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Anti-staphylococcal antibiotics: the 
new ones and the future ones… 



What’s new?
• Several « New » antistaphylococcal 

antibiotics since 10 years
• Chemical modifications of « Old drugs »

belonging to common antibiotic classes
• The novelty is not only:

– A new drug
– A new mechanism of action

• The novelty is also:
– New indications, new strategies
– New routes of delivery



How to develop new antibiotics ?

« Faire du neuf avec du vieux »
Making new with old



In common
antibiotic classes
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New buildings in a old Hospital

Croix-Rousse Hospital, Hospices Civils de Lyon



The plan

• « New » Antistaphylococcal antibiotics 
based on « Old drugs »

• New routes of delivery for« Old drugs »

• New drugs with new mechanism

of action



Novelty in current antimicrobal classes

• β-lactams

• Lipoglycopeptides

• 2nd generation
(lipo)glycopeptides

• Oxazolidinones

• Fluoroquinolones

Ceftaroline
Ceftobiprole

Telavancin
Dalbavancin
Oritavancin

Tedizolide

Delafloxacine

Daptomycin



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI

- Bacteremia
- Endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Label
use
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Ceftaroline and ceftobiprole

Intravenous cephalosporin
High affinity for PBP2a
Activity against MRSA

Spectrum ≈ cefoxitine
i.e. active on Enterobacteriaceae
but not on P. aeruginosa

Ceftaroline fosamil

Ceftobiprole

Spectrum ≈ ceftazidime
i.e. active on Enterobacteriaceae
and on P. aeruginosa



Bacteremia: 4%
Surgery: 14%

Clinical cure rates
91.6% vs 92.7%

Patients infected with MRSA 
93.4% vs 94.3%

1378 patients included

Ceftaroline and 
« complicated » 
skin soft tissue 
infection



Ceftaroline and community -acquired pneumonia

Lancet infect dis2015;15

Limited data regarding
- Severe infections
- Immunocompromised hosts
- MRSA

USA
Europe

France



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI

- Bacteremia
- Endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Com.-acquired pneumonia

Label
use



Ceftaroline and off-label experience : bacteremia

Infect Dis Clin Pract 2015;23



Ceftaroline off-label potential indications :
infective endocarditis

Animal models : better efficacy 
than vancomycin, linezolide, 
tigecycline in MRSA and GISA

Controls (black) 
Ceftaroline (grey) 
Linezolid
Vancomycine (white) 



Very few and heterogenous patients…
8 left-side endocarditis including 4 prosthetic valves
5 MRSA, 3 MRCoNS
400 mg/12h to 800 mg/8h
5 clinical success…

Ceftaroline off-label experience :
infective endocarditis



Ceftaroline off-label potential indications :
Bone and joint infections



4 Bone and Joint infection, including 1 Prosthetic joint infection
4 clinical success…
600 mg/8h à 800 mg/12h

Ceftarolin off-label experience : Bone and joint infection

High rate of methicillin-resistant staphylococci responsible for BJI
Patients frequently experienced vancomycin-related kidney toxicity



Ceftobiprole and « complicated »
skin soft tissue infection

Refusal of the marketing authorisation for Zeftera (ceftobiprole) 

24 June 2010 

In November 2008, the CHMP gave a positive opinion on Zeftera, 

recommending that it be granted marketing authorisation. However, the 

Committee later received information about an inspection of study sites by 

the Food and Drug Administration (FDA) in the United States of 
America that led the Committee to stop the medicine’s authorisation 
process.



