
 



Supplemental Fig. 1. Adaptive immunity influences leukocyte recruitment during S. 

aureus craniotomy infection. (A) Absolute counts of leukocyte infiltrates in the brain, galea 

and bone flap of WT vs Rag1-/- animals (n= 15/group) at day 14 post-infection. Bone flaps in 

some animals could not be recovered, resulting in smaller numbers in these groups. Data 

represent mean ± SEM combined from three independent experiments. Contour plots depicting 

(B) CD4+ and (C) CD8+ T cell depletion efficiency along with quantification of leukocyte infiltrates 

in the brain at days 7 and 14 post-infection (n=10-12/group). Data combined from two 

independent experiments. (D) Absolute counts of leukocyte infiltrates in the brain, galea and 

bone flap of mice receiving VLA-4 and LFA-1 or isotype control antibody at day 14 post-infection 

(n= 15/group). Data represents mean ± SEM combined from three independent experiments. 

*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001, unpaired two-tailed Student’s t-test. 

  



 

Supplemental Fig. 2. γδ T cells play a minor role during S. aureus craniotomy infection. 

Bacterial burdens and immune cell populations were quantified at day 14 post-infection in WT 

mice receiving anti-ɣδ TCR or isotype-matched control antibody (n=10-14 mice/group). Data 

combined from 2-3 independent experiments. *, p < 0.05; **, p < 0.01; ****p < 0.0001, unpaired 

two-tailed Student’s t-test. CD4+ and ɣδ T cells were gated from live CD3+CD45+ cells to validate 

ɣδ T cell depletion. 

  



 

Supplemental Fig. 3. CD4+ T cells infiltrating the brain during S. aureus craniotomy 

infection are activated and proliferative. CD44, CD62L, CD25, CD69, and Ki67 expression in 

CD4+ T cells from the (A) brain and spleen or (B) blood of S. aureus infected WT mice. Brain 

and blood samples were pooled from 5 mice to recover sufficient numbers of CD4+ T cells for 

analysis, whereas 1 spleen sample was used. (C) Quantification of CD19+ B cell infiltrates in the 

brains of WT mice (n=5 individual animals) reported as the percentage of total CD45hi infiltrates. 

  



 

Supplemental Fig. 4. scRNA-seq analysis of cells recovered from the brain following CD3 

enrichment. Aggregated UMAPs depicting various CD3+ T cell and myeloid clusters in the 

brains of WT mice across each time point related to Figure 3. 

  



 

Supplemental Fig. 5. Tregs do not impact craniotomy infection. (A) The percentage of 

CD4+CD25- T cells and CD4+CD25+FoxP3+ Treg cells infiltrating the brain at days 7 and 14 post-

infection (n=6 mice/group). *p < 0.05, unpaired two-tailed Student’s t-test. (B) WT mice received 

anti-CD25 or isotype-matched control antibody, whereupon bacterial burdens were assessed at 

day 14 post-infection (n=8-9 mice/group combined from two independent experiments). (C) 

Contour plots depicting CD4+CD25+ T cell depletion efficiency in the brain and spleen at day 14 

post-infection. T cells were pooled from 5 mice to obtain sufficient numbers for analysis. 

  



 

Supplemental Fig. 6. Brain γδ T cell infiltrates during S. aureus craniotomy infection 

display an activated phenotype. (A, B) scRNA-seq UMAP of the γδ T cell cluster in the brain 

aggregated across days 3, 7, and 14 post-infection with (C) genes and (D) top significantly 

expressed pathways for each γδ T cell cluster segregated according to time point. (E) CD3+ 

cells were pooled from the brains of 5 infected mice at day 14 post-infection to assess CD44, 

CD62L, CD25, and CD69 expression on γδ TCR+ cells. 

  



 

Supplemental Fig. 7. Th1 and Th17 responses do not significantly impact leukocyte 

recruitment to the brain during S. aureus craniotomy infection.  

(A) Absolute counts of leukocyte infiltrates at day 14 post-infection in the brains of WT, Rag1-/-, 

and Rag1-/- mice receiving either Th1 or Th17 cells (n=4/group). Results shown are 

representative of 3 independent experiments. Immune populations in the brains of (B) Rorc-/- 

and (C) Tbx21-/- mice at day 14 following craniotomy infection reported as percentage of CD45+ 



cells and absolute counts. Results in (B and C) are combined from three independent 

experiments (n=15-22 mice/group). *p < 0.05; **p < 0.01; ***p < 0.001, unpaired two-tailed 

Student’s t-test. 

  



 

Supplemental Fig. 8. CD4+ T cell-mediated responses are typified by a dominant IFN-γ 

signature during craniotomy infection. (A) Cytokine profiles of CD4+ Th1 and Th17 cells prior 



to adoptive transfer (from in vitro cultures) and after recovery from pooled brains (n=5) of Rag1-/- 

mice at day 14 post-infection. (B) Ex vivo cytokine staining of CD4+ T cells recovered at day 14 

post-infection from the blood and brains of WT and Rag1-/- mice following Th17 cell adoptive 

transfer. Samples were pooled from 5 mice to obtain sufficient numbers for analysis. (C) 

Cytokine production and MHC class II expression in innate immune cell populations at day 14 

post-infection in the brain and galea of WT, Rag1-/-, and Rag1-/- mice receiving Th1 or Th17 cells 

(n=8 mice/group). *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; Two-way ANOVA with 

Tukey’s correction. 

