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• 1998-2016: 30000 pathogens isolated from 
195000 blood cultures

• ESBL resistance rose to 30% in E. coli and 90% in 
Klebsiella spp 

• Resistance to ciprofloxacin rose to 31% in E. coli
and to 70% in Klebsiella spp 

• By contrast, more than 92% of common Gram-
positive pathogens remain susceptible to either 
penicillin or chloramphenicol. 

• MRSA represented 18% of S. aureus isolates

• These results highlight the growing challenge of 
bloodstream infections that are effectively 
impossible to treat in this resource-limited setting.

K. pneumoniae

Musicha, Lancet Infect Dis, 2017



A perfect storm…

Kuehn, JAMA, 2011; Ventola; P&T, 2015; Till, Trends Microbiol, 2014 

Antibiotics 
on the fall

Resistant 
bacteria on 

the rise



A perfect storm…

Kuehn, JAMA, 2011; Ventola; P&T, 2015; Till, Trends Microbiol, 2014 

Antibiotics 
on the fall

Resistant 
bacteria on 

the rise



Agenda

• Novel antibiotics for Gram-positive infections

• Novel antibiotics for Gram-negative infections

• Future perspective: novel approaches for antibiotic
development
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Novel antibiotics for Gram-positive infections

• Oxazolidinonen
- Tedizolid (“similar to linezolid”)

Inhibits synthesis of proteins (binds to ribosome)

• Lipoglycopeptiden
- Oritavancine (“similar to vancomycin”)
- Dalbavancine (“similar to teicoplanin”)

Inhibitis synthesis of peptidoglycan

Crotty, J  Clin Microbiol, 2016



Moran, Lancet Infect Dis, 2014; Boucher, NEJM, 2014; Corey, NEJM, 2014



Corey, New Engl J Med, 2014

• 2011-2012, 954 patients mostly from US and India

• Patients with cellulitis, abscesses, wound infections. 63% admitted to hospital

• Intervention: Oritavancin 1x i.v. vs vancomycin 2dd1 i.v. for 7-10 days

• Primary endpoint (composite): early clinical response (decrease skin lesion, 
no fever, no rescue antibiotics needed) after 48 to 72 hrs. 



New antibiotics for Gram-positive infections (MRSA, VRE): 
what will be its use in clinical practice?

Dose Adjustment
kidney

Indication Costs
per dose

Tedizolid oral and i.v.
once daily
6 days

No ABSSSI $ 250

Dalbavancin i.v.
once weekly
2 weeks

Yes ABSSI $ 1788

Oritavancin i.v.
once

No (ABSSI) follows

Vancomycin oral en i.v.
2-3 x per day

Yes ABSSI, endocarditis,
pneumonia, osteomyelitis,..

$ 3,80

Linezolid oral en i.v.
twice daily

No ABSSI, bacteriemia, 
pneumonia, osteomyelitis,..

$ 86

Daptomycin i.v.
Once daily
1-6 weeks

Yes ABSSI, bacteriemia, 
osteomyelitis,..

$ 404

Ceftaroline i.v.
twice daily

No ABSSI, pneumonia,.. $ 75



Novel antibiotics for
Gram-negative infections



Drawz, Antimicrob Agents Chemother, 2014

• Active against ESBL, KPC, OXA-48, but not against all Enterobacteriaceae and Acinetobacters.



Torres, Lancet Infect Dis, 2017; Wagenlehner, Lancet, 2015; Kaye, JAMA, 2018



Novel antibiotics: phase II/III

• Relebactam/Primaxin Carbapenem + BLI
RPX7009 Carbapenem + BLI 
S-649266 Cefalosporine 

• Plazomicin Aminoglycoside cUTI

• Delafloxacin Fluorochinolon CAP 

• Eravacycline Tetracycline cIAI, cUTI
Omadacycline Tetracycline CAP 

• Solithromycin Macrolide CAP



Novel approaches: 5 examples



Ling, Nature, 2015

• Teixobactin: a novel antibiotic that solves the antibiotic crisis? 

• Classic approach: Most antibiotics are released by soil bacteria in order 
to keep competitors at a distance. Since the 1950s soil bacteria are 
screened for these mediators.

• Problem: Only 1% of soil bacteria are culturable.. Lack of discovery of 
new compounds.. 



• Teixobactin inhibits cell wall synthesis by binding to two highly conserved motifs 
of lipid II (precursor peptidoglycan) + lipid III (precursor cell wall teichoic acid).

• Superior efficacy compared to vancomycin in MRSA mouse model.
No mutants of S. aureus or M. tuberculosis resistant to teixobactin obtained.

• Future: first studies in man scheduled for 2018?

• New method to culture bacteria with the iChip

Ling, Nature, 2015



Targeting specific virulence factors

Panobacumab: 
monoclonal 

anti-LPS 
P. aeruginosa

(ST O11)

Lu, J Antimicrob Chemother, 2011; Que, Eur J Clin Microbiol Infect Dis, 2014



Human monoclonal antibodies against bacterial toxins

• Actoxumab and bezlotoxumab: antibodies against C. difficile toxins A and B, respectively
– 2655 adults receiving standard antibiotics for primary or recurrent C. difficile
– Primary end point: recurrent infection (new episode after cure) within 12 wks
– Bezlotoxumab: lower rate of recurrent infection than placebo with a safety profile 

similar to placebo (17% vs 28%). No additional effect of actoxumab

• Other antibodies against bacterial toxins in development:
– Alpha-toxin of S. aureus 
– P. aeruginosa (e.g. targeting PsI, surface exopolysaccharide)

Wilcox, New Engl J Med, 2017



Vaccines

• Phase I: bioconjugate vaccine containing O-antigens of four E. coli serotypes
– 188 healthy adult women with recurrent UTIs 
– Fewer UTIs caused by E. coli of any serotype in vaccine group

• Other vaccin examples in development: 
– against P. aeruginosa: Phase II/III: tested in ventilated ICU patients at 

high risk of Pseudomonas infection
– against C. difficile: Phase II: induces strong immune response to toxin A/B

Huttner, Lancet Infect Dis, 2017



Focus on the microbiome



Zipperer, Nature, 2016

• S. aureus is found in the 
noses of around 30% of the 
population… how is it that the 
other 70% resist colonisation?

• Analysis of 90 Staphylococcus
strains from the nasal 
microbiome showed that one 
strain, Staphylococcus 
lugdunensis, produced 
lugdunin which has potent 
anti S. aureus potential



Take home message: 
novel antibiotics

• Pipeline of novel antibiotics is growing but strong stewardship policies 
essential to safeguard old antibiotics

• Multiple new agents for Gram-positive infections: 
tedizolid, oritavancine and dalbavancine

• Gram-negative infections: focus on new beta-lactam inhibitors

• Examples of novel approaches:
– Advances in antibiotic discovery technology (teixobactin)
– Targeting specific virulence factors (Pae LPS)
– Human monoclonal antibodies against bacterial toxins (bezlotoxumab)
– Use of vaccins in high-risk populations (E. coli in recUTI)
– Microbiome as new reservoir for antibiotic discovery (lugdunin)


