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	CurrentPageNumber: 
	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Prof. Milo A. Puhan, MD PhD
	YYYY-MM-DD: 2022-07-27
	na: 
	y: 
	Provide a description of all commercial, open source and custom code used to collect the data in this study, specifying the version used OR state that no software was used.: Immune assay data:Luminex analysis of Spike-specific IgA and IgG, Nucleocapsid-specific IgG and SARS-CoV-2 Spike neutralization activity analysis: Samples were read on a Bio-Plex (Luminex) 200 plate reader with Bio-Plex Manager software (version 6.2; Bio-Rad).Elecsys analysis of Spike-Specific and Nucleocapsid-Specific Ig: Sample were analyzed using a Cobas e411 analyzer instrument (software version 03.02; Roche).ELISpot analysis of Membrane/Nucleocapsid/Spike-specific, IFN-gamma-Producing T cells: Spots were counted using an AID iSpot Reader System with EliSpot 7.0 software (AID).Flow Cytometry analysis of Membrane/Nucleocapsid/Spike-specific, Activation-Induced Marker-Expressing T cells: Samples were acquired on Cytek Aurora 5L spectral flow cytometer (Cytek). Electronic survey data:The Research Electronic Data Capture (REDCap) platform was used for data collection (current version 10.6.13) for all electronic survey data. REDCap is a publicly available, web-based application created and distributed by Vanderbilt University.
	Provide a description of all commercial, open source and custom code used to analyse the data in this study, specifying the version used OR state that no software was used.: Immune assay analyses:Flow cytometry data was analyzed using Cytek SpectroFlo (version 3.0.1) and FlowJo software (version 10, TreeStar Inc).Statistical analyses:All statistical analyses were performed using R (v4.1.1), using the Hmisc (v4.5-0), psych (v2.1.6), survey (v4.1-1), lme4 (v1.1-27.1), lmerTest (v3.1-3), and KmL3D (v2.4.2) packages. Results were visualized using the ggplot2 (v3.3.5), ggpubr (v0.4.0), ggfittext (v0.9.1), pheatmap (v1.0.12), RColorBrewer (v1.1-2) and table1 (v1.4.2) packages. Source Data and R code allowing to reproduce the results of the study are provided within the supplementary information files.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: All data supporting the findings of this study are available within the paper and its supplementary information files. Source data are provided with this paper.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: A random sample of 431 individuals diagnosed with SARS-CoV-2 infection were included in this analysis. Of those, we selected 64 individuals for a detailed characterization of immune responses (anti-N-IgG, neutralizing activity, ELISpot, flow cytometry). This subsample was aimed to be representative of the spectrum of SARS-CoV-2 infection and associated immune responses. Sample sizes were selected based on preliminary assessments of antibody responses using the Luminex-based assay in other studies (Fenwick et al. J. Virol. 2021. https://www.doi.org/10.1128/JVI.01828-20; Fenwick et al. Science Translational Medicine. 2021. https://www.doi.org/10.1126/scitranslmed.abi8452), as well as other early studies evaluating immune responses after SARS-CoV-2 infection (Li et al. Nat Commun. 2020. https://doi.org/10.1038/s41467-020-19943-y; Grifoni et al. Cell. 2020. https://doi.org/10.1016/j.cell.2020.05.015; Chen et al. Cell. 2020. https://doi.org/10.1016/j.cell.2020.10.051; Zhao et al. Clin Infect Dis. 2020. https://doi.org/10.1093/cid/ciaa344; Zhang et al. Frontiers in Molecular Biosciences. 2020. https://doi.org/10.3389/fmolb.2020.00157; Rijkers et al. J Infect Dis. 2020. https://doi.org/10.1093/infdis/jiaa463; Weiskopf et al. Sci Immunol. 2020. https://doi.org/10.1126/sciimmunol.abd2071). Hence, we deemed this sample size to be a sensible and pragmatic choice allowing to identify and evaluate the range and distinct trajectories of immune responses in infected individuals, while ensuring the feasibility of the project.
	life: 
	behavioural: 
	eee: 
	If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, indicating whether exclusion criteria were pre-established.: We excluded any data measured after receipt of COVID-19 vaccination (first dose; n=2 participants at three months and n=78 participants at six months) or diagnosed reinfection (based on self-reported positive PCR or rapid antigen test; n=3 participants at six months) from all analyses, in order to allow the evaluation of the immune response trajectories without renewed exposure. Hence, the exclusion was warranted by the objectives of the study.
	Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.: Due to limited availability of biological samples, the majority of samples were tested only once in antibody, neutralizing antibody, ELISpot and flow cytometry analyses. All performed tests were validated prior to testing of the samples from this study. Furthermore, we provide a validation of Luminex-based antibody testing using Roche Elecsys assays within the presented results (described below).
	Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were controlled. If this is not relevant to your study, explain why.: No randomization was performed due to the observational nature of this study.
	Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why blinding was not relevant to your study.: No group allocation was performed due to the observational nature of this study. Investigators performing antibody, neutralizing antibody, ELISpot and flow cytometry testing did not have knowledge of the clinical characteristics of participants corresponding to the samples at the time of testing.
	Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, quantitative experimental, mixed-methods case study). : 
	State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For studies involving existing datasets, please describe the dataset and source.: 
	Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and what criteria were used to decide that no further sampling was needed.: 
	Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.: 
	Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which the data are taken: 
	State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no participants dropped out/declined participation.: 
	If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if allocation was not random, describe how covariates were controlled.: 
	Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, hierarchical), nature and number of experimental units and replicates.: 
	Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, describe the data and its source.: 
	Describe the data collection procedure, including who recorded the data and how.: 2
	Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to repeat the experiment failed OR state that all attempts to repeat the experiment were successful.: 
	Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).: 
	State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).: 
	Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, the date of issue, and any identifying information).: 
	Describe any disturbance caused by the study and how it was minimized.: 
	Describe all antibodies used in the study; as applicable, provide supplier name, catalog number, clone name, and lot number.: Secondary antibodies for Luminex analysis of Spike-Specific IgA and IgG and Nucleocapsid-Specific IgG: Polyclonal Goat F(ab’)2 anti-human IgA-PE (Southern Biotech, Catalog 2052-09, Dilution 1:100); Polyclonal Goat anti-human IgG-PE (OneLambda, Catalog LS-AB2, Dilution 1:100).Secondary antibodies for Luminex analysis of SARS-CoV-2 Spike neutralization activity: Polyclonal Goat F(ab’) anti-mouse IgG (Invitrogen, Catalog 12-4010-87, Dilution 1:100).Positive control for 100% neutralization consist of high concentration (>1ug/ml) of two broadly neutralizing human monoclonal antibodies binding distinct epitopes on the SARS-CoV-2 Spike protein (Clones P2G3 and P5C3), isolated from previously infected and vaccinated donors, reported in: Fenwick et al. A highly potent antibody effective against SARS-CoV-2 variants of concern. Cell Reports. 2021. https//doi.org/10.1016/j.celrep.2021.109814. Fenwick et al. SARS-CoV-2 Omicron potently neutralized by a novel antibody with unique Spike binding properties. bioRxiv Preprint. 2022. https://doi.org/10.1101/2022.03.18.484873.Positive control and detection antibodies for ELISpot analysis of Membrane/Nucleocapsid/Spike-specific, IFN-gamma-Producing T cells: anti-CD3 antibody (Clone OKT3, Miltenyi Biotec, Catalog 130-093-387, Concentration 10mg/ml); anti-human IFN-gamma specific monoclonal antibodies and biotinylated polyclonal secondary antibodies included in the Human IFN-gamma ELISpot Assay kit (R&D Systems, Catalog EL285).Antibodies used for flow cytometry: BUV395 anti-CD45RA (Clone HI100, BD Bioscience, Catalog 740298, RRID:AB_2740037, Dilution 1:100); BUV496 anti-CD8 (Clone RPA-T8, BD Bioscience, Catalog 612942, RRID:AB_2870223, Dilution 1:100); BUV563 anti-CD56 (Clone NCAM16.2, BD Bioscience, Catalog 612928, RRID:AB_2870213, Dilution 