  



 

Supplemental Fig. 9. Non-polarized CD4+ T cells acquire an IFN-γ phenotype in vivo to 

mediate protection during craniotomy infection. (A) Bulk CD4+ (n= 5 mice/group) or (B) 

naïve CD4+ (Th0) T cells (n=10 mice/group combined from 2 independent experiments) were 

adoptively transferred into Rag1-/- mice at day -1 prior to S. aureus craniotomy infection, 

whereupon bacterial burden was quantified at day 14 post-infection in the brain, galea and bone 

flap. Bone flaps in some animals could not be recovered, resulting in smaller numbers in these 

groups. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001; One-way ANOVA with Tukey’s 

correction. (C) IFN-γ and IL-17A production by CD4+ T cells recovered from brains of WT and 

Rag1-/- mice following adoptive transfer of bulk CD4+ or Th0 cells at day 14 post-infection. 

Leukocytes were pooled from the brains of 5 animals/group to obtain sufficient T cell numbers 

for analysis. 

  



 



Supplemental Fig. 10. Adaptive immunity promotes innate immune cell activation during 

craniotomy infection. scRNA-seq was performed on CD45+ cells recovered from the brains of 

WT and Rag1-/- mice at days 3 and 7 following S. aureus craniotomy infection. (A) IPA analysis 

depicting the top significant pathways in various microglial clusters and (B) UMAPs highlighting 

various monocyte/macrophage and dendritic cell clusters along with top significant pathways. 

(C) Pathway analyses for each cluster in the UMAP shown in panel (B). (D) Top significant 

pathways for the single PMN cluster in the brain are presented along with molecules predicted 

to be upregulated (red), downregulated (blue), or undetermined (grey). 

  



 

Supplemental Fig. 11. Comparison of transcriptomic profiles of monocyte/macrophage 

cluster 1 in Rag1-/- vs WT mice during craniotomy infection. scRNA-seq was performed on 

CD45+ cells recovered from the brains of WT and Rag1-/- mice at days 3 and 7 following S. 



aureus craniotomy infection. Results depict the 50 genes identified as significantly differentially 

expressed in monocyte/macrophage cluster 1 (Mono/Mac 1) between Rag1-/- vs WT mice at day 

3 post-infection, related to Figure 8. 

  



 

Supplemental Fig. 12. CD4+ T cell-innate immune cell crosstalk augments responses to S. 

aureus. (A) Primary mouse microglia and (B) macrophages were exposed to live S. aureus at a 

multiplicity of infection (MOI) of 10:1 (bacteria:immune cell) for 1 h followed by gentamicin 

treatment to kill remaining extracellular bacteria and co-cultured with mouse CD4+ cells at a 1:1 

ratio for 24 h, whereupon IFN-γ and IL-17A levels were quantified by cytometric bead array. 

Data is from one representative experiment (n= 3 biological replicates). (C-D) Human peripheral 

blood monocytes (CD14+CD16+) were treated with live S. aureus for 1 h at a MOI of 1:1 and co-

cultured with autologous human CD4+ T cells to evaluate (C) IFN-γ production by cytometric 

bead array and (D) bacterial killing using a gentamicin protection assay. **, p < 0.01; ***, p < 

0.001; ****, p < 0.0001; (A-C) One-way or (D) Two-way ANOVA with Tukey’s correction. 

  



 

Supplemental Fig. 13. Flow cytometry gating strategy. From the (A, K, Q) total events, (B, L, 

R) single cells were gated using FSC-A vs. FSC-H, followed by (C, M, S) exclusion of dead 

cells. For the innate immune panel, (D, N or T) live, CD45high leukocytes were separated into (E, 

O, U) Ly6G-Ly6C+ monocytes vs. Ly6G+Ly6C+ cells, which were further identified as (F, P, V) G-

MDSCs (CD11bhighLy6G+Ly6C+F4/80-) and neutrophils (CD11blowLy6G+Ly6C+F4/80-) based on 

CD11b and F4/80 expression. Microglia were defined as (D, G) CD45low vs. FSC and CX3CR1+. 

Adaptive immune cells were subjected to the same initial steps (H-J) as described for the innate 

immune panel, where (D) live, CD45high leukocytes were separated into (H) CD3+ cells that were 

gated on (I) CD4+ and CD8+ T cells and (J) ɣδ T cells (ɣδ TCR+). 