Ceftobiprole and hospital -acquired pneumonia

Ceftobiprole is a safe and effective 
bactericidal antibiotic for the empiric
treatment of HAP (excluding VAP)



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

Pneumonia (not VAP)

- Bacteremia
- Endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Label
use

SSTI



Ceftobiprole off-label potential indications :
Infective endocarditis and bacteremia



New strategy
New concept

Combination ceftobiprole-vancomycin

Ceftobiprole off-label potential indications :
Infective endocarditis and bacteremia



Ceftobiprole off-label experience :
Infective endocarditis and bacteremia

The empty chair…



Ceftobiprole off-label potential indications :
Bone and joint infection



Ceftobiprole off-label experience :
Bone and joint infection

The empty chair…



Novelty in current antimicrobal classes

• β-lactams

• Lipoglycopeptides

• 2nd generation
(lipo)glycopeptides

• Oxazolidinones

• Fluoroquinolones

Ceftaroline
Ceftobiprole

Telavancin
Dalbavancin
Oritavancin

Tedizolid

Delafloxacin

Daptomycin



• Naturally produced by the 
soil saprotroph
Streptomyces
roseosporus

• Membrane depolarisation
• High bactericidal activity
• Inhibited by pulmonary

surfactant

Daptomycin



Daptomycin and « complicated » skin soft 
tissue infection

Clinical Infectious Diseases 2004;38:1673–81

DAP: daptomycin 4 mg/kg/day

PRP: penicillinase-resistant 
penicillin



Daptomycin and infective endocarditis



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI w/o bacteremia
Right sided endocarditis

- Bacteremia
- Left endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Label
use



Daptomycin off-label potential indications :
Bone and joint infection



Daptomycin off-label experience :
Bone and joint infection

Proposed in the IDSA guidelines for the treatment of prosthetic joint infection



Novelty in current antimicrobal classes

• β-lactams

• Lipoglycopeptides

• 2nd generation
(lipo)glycopeptides

• Oxazolidinones

• Fluoroquinolones

Ceftaroline
Ceftobiprole

Telavancin
Dalbavancin
Oritavancin

Tedizolid

Delafloxacin

Daptomycin



Telavancin, Dalbavancin, Oritavancin

• Belong to the (lipo)glycopeptides family
• Remain active on VISA and daptomycin-resistant

S. aureus
• Bactericidal effect > vancomycin
• Significant differences with daptomycin

– Semi-synthetic derivatives of vancomycin
– Two mechanisms of action 

• Binding to the peptidoglycane D-Ala-D-Ala terminus
• Membrane depolarization

– Long half-life (>300h for dalba- and orita-vancin)

• Approved in Skin and soft tissue injection



Telavancin off-label potential indications :
Infectious endocarditis



Telavancin off-label potential indications :
Bone and joint infection



New (lipo)glycopeptides off-label experience

The empty chair…



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI

- Bacteremia
- Left endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Label
use



Novelty in current antimicrobal classes

• β-lactams

• Lipoglycopeptides

• 2nd generation
(lipo)glycopeptides

• Oxazolidinones

• Fluoroquinolones

Ceftaroline
Ceftobiprole

Telavancin
Dalbavancin
Oritavancin

Tedizolid

Delafloxacin

Daptomycin



Tedizolide

• Belong to the Oxazolidinone family
• Linezolid was the 1st marketed molecule

– Advantages
• Oral bioavailability of 100%
• Clinical efficacy in skin and soft tissue infections 

hospital pneumonia 
• « anti-toxinic » activity

– Disavantages
• Safety of prolonged administration
• Drug-drug interactions
• Acquisition of resistance by mutations



“C” &“D” rings 
both provide 

additional 
binding-site 

interactions with 
ribosome

Sterically 
compact 
nature of 

hydroxymethyl 
with smaller 

footprint 

Shaw  KJ, et al. Antimicrob Agents Chemother. 2008;52:4442-4447.        

Tedizolide

- Additional fixation on the ribosomal 50s 
subunit

- Enhanced potency 
- Improved antibacterial activity 



Low MICs with tedizolid

Zhanel et al, Drugs 2015;75:253-270



Sterically 
compact 
nature of 

hydroxymethyl 
with smaller 

footprint 

- Additional fixation on the ribosomal 50s 
subunit

- Enhanced potency 
- Improved antibacterial activity 

Shaw  KJ, et al. Antimicrob Agents Chemother. 2008;52:4442-4447.        Locke JB, et al. Antimicrob Agents Chemother. 2010;54:5337-5343.