1:50); BUV661 anti-CD14 (Clone M5E2, BD Bioscience, Catalog 741603, RRID:AB_2871011, Dilution 1:100); BUV737 anti-CD16 (Clone 3G8, BD Bioscience, Catalog 564434, RRID:AB_2869578, Dilution 1:100); BUV805 anti-CD19 (Clone SJ25C1, BD Bioscience, Catalog 749173,  RRID:AB_2873553, Dilution 1:100); BV421 anti-CD27 (Clone O323, Biolegend, Catalog 302824, RRID:AB_11150782, Dilution 1:50); BV510 anti-CD4 (Clone OKT4, Biolegend, Catalog 317444, RRID:AB_2561866, Dilution 1:50); BV650 anti-CD38 (Clone HB-7, Biolegend, Catalog 356620, RRID:AB_2566233, Dilution 1:100); BV786 anti-CD3 (Clone OKT3, Biolegend, Catalog 317330, RRID:AB_2563507, Dilution 1:100); PE anti-IgD (Clone IA6-2, Biolegend, Catalog 348204, RRID:AB_10553900, Dilution 1:200); PE/Dazzle594 anti-CCR7 (Clone G043H7, Biolegend, Catalog 353236, RRID:AB_2563641, Dilution 1:50); FITC anti-HLA-DR (Clone L243, Biolegend, Catalog 307604, RRID:AB_314682, Dilution 1:75); PE-Cy7 anti-CD137 (Clone 4B4-1, Biolegend, Catalog 309818, RRID:AB_2207741, Dilution 1:50); BB700 anti-CD134 (Clone ACT35, BD Bioscience, Catalog 746071, RRID:AB_2743451, Dilution 1:50); APC anti-CD69 (Clone FN50, Biolegend, Catalog 310910, RRID:AB_314845, Dilution 1:75).
	Describe the validation of each primary antibody for the species and application, noting any validation statements on the manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.: Antibody testing for anti-S-IgA, anti-S-IgG and anti-N-IgG using the Luminex-based assay was validated prior to use in this study and is reported in: Fenwick et al. Changes in SARS-CoV-2 Spike versus Nucleoprotein Antibody Responses Impact the Estimates of Infections in Population-Based Seroprevalence Studies. J. Virol. 2021. https://www.doi.org/10.1128/JVI.01828-20.Within this study, we additionally performed a validation of the Luminex-based assay used to determine anti-S-IgG and anti-N-IgG antibody responses using the Roche Elecsys Anti-SARS-CoV-2 S and Roche Elecsys Anti-SARS-CoV-2 assays. Commercially available Roche Elecsys tests were validated and validation data is available on the manufactureres homepage (https://diagnostics.roche.com/content/dam/diagnostics/Blueprint/en/pdf/cps/Elecsys-Anti-SARS-CoV-2-factsheet-2020-JUL.pdf; https://diagnostics.roche.com/content/dam/diagnostics/ch/de-fr/md-molecular-diagnostics/Factsheet_Elecsys_Anti-SARS-CoV-2-S_A4_6pg%20single%20pages.pdf). All available samples from subsample participants were tested by Luminex and Roche Elecsys assays. Test results showed a high percent agreement (98.7% for anti-S-Ig and 91.2% for anti-N-Ig seropositivity) and correlation (Spearman r=0.89 for anti-S-Ig, Spearman r=0.86 for anti-N-Ig) between the two tests (Supplementary Fig. 1c–e). In addition, external cross-validations of the Luminex anti-S-IgG assay with the Roche Elecsys Anti-SARS-CoV-2 S assay were performed prior to this study based on 900 samples from SARS-CoV-2-infected individuals of the Lausanne University Hospital, Switzerland (individuals were not part of the reported population-based study; overall Pearson r=0.70). In the article, we report results for 298 samples, equally showing a high correlation between Luminex and Roche Elecsys Anti-SARS-CoV-2 S assays (Spearman r=0.82; Supplementary Fig. 1f; source data for these samples are provided as a Source Data file).Neutralization assays were validated prior to use in this study and is reported in: Fenwick et al. A high-throughput cell- and virus-free assay shows reduced neutralization of SARS-CoV-2 variants by COVID-19 convalescent plasma. Science Translational Medicine. 2021. https://www.doi.org/10.1126/scitranslmed.abi8452. Positive control antibodies for 100% neutralization were equally validated prior to use and reported in: Fenwick et al. A highly potent antibody effective against SARS-CoV-2 variants of concern. Cell Reports. 2021. https//doi.org/10.1016/j.celrep.2021.109814. Fenwick et al. SARS-CoV-2 Omicron potently neutralized by a novel antibody with unique Spike binding properties. bioRxiv Preprint. 2022. https://doi.org/10.1101/2022.03.18.484873.All antibodies used for ELISpot and flow cytometry analyses are commercially available and have been validated by the manufacturers. Manufacturer and catalog information as well as assigned Research Resource Identification (RRID) numbers are included above and in the manuscript. Dilutions of antibodies used for experimental flow cytometric analyses were validated/selected by titration analysis using human PBMC samples from healthy donors.
