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MRSA in Europe
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https://ecdc.europa.eu



Co-resistance in MRSA from Greece
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Drugka et al, Clin Microbiol Infect 2014; 20: O796–O803

vancomycin
• Beware of MIC > 1 mg/L
• IV only
• Therapeutic monitoring (renal toxicity)

linezolid
• Bacteriostatic
• Severe adverse events if prolonged therapy
• Inhibition of Mono Amino Oxidases

daptomycin • Dose uncertain
• Availability in some countries



MRSA infections: current guidelines
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Montravers et al, Curr Opin Infect Dis. 2016; 29:131-8

Un example for skin and skin structure infections



MRSA infections: where is the therapeutic challenge ?
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Current challenges in managing MRSA infections
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1. Empirical vs. targeted therapy ?
Do we need to cover MRSA when microbiological data are not available ?



Appropriateness of empirical therapy and mortality
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MRSA bacteremia: impact of initial therapy 

→ Inappropriate empirical therapy is a risk of mortality
→ Vancomycin is useful to reduce the risk 

Adapted from Paul et al, JAC 2010; 65: 2658–65



Appropriateness of empirical therapy and mortality
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Yoon et al, BMC 2016; 16:331

MRSA bacteremia: impact of initial therapy 

→ Inappropriate empirical therapy is not a risk of mortality
→ Previous glycopeptide use is at risk ! 



Current challenges in managing MRSA infections
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1. Empirical vs. targeted therapy ?
Do we need to cover MRSA when microbiological data are not available ?

2. De-escalation ?
Do we need to stop MRSA coverage when microbiological data are available ?



Impact of rapid diagnostic on bacteremia management

Athena - anti-Gram positive new antibiotics 1130/11/2017

Adapted from Romero-Gomez et al, Eur J Clin Microbiol Infect Dis. 2017 doi: 10.1007/s10096-017-3086-5

MRSA detection (MALDI-TOF/PCR) in patients with bacteremia

→ Early identification of MRSA reduces the length of therapy 
with no impact on length of stay 

→ De-escalation possible!



Impact of MRSA nasal screening on targeted therapy
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Baby et al, AAC 2017; 61: e02432-16

MRSA PCR detection in HAP patients

→ Early identification of MRSA reduces the length of therapy 
with no impact on length of stay 

→ De-escalation possible!



Current challenges in managing MRSA infections
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1. Empirical vs. targeted therapy ?
Do we need to cover MRSA when microbiological data are not available ?

2. De-escalation ?
Do we need to stop MRSA coverage when microbiological data are available ?

3. Treatment duration ?
How much time do we need to treat, depending on 
• the drug used ?
• the site of infection ?



Treatment duration for MRSA infections
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IDSA guidelines; CID 2011; 52:e18

infection antibiotics Recommended 
treatment duration

SSTI VAN/DAP/LZD/TLV/CLI 7-14 days

uncomplicated bacteremia VAN/DAP > 2 weeks

complicated bacteremia VAN/DAP 4-6 weeks

endocarditis VAN/DAP 6 weeks

pneumonia VAN/LZD/CLI 7-21 days

osteomyelitis VAN/DAP/LZD/CLIN/
SMX-TMP+RIF

> 8 weeks

arthritis idem 3-4 weeks

meningitis VAN(+RIF)/LZD/SMX-TMP 2 weeks

The example of IDSA guidelines

→ Treatment duration not always well defined
but depends on infection type



Current challenges in managing MRSA infections
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1. Empirical vs. targeted therapy ?
Do we need to cover MRSA when microbiological data are not available ?

2. De-escalation ?
Do we need to stop MRSA coverage when microbiological data are available ?

3. Treatment duration ?
How much time do we need to treat, depending on 
• the drug used ?
• the site of infection ?

4. Hospitalization / Home therapy ?
Which criteria do we need to take into account to treat patients at home ?



Conditions for discharge in patients with SSTI
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Russo et al, Clin Microbiol Infect 2016; 22: S27–S36

mainly related 
to AB properties



Pros and Cons of new drugs
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Anti Gram-positive recently approved drugs
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company drug class indications MRSA MDRSP VRE

