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Risk of Endocarditis in Patients with SAB?
>4800 prospectively enrolled patients with SAB
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• ~2400 Prospectively enrolled patients with SAB at Duke
• Continuous enrollment 1994-2015
• Spa typing on all 2400 isolates

• Three questions:
1) Did clinical phenotype of SAB change over study period?
2) Did bacterial genotype of SAB change over study period?
3) Are clinical phenotype and bacterial genotype related?



↑ Comorbidities



↑ Severity



↑ USA 300

↓ CC30



USA300 Associated with Increased Severity 
of Infection



0

2

4

6

8

10

12

14

16

Endocarditis Abscess Septic arthritis Vertebral
Osteomyelitis

Septic
thrombophlebitis

Epidural abscess Psoas abscess

2020 2003

*

* *

N > 2300 patients

* p < 0.01 overall trend

Risk of Abscess, but not Endocarditis, Increased in 
Patients with SAB in Past 2 Decades



S. aureus Clonal Variation is Associated with Endocarditis

Fowler VG et al. J Infect Dis 2007; 196:738-47.

Fowler et al. J Infect Dis 2007; 196:738-47.

Nienaber et al. J Infect Dis 2011; 204:704-13.



IE Sepsis

USA 200 (CC30) +++ +

USA300 (CC8) + +++

USA (400) +++ +++

Frontiers in Cellular and Infection Microbiology 2012; 2, 18: 1-9



CC30 Distinct IE Phenotype

Presented with permission from A Dahl



↓ CC30



• GWAS Bloodstream Isolate (IE= 274, SAB= 650)
- No difference by SNP, coding sequence, k-mer

• 2 in vivo endocarditis models (mouse, rabbit) 
- No difference in valve adhesion, propensity to 
cause IE, vegetation size or CFU.



Summary: SAB & IE
1) Patients changed: ↑ comorbidities

> ½ have prosthetic device

2) Severity changed: ↑ Metastatic infection

3) Bacteria changed: 
↑ USA300 causing Bacteremia
↑ metastatic infection asstd with ↑ USA300

4) Bacterial Genotype and endocarditis…



S. aureus Genotype and IE
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Clinical Trials for S. aureus Bacteremia



Journal of Infectious Diseases 2022 May 27;jiac219. doi: 10.1093/infdis/jiac219. Online ahead of 
print





Bacteriophage for SAB/IE
“S. aureus” AND “Bacteriophage” 

Courtesy Sarah Cantrell, MLIS



• 13 patients with 2 consecutive days of SAB

• - 6  Definite IE (4 PVE)

• Adjunctive Bacteriophage 109 q 12h dosing.

• 6/13 (46%) died by D90

• 1 pre-therapy isolate was Resistant to phage

• Well tolerated





Other Clinical Trials of Lysins for S. aureus
Exebecase Phase 3

Tonabacase Phase 2



Strategy Trials for SAB/IE
(oral antibiotics OR antibiotic duration OR combination therapy). 

Courtesy Sarah Cantrell, MLIS



Dalbavancin as an Option for Treatment of 
S. aureus Bacteremia

• Multicenter, randomized, open-label, assessor-blinded study of dalbavancin vs standard 
of care for completion of treatment in complicated S. aureus bacteremia

• Primary outcome: superiority by Desirability of Outcome Ranking (DOOR)
• Secondary outcome: non-inferiority by clinical response



• Nationwide, noninferiority, open-label RCT

• Patients with Left-sided multi-susceptible 
staphylococcus having received at least 10d IV therapy

• Randomized between D 10 and D 28 after starting IV 
abx or undergoing surgery to standard IV abx or PO 
Levofloxacin and Rifampin 

• Stratified on valve replacement surgery

RODEO-1



• Nationwide, noninferiority, open-label RCT

• Patients with Definite IE due to Streptococci, 
Enterococcus faecalis, or Staphylococcus aureus

• n~750 (200 patients with IE due to each type of bacteria)

• Abbreviated therapy vs. standard antibiotic duration

• Primary endpoint: Death, Embolism, recurrent 
bacteremia, or unplanned surgery



• Randomized, parallel-group, observer-blinded, clinical 
non-inferiority trial

• Low-risk patient
• 5-7d IV + either 7d IV or 7d PO = 14d total duration
• Status: Presented ECCMID 2022



• Randomized open-label noninferiority trial of 7 vs. 14d 
of antibiotics for 284 patients with Uncomplicated SAB

• Primary endpoint: 90 d mortality & relapse
• Assumption:  90d mortality = 7%; relapse < 5%
• Noninferiority margin: 10%; 12% failure; power 80%:
• Reassess sample size after 100 patients





Quality of Life: Does Shorter or Oral Therapy 
Matter for Patients with S. aureus bacteremia? 

