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The three independent reference cohorts were accessed as follows:

“Shenzhen”: Single-cell landscape of bronchoalveolar immune cells in patients with COVID-19 [Liao et al.48]: All data used in this study, including scRNA-seq and
scTCR-seq raw data, filtered expression matrix and scTCR-seq contig annotation that support the findings of this study can be accessed in GEO under the accession
number GSE145926.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE145926

“Chicago”: Alveolitis in severe SARS-CoV-2 pneumonia is driven by self-sustaining circuits between infected alveolar macrophages and T cells [Grant et al.49]

Single-cell RNA-seq: Counts tables and integrated objects are available through GEO with accession number GSE155249.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE155249

“Berlin”: COVID-19 severity correlates with airway epithelium-immune cell interactions identified by single-cell analysis [Chua et al.47]

In addition, count and metadata tables containing patient identification, sex, age, cell type and quality control metrics for each cell are available at FigShare: https://
doi.org/10.6084/m9.figshare.12436517.

https://figshare.com/articles/COVID-19_severity_correlates_with_airway_epithelium-immune_cell_interactions_identified_by_single-cell_analysis/12436517

Sample sizes were chosen on the basis of preliminary experiments. No power analysis was performed before experiments. ScRNA seq per
condition and donor was performed with 10.000 cells. We initially suspected that antigen-reactive clones would make up at least 0.1% of all T
cells, which would be equivalent to 10 cells in this setting.

In general, no data were excluded. As mentioned in the respective figure legends, in Fig. 4c and Ext. Data Fig. 12f, patients with less than 20
cells in Louvain cluster 11 were excluded from analysis since, in these patients, each single cell would be equivalent to more than 5% and
therefore disproportionately generates outliers.

ScRNA seq results were confirmed in two different patients. Reactive TCRs were experimentally validated as described. For more information
see figure legends.

No randomization was performed. Because of the complexity and costs of the experimental approach, PBMC stimulation was performed for
two different donors. We suspected that this should be sufficient to provide proof-of-concept for the methodological approach to use
stimulation-induced transcriptomic shifts for identification of antigen-reactive T cells and reverse phenotyping.

No blinding was performed since the purpose of the study was not a comparison between different donors, but to provide methodological
proof-of-concept in both donors.
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Validation

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Sort

human CD8 eF450 Life Technologies 48-0086-42 1:200

human CD3 APC Life Technologies 17-0038-42 1:200

human CD19 ECD Beckman Coulter A07770 1:100

human CD4 PE Life Technologies MHCD0404 1:100

human CD56 FITC Life Technologies 11-0566-42 1:100

OTR ICCS

human CD3 BV421 BD Bioscience 563797 1:100

human CD8 PE Life Technologies 12-0086-42 1:200

mouse mTRBC APC/fire 750 BioLegend 109246 1:50

human IL-2 APC BD Bioscience 341116 1:25

Antibody validations were performed by antibody suppliers per quality assurance literature provided by each supplier:

- https://www.thermofisher.com/antibody/product/CD8a-Antibody-clone-OKT8-OKT-8-Monoclonal/48-0086-42

- https://www.thermofisher.com/antibody/product/CD3-Antibody-clone-UCHT1-Monoclonal/17-0038-42

- https://www.beckman.de/reagents/coulter-flow-cytometry/antibodies-and-kits/single-color-antibodies/cd19/a07770

- https://www.thermofisher.com/antibody/product/CD4-Antibody-clone-S3-5-Monoclonal/MHCD0404

- https://www.thermofisher.com/antibody/product/CD56-NCAM-Antibody-clone-TULY56-Monoclonal/11-0566-42

- https://www.bdbiosciences.com/us/applications/research/t-cell-immunology/th-1-cells/surface-markers/human/bv421-mouse-
anti-human-cd3-sk7-also-known-as-leu-4/p/563797

- https://www.thermofisher.com/antibody/product/CD8a-Antibody-clone-OKT8-OKT-8-Monoclonal/12-0086-42

- https://www.biolegend.com/en-us/search-results/apc-fire-750-anti-mouse-tcr-beta-chain-antibody-13672

- https://www.bdbiosciences.com/us/applications/research/t-cell-immunology/th-1-cells/intracellular-markers/cytokines-and-
chemokines/human/apc-mouse-anti-human-il-2-5344111/p/341116

All Munich cohort patients were PCR-confirmed SARS-CoV-2 positive, admitted to the intensive care unit in the University
Hospital of the Ludwig-Maximillians University, Munich (n=5), or the Asklepios Lung Clinic Munich-Gauting, Gauting (n=4), for
treatment of severe COVID-19 requiring invasive, mechanical ventilation. For further clinical information see Extended Data
Table 1. PBMCs and tracheal aspirate samples were taken at the end of April, 2020.

Ventilated patients with severe COVID-19 were sequentially recruited in the indicated hospitals at the end of April, 2020. Any
potential selection bias of the patients should not have any impact on the methodological proof-of-concept provided in this
study.

Written informed consent was obtained from the donors or their caregivers, usage of the blood samples was approved
according to national law by the local Institutional Review Board (Ethikkommission der Medizinischen Fakulta"t der Ludwigs-
Maximilian-Universita"t Mu "nchen; vote IDs 19-629, 19-630 and 20-259) and/or samples were used according to legal
provisions defined by the German Infection Protection Act (IfSG).

Peripheral blood mononuclear cells (PBMC) were isolated from EDTA whole blood by gradient density centrifugation
according to manufacturer’s instructions (Biocoll, Biochrom) and frozen in FCS + 10% DMSO (Merck) for liquid nitrogen
storage. After freezing-thawing procedure, T cells were cultured in RPMI 1640 (Gibco) supplemented with 5% human serum,
0.025% l-glutamine, 0.1% HEPES, 0.001% gentamycin and 0.002% streptomycin (hereafter RPMI-HS).

Tracheal aspirates were digested with 4ml dispase (50 units/ml) (Corning, #354235) and 25 µl DNase (30 #g/ml) (Qiagen,
#79254) at 37°C for 10 min with occasional shaking. The digestion was then stopped with 10 ml of ice-cold 10% FCS/PBS. To
obtain single cell suspensions, the digestion mix was passed through a 70 µm cell strainer. Red blood cell lysis was performed
only when necessary by incubating the cells with 3 ml RBL buffer at RT for 1 min.

Flow sorting of CD4+ and CD8+ cells from the stimulated and unstimulated condition was conducted on a MoFlo Astrios EQ
(Beckman Coulter) under biosafety level 3.

Flow cytometric analyses were acquired on a Cytoflex (S) flow cytometer (Beckman Coulter).




