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Objectives 

     
•  To review current epidemiology of 

MRSA pneumonia and MRSA 
bloodstream infection in Canada; 

 
•  Discuss why alternative treatments to 

vancomycin may be considered 



Case History (1a) 

● 54 y.o. male diabetic hospitalized 
with 1 week history of an infected  
left foot plantar wound 

● Past Hx:  IDDM, nephropathy 
(hemodialysis), neuropathy 

● 7 days pain, erythema, swelling 
left foot; 2 days fever, chills 



Case History (1b) 

● 36.7°C, 130/80, 84/min 
● systolic murmur at apex, no  

stigmata of endocarditis; chest clear 
●  left plantar ulcers with purulence   

and surrounding cellulitis 





Case History (1c) 

● Hgb 107, WBC 10.8 
● serum creatinine 415 µmol/L 
●  foot ulcer culture – MRSA, GBS              

blood culture – MRSA   



Case History (1d) 

●  IV vancomycin started               
(dose adjusted for renal failure) 

● plantar ulcer debrided 
● dialysis catheter removed, re-sited 
 



Case History (1e) 

● after 7 days, minimal change in 
appearance of lower limb cellulitis; 
left knee swollen; repeat blood 
cultures still growing MRSA; a left 
knee aspirate also grew MRSA 

● vancomycin trough =  22 mg/L 
● vancomycin MIC (Etest) = 1.5 µg/ml  



What would you do now? 
Echocardiogram? 

Debridement/better source control? 
New dialysis catheter? 

Add gentamicin or rifampin? 
Change antibiotics? 



Case History (2a) 

● 75 y.o. male with asthma, hospitalized 
Feb. 20 with 4 days of fever, dyspnea, 
increasing cough, hemoptysis 

● Hgb 124; WBC 9.1; creatinine 173 µmol/L 
● CXR:  consolidation RUL,          

  subsegmental opacity LUL 



Case History (2b) 

Feb. 20: resp distress; admit to ICU    
Rx: ceftriaxone, azithromycin 

Feb. 21: MT swab – influenza A (H3N2)  
Rx: oseltamivir 

Feb. 22: blood, sputum – MRSA           
Rx: vancomcyin, ceftriaxone 



Case History (2c) 

● Feb. 24: repeat blood cultures neg   
     Vanco trough level 19.1 mg/L 

● Feb. 25: progressive resp failure   
     hypoxemia, ↓ LOC, WBC 20.5      

creatinine 246 µmol/L          
Vanco trough level 22.9 mg/L      
CXR – necrotizing pneumonia 



Feb. 20, 2015 Feb. 25, 2015 



What would you do now? 

● Continue current 
treatment? 

● Add another drug? 
● Change Vanco to 

another drug? 



MRSA-Related Mortality 

Infection Mortality (%) 
 
MRSA Bacteremia* 

 
20-35 

 
MRSA Pneumonia† 

 
25-60 

* Cosgrove, Clin Infect Dis 2003; Melzer, Clin Infect Dis 2003; Wyllie, BMJ 2006    
 † DeRyke, Chest 2005; Zahar, Clin Infect Dis 2005; Tadros, PLoS ONE 2013 



MRSA Bloodstream Infections 

Location MRSA as a % of                        
S. aureus bacteremias 

Ontario* 17 
Quebec† 15 
Canada (CANWARD)§ 24 

*  QMPLS, 2012; †Institut National de Santé Publique                              
du Québec, 2013;  § Adam, Diagn Microbiol Infect Dis 2011 



MRSA Bacteremia in  
Canadian Hospitals, 2008-12 

●  Incidence: 0.45/1,000 admissions 
● 30-day all-cause mortality:  23.8% 
● variables associated with mortality:  

 - Age > 65 yrs (OR 3.3, 95% CI 1.4-7.9)     
 - Pneumonia (OR 2.3, 95% CI 1.4-3.7)  
 - Failure to receive appropriate    
   therapy within 24 hrs                     
   (OR 3.2, 95% CI 2.1-4.9)  

