
 
 

 
  



 
 

Fig. S1. Pregating of cell types for tSNE. 

A) Representative flow cytometry plots for the five bulk populations analyzed by tSNE: 

CD3+ T cells, CD19+ B cells, CD4+ T cells, CD8+ T cells, and CD3-CD19- leukocytes. Cells 

were stained with antibody panels indicated in table S2. From panel 1, CD3+, CD19+ and 

CD3-CD19- populations were identified from single, live leukocytes on the basis of CD3 and 

CD19 expression. From panel 2, CD4+ and CD8+ cells were identified from single, live 

lymphocytes that were CD3+ and side scatter area (SSC-A) low. B) Representative tSNE 

plots with DBSCAN-defined clusters for 5 bulk populations from immunophenotyping. 

Colors represent discrete clusters, the markers used for clustering each population are shown 

in grey boxes, and the number of clusters for each bulk population is shown below each plot 

(n = 336 total clusters). 

 
  



 
 

 

Fig. S2. Gating hierarchy panel 1. 

The gating hierarchy for cell subsets defined using PaQeO 1. µLiYe ViQgOe ceOOV¶ ZaV Whe 

starting population. Circles represent the cell subsets, and the numbers correspond to the 

representative flow cytometry plots (fig. S4) and subset definitions (table S3). The colors 

correspond to those used in fig. S4.  

 



 
 

 
Fig. S3. Gating hierarchy panel 2. 

The gaWiQg hieUaUch\ fRU ceOO VXbVeWV defiQed XViQg PaQeO 2. µLiYe ViQgOe ceOOV¶ ZaV Whe 

starting population. Circles represent the cell subsets, and the numbers correspond to the 

representative flow cytometry plots (fig. S5) and subset definitions (table S4). The colors 

correspond to those used in fig. 5. 

 

 

  



 
 

Fig. S4. Representative flow plots panel 1. 

Representative flow cytometry plots for manually gated cell subsets from antibody panel 1. 

Parent gate (PG) listed above each plot describes the parental population (see also fig. S2 and  

table S3). The plot outline colors correspond to those used in fig. S3.  



 
 

 
Fig. S5. Representative flow plots panel 2. 

Representative flow cytometry plots for manually gated cell subsets from antibody panel 1. 

Parent gate (PG) listed above each plot describes the parental population (see also fig. S3 and  

table S4). The plot outline colors correspond to those used in fig. S4.  



 
 

 



 
 

Fig. S6. No vaccine-induced changes are detectable 1 month after vaccination. 

The proportion of variance (A) and corresponding p-value (B, -log10 fdr adjusted) attributed 

to vaccine group (R3R, R3C, C3C) at each time point for each cell type was determined by 

linear regression (modelled as cell type ~ vaccine group + sex+ subject ID). The proportion 

of variance (C) and corresponding p-value (D, -log10 fdr adjusted) attributed to sex (male or 

female) at each time point for each cell type was determined by linear regression (modelled 

as cell type ~ sex+ subject ID). In B and D any population with an adjusted p-value of less 

than 0.01 were deemed significantly different, the dotted line indicates padj=0.001. E) 

Analysis of microarray data from Kazmin et al (13), in which gene expression was measured 

at day 0, 1, 6 and 28 days after the first RTS,S vaccination, and days 1 (57), 6 (62) and 21 

(77) days after the third vaccination (n=14 individuals at each time-point). Differential gene 

expression was determined relative to pre-vaccination (Day 0 or Day 56) using Limma to fit a 

linear model to each gene, and probe sets with fdr-adjusted p-values of <0.01, and a log2 fold 

change of >1 or <1 are shown. The number of probe sets that were upregulated (red) or 

downregulated (blue) at each time-point are indicated on the graph.  

  



 
 

 

Fig. S7. Strong correlations observed within related cell types. 

Spearman correlation coefficients for cell subsets (n=65, as a % of their parent population) 

including samples from all time-points in children from Tanzanian and Mozambique (n=718). 

All correlations were statistically significant (p<0.001).  

 



 
 

 

Fig. S8. Cell subset frequency correlations between baseline and B3 time points. 

Spearman correlation coefficients for cell subsets (n=65, as a % of their parent population) 

including participants with samples from baseline (B0) and 3 months into the trial (B3) in 

children from Tanzanian and Mozambique (n=120). All correlations were statistically 

significant (p<0.001). 



 
 

 

 

Fig. S9. Cell subset frequency correlations between baseline and B32 time points. 

Spearman correlation coefficients for cell subsets (n=65, as a % of their parent population) 

including samples from baseline (B0) and 32 months into the trial (B32) in children from 

Tanzanian and Mozambique (n=120). All correlations were statistically significant (p<0.001). 



 
 

 

 

 

Fig. S10. Anti-CSP and anti-HBV.S IgG titers before and after vaccination in infants 

and children from Mozambique. 

IgG titers for infants and children from Mozambique at B0 and B3. IgG titers measured by 

ELISA as Log10 of arbitrary units (AU) are shown for (A) CSP and (B) HBV.S antigens. P-

values determined using Mann-Whitney test. 

  



 
 

 

Fig. S11. Distribution of participant age along the diffusion-pseudotime trajectory. 

Diffusion-map dimensionality reduction of all Dutch and Tanzanian samples using scaled 

cellular frequencies and the diffusion-pseudotime algorithm. The trajectory was built with 

2222 samples as shown in Fig. 5, and shown here are the diffusion component co-ordinates 

separated for each study. Each dot represents a sample, color represents the corresponding 

age in weeks for each sample.  

 



 
 

 
 

Fig. S12. Anti-CSP and anti-HBV.S IgG titers before and after vaccination in children 

from Tanzania and Mozambique. 

IgG titers measured by ELISA as Log10 of arbitrary units (AU) are shown for (A, C) CSP and 

(B, D) HBV.S antigens. A-B) IgG titers for children from Tanzania and Mozambique at B0 

and B3. C-D) Titers for infants from Tanzania and Mozambique at B0 and B3. P-values 

determined using Mann-Whitney test. 

 
 
 



 
 

 

 

Fig. S13. Dose-dependent toxicity of ciclopirox olamine on B cells in culture. 

Purified B cells from adult UK volunteers were stimulated in culture media containing IL-21 

and CD40L for 5 days. CPX was added to cultures after 24 hours at the concentrations 

indicated ranging from 500nM ± 100PM and cell viability assessed by flow cytometry and 

staining with antibody panels containing a viability dye. Representative of 1 experiment, 6 

biological replicates. 



 
 

 

Fig. S14. Highly reproducible flow cytometry data between experiments. 

Three UK adult volunteer PBMC samples were included in each experiment to measure batch 

effects. Shown here are the correlations between the 70 manually gated cell types (% of 

lymphocytes log10 transformed) between each experiment (n=270 per experiment). Symbol 

color and shape represent the different UK adult samples used. The red histograms represent 

the distribution of cell subset frequency in each experiment. All experiments were highly 

correlated (p<0.0001) and the numbers in the upper quadrant represent the Pearson 

correlation coefficient (R2) for each comparison.   



 
 

Table S1. Participant characteristics. 

  



 
 

Table S2. Consolidated Standards of Reporting Trials table. 

 



 
 

Table S3. Antibody panels. 

  

 

 

  



 
 

Table S4. Manually gated cell subset definitions panel 1. 

 

  

  



 
 

Table S5. Manually gated cell subset definitions panel 2. 
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