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Steven Tong
Steven Tong is an actively practising infectious diseases physician at the 

Royal Melbourne Hospital. He is a Professor of Infectious Diseases at the 

Department of Infectious Diseases, Melbourne Medical School, University 

of Melbourne. His research includes leading large adaptive platform trials 

for infections due to Staphylococcus aureus and acute respiratory tract 

infection.
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Epidemiology and burden of disease ξ 
Staphylococcus aureus and Enterococcus  
bloodstream infections

Licensed antibiotics for S. aureus and 
Enterococcus

Guidelines for S. aureus and Enterococcus

Obvious gaps in knowledge

A way forward ξ investigator initiated clinical 
trials

Outline



Burden of disease



S. aureus causes >1M deaths / year

GBD AMR collaborators Lancet 2022



Verway  JCM 2022



Licensed 
antibiotics



FDA licensed antibiotics for S. 
aureus  and Enterococcus

S. aureus bacteremia

Daptomycin Bacteremia and R sided IE 2006

Ceftobiprole Bacteremia and R sided IE 2024

VRE

Linezolid Bacteremia 2000

Quinupristin -
dalfopristin

VRE faecium infections 1999



246 participants

Daptomycin vs standard therapy

Primary outcome: treatment success at 
42 days after end of therapy

Non-inferiority with absolute margin of 
20%  (assuming 65% treatment success)

Registrational trials ξ 
daptomycin

Fowler NEJM 2006



Non -inferiority met

No difference in mortality 
(10.8% daptomycin, 11.3% 
SOC)

Only 89 patients with MRSA

Mortality rate:

Daptomycin: 12/45 (27%)

Vanc/gent:     8/43 (19%)

Fowler NEJM 2006
Reym JAC 2008



Reym JAC 2008



Where we most want to use daptomycin (MRSA)

 Only 89 patients

 Wide confidence intervals for treatment success difference

 Mortality no different (potentially worse)

No clinical trials to address this question since

My point!



390 participants

Ceftobiprole vs daptomycin

Primary outcome: Overall treatment 
success 70 days after randomization

Non -inferiority with absolute margin 
of 15%  (assuming 40% treatment 
success)

Registrational trials ξ 
ceftobiprole

Holland NEJM 2024



Non -inferiority met

Only 13 deaths in total

Only 94 patients with 
MRSA

Wide CI with primary 
outcome

Holland NEJM 2024



Where we most want to use ceftobiprole (MRSA)

 Only 94 patients

 Wide confidence intervals for treatment success difference

 

No clinical trials to address this question since

My point!



Registrational trials ξ linezolid 
for VRE

Australian Pharmaceuticals 
Benefits Advisory Committee; 
meeting July 2013
Florescu JAC 2008
Carpenter CID 2004
McKinnel  CID 2015

Two trials
Tigecycline vs linezolid: 
15 patients
Daptomycin vs linezolid: 
50 patients



Practice 
Guidelines



Guidelines: S. aureus bacteremia 
and infective endocarditis

AHA1 ESC2 WikiGuidelines 3

MSSA 1. Nafcillin or oxacillin
2. Cefazolin (if allergy)

1. (Flu)cloxacillin
2. Cefazolin (if allergy)

1. Cefazolin
2. Flucloxacillin, nafcillin, 

oxacillin

MRSA 1. Vancomycin
2. Daptomycin

1. Vancomycin
2. Daptomycin combined 

with cloxacillin, 
ceftaroline , or 
fosfomycin

1. Vancomycin
2. Daptomycin

Prosthetic valve Add rifampin and 
gentamicin

Add rifampin and 
gentamicin

Add rifampin

1. Baddour  Circulation 2015
2. Delgado EHJ 2023
3. McDonald JAMA NO 2023



Guidelines: Enterococcus  bacteremia 
and infective endocarditis

AHA1 ESC2 WikiGuidelines 3

Enterococcus 
faecalis

Ampicillin / penicillin plus
1. Gentamicin
1. Ceftriaxone

Ampicillin plus
1. Ceftriaxone
2. Gentamicin

Ampicillin plus
1. Ceftriaxone

VRE 1. Linezolid
1. Daptomycin

Daptomycin combined 
with ampicllin , ertapenem, 
ceftaroline , or fosfomycin

1. Linezolid
1. Daptomycin

1. Baddour  Circulation 2015
2. Delgado EHJ 2023
3. McDonald JAMA NO 2023



Cefazolin or antistaphylococcal  penicillins

Methicillin -susceptible S. 
aureus

Westgeest  CID 2023



Systematic review meta -analysis of all 
observational studies of cefazolin vs anti -
staphylococcal penicillins