Simor, IDSA 2013 



MRSA Pneumonia                          
in Canadian Hospitals 

● 1-yr surveillance; 11 hospitals 
●  Incidence:  0.34/1,000 admissions 
● 72% HAP (13% VAP); 28% CAP 
● 23% had associated bacteremia;       

32% required transfer to ICU  

Tadros, PLoS ONE 2013 



MRSA Pneumonia                          
in Canadian Hospitals 

● 30-day all-cause mortality:  28% 
● Mortality was not associated with   

initial treatment, PFGE type, PVL,         
or initial vancomycin trough levels 

● Higher mortality associated with 
Vancomycin MIC > 1.5 µg/ml                
(OR 2.5; 95% CI, 1.00-6.28; p=0.05) 

Tadros, PLoS ONE 2013 



Treatment of Serious 
MRSA Infections 

 Vancomycin has long 
been considered to be 
the treatment of choice. 

 
  But ……. 



Treatment of Serious 
MRSA Infections 

● Problems with vancomycin 

 
● Potential advantages of        

newer antimicrobial agents 



Vancomycin 

•  less rapidly bactericidal 
•  less effective in clinical trials 

(Lodise, Antimicrob Agents Chemother 2007;                       
Kim, Antimicrob Agents Chemother 2008) 

•  toxicity; need for TDM 
•  may induce resistance 



Vancomycin and the Lung 

● poor penetration in 
the lung; low levels   
of drug in epithelial 
lining fluid  
 (Cruciani, J Antimicrob Chemother 1996; 
Lodise, Antimicrob Agents Chemother 
2011) 



Vancomycin Susceptibility 
Breakpoints in Staphylococci 

MIC (µg/ml)    Interpretation 

≤2    Susceptible 

4-8    Intermediate 

≥16    Resistant 
CLSI 



Vancomycin MICs and Treatment 
Outcome in MRSA Bacteremia 
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MRSA Pneumonia Outcome 

 Mortality increased 
with vancomycin    
MIC > 1.5 µg/ml 

Haque, Chest 2010; 
Choi, Intensive Care Med 2011; 
Tadros, PLoS ONE 2013 



Vancomycin MIC and MRSA Infection Outcome 

van Hal, Clin Infect Dis 2012  



How Common are Higher Vancomycin 
MICs in MRSA in Canada? 

● no VRSA and very few VISA            
in Canada as of April 2015 

● < 4% of MRSA have   
vancomycin MIC = 2 µg/ml 

 
Simor, Antimicrob Agents Chemother 2010; 
Zhanel, Diagn Microbiol Infect Dis 2011 



Vancomycin Pharmacodynamics 

● vancomycin efficacy best  
predicted by AUC:MIC ratio 



Vancomycin Pharmacodynamics 

● 1 study in patients with S. aureus 
pneumonia suggested AUC/MIC ≥ 400 
associated with better outcome       
(Moise-Broder, Clin Pharmacokinet 2004)  

● AUC/MIC ≥ 400 requires Vanco trough 
15-20 µg/ml, but is not achievable if 
Vanco MIC ≥ 2 µg/ml (Mohr, Clin Infect Dis 2007) 



Vancomycin and        
Treatment Failure 

•  higher vancomycin 
MICs associated with 
worse outcome 

•  recommendations to 
use higher Vanco 
doses (target trough:  
15-20 µg/ml) 

Liu, Clin Infect Dis 2011 



Vancomycin Levels          
and Toxicity 

  Higher vanco troughs are not always 
associated with better outcome;              
vanco-induced nephrotoxicity 
associated with higher trough levels 

(van Hal, Antimicrob Agents Chemother 2013) 



Alternatives to 
Vancomcyin 

● Daptomycin 
● Linezolid 
● Ceftaroline 
● Lipoglycopeptides (telavancin, 

dalbavancin, oritavancin) 
● New oxazolidinone (tedizolid) 



Daptomycin 
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Indications: 
•  SSTI (Gram-positive) 
•  BSI/right-sided endocarditis 

(S. aureus) 
Off-label use: 
•  Endocarditis 
•  Osteomyelitis, PJI 
•  VRE infections 
•  CNST infections 



