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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

COVID-19 patients confirmed by SARS-CoV-2 PCR test were recruited for this study, including both male and female patients.
20 age and gender matched healthy donors recruited prior to the pandemic were also included as healthy controls for this
study.

Among the 49 COVID-19 patients, all were adults with an age range of 26-77 years (median age of 55 years), with females
comprising 33%. All COVID-19 patients were confirmed by positive RT-PCR results for SARS-CoV-2. The 20 healthy donors
were selected aiming to have similar age and gender as the COVID-19 patient cohort. Among the 20 healthy donors, all were
adults with an age range of 24-81 years (median age of 53 years), with 30% of them being females.

COVID-19 patients confirmed by SARS-CoV-2 PCR test were enrolled in March-May 2020 at the Karolinska University Hospital
and Haga Outpatient Clinic (Haga Närakut), Stockholm, Sweden. Additionally, patients with mild disease were included by
recruiting household contacts who were SARS-CoV-2 PCR positive. In total 147 COVID-19 adult patients were recruited.

For this study, we selected patients with non-fatal outcome and available biobanked longitudinal acute and convalescent
samples, and excluded patients with autoimmune disease or haematological malignancies. It has been shown that cTfh cells
display aberrant phenotype or functionality in patients with autoimmune disease or haematological malignancies. We
excluded these patients to make sure that the characteristics we observed in cTfh cells were due to SARS-CoV-2 infection, not
other disease. We included all available patients who fit to the requirements described above, and consequently, 41
COVID-19 patients were included in this study. All 20 healthy donors were recruited in Sweden before November 2019, so
none of them had been exposed to SARS-CoV-2. These healthy donors were selected based on their age and gender to be
similar to the COVID-19 patient cohort, as a control group.

The data in figures 1,2,3 and 5, supplementary figures 1,2,3,4,5,7,8,9 and 10 were generated from the 41 COVID-19 patients
and 20 healthy donors described above. Thus how these patient and healthy donor cohort were selected would not
introduce any biases in this study.

The functional co-culture experiments in figure 4, supplementary figures 6 and 11, required large amount of cells. Our
samples biobanked in the first wave of the COVID-19 pandmic (March-May 2020) were not sufficient. So we recruited
additional 8 COVID-19 patients (4 mild and 4 severe) in December 2020 – March 2021, who were confirmed with SARS-CoV-2
infection by PCR, and were able to donate 40 mL blood, and did not have autoimmune disease or haematological
malignancies. The recruitment of these patients did not introduce any bias in this study.

The study was approved by the Swedish Ethical Review Authority, and performed according to the Declaration of Helsinki.
Written informed consent was obtained from all patients and controls. For sedated patients, the denoted primary contact
was contacted and asked about the presumed will of the patient and to give initial oral and subsequently signed written
consent. When applicable, retrospective written consent was obtained from patients with non-fatal outcomes.

With a sample size of n = 20 per group, the probability is 80% that the study will detect a relationship between the independent and the
dependent variables at a two-sided 0.05 significance level, if the true change in the dependent variables is 0.663 standard deviations per one
standard deviation change in the independent variable.

In this study, we included as many patients who fit the requirements described in the Recruitment, and consequently 49 COVID-19 patients
were included in the patient cohort, which is approximately twice as high as the power analysis. 20 age and gender matched healthy donors
were selected as a control cohort, which fits the requirement of power analysis.

All samples from all study participants were included in the analysis of this study, except one severe patient displayed IgA deficiency over time
was excluded in all IgA analysis.

Independently replication was performed in antibody ELISA, virus neutralization assay, cytokines/chemokines proteomics assay with plasma
sample from patient and healthy control cohort. Given limited cell sample availability, replication was not performed in flow cytometry or
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Randomization

Blinding

Reporting for specific materials, systems and methods
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system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems
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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Luminex assay.

In this study, all patients were grouped based on their peak COVID-19 disease severity according to the respiratory domain of the sequential
organ failure assessment (SOFA) score.

Investigators were not blinded. In each single experiment, samples from COVID-19 patient cohort and healthy control cohort were run in
parallel, to make sure the difference observed between patient and control cohort were not induced by different batches of experiments. The
data generation for samples collected from acute disease and convalescence from the same patient were also run in parallel in single
experiments, to make sure the difference observed between acute disease and convalescence were not induced by different batches of
experiments.

Phenotyping of cTfh cells:

PerCP-Cy5.5 CD4 Biolegend, OKT4 Cat#317428 Dilution3:100

FITC CD62L Biolegend, DREF-56 Cat#304804 Dilution3:100

PE-Cy7 ICOS Biolegend, C398-4A Cat#313520 Dilution1:100

PE-Cy5 CD40L Biolegend, 24-31 Cat#310808 Dilution3:100

PE-TR CXCR5 Invitrogen, MU5UBEE Cat#61-9185-42 Dilution3:100

PE CD38 Biolegend, HIT2 Cat#303505 Dilution1:200

APC-Cy7 CD3 BD Biosciences, SK7 Cat#345767 Dilution3:100

AF700 CCR7, Biolegend, G043H7 Cat#353244 Dilution3:100

BV786 CCR6, BD Biosciences, 11A9 Cat#563704 Dilution3:100

BV650 CXCR3, Biolegend, G025H7 Cat#353730 Dilution1:25

BV421 PD1, BD Biosciences, EH12.1 Cat#565935 Dilution1:50

BUV395 CD45RA, BD Biosciences, HI100 Cat#740298 Dilution1:100

Phenotyping of B cells:

PerCP-Cy5.5 CD38, BD Biosciences, HIT2 Cat#551400 Dilution3:100

PE-Cy7 CD19, BD Biosciences, HIB19 Cat#560728 Dilution3:100

APC-Cy7 CD20, BD Biosciences, 2H7 Cat#560734 Dilution1:25

BV786 IgG, BD Biosciences, G18-145 Cat#564230 Dilution1:20

BV650 CD27, BD Biosciences, M-T271 Cat#564894 Dilution3:100

BV510 CD14, Biolegend, M5E2 Cat#301842 Dilution1:50

BV510 CD16, BD Biosciences, 3G8 Cat#563830 Dilution1:50

BV510 CD56, BD Biosciences, B159 Cat#740171 Dilution3:200

BUV 395 IgM, BD Biosciences, G20-217 Cat#563903 Dilution3:200

BUV 395 IgD, BD Biosciences, IA6-2 Cat#563813 Dilution1:50

Phenotyping of SARS-CoV-2-specific cTfh cells:

PerCP-Cy5.5 CD134, BD Biosciences, ACT35 Cat#563659 Dilution1:40

PE-TR CXCR5, Invitrogen, MU5UBEE Cat#61-9185-42 Dilution3:100

APC-Cy7 CD3, BD Biosciences, SK7 Cat#345767 Dilution3:100

AF700 CD4, BD Biosciences, L200 Cat#560836 Dilution1:50

APC CD25, Biolegend, BC96 Cat#302610 Dilution3:100

BV786 CCR6, BD Biosciences, 11A9 Cat#563704 Dilution3:100

BV650 CXCR3, Biolegend, G025H7 Cat#353730 Dilution1:25

BUV395 CD45RA, BD Biosciences, HI100 Cat#740298 Dilution1:100

cTfh and B cells sorting:

FITC IgD, BD Biosciences, IA6-2 Cat#562023 Dilution1:50

PE CD3, BD Biosciences, SK7 Cat#345765 Dilution1:20

PE-Cy5 CD45RA, BD Biosciences, 5H9 Cat#552888 Dilution1:100




