
Supplementary Methods 

Sample collection  

Eligible children (Supplementary Table 1) aged 12-16 years were recruited into SAFE-KIDS by 

paediatricians. The current study was reviewed and approved by the PHE Research Ethics and 

Governance Group (REGG) reference NR0264. Written informed consent was obtained for all 

participants from parents or guardians.  

Blood samples taken at baseline (before or within 48 hours of first vaccination), ~6 weeks follow 

prime (bleed 2), at boost (bleed 3), ~2-4 weeks following boost (bleed 4) and for ChAd-Ox1 

vaccinated donors ~3 months following boost (bleed 5) (Supplementary Figure 1). The full SAFE-KIDS 

protocol is available online at https://www.gov.uk/guidance/covid-19-paediatric-surveillance.   

Convalescent plasma samples were also available from the Born in Bradford study1. 10 children aged 

10-13 years with PCR-confirmed SARS-CoV-2 infection between October and December 2020, had 

samples taken a median of 18 weeks after PCR (Supplementary Table 1).  

PBMC and Plasma Preparation 

Lithium Heparin blood tubes were processed within 24hrs of collection. Briefly tubes were spun at 

300g for 10mins prior to removal of plasma which was then spun at 800g for 10mins and stored as 

aliquots at -80°C. Remaining blood was diluted with RPMI and PBMC isolated on ficol density 

gradient, washed with RPMI and frozen in 90%FBS+10%DMSO, samples were stored in the vapour 

phase of liquid nitrogen. 

Serological analysis of SARS-CoV-2-specific immune response 

Quantitative IgG antibody titres were measured using Mesoscale Diagnostics multiplex assays as 

previously described 2, following the manufacturer instructions. Briefly, samples were diluted at 

1:5000 and added wells of the 96 well plate alongside reference standards and controls. After 

incubation, plates were washed and anti-IgG-Sulfo tagged detection antibody added. Plates were 

washed and were immediately read using a MESO TM QuickPlex SQ 120 system. Data was generated 

by Methodological Mind software and analysed with MSD Discovery Workbench (v4.0) software. 

Data are presented as arbitrary units (AU)/ml relative to the standard. Anti-Spike and anti-RBD 

AU/ml were converted to WHO reference standard Binding Antibody units (BAU)/ml using the 

provided correction values, using the following formula: anti-spike - AU/ml*0.00901=BAU/ml, anti-

RBD - AU/ml*0.0272=BAU/ml. 

Live Virus neutralisation assay 

Clinical isolates used in the study were provided by Public Health England and Imperial College 

London. A549-ACE2-TMPRSS23 cells were seeded at a cell density of 1x104/well in 96-well plates 

24hrs before inoculation. Serum was titrated starting at a 1:100 dilution-1:6400 dilution. The 

specified virus was then incubated at an MOI 0.01 with the Serum for 1hr prior to infection. All wells 

were performed in triplicate. 72hrs later infection plates were fixed with 8% formaldehyde and 

stained with Coomassie blue for 30 mins. Plates were washed and dried overnight before 

quantification using a Celigo Imaging Cytometer (Nexcelom) to measure the staining intensity. 

Percentage cell survival was assessed by comparing the intensity of the staining to uninfected wells. 

Antibody titre was then estimated by interpolating the point at which infectivity had been reduced 

to 50% of the value for the no serum control samples. 

Neutralisation antibody quantification  



Inhibition of ACE-2 binding to trimeric SARS-CoV-2 Spike protein from variants of concern were 

measured using the MSD V-PLEX COVID-19 ACE2 Neutralization Kit (SARS-CoV-2 Plate 13) following 

manufacturer’s instructions. Briefly, samples were diluted 1:10 in diluent, known neutralizing 

antibody dilutions were included as a reference standard, and pre-incubated on the plate, which was 

coated with trimeric spike from SARS-CoV-2 variants. After incubation, Sulfo-tagged Human ACE-2 

Protein was added to the plate and incubated for 1 hour. Plates were washed and read immediately 

using a MESO ™ QuickPlex SQ 120 system. Data was generated by Methodological Mind software 

and analysed with MSD Discovery Workbench (v4.0) software. Presented data were adjusted for 

sample dilution and expressed as neutralising antibody ug/ml as determined using the reference 

standard.  