Clinical Infectious Diseases 2020 May 23;ciaa611. doi: 10.1093/cid/ciaa611. 

It didn’t in OVIVA by European Quality of Life-5
Li et al. N Engl J Med 2019;380:425-36.



• Current clinical trials data: 
inadequate or unavailable

• New antibiotics: Rare
• Adjunct agents: several potential candidates
• Strategy trials: Abundant

• Clinical trials networks: primarily strategy trials

• Patient QOL: increasingly included

SUMMARY: 
Future Clinical Trials in SAB & IE
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Next Generation Diagnostics & Endocarditis

Can cell-free DNA test be used 
in IE patients to:
1)  Diagnose IE 

2) Individualize treatment duration

DISCLOSURE: VGF has received Grant 
funding from Karius & is a Consultant & 
owns Stock Options with ArcBio



P < 0.0001P < 0.0001

1) Diagnose IE 



Clin Infect Dis. 2022 Jun 10;ciac426. doi: 10.1093/cid/ciac426. Online ahead of print. 

2) Individualize Treatment Duration 

Could mcf-DNA individualize therapy?

NEGATIVE: Stop antibiotics 
Convert to oral antibiotics

POSITIVE: Search for additional Source

Valve Surgery ↓ mcf-DNA in IE Patients 





• Distinct DNA methylome signature in patients with 
Persistent and Resolving MRSA bacteremia

• Persistent SAB: ↓methylation in CCAAT enhancer 
binding protein B & signal transducer/activator of 
transcription (STAT1) 

• Resolving SAB: ↓methylation glucocorticoid 
receptor & histone acetyltransferase p300 site

• Mean AUC 0.85; validated by targeted bisulfite 
sequencing



• Today:  TEE with VIRSTA > 3

• Eventually:  Individualize diagnosis & treatment
mcf-DNA (?)
Serological Biomarkers (?)
Host epigenetic signatures (?)

SUMMARY: 
Future Diagnostics in SAB & IE



Biofilm





S. aureus Biofilm Metabolites ↓ Inflammation

Yamada PLOS Pathogen 2020; 16(3): e1008354.



The problem of biofilm-based infection will
not be overcome until we understand how the 
bacteria avoids local host immune response

SUMMARY: 
Biofilm, S. aureus, and the Future 



Machine Learning



Machine Learning for SAB/IE
“S. aureus” AND “Artificial Intelligence” OR “Machine Learning” 

Courtesy Sarah Cantrell, MLIS



• Machine learning to predict AMR from MALDI-TOF 
Mass Spectra profiles of clinical isolates

• Trained & Validated on >300,000 mass spectra with > 
750,000 AMR Phenotypes

• Receiver Operating Curves: S. aureus:  0.80
Escherichia coli & Klebsiella pneumoniae: 0.74

• MALDI-TOF Mass Spectra based Machine learning may 
thus be an important new tool for treatment optimization

• My take: Necessary but Insufficient for IE



• Create a full risk factor & clinic factor-specific automated 
sepsis decision tool using electronic medical record

• 1943 Stem cell transplant patients divided 70:30 into 
modeling & validation

• Primary outcome: High sepsis risk bacteremia (Gram-
negative, S. aureus, Streptococcus)

• Result: Full decision support tool had Highest AUC (0.85: 
0.81-0.89) for high sepsis-risk Bacteremia:  overall, 
inpatients, outpatients, and 10-day and 28-day mortality

• Full decision tool had superior prognostic accuracy for 
high-risk sepsis bacteremia and mortality



• Today:  Unproven promise

• Eventually: Differentiate high risk SAB vs. low-
risk SAB ?

SUMMARY: 
Future of Machine Learning in SAB 



Epidemiology & Microbiology:  
Healthcare & IDU, ↑↑ Devices, New Clones 

Clinical Trials: 
Test existing antibiotics >> Approve new antibiotics

Diagnostics: 
New tools to differentiate Uncomplicated and 
Complicated SAB

Biofilm:
Better understanding of host immunology

Machine Learning: Promising but unproven

Where are We Going? S. aureus Bacteremia/ IE
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