Theravance Telavancin lipoglyco-
peptide

cSSSI / 
HABP/VABP   VanB

only

Durata Ther. Dalbavancin lipoglyco-
peptide ABSSSI   VanB

only

The MedCo Oritavancin lipoglyco-
peptide ABSSSI   

Forrest
Astra-Zeneca Ceftaroline β-lactam ABSSSI / CABP   

Basilea Ceftobiprole* β-lactam CABP / HAP   

MSD Tedizolid oxazolidinone ABSSSI   

Melinta Delafloxacin fluoroquinolone ABSSSI   
* licensed in 14  countries:  AT, BE, CA, CH, DE, DK, ES, FI, FR, IT, LU, NO, SE, UK 
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Susceptibility breakpoints
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Breakpoints vs. susceptibility of current MRSA isolates

antibiotic breakpoint susceptibility

S R MIC 50 MIC 90 range

EU
CA

ST

telavancin ≤ 0.125 > 0.125 0.03 0.06 ≤ 0.015 - 0.25

dalbavancin ≤ 0.125 > 0.125 0.06 0.06 ≤ 0.008 - 0.25

oritavancin ≤ 0.125 > 0.125 0.03 0.03 ≤ 0.008 - 0.25

ceftobiprole ≤ 2 > 2 1 1 0.25 - 2

ceftaroline ≤ 1 > 1 0.5 1 0.06 - 4

tedizolid ≤ 0.5 > 0.5 0.25 0.25 0.03 - 0.5

U
S 

la
be

l delafloxacin ≤ 0.25 ≥ 1 0.06 0.5 ≤ 0.004 - 4



Lipoglycopeptides
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prolonged 
half-life

• prolonged 
half-life

• membrane 
anchoring

dimerization

decreased 
half-life

Van Bambeke, 
Cur. Op. Pharmacol. 

2004, 4:471–478

20



Lipoglycopeptides: dual mode of action
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Attwood & LaPlante, Am J Health Syst Pharm. 2007;64:2335-48
21

highly bactericidal



Lipoglycopeptides: pharmacokinetics
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parameter VAN ORI TLV TEC DAL

Dosage 15 mg/kg 1200 mg 10 mg/kg 6 mg/kg 1000 mg

Cmax
(mg/L)

20-50 138 93 43 287

AUC
(mg.h/L)

260 1110 (24h)
2800 (tot) 668 600 3185 (24h)

23443 (tot)

(%) prot. 
binding 55 85 95 88-94 99

T ½ (h)
1 (β)

3-9 (γ)
14 (β)
245 (γ)

8
10 (β)
168 (γ)

346 (γ)

single 
dose 

once-a-week 
(2 doses)

22

twice daily once daily every 
2 days

Van Bambeke, Drugs 2015; 75:2073–95
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Dalbavancin : pros and cons

• once-a-week
• narrow spectrum
• active on VISA 

to some extent

• not rapidly bactericidal
• strict anti-G+
• no oral route
• reversible inhibition 

of transaminases
• dose adaptation if renal 

dysfunction
• not dialyzable
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Telavancin : pros and cons

• rapidly bactericidal
• narrow spectrum
• active on VISA 

to some extent
• active against intracellular

S. aureus
• once-a-day

• strict anti-G+
• no oral route
• lower success rate in patients

with renal impairment (SSTI)
• taste disturbance 

(soapy-metallic)
•renal toxicity ? 
• QTc prolongation
• perturbation of coagulation 

tests
• dose adaptation if renal 

dysfunction
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Oritavancin : pros and cons

• rapidly bactericidal
• narrow spectrum
• active on VISA/VRSA 
• active against intracellular

S. aureus and biofilms
• single dose
• no dosage adaptation 

for age, kidney or hepatic 
dysfunction

• strict anti-G+
• no oral route
• transient inhibition 

of transaminases
• weak inhibitor of 2C9/19
• perturbation of coagulation 

tests; 
risk of bleeding with warfarin

• not dialyzable



Anti-MRSA cephalosporins
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Otero et al, PNAS 2013; 110:16808–13

Resistance to
β-lactamases Binding to 
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Ceftaroline & community-acquired pneumonia

FDA briefing document; September 2010
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Ceftaroline : pros and cons

• broad spectrum
• safety
• superiority in CABP

• broad spectrum
• no oral route
• twice daily administration
• dose adaptation if renal 

dysfunction
• allergic reactions
• frequent seroconversion of

Coombs’ test 
(hemolytic anemia ?)



Oxazolidinones: tedizolid vs linezolid  
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Binding of tedizolid
to methylated ribosomes (cfr)

linezolid

tedizolid
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Locke et al, AAC 2010; 54: 5337–43 
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JAMA. 2013;309(6):559-569

Clinical efficacy

• Efficacy and Safety of 
• 6-day Oral Tedizolid (200 mg 1x/day) 

10-day Oral Linezolid (600 mg 2x/day)
• Intent-to-treat analysis



Safety: Platelet counts – Pooled Phase 3 Studies

TEAE=treatment-emergent adverse events; LLN=lower limit of normal; TZP=tedizolid; LZD=linezolid.
a Platelet counts were collected on Study Day 7-9, Study Day 11-13,  and after the last dose of study drug. 

