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Learning Objectives 
•  Understand Mechanisms of Action  
•  Understand Mechanisms of Resistance 
•  Learn Spectrum of Activity 
•  Understand Pharmacokinetic 

Characteristics 
•  Know Major Clinical Uses 
•  Know Major Adverse Reactions 
•  Know Major Drug Interactions 



•  Staph 
•  Strep 
•  Listeria 
•  Clostridium 
•  Bacillus  
•  Actinomyces   

Bacteriainphotos.com; eyepathologist.com   



Glycopeptids 

•  Vancomycin 
•  Teicoplanin 
•  Dalbavancin 



Vancomycin 

•  Commercially-available since 1956 
•  Underwent extensive purification → ↓ AEs  
•  Clinical use ↓ with introduction of 

antistaphylococcal penicillins 
•  ↑ Use due to more MRSA and PRSP 
•  Complex tricyclic glycopeptide produced by 

Streptomyces orientalis,  MW = 1500 Da 

Beerclubnj.com 



Vancomycin 
Mechanism of Action 

•  Inhibits bacterial cell wall synthesis at a site 
different than β-lactams 

•  Inhibits synthesis and assembly of the second 
stage of cell wall synthesis 

•  Binds firmly to D-alanyl-D-alanine portion of 
cell wall precursors to prevent cross-linking 
and further elongation of peptidoglycan; 
weakens cell wall 

•  Time-dependent bactericidal activity; slowly 
kills bacteria (static against Enterococcus) 



Vancomycin  
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Vancomycin 
Mechanism of Resistance 

•  Resistance in VRE and VRSA due to 
modification of D-alanyl-D-alanine 
binding site of peptidoglycan 
Ø Terminal D-alanine replaced by D-lactate 
Ø Loss of critical hydrogen bond 
Ø Loss of antibacterial activity 
Ø 3 phenotypes - vanA, vanB, vanC 

•  VISA – thickened cell wall 



Vancomycin 
Spectrum of Activity 

Gram-positive bacteria 
Ø  Methicillin-Susceptible AND Methicillin-Resistant 

S. aureus and coagulase-negative staphylococci* 
Ø  Streptococcus pneumoniae (including PRSP*), 

viridans streptococcus, Group streptococcus 
Ø  Enterococcus spp. 
Ø  Corynebacterium, Bacillus. Listeria, Actinomyces 
Ø  Clostridium spp. (including C. difficile*), 

Peptococcus, Peptostreptococcus 

No activity vs gram-negative organisms 
* = target organisms 



Vancomycin 
Pharmacology 

•  Time-dependent bactericidal activity 

•  Absorption 
Ø Absorption from GI tract is negligible after 

oral administration, except in patients with 
colitis 

Ø Must use intravenous therapy for treatment 
of systemic infections 



Vancomycin 
Pharmacology 

 Distribution 
Ø Widely distributed into body tissues and 

fluids, including adipose tissue - use TBW 
for dosing 

Ø Variable penetration into CSF, even with 
inflamed meninges 

Ø Takes one hour to distribute from plasma 
into tissue compartment (peak drawn later) 





Vancomycin 
Pharmacology 

 Elimination 
Ø Primarily eliminated unchanged by the 

kidney via glomerular filtration 
Ø Elimination half-life depends on renal 

function 
w  6 to 8 hours with normal renal function 
w  Progressively increases with degree of renal 

dysfunction (7-14 days in pts with ESRD) 
Ø NOT removed by hemodialysis 



Vancomycin 
Serum Concentration Monitoring 

•  Lack of well-controlled studies relating serum 
concentrations to efficacy or toxicity 

•  Variability in Vd and Cl may necessitate 
concentration monitoring in some patients 

•  Peak - should be drawn 60 minutes after a 
the end of infusion; falsely elevated if drawn 
too early (during distribution phase) 

•  Trough - prior to next dose 
Ø  Target = 5 to 15 mcg/ml 



Vancomycin 
Clinical Uses 

•  Infections due to methicillin-resistant staph  
including bacteremia, empyema, endo-
carditis, peritonitis, pneumonia, skin and soft 
tissue infections, osteomyelitis, meningitis 

•  Serious gram-positive infections in β-lactam 
allergic patients 

•  Infections caused by multidrug resistant 
bacteria (PRSP) 

•  Endocarditis or surgical prophylaxis in select 
cases 

•  Oral vancomycin for moderate to severe C. 
difficile colitis 



Vancomycin 
Adverse Effects 

 Red-Man Syndrome  
Ø Flushing, pruritus, erythematous rash on 

face, neck, and upper torso within 5 to 15 
minutes of starting infusion (His release) 