Cefazolin associated  with lower all -cause 
mortality

Cefazolin associated  with fewer adverse 
effects

Cefazolin vs ASPs

Prosty CMI 2025



Prosthetic valve S. aureus 
endocarditis

Ryder OFID 2022

ϋíŬŌǀŌŤƚǀŌΩϔűǔϔģƽƽŌģǀǈϔǔŬŌϔűƑűǔűģƇϔ͍͍͌ͅϔ f ϔťǜűņŌƇűƑŌϔ
recommendations for and subsequent practice of 
combination therapy in staphylococcal PVE might be 
based on retrospective comparisons involving only 6 
patients who received appropriate monotherapy 
ǴűǔŬƚǜǔϔģƑϔģņƁǜƑĿǔűǳŌϔģťŌƑǔήό



Guidelines:

Ampicillin / penicillin plus

1. Gentamicin; OR

1. Ceftriaxone

E. faecalis  infective 
endocarditis

The clinical evidence that supports this practice [of 
combination therapy] is limited to 30 patients 
treated with monotherapy, predominantly 
originating from a flawed 1954 study.

Prosty CID 2025



Registrational trials may not (often do 
not) address clinically relevant 
questions

Follow -up trials are not happening

Guidelines are not informed by 
randomised clinical trials

The problem



S. aureus clinical 
trials landscape





Treatment effects

Nothing shown to be 
superior to SOC

Trials not large enough 
to show superiority



Online survey

Social media

Over 20 days ξ 2031 responses from 71 
countries

Westgeest  CID 2023



Randomised care 
rather than
random care

Less than 4,500 patients 
randomised in S. aureus 
bloodstream infection 

trials

Holland and Fowler

Lancet 2017



Addressing the 
problem

The SNAP Trial



https://www.snaptrial.com.au/



The platform

Silo

Antibiotic Backbone 

Domain

Adjunctive Treatment 

Domain

Early Oral Switch Domain Diagnostic Domain

PSSA
(Flu)cloxacillin* vs

Penicillin

Clindamycin vs

No clindamycin*

Continued IV* versus early 

oral switch

At 7 days

At 14 days

PET/CT vs

No PET/CT

MSSA
(Flu)cloxacillin* vs

Cefazolin

MRSA

(Vancomycin vs Dapto) vs

(Vancomycin vs Dapto) 

plus cefazolin

Paediatrics



The platform ξ new domains

Silo

Antibiotic Backbone 

Domain

Adjunctive Treatment 

Domain

Early Oral Switch Domain Diagnostic Domain

PSSA
(Flu)cloxacillin* vs

Penicillin

Clindamycin vs

No clindamycin*

Continued IV* versus early 

oral switch

At 7 days

At 14 days

PET/CT vs

No PET/CT

MSSA
(Flu)cloxacillin* vs

Cefazolin

MRSA

(Vancomycin vs Dapto) vs

(Vancomycin vs Dapto) 

plus cefazolin

Paediatrics

Adjunctive II

Fosfomycin vs 

No fosfomycin

Infective 

endocarditis

Rifampin vs No 

Rifampin



Primary

All cause mortality at 90 days

Key Secondary

All -cause mortality at 14, 28 and 42 days after 
platform entry

Microbiological treatment failure
Å Positive sterile site culture for  S. aureus [of the same 

silo as the index isolate] between 14 and 90 days 
after platform entry

Domain specific outcomes

Acute kidney injury

Hepatotoxicity

Core primary and secondary outcomes



Statistical aspects

Silo Backbone Adjunctive
Early oral 

switch

PSSA
Non-inferiority; 

then if met: 
Superiority

Superiority Non-inferiority
MSSA

Non-inferiority; 
then if met: 
Superiority

MRSA
Superiority

Hypothesis testingBayesian hierarchical logistic regression 
model (adjusted for age, other domain eligibilities and 
interventions, country, epoch)

