis. Columns represent unique
samples grouped by diagnosis and are ordered by duration of mechanical ventilation. Column
headers are color-coded by diagnosis, binary outcome, duration of mechanical ventilation (blanks
indicate chronically ventilated patients), and infection status (presence or absence of bacterial
superinfection in patients with COVID-19 or other viral pneumonia). The VAP (ventilator-
associated pneumonia) flag designates samples from non-pneumonia controls or patients with
COVID-19 or other viral pneumonia who cleared the virus and then developed a bacterial
pneumonia. (E) Proportion of alveolar CD8" T cell subsets across different pneumonia etiologies.
(g < 0.05, pairwise Wilcoxon rank-sum tests with FDR correction). F) Proportion of alveolar CD8*
T cell subsets by outcome and timing of BAL fluid sampling in COVID-19 patients (g < 0.05,
pairwise Wilcoxon rank-sum tests with FDR correction). (G) Heatmap demonstrating the
proportion of alveolar CD4" T cell subsets from deconvolution analysis. Columns represent unique
samples grouped by diagnosis and are ordered by duration of mechanical ventilation. Column

headers are color-coded by diagnosis, binary outcome, duration of mechanical ventilation (blanks
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indicate chronically ventilated patients), and infection status (presence or absence of bacterial
superinfection in patients with COVID-19 or other viral pneumonia). The VAP (ventilator-
associated pneumonia) flag designates samples from non-pneumonia controls or patients with
COVID-19 or other viral pneumonia who cleared the virus and then developed a bacterial
pneumonia. (H) Proportion of alveolar CD4* T and Treg cell subsets across different pneumonia
etiologies (q < 0.05, pairwise Wilcoxon rank-sum tests with FDR correction). (I) Proportion of
alveolar CD4" T cell subsets by binary outcome and timing of BAL fluid sampling in COVID-19

patients (g < 0.05, pairwise Wilcoxon rank-sum tests with FDR correction).
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Supplemental Figure 11. Composition and demographics of bulk TCR-sequencing
samples. (A) Number of participants grouped by diagnosis. (B) Proportion of samples grouped
by T cell subset and diagnosis. (C) Number of samples categorized by timing of BAL. (D)
Distribution of SOFA scores by patient. Nonsignificant after pairwise Wilcoxon rank-sum tests with
FDR correction. (E) Mortality by patient. Nonsignificant after pairwise y?tests for homogeneity of
proportions with FDR correction. (F) Sex by patient. Nonsignificant after pairwise y? tests for

homogeneity of proportions with FDR correction.

Supplemental Figure 12
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Supplemental Figure 12. SARS-CoV-2 pneumonia complicated by secondary bacterial
pneumonia is associated with lower TCR repertoire diversity. (A-C) Alpha diversity
estimation with Chao 1 in combined alveolar CD4" and CD8" T cells in patients grouped by
diagnosis (A), timing of BAL fluid collection relative to intubation (B), and binary outcome (C) (g <
0.05, pairwise Wilcoxon rank-sum tests with FDR correction). (D-E) Correlation analysis between
combined alveolar CD4" and CD8" T cell richness (Chao 1) and age (D) and duration of
mechanical ventilation (E) using Pearson correlation. Data points are color-coded by unique
patients (D) or infection status (E) and shaped according to binary outcome. (F) Alpha diversity
estimation with Chao1 in combined alveolar CD8" and CD4" T cells in patients grouped by binary
outcome and infection status (presence or absence of bacterial superinfection in patients with
COVID-19 or other viral pneumonia). The VAP (ventilator-associated pneumonia) flag designates
samples from non-pneumonia controls or patients with COVID-19 or other viral pneumonia who
cleared the virus and then developed a bacterial pneumonia. Wilcoxon rank sum tests p-values

are shown.
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Supplemental Figure 13. Alveolar CD8" T cell receptor specificity analysis in SARS-CoV-2

pneumonia. (A) GLIPH2 specificity filtering criteria and numbers. (B) Inferred HLA-A and HLA-B

alleles in patients with COVID-19. (C-E) Network analysis of TCR sequences in patients with

severe pneumonia and respiratory failure from all diagnosis categories (C), non-COVID-19 groups

(D), or COVID-19 (E). Nodes represent unique TCR (CDR3p) sequences and are color-coded by

diagnosis. Shared TCR sequences by at least two different pneumonia categories are colored in

purple. Edges constitute patterns or specificity groups identified through the GLIPH2 algorithm.