Tedizolide

- Not impacted by Cfr
methyltransferase (linezolide
resistance)

“C” &“D” rings 
both provide 

additional 
binding-site 

interactions with 
ribosome



Tedizolid demonstrates low frequency of 
spontaneous resistance

Isolate
Antibiotic 
Selection

Mutation 
Frequency

S. aureus ATCC 29213 (MSSA)
2×××× MIC 1.1×10-10

4×××× MIC <4.5×10-10*

S. aureus ATCC 33591 (MRSA) 2×××× MIC 1.9×10-10

S. aureus USA300-0114 (MRSA) 4×××× MIC <4.5×10-10*

E. faecalis ATCC 29212 (VanS) 4×××× MIC <5.7××××10-11*

E. faecalis ATCC 700802 (VanR) 4×××× MIC <6.1××××10-11*

S. pyogenes ATCC 49399 4×××× MIC <1.0××××10-10*

S. agalactiae ATCC 13813 4×××× MIC <3.1××××10-10*

No growth; mutation frequency calculated as <1/inoculum

Locke et al, AAC 2009;53:5265-74



Serial passage confirms low rate of 
resistance development 

ATCC 29213 (MSSA)

ATCC 33591 (MRSA)

MIC 
(µg/mL)

Passage #
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Tedizolid Linezolid

Locke et al, AAC 2009;53:5265-74



Tedizolid is active on most of S. aureus strains
with decreased susceptibility to vancomycin, 

daptomycin and linezolid

J Antimicrob Chemother 2016; 71: 152–155



Sterically 
compact 
nature of 

hydroxymethyl 
with smaller 

footprint 

- Additional fixation on the ribosomal 50s 
subunit

- Enhanced potency 
- Improved antibacterial activity 

Shaw  KJ, et al. Antimicrob Agents Chemother. 2008;52:4442-4447.        Locke JB, et al. Antimicrob Agents Chemother. 2010;54:5337-5343.

Tedizolide

- Not impacted by Cfr
methyltransferase (linezolide
resistance)

“C” &“D” rings 
both provide 

additional 
binding-site 

interactions with 
ribosome

Reduction of the 
mitochondrial toxicity

Less drug-drug interactions
Better safety

Better activity
Better

resistance
profile

Better safety



Tedizolid and skin soft tissue infection



48-72 h Day 18-25

Evaluation

End of 
treatment

Day 11

Linezolid
2x 600 mg

Tedizolid
1x 200 mg

Follow-up
Day 29-36

Day 7

52

Tedizolid

Placebo

Linezolid

Tedizolid and « complicated » skin soft tissue 
infection



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI

- Bacteremia
- Left endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Label
use



Novelty in current antimicrobal classes

• β-lactams

• Lipoglycopeptides

• 2nd generation
(lipo)glycopeptides

• Oxazolidinines

• Fluoroquinolones

Ceftaroline
Ceftobiprole

Telavancin
Dalbavancin
Oritavancin

Tedizolid

Delafloxacin

Daptomycin



Delafloxacin

• Belong to the Fluoroquinolone family
• Ofloxacin, levofloxacin, ciprofloxacin, 

moxifloxacin are marketed molecules
– Advantages

• Oral bioavailability of 100%
• Large tissular diffusion (bone and joint)

– Disavantages
• Large dissemination of fluoroquinolone resistance 

by mutations/clonal diffusion 
– MRSA
– Methicillin-resistant staphylococci



Delafloxacin is active on 
levofloxacin-resistant staphylococci



Delafloxacin and skin soft tissue infection



Typical process for 
antistaphylococcal antibiotics

Drug of 
interest
with a 
high

potential

SSTI

SSTI

- Bacteremia
- Left endocarditis
- Bone and joint 

infection
- Nosocomial 

meningitis
- PVL-associated

diseases

Industrial 
clinical studies 
in skin and soft-
tissue infections 
(SSTI)

FDA and EMEA 
approval for the 
indication SSTI 
(without great 
improvement of 
the care…)

Off-
label 
use
Without any data 
about the efficacy, 
the optimal dose, 
the safety…