Ø Related to RATE of intravenous infusion; 
doses should be infused over at least 60 
minutes  

Ø Resolves spontaneously after discontinuation 
Ø May lengthen infusion (over 2 to 3 hours) or 

pre-treat with antihistamines in some cases 



Vancomycin 
Adverse Effects 

•  Nephrotoxicity and Ototoxicity 
Ø Rare with vancomycin monotherapy, more 

common when administered with other 
nephro- or ototoxins 

Ø Risk factors include renal impairment, 
prolonged therapy, high doses, ? high 
serum concentrations, use of other nephro- 
or ototoxins 

•  Dermatologic - rash 
•  Hematologic - neutropenia and thrombo-

cytopenia with prolonged therapy 
•  Thrombophlebitis, interstitial nephritis 



Dalbavancin 

•  Newly FDA approved  
•  Semisynthetic lipoglycopeptide 
•  Against gram positive organisms, 

particularly resistant 
Ø MRSA, VISA 
Ø VRE with vanB, vanC gene 

§  Not active vs VRE with vanA gene 



Dalbavancin 

•  Mechanism of action similar to 
vancomycin 
Ø D-ala D-ala binding, inhibiting cross-

linkage 
Ø Lipid moiety anchors to cell membrane 



Dalbavancin 

•  Pharmacokinetics 
Ø  IV only 
Ø Once weekly dosing 
Ø T1/2 9-12 days in plasma 



Dalbavancin 

•  Side effects 
Ø Anaphylaxis 
Ø Skin reactions 
Ø Flushing with rapid infusion 
Ø  Increased ALT 
 



Dalbavancin - dosing 

•  600 mg iv weekly 
•  Decrease dose with crCl <30 mL/min 
•  No adjustment with HD 

Ø Not cleared by HD 



Oxazolidinones 

•  Linezolid (Zyvox®) is the first FDA 
approved agent (2000) PO and IV 

•  Developed in response to need for 
antibiotics with activity against resistant 
gram-positives (VRE, MRSA, VISA) 

•  Linezolid is a semisynthetic 
oxazolidinone, which is a structural 
derivative of earlier agents in this class 

 



Linezolid 
Mechanism of Action 
•  Binds to the 50S ribosomal subunit near the 

surface interface of 30S subunit – causes 
inhibition of 70S initiation complex (unique 
binding site), which inhibits protein synthesis 

•  Bacteriostatic (cidal vs Strep pneumoniae)  
Mechanism of Resistance 
•  Alterations in ribosomal binding sites - rare 
•  Cross-resistance with other protein synthesis 

inhibitors is unlikely 



Linezolid 
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 Linezolid  
Spectrum of Activity 

Gram-Positive Bacteria 
Ø  Methicillin-Susceptible, Methicillin-Resistant AND 

Vancomycin-Resistant Staph aureus* and 
coagulase-negative staphylococci 

Ø  Streptococcus pneumoniae (including PRSP*), 
viridans streptococcus, Group streptococcus 

Ø  Enterococcus faecium AND faecalis (including 
VRE)* 

Ø  Bacillus. Listeria, Clostridium spp. (except C. 
difficile), Peptostreptococcus, P. acnes 

Gram-Negative –  inactive 
Atypical Bacteria (some activity) 

Ø  Mycobacteria   
* = target organisms 



Linezolid  
Pharmacology 

•  Time-dependent bactericidal activity 
•  Post Abx Effect for Gram-Positives  

Ø  3 to 4 hours for S. aureus and S. pneumoniae 
Ø  0.8 hours for Enterococcus 

•  Absorption – 100% bioavailable 
•  Distribution – readily distributes into well-

perfused tissue; CSF penetration ≈ 30% 
•  Elimination – both renally and nonrenally, but 

primarily metabolized; t½ is 4.4 to 5.4 hours; 
no adjustment for RI; removed by HD 





Linezolid  
Clinical Uses and Dosing 

•  Very expensive - $75 to $140 per day (600 mg 
every 12 hours IV or PO) 

•  Use reserved for serious/complicated infections 
caused by resistant gram-positive bacteria: 
Ø  VRE bacteremia, NOT urinary tract infections 
Ø  Complicated skin and soft tissue infections due to 

MSSA, MRSA or Streptococcus pyogenes  
Ø  Nosocomial pneumonia due to MRSA 

•  Data is accumulating in the treatment of serious 
infections due to MRSA or VRE (endocarditis, 
meningitis, osteo); catheter-related bacteremia 