Activation Induced Marker Assay 

Cryopreserved PBMC were thawed and rested for at least 6 hours in filtered R10 - RPMI+10%FBS 

(Sigma). Cells were counted and divided between two wells of a round bottom 96-well plate (1-

3x106/well) in a final volume of 200ul, purified anti-CD40 antibody (Biolegend) was included at a final 

concentration 1μg/ml. Cells were then stimulated with a pool of overlapping peptides from SARS-

CoV-2 Spike (JPT) at final concentration of 1μg/ml per peptide, or DMSO as an unstimulated control. 

Cells were incubated at 37°C overnight for 18 hours. Following stimulation, plates were spun for 2 

min at 250g, and 150ul of supernatant removed and immediately frozen at -80°C. Cells were 

transferred to FACS tubes and washed with cold wash buffer (PBS+0.5% BSA+0.1% EDTA), Fc-block 

was added for 5 minutes (Biolegend), An antibody mastermix was made using 50μl of brilliant 

staining buffer (BD biosciences) per sample, to which appropriate volumes of antibody were added 

as shown in the table below. Antibody was added to the cell suspension and cells stained at 4°C for 

30 minutes. Cells were then washed and fixed with 1.6% paraformaldehyde for 30 minutes at RT in 

the dark, washed and run on a BD Symphony A3 flow cytometer (BD Biosciences). Data was collected 

using BD FACS Diva 8 and analysis was carried out using FlowJo v10.7.1. 

Antigen Fluorochrome Supplier Final Dilution 

CD3 BUV805 BD Bioscience 1/100 

CD4 BV750 Biolegend 1/100 

CD8 BV510 Biolegend 1/100 

CD45ra BUV395 BD Bioscience 1/200 

CCR7 APC-Fire-750 Biolegend 1/20 

CD27 Fitc Biolegend 1/50 

CD28 BV650 Biolegend 1/20 

CD95 AF700 Biolegend 1/50 

CXCR5 PE-Cy7 Biolegend 1/25 

CXCR3 APC Biolegend 1/25 

CCR4 BV605 Biolegend 1/50 

CD69 BV786 Biolegend 1/25 

CD154 (CD40L) PE-Dazzle-594 Biolegend 1/25 

CD137 (4-1BB) PE Biolegend 1/25 

CD14/CD19 BV570 Biolegend 1/100 

Fixable Viability stain  FVS570 BD Bioscience 1/1000 

 

Cytokine release profiling 

Supernatants from AIM assay cultures were assessed using a LEGENDplex CD8/NK cytokine-profile 

13-plex kit (Biolegend) following manufacturer’s instructions. Samples were analysed in duplicate. 



Cytokine levels were normalised to be equivalent to 1x106 cells per well, cytokine levels in DMSO 

controls were then removed. Data was analysed using LEGENDplex v8.0 Software (Biolegend). 

Correlation plot 

Variables were combined into a CSV file and correlation visualised using Corrplot visualisation4 

within R studio5 running R version 3.6.2. Correlation and p value was determined using a Pearson 

correlation test. The resulting corelation plot was exported as a SVG file and processed using 

Inkscape version 0.92. 

Data visualisation and statistics 

Data was visualised and statistical tests, including normality tests, performed as indicated using 

GraphPad Prism v9 software. Only results found to be significant (p<0.05) are displayed. 

Data Availability  

A source data file (will be) provided containing all information used in this paper.  

Code Availability 

A source data file containing code and data file used for correlation analysis (will be) provided. 
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