(F-G) Proportion of HLA-A (F) and HLA-B (G) molecules identified in patients with COVID-19. n

of patients = 14 (H-I) TCR (V) gene usage analysis of identified sequences following processing

using the GLIPH2 pipeline and cross-matching with the MIRA class | dataset. Proportion of genes

by pneumonia category (n of patients = non-pneumonia control [4], other pneumonia [7], COVID-
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19 [14], and other viral pneumonia [8]) (H) and absolute number of TCR[ sequences for each V

region by pneumonia category (I) are shown. Dominant genes are annotated in (I).
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Supplemental Figure 14. Alveolar CD4" T cell responses during severe SARS-CoV-2
pneumonia. (A) Proportion of alveolar CD4" T cell responses by SARS-CoV-2 protein. TCR
sequences identified in all samples from patients with COVID-19 were cross-referenced with the
MIRA Il dataset to identify reactivity against specific SARS-CoV-2 antigens. n of patients = 12 and
n of samples = 22 (B) Inferred HLA-DP, HLA-DQ, and HLA-DR alleles in patients with COVID-19.
(C-E) Network analysis of TCR sequences in patients with severe pneumonia and respiratory
failure from all diagnosis categories (C), non-COVID-19 groups (D), or COVID-19 (E). Nodes
represent unique TCR (CDR3pB) sequences and are color-coded by diagnosis. Shared TCR

sequences by at least two different pneumonia categories are colored in purple. Edges constitute
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patterns or specificity groups identified through the GLIPH2 algorithm. (F) Network analysis of
shared TCR sequences recognizing SARS-CoV-2 epitopes. Nodes represent unique patients in
the COVID-19 group (labeled here using the lettering scheme from Figure 4G), edges constitute
shared TCR sequences by at least two patients mapped to a MIRA class Il dataset epitope pool,
and width of edges (magnitude) denote total number of shared TCR sequences. Edges are color-
coded by SARS-CoV-2 antigens. (G) Immunoprevalence of SARS-CoV-2 epitopes in patients
with COVID-19 was calculated by counting the number of events when a given epitope was
shared by at least two patients. Total counts from all eight identified epitopes are represented as
percentage (%). (H) Overall number of TCR sequences mapped to a given SARS-CoV-2 epitope
in patients with COVID-19 was calculated by counting all events of TCRs recognizing an epitope.
Total counts from all eight identified epitopes are represented as percentage (%). * denotes other
epitopes are present within MIRA class | dataset peptide pool. (I-J) TCR@ (V) gene usage analysis
of identified sequences following GLIPHZ2 pipeline and cross-matching with MIRA class Il dataset.
Proportion of genes by pneumonia category. n of patients = non-pneumonia control (1), other
pneumonia (4), COVID-19 (12), and other viral pneumonia (2) () and absolute number of TCRf3
sequences for each V region by pneumonia category (J) are shown. Dominant genes are
annotated in (J). (K) Scatter plot of SARS-CoV-2 epitope prevalence in patients with COVID-19
(n =12) and without COVID-19 (unexposed, n = non-pneumonia control [1], other pneumonia [4],
and other viral pneumonia [2]). Dots are color coded by SARS-CoV-2 antigen. Dot size
corresponds to the number of detected TCR sequences recognizing a given antigen. (L) SARS-
CoV-2 epitope prevalence in samples that underwent CD4* TCR sequencing grouped by COVID-

19 status. Wilcoxon rank sum test p-values are shown.
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Supplemental Data Files

Supplemental File 1. Differentially expressed genes in CD8" T cell bulk RNA-sequencing
samples from K-means clustering analysis (cluster 1).

Supplemental File 2. Differentially expressed genes in CD8" T cell bulk RNA-sequencing
samples from K-means clustering analysis (cluster 2).

Supplemental File 3. Differentially expressed genes in CD4" T cell bulk RNA-sequencing
samples from K-means clustering analysis (cluster 1).