Scheduled analyses every 500 participants

Decision thresholds for primary outcome: 
ü Non-inferiority: Prob(OR <1.2) > 0.99

ü Futility of non -inferiority: Prob(OR <1.2) < 0.01

ü Superiority: Prob(OR <1.0) > 0.99 

ü Futility of superiority: Prob(OR <1/1.2) < 0.01 

Simulations
Demonstrated domain -specific control of type 1 error 
and adequate power to met decision criteria by max N.



© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, Overture Maps Fundation, TomTom, Zenrin
Powered by Bing

Global Trial: 130+ sites across 10 countries

*Other countries to come 
onboard include USA, Chile, 
Malaysia, Japan, France, Spain

Australia
45 active sites

New Zealand
9 active sites

Canada
37 active sites

Singapore
3 active sites

South Africa
1 active site

Israel
4 active sites

UK
21 active sites

Netherlands
9 active sites

Germany
1 active site

Sweden
1 active site



Å NHMRC 1184238; 2014900; 2032628; 2032163; MRF 2017301
Å NZ HRC 20/344; Te Niwha Infectious Disease Research Platform
Å Canada CIHR 451092, 485083, 451092, RN539641 т 519177, 

RN537808 т 518432, RN536798 - 518016
Å Singapore NMRC CTGIITnov-0002
Å UK NIHR 133719
Å US NIH 1R01AI173138-01A1
Å Netherlands ZonMw 10140022110014 & UMC Utrecht
Å ANRS-MIE (Agence Nationale de Recherche sur le SIDA et les 

Maladies Infectieuses Emergentes); PHRC-N (Protocole 
Hospitalier de Recherche Clinique - National)

Å Ministerium für Wissenschaft, Energie, Klimaschutz und Umwelt 
des Landes Sachsen-Anhalt, Germany; Bundesministerium für 
Bildung und Forschung, Germany

Å The Swedish Research Council; Stig and Ragna Gorthon's 
foundation

Å Instituto de Salud Carlos III, Spain



6,803 
randomisations



Platform consort

Screened for Platform
N=13293

Not Platform or Registry
N=4474 (34%)

Registry only
N=4545 (34%)Enrolled in Platform

N=4274 (32%)

Adjunctive
N=3626 (85%)

Backbone
N=2198 (51%)

PSSA 295
MSSA 1430
MRSA 473

Early Oral Switch
N=971 (23%)

PET/CT
N=15 (0.4%)



Platform of gram -positives

Shared 
Infrastructure

SNAP Core 
Protocol

STRAP Core 
Protocol

TENT Core 
Protocol

S. aureus Group A/C/G Strep Enterococcus

Backbone

Adjunctive

EOS

PET/CT

Backbone

Adjunctive

Antibody Combination 
Rx

Backbone

Duration

Joshua Davis





Patrick Harris
Patrick Harris is a staff Specialist in Microbiology at Pathology Queensland, 

Infectious Disease Physician at the Royal Brisbane and Womenôs Hospital and 

NHMRC Emerging Leadership Fellow at The University of Queensland Centre for 

Clinical Research (UQCCR). He leads a multidisciplinary research group at 

UQCCR with a focus on antibiotic resistance and the use of randomised trials to 

define optimal management for multi-drug resistant gram-negative bacteria. He 

has also been the clinical lead for the Queensland Genomics infection program, 

aiming to introduce the routine application of microbial genomics to clinical 

practice.

http://clinical-research.centre.uq.edu.au/   https://metronorth.health.qld.gov.au/infectious-diseases-institute/



Patrick Harris  
University of  Queensland Centre for Clinical Research 

Pathology Queensland

Herston Infectious Disease Institute

Trials for MDR Gram -negative bacteria



ÅEstimated 4.71M global 

deaths associated with AMR 

in 2019

Å1.14M attributable to 

bacterial AMR 