Off-
Label
use



Delafloxacin off-label potential indications :
Bone and joint infection



« New » routes of delivery
Local antibiotherapy

– Aerosolized antibiotics
• Severe pneumonia

– Vacuum Assisted Closure (VAC system) 
with antibiotic instillation

• Severe skin and soft/tissue or bone and joint 
infection with bone exposition

– Antibiotic-based cement in orthopaedic
surgery

• Prosthetic joint infection and septic pseudarthrosis



Respir Care. 2015;60(6):762-1

High performance aerosol
drug delivery nebulizers



Vacuum Assisted Closure (VAC system)
with antibiotic instillation



Vacuum Assisted Closure (VAC system)
with antibiotic instillation

Applying topical
antibiotics may be that

high concentrations 
are achieved at the 

site of infection

The use of topical
antibiotics is

considered highly
controversial among

physicians

But…



Antibiotic -based cement 



« Masquelet » for septic pseudarthrosis

Surgery n°1 :

Material explantation,

Bone resection

1er stage Masquelet

Staphylococcus epidermidis 3 months

Surgery n°2 :

Osteosynthsesis

Bone grafting

At Week 6 (stérile)

Systemic antibiotics

Local antibiotic(s) in 
the cement



MIC

Targeted concentration in serum in septic shock

Gentamicin cement PALACOS®

Gentamicin + Clindamycin cement COPAL®

High local concentration
and possible combinations

Available antibiotic -based cement in 2016

Gentamicin (PALACOS®)

Gentamicin + Clindamycin (COPAL®)

Gentamicin + Vancomycin (COPAL®)

In the future

Gentamicin + Daptomycin ???



New drugs with new 
mechanisms of action

• Most of new drugs are not « antibiotics » that 
could be used in adjunctive therapy
– Monoclonal/polyclonal antibodies

• Targeting virulence factors (PVL, α-toxin, MSCRAMMs)

– Bacteriophages

• FabI inhibitors (could be antipersister)
• Teixobactin
• Anti-virulence agents 

– Targeting the agr or the SarA system



Miesel L. Nat Rev Genet. 2003 Jun;4(6):442-56.

Fabl inhibitors



A Phase 2, Randomized, Double-Blind, Multicenter Study of Safety, 
Tolerability, and Efficacy of Debio 1450 vs Vancomycin (IV)/Linezolid 
(Oral) in the Treatment of Acute Bacterial Skin and Skin Structure 
Infections (ABSSSI) Due to Staphylococcus Sensitive or Resistant to 
Methicillin

Impressive intracellular activity



Teixobactin

• New class of antibiotics
• Binds to lipid II and lipid III, important 

precursor molecules of peptidoglycan and 
teichoic acid, respectively

• Produced by unculturable bacteria from
soils named Eleftheria terrae

Ling LL. Nature. 2015 Jan 22;517(7535):455-9. 



Teixobactin

Ling LL. Nature. 2015 Jan 22;517(7535):455-9. 



Teixobactin

Ling LL. Nature. 2015 Jan 22;517(7535):455-9. 

Resistance acquisition 
during serial passaging in 
the presence of sub-MIC 
levels of antimicrobials



Anti-virulence agents 

• Number of bioactive component isolated
from natural products

• That did not affect the bacterial growth
• Inhibit the agr of SarA regulator system



agr inhibitors

Kong C et al. Targeting S. aureus 
Toxins: A Potential form of Anti-
Virulence Therapy. Toxins (Basel). 
2016 Mar 15;8(3).



SarA inhibitors

Kong C et al. Targeting S. aureus Toxins: A Potential form of Anti-Virulence Therapy. 
Toxins (Basel). 2016 Mar 15;8(3).



Conclusion

• A lot of « faire du neuf avec du vieux »
• With a paradox :

– Limited approved indications, mainly in skin 
and soft tissue infections

– Few data in other staphylococci infections

• But promising local administration and 
combination strategies

• Promising new drugs with new 
mechanisms of action



http://www.crioac-lyon.fr

- Published cases
- Open acces studies in pdf
- All thesis in pdf
- Newsletter