Supplemental File 4. Differentially expressed genes in CD4" T cell bulk RNA-sequencing
samples from K-means clustering analysis (cluster 2).

Supplemental File 5. Significant gene ontology processes identified in CD8" T cell bulk RNA-
sequencing samples from K-means clustering analysis (cluster 1).

Supplemental File 6. Significant gene ontology processes identified in CD8" T cell bulk RNA-
sequencing samples from K-means clustering analysis (cluster 2).

Supplemental File 7. Significant gene ontology parent terms and terms identified in CD8" T cell
bulk RNA-sequencing samples from K-means clustering analysis (cluster 1).

Supplemental File 8. Significant gene ontology parent terms and terms identified in CD8" T cell
bulk RNA-sequencing samples from K-means clustering analysis (cluster 2).

Supplemental File 9. Significant gene ontology processes identified in CD4" T cell bulk RNA-
sequencing samples from K-means clustering analysis (cluster 1).

Supplemental File 10. Significant gene ontology parent terms and terms identified in CD4™ T cell
bulk RNA-sequencing samples from K-means clustering analysis (cluster 1).

Supplemental File 11. GLIPH2 analysis establishing specificity groups from CD4" T cell bulk
TCR-sequencing samples.

Supplemental File 12. GLIPH2 analysis establishing specificity groups from CD8" T cell bulk

TCR-sequencing samples.
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Supplemental File 13. Cross-reference of CD4" T cell repertoire sequences with Multiplex
Identification of Antigen-Specific T-Cell Receptors Assay (MIRA) dataset.

Supplemental File 14. Cross-reference of CD8" T cell repertoire sequences with Multiplex
Identification of Antigen-Specific T-Cell Receptors Assay (MIRA) dataset.

Supplemental File 15. (A) Multiplex Identification of Antigen-Specific T-Cell Receptors Assay
(MIRA) peptide deconvolution of Class | targets. (B) Hierarchical distribution of Class |
immunodominant epitopes by patient from the bulk TCR-sequencing subset. (C) Pairwise
similarity and average conservation score estimation between SARS-CoV-2 and HCoV epitopes.
Supplemental File 16. Anonymized metadata by patient and samples for bulk RNA-sequencing
and TCR-sequencing analysis.

Supplemental File 17. Raw counts for CD4" T cell bulk RNA-sequencing samples.
Supplemental File 18. Raw counts for CD8" T cell bulk RNA-sequencing samples.
Supplemental File 19. Raw counts for Treg cell bulk RNA-sequencing samples.

Supplemental File 20. MiXCR-processed raw sequencing files with TCR repertoire data for CD4*
T cell bulk TCR-sequencing samples.

Supplemental File 21. MiXCR-processed raw sequencing files with TCR repertoire data for CD8"
T cell bulk TCR-sequencing samples.

Supplemental File 22. Differential expression analysis in CD8" T cells of pairwise comparison
between COVID-19 samples and combined non-COVID-19 samples from Figure 2B.
Supplemental File 23. Differential expression analysis in CD4" T cells of pairwise comparison
between COVID-19 samples and combined non-COVID-19 samples from Figure 3B.
Supplemental File 24. Differential expression analysis in CD8" T cells of pairwise comparison
between COVID-19 samples and other viral pneumonia samples from Supplemental Figure 6B
Supplemental File 25. Differential expression analysis in CD4" T cells of pairwise comparison

between COVID-19 samples and other viral pneumonia samples from Supplemental Figure 7B
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Supplemental File 26. Differential expression analysis in Treg cells of pairwise comparison
between COVID-19 samples and combined non-COVID-19 samples from Supplemental Figure
10B.

Supplemental File 27. Differential expression analysis in Treg cells of pairwise comparison
between COVID-19 samples and other viral pneumonia samples from Supplemental Figure 10C
Supplemental File 28. Differential expression analysis in CD4" T cells of pairwise comparison
between early (<48 hours after intubation) and late (>48 hours after intubation) COVID-19
samples from Supplemental Figure 8A.

Supplemental File 29. Differential expression analysis in CD8" T cells of pairwise comparison
between early (<48 hours after intubation) and late (>48 hours after intubation) COVID-19
samples from Supplemental Figure 8B.

Supplemental File 30. The NU SCRIPT Study Investigators.
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