Treatment of MRSA Bacteremia 
and Infective Endocarditis 

Liu, Clin Infect Dis 2011 



Daptomycin vs Standard Therapy        
for S.aureus Bacteremia  

Fowler, N Engl J Med 2006 



Daptomycin 

●  Daptomycin treatment failures associated 
with reduced susceptibility (Fowler, N Engl J Med 2006) 

●  Daptomycin has concentration-dependent 
killing (Benvenuto, Antimicrob Agents Chemother 2005) 

●  Perhaps efficacy improved using higher 
doses (6-10 mg/kg/day) 
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Carugati, Antimicrob Agents Chemother 2013 

Safety of high        
dose daptomycin 

 
Figueroa, Clin Infect Dis 2009 

Safety and efficacy of 
high dose daptomycin for 
treatment of endocarditis  



Daptomycin for MRSA BSI 
with High Vancomycin MIC  

Murray, Clin Infect Dis 2013 



Potential Benefits of Treatment 
with Daptomycin (1) 

● Efficacy equivalent to that of Vanco   
for treatment of SSTI and Staph BSI 
(Arbeit, Clin Infect Dis 2004; Fowler, N Engl J Med 2006) 

● Efficacy for treatment of MRSA BSI 
(incl. endocarditis) as salvage therapy 
or if higher vanco MIC                            
(Moise, Lancet Infect Dis 2009; Moore, Clin Infect Dis 2012; Murray,   
Clin Infect Dis 2013; Carugati, Antimicrob Agents Chemother 2013) 



Potential Benefits of Treatment 
with Daptomycin (2) 

● Safety, even at higher doses              
(10 mg/kg/day) (Figueroa, Clin Infect Dis 2009)  

● Once-daily; no need for therapeutic 
drug monitoring; safe in patients    
with renal failure (Mueller, Pharmacotherapy 2011) 

● Resistance is rare 



Linezolid 

Indications: 
•  SSTI (Gram-positive) 
•  CAP/HAP (incl. MRSA) 
•  VRE infections 
Off-label use: 
•  Osteomyelitis, PJI 
•  Febrile neutropenia 



IDSA Clinical Practice Guidelines for 
Treatment of MRSA Pneumonia 

Liu, Clin Infect Dis 2011 



Wunderink, Clin Infect Dis 2012 

‘ZEPHyR’ Study 



Linezolid vs Vancomycin 
for HA-MRSA Pneumonia 

Wunderink, Clin Infect Dis 2012 



Linezolid vs Vancomycin 
for HA-MRSA Pneumonia 

 Linezolid treatment was associated       
(in mITT population) with: 
● better clinical response (54.8% vs. 44.9%) 

● fewer days in hospital (17.9 vs. 18.6) 

● less renal failure (4.0% vs. 15.8%) 

Wunderink, Clin Infect Dis 2012 



60-Day Survival 
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Linezolid 

Vancomycin 
Linezolid censored 

Vancomycin censored 

§  Comparable all-cause 60-day follow up mortality rates 
−  ITT population, linezolid arm, 15.7%; vancomycin arm, 17.0%  
−  MITT population, linezolid arm, 28.1%; vancomycin arm, 26.3%   

Wunderink, Clin Infect Dis 2012  



Vancomycin Trough Levels - 
HA-MRSA Pneumonia 

 
Higher Vanco 

troughs on day 3,  
not associated 

with better 
outcomes 

 
 Wunderink, Clin Infect Dis 2012 



Potential Benefits of Treatment 
with Linezolid (1) 

● Efficacy equivalent to that of Vanco  
for treatment of SSTI (Stevens, Clin Infect Dis 2002; 
Weigelt, Antimicrob Agents Chemother 2005)  

● Superior efficacy for treatment of    
HA-MRSA pneumonia (incl. VAP) 
(Wunderink, Clin Infect Dis 2012)  



Potential Benefits of 
Treatment with Linezolid (2) 

● Safety with short (< 14 days) treatment 
● No dose adjustment with renal failure 

and no need for TDM 
● Resistance is rare 



Which to Use? 

Vancomycin Alternate drugs 



van Hal, Clin Infect Dis 2013 