DeAnda et al. Integrated results from 2 phase 3 studies comparing tedizolid phosphate 6 days vs. linezolid 10 days in patients with ABSSSI. Poster presented at: 53rd Interscience Congress 
on Antimicrobial Agents and Chemotherapy (ICAAC); September 10-13, 2013; Denver, CO. (L-203).
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5

Shorter treatment 
at lower dose!
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Tedizolid: pros and cons

• narrow spectrum
• excellent bioavailability

and tissue distribution
• easy switch iv-po
• once daily administration
• no serotoninergic syndrome
• active in 6 days 
• no dose adjustment to 

weight, renal or hepatic 
function

• strict anti-G+ 
• bacteriostatic
• limited documentation of 

safety profile for  
treatments > 6 days



Delafloxacin, the first “non-zwitterionic” quinolone
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Van Bambeke, Future Microbiol. 2015; 10:1111–23
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Delafloxacin, the first “non-zwitterionic” quinolone
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Van Bambeke, Future Microbiol. 2015; 10:1111–23; Lemaire et al, AAC 2011; 55:649-58
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Delafloxacin: pros and cons
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• broad spectrum
• higher activity at acidic pH
• active against intracellular

S. aureus and biofilms
• highly bactericidal
• tissue distribution
• once daily administration
• oral or IV   

• broad spectrum 
• cross resistance with other FQ
• AB class possibly showing 

rare/serious adverse effects
• CI in children/pregnancy
• dose adaptation if renal 

dysfunction 
(CrCl < 30 mL/min)

Athena - anti-Gram positive new antibiotics



From past to future therapies …
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What do new drugs bring to our arsenal ?
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1. Empirical vs. targeted therapy ?

antibiotic spectrum

telavancin G+

dalbavancin G+

oritavancin G+

ceftobiprole G+ G-

ceftaroline G+ G-

tedizolid G+

delafloxacin G+ G-

2. De-escalation ?

Broad coverage 
including MRSA



What do new drugs bring to our arsenal ?
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antibiotic Treatment duration for SSTI
(current: 7-14 days)

telavancin 7-14 days

dalbavancin 2 doses (D1 & D7)

oritavancin 1 dose

ceftobiprole not indicated

ceftaroline 5-14 days

tedizolid 6 days

delafloxacin 5-14 days

3. Treatment duration ?

shorter 
treatment



What do new drugs bring to our arsenal ?
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antibiotic Easiness of use 
out of the hospital

telavancin IV only

dalbavancin 2 doses

oritavancin 1 dose

ceftobiprole IV only

ceftaroline IV only

tedizolid IV-PO

delafloxacin IV-PO

4. Hospitalization / Home therapy ?

infrequent 
dosing

good oral 
bioavailability



Take home message
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Take home message
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 Guidelines for MRSA infections out-of-date viz. these new drugs 
 how to position them ?
More clinical data needed in specific indications…

 Many new anti-MRSA drugs registered over the last years … 
and probably more to come in a near future !

 Main advantages of new drugs:
• Activity on resistant strains
• Pharmacokinetic profile
• Safety profile
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Have a bright future …



Anti Gram-positive antibiotics in the pipeline 
(phases II/III) – 1/2
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company drug class status MRSA MDRSP VRE

Cempra solithromycin ketolide
Phase III

CAPB  

TaiGen nemonoxacin fluoroquinolone Phase III
CAPB / ABSSSI  

Dong zabofloxacin fluoroquinolone
Phase III

CAPB  

Activis avarofloxacin fluoroquinolone Phase II completed
CAPB / ABSSSI  

MerLion finafloxacin fluoroquinolone Phase II
ABSSSI  

GSK GSK2140944 topoisomerase
inhibitor

Phase II
respiratory /  ABSSSI  

Melinta radezolid oxazolidinone Phase II
CAPB / ABSSSI   

Constructed based on www.pewtrusts.org
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company drug class status MRSA MDRSP VRE

Paratek omadacycline aminomethyl
cyclines

Phase III
CAPB / ABSSSI   

Cempra fusidic acid fusidane Phase III
ABSSSI 

Debiopharm Debio1452 FabI inhibitor Phase II 
S. aureus ABSSSI 

Crystal-
genomics CG-400549 FabI inhibitor Phase II

ABSSSI / osteomyelitis 

Theravance TD-1792 glycopeptide + 
cephalosporine

Phase II completed
cSSSI  

Nabriva lefamulin pleuromutilin Phase II completed
ABSSSI /CABP/HA-VABP   

Cellceutix brilacidin defensin-
mimetic

Phase II completed
ABSSSI  

Constructed based on www.pewtrusts.org

Anti Gram-positive antibiotics in the pipeline 
(phases II/III) – 2/2

44
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