Linezolid  
Drug Interactions 

•  Has potential to interact with adrenergic or 
serotonergic agents 

Ø  Enhancement of pressor response to agents 
such as dopamine or epinephrine 

Ø  Serotonin syndrome with SSRIs/MAOIs – 
hyperpyrexia, diarrhea, cognitive dysfunction, 
restlessness, seizures, coma 
§  May need two week washout period 



Linezolid  
Adverse Effects 

•  GI – nausea, vomiting, diarrhea (6 to 8 
%), lactic acidosis  

•  Headache – 6.5% 
•  Peripheral neuropathy 
•  Thrombocytopenia or anemia: > 2-4% 

Ø Most often with treatment > 10- 14 days 
Ø Therapy should be discontinued – counts 

will return to normal 



Tedizolid 

•  Newly approved oxazolidinone 
•  No SSRI interaction like linezolid 



Lipopeptides 

•  Daptomycin (Cubicin®) is a cyclic 
lipopeptide antibiotic with activity vs 
resistant gram-positives (VRE, MRSA, 
VISA) 

•  FDA-approved September 2003 
•  Derived from Streptomyces roseosporus 
•  Large molecular weight = 1620 Da 



Daptomycin 

Mechanism of Action 
•  Binds to bacterial membranes → rapid 

depolarization of membrane potential →  
inhibition of protein, DNA, and RNA synthesis 

•  Concentration-dependent bactericidal activity  
Mechanism of Resistance 
•  Rarely reported in VRE and MRSA due to 

altered cell membrane binding 



Daptomycin  
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 Daptomycin  
Spectrum of Activity 

Gram-Positive Bacteria 
Ø  Methicillin-Susceptible, Methicillin-Resistant AND 

Vancomycin-Resistant Staph aureus* and 
coagulase-negative staphylococci 

Ø  Streptococcus pneumoniae (including PRSP*), 
viridans streptococcus, Group streptococcus 

Ø  Enterococcus faecium AND faecalis (including 
VRE)* 

Gram-Negatives – inactive 

* = target organisms 



Daptomycin  
Pharmacology 

•  Concentration-dependent bactericidal activity 
•  IV 
•  Distribution – readily distributes into well-

perfused tissue; protein binding = 90% 
•  Elimination – excreted primarily by the 

kidneys (78%); t½ is 7.7 to 8.3 hours in 
normal renal function; dosage adjustments 
are required in the presence of RI; not 
removed by HD 



Daptomycin  
Clinical Uses and Dosing 

•  Very expensive - $165 per day (6 mg/kg/day) 
•  Use reserved for serious/complicated infections 

caused by resistant bacteria: 
Ø  Complicated skin and soft tissue infections due to 

MSSA, MRSA, or Streptococcus pyogenes  
Ø  Bacteremia due to Staphylococcus aureus 
Ø  Data accumulating in treatment of serious 

infections due to MRSA or VRE (endocarditis, 
meningitis, osteo); catheter-related bacteremia 

•  Daptomycin should NOT be used in the treatment 
of pneumonia 



Daptomycin  

•  Adverse Effects 
Ø Gastrointestinal – nausea, diarrhea 
Ø Headache 
Ø  Injection site reactions 
Ø Rash 
Ø Myopathy and CPK elevation - <2% 

•  Drug Interactions 
Ø HMG CoA-reductase inhibitors – may 

lead to increased incidence of myopathy 



Drug Activity Mechanism AEs 

Vancomycin GPOs MRSA, CNSt, 
pcn Resistant gpcs 

Cell wall synthesis 
inhibitor 

Oto-/nephrotoxic 
Red man syndrome 

Dalbavancin GPOs MRSA, VISA, 
some VRE 

Cell wall synthesis 
inhibitor 

GI s/s 
Skin reactions and 
flushing 

Linezolid  GPOs esp MRSA, 
VRE, CNSt Pcn R 
gpcs; bacillus, listeria, 
clostridia 

Binds to 50s rSU 
inhibiting protein 
synthesis 
 

BM suppression 
h/a, Gi 
Serotonin syndrome 
neuropathy 

Daptomycin  VRE, MRSA, VISA Binds to 
membranes à 
inhibition of protein, 
RNA, DNA 
synthesis 

GI, H/a 
Injection site rxn 
Rash 
myopathy 



Suggested Reading for 
Review  
•  Clinical Microbiology Made 

Ridiculously Simple, 6th Ed. By Mark 
Gladwin, M.D. and Bill Trattler, M.D.  



Questions? 