	State the source of each cell line used.: 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: 
	Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.: 
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: 
	Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable, export.: 
	deposition: 0
	If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are provided.: 
	datescheck: 0
	Identify the organization(s) that approved the study protocol.: The study protocol was approved by the Cantonal Ethics Committee of Zurich, Switzerland (BASEC Registration No. 2020-01739).
	For laboratory animals, report species, strain, sex and age OR state that the study did not involve laboratory animals.: 
	Provide details on animals observed in or captured in the field; report species, sex and age where possible. Describe how animals were caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released, say where and when) OR state that the study did not involve wild animals.: 
	For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature, photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.: 
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, gender, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": The study population characteristics are reported in detail in Supplementary Table 1. In the overall study population of 431 SARS-CoV-2 infected individuals, population characteristics were as follows: Age: mean 51.7 (SD 18.3); Female: 212/431 (49.2%); Asymptomatic SARS-CoV-2 infection: 76/431 (17.6%); Hospitalization: 18/431 (4.2%); Comorbidities (one or more): 131/431 (30.4%). In the subsample of 64 individuals selected for detailed characterization of immune analyses, population characteristics were as follows: Age: mean 52.1 (SD 18.9); Female: 36/64 (56.2%); Asymptomatic SARS-CoV-2 infection: 20/64 (31.2%); Hospitalization: 11/64 (17.2%); Comorbidities (one or more): 20/64 (31.2%).
	Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and how these are likely to impact results.: In this study, we included a population-based, age-stratified, random sample of 431 individuals diagnosed with SARS-CoV-2 infection between the 6th of August 2020 and the 19th of January 2021 in the Canton of Zurich, Switzerland. Study participants were recruited through the Department of Health of the Canton of Zurich, which records all diagnosed SARS-CoV-2 cases within the Canton through mandatory case reporting. Of the 431 participants, 64 were selected for a detailed characterization of immune responses. This subsample was aimed to be representative of the spectrum of SARS-CoV-2 infection and associated immune responses. Subsample participants were selected at random within strata based on clinical characteristics (asymptomatic disease, low and high symptom count, hospitalization) and S-specific antibody responses up to one month (seronegative or low anti-S-IgA or -IgG response, seropositive or high anti-S-IgA or -IgG response), while ensuring balance across sex and age groups.Despite the population-based sample, self-selection bias may have occurred if individuals who are more health-aware or health-literate on average than the overall population, were more likely to participate in our study. Furthermore, individuals affected by very severe COVID-19 requiring hospitalization (critically ill) may be underrepresented in the study. It is unclear how this may have impacted the results (inclusion of healthier individuals may lead to measurement of stronger immune responses while non-inclusion of critically ill may lead to underestimation of antibody responses on a population level). However, we consider it unlikely that this impacted the main findings of this study. Furthermore, we specifically selected individuals for subsample analyses in order to represent the spectrum of COVID-19 and associated immune responses.
	Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.: This observational cohort study was prospectively registered on the ISRCTN registry (ISRCTN 14990068).
	Note where the full trial protocol can be accessed OR if not available, explain why.: The overall project protocol is included within the registration.
	Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.: We recruited individuals diagnosed with SARS-CoV-2 infection between the 6th of August 2020 and the 19th of January 2021 in this study. Enrolled participants were surveyed using electronic questionnaires (through REDCap; those unable to fill electronic questionnaires were asked to fill paper questionnaires or were surveyed via phone). Participants were asked to complete questionnaires at baseline (at the earliest possible timepoint after diagnosis), as well as 2 weeks, 1 month, 3 months and 6 months after SARS-CoV-2 infection. Collected data included information on socio-demographics, symptoms and severity of acute infection (including hospitalization), medical information (e.g. comorbidities, smoking), and information on reinfections.Participants were further invited for study visits at the corresponding timepoints (2 weeks, 1 month, 3 months and 6 months after SARS-CoV-2 infection) for the evaluation of humoral and cellular immune responses. Study visits took place at the Corona Center of the University of Zurich (UZH), Switzerland, during which trained study personnel collected peripheral venous blood samples under standard clinical and hygiene measures. Participants were compensated with a flat fee for any travel expenses related to study visits, but otherwise did not receive any compensation for their participation.
	Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.: The primary outcomes (proportion of individuals testing seropositive for antibody subclasses, neutralizing antibodies, as well as epitope pool-specific and overall T cell responses) and secondary outcomes (level of responses, durability of responses (i.e., decay), and relationship between antibody and T cell immune responses) in this study were specified a priori. We descriptively assessed the proportions that were tested positive and the levels of the response. We evaluated the concordance and correlation of antibody and T cell responses using standard statistical methods (i.e., Percent concordance, Spearman correlation, Cohen's Kappa). We assessed antibody and T cell decay in line with approaches taken by other groups (i.e., mixed-effects linear decay model), as described in the Methods. We complemented these analyses by a longitudinal k-means clustering approach to jointly evaluate the evaluation of immune responses over time.
	Describe any other significant impacts.: 
	calculatehazards: 
	Please describe the agents/technologies/information that may pose a threat, including any agents subject to oversight for dual use research of concern.: 
	Describe any other potentially harmful combination(s) of experiments and agents.: 
	calculateexperiments: 
	calculatehazardsexperiments: 
	Describe the precautions that were taken during the design and conduct of this research, or will be required in the communication and application of the research, to minimise biosecurity risks. These may include bio-containment facilities, changes to the study design/methodology or redaction of details from the manuscript.: 
	Describe any evaluations and oversight of biosecurity risks of this work that you have received from people or organizations outside of your immediate team.: 
	Describe the benefits that application or use of this work could bring, including benefits that may mitigate risks to public health, national security, or the health of crops, livestock or the environment.: 
	Describe whether the benefits of communicating this information outweigh the risks, and if so, how.: 
	graphfiles: 0
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: 
	Provide a list of all files available in the database submission.: 
	Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to enable peer review.  Write "no longer applicable" for "Final submission" documents.: 
	Describe the experimental replicates, specifying number, type and replicate agreement.: 
	Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and whether they were paired- or single-end.: 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: 2
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: 
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: 
	Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a community repository, provide accession details.: Data was analyzed using Cytek SpectroFlo (version 3.0.1) and FlowJo software (version 10, TreeStar Inc).
	axislabels: 1
	axisscales: 1
	plots: 1
	numberpercentage: 1
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: Cryopreserved PBMCs were thawed in RPMI-1640 (Gibco, Thermo Fisher Scientific) supplemented with 5% human AB-serum (BioConcept) and 25U/ml benzonase (Sigma), and plated in 96-UWell plates (Sarstedt) at a concentration of up to 1e6 cells per well in RPMI-1640 medium (Gibco, Thermo Fisher Scientific) supplemented with 10% human AB-serum (BioConcept) and 1% Penicillin-Streptomycin (Thermo Fisher). SARS-CoV-2 PepTivator peptide pools M, N, S1 and S (Miltenyi Biotec) were dissolved per manufacturer’s instructions in sterile water and combined into a single megapool. PBMCs were cultured for 24 hours in a humidified incubator at 37°C and 5% CO2 in the presence of either the SARS-CoV-2 megapool at 0.6nmol (approximately 1µg/ml) of each peptide, Phytohemagglutinin-L at 5µg/ml as a positive control (Merck Millipore) or culture medium (unstimulated condition). Peptide- and unstimulated samples were run in duplicate whenever possible and longitudinal samples from individual participants were included in the same assay. After 24 hours, cells were washed in staining buffer (PBS, 0.02% NaN3, 2mM EDTA, 1% bovine serum albumin), blocked for 10 minutes with Human TruStain FcX (Biolegend) on ice and stained for 30 minutes at 4°C with the following antibodies in buffer supplemented with Super Bright Complete Staining Buffer (eBioscience; list in article). After washing, samples were fixed with 1% PFA.
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