  



Supplemental Table 1. Antibodies used in this study 

ANTIBODY SOURCE IDENTIFIER 

Flow cytometry   

Anti-mouse CD45-APC BioLegend RRID:AB_312977 

Anti-mouse CD45-Alexa Fluor 700 BioLegend RRID:AB_493715 

Anti-mouse CD45-BUV805 BioLegend RRID:AB_2872789 

Anti-mouse Ly6G-PE BioLegend RRID:AB_1186099 

Anti-mouse Ly6G-Pacific Blue BioLegend RRID:AB_2251161 

Anti-mouse CX3CR1-BV785 BioLegend RRID:AB_2565938 

Anti-mouse CD11b-FITC BioLegend RRID:AB_312789 

Anti-mouse CD11b-Alexa Fluor 700 BioLegend RRID:AB_493705 

Anti-mouse F4/80-BV510 BioLegend RRID:AB_2562622 

Anti-mouse F4/80-PE-Cy7 BioLegend RRID:AB_893478 

Anti-mouse Ly6C-APC-Cy7 BioLegend RRID:AB_1727555 

Anti-mouse Ly6C-PerCP-Cy5.5 BD RRID:AB_1727558 

Anti-mouse CD3-BUV737 BD RRID:AB_2870130 

Anti-mouse CD3-Pacific Blue BioLegend RRID:AB_493645 

Anti-mouse CD3-APC BioLegend RRID:AB_2561456 

Anti-mouse CD3-FITC BioLegend RRID:AB_312661 

Anti-mouse CD4-PacificBlue BioLegend RRID:AB_493374 

Anti-mouse CD4-BV650 BioLegend RRID:AB_2562529 

Anti-mouse CD8a-BV605 BioLegend RRID:AB_2562609 

Anti-mouse CD8a-Alexa Fluor 700 BioLegend RRID:AB_493702 

Anti-mouse CD8a-PE-Cy7 BioLegend RRID:AB_312760 

Anti-mouse γδTCR-PE BioLegend RRID:AB_313832 

Anti-mouse γδTCR-BV510 BioLegend RRID:AB_2563534 

Anti-mouse γδTCR-PE-Cy7 BioLegend RRID:AB_11204423 

Anti-mouse NK1.1-APC-Cy7 BioLegend RRID:AB_830871 

Anti-mouse FoxP3-AF647 BioLegend RRID:AB_439750 

Anti-mouse CD19-Alexa Fluor 700 BioLegend RRID:AB_493735 

Anti-mouse MHC-II (I-A/I-E)-BV605 BioLegend RRID:AB_2565894 

Anti-mouse CD44-PerCP-Cy5.5 BioLegend RRID:AB_2076204 

Anti-mouse CD62L-PE-Dazzle BioLegend RRID:AB_2566162 

Anti-mouse CD25-FITC BioLegend RRID:AB_312855 

Anti-mouse CD25-APC-Cy7 BioLegend RRID:AB_830744 

Anti-mouse CD69-BV650 BioLegend RRID:AB_2616934 

Anti-mouse Ki67-PE BioLegend RRID:AB_2561525 

Anti-mouse IFN-γ-APC BioLegend RRID:AB_315403 

Anti-mouse IL-17A-PE BioLegend RRID:AB_315463 

Anti-mouse IL-10-PE-Cy7 BioLegend RRID:AB_11150582 

Anti-mouse TNF-PerCP-Cy5.5 BioLegend RRID:AB_961434 

Anti-mouse IL-1β-APC eFluor780 ThermoFisher RRID:AB_2573996 

In vivo depletion   

InVivo MAb anti-mouse CD4 BioXCell RRID:AB_1107636 



InVivo MAb anti-mouse CD8α BioXCell RRID:AB_1107671 

InVivoMAb rat IgG2b isotype control, anti-keyhole limpet 
hemocyanin 

BioXCell RRID:AB_1107780 

InVivoMAb rat IgG2a isotype control, anti-trinitrophenol BioXCell RRID:AB_1107769 

InVivo MAb anti-mouse CD25 BioXCell RRID:AB_1107619 

InVivoMAb rat IgG1 isotype control, anti-horseradish peroxidase BioXCell RRID:AB_1107775 

InVivo MAb anti-mouse TCR γ/δ BioXCell RRID:AB_1107751 

InVivoMAb polyclonal Armenian hamster IgG BioXCell RRID:AB_1107773 

InVivo MAb anti-mouse/human VLA-4 BioXCell RRID:AB_1107657 

InVivo MAb anti-mouse LFA-1α BioXCell RRID:AB_1107574 

InVivo Mab anti-mouse IL-17A BioXCell RRID:AB_10950102 

InVivoPlus mouse IgG1 isotype control, unknown specificity BioXCell RRID:AB_1107784 

InVivo MAb anti-mouse CD119 BioXCell RRID:AB_1107576 

 

 

  



 

Supplemental Table 2. Demographics of human subjects with craniotomy infection 
 

 

Demographics Pathogen Specimens Collected 

Procedure Pat. # Sex Age Race Pathogen Gram Blood Galea  Flap ICT 

 

Craniotomy 7 F 51 Caucasian 
S. 
epidermidis 

(+) ✓ ✓ ✓ ✓  

Craniotomy 11 M 39 Caucasian C. acnes (+) ✓ ✓  ✓    

Craniotomy 14 F 44 Caucasian C. acnes (+) ✓  ✓ ✓    

Craniotomy 15 M 45 Caucasian S. aureus (+) ✓ ✓ ✓    


