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Critical impact of antimicrobial 
resistance

Critical impact of antimicrobial 
resistance

“If we do not act to address the problem of AR, 
we may lose quick and reliable treatment ofwe may lose quick and reliable treatment of 
infections that have been a manageable 
problem in the United States since the 1940s. 
Drug choices for the treatment of common 
infections will become increasingly limited and 
expensive - and, in some cases, nonexistent.”

-A Public Health Action Plan to Combat Antimicrobial Resistance
CDC

Underline added
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http://www.who.int/world-health-day/2011/en/index.html

Science 2008;321:356-361
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Science 2008;321:356-361

ESKAPE pathogensESKAPE pathogens
• Enterococcus faecium (VRE)

St h l (MRSA)• Staphylococcus aureus (MRSA)

• Klebsiella pneumonia (ESBL-producing)

• Acinetobacter baumannii

• Pseudomonas aeruginosa

• Enterobacter speciesEnterobacter species

Rice LB. J Infect Dis 2008;197:1079-81
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Emerging Antimicrobial ResistanceEmerging Antimicrobial Resistance

• Methicillin-Resistant Staphylococcus 
aureus (MRSA)
M lti d i t t ti b illi• Multi-drug resistant gram-negative bacilli
– “SPACE” organisms (Serratia, 

Pseudomonas, Acinetobacter, Citrobacter, 
Enterobacter)

– Ciprofloxacin resistance
– AmpC/inducible beta-lactamases
– Extended spectrum beta-lactamases 

(ESBLs)
– Carbapenem-resistance (KPC, NDM-1)
– Colistin resistance

Emerging Antimicrobial 
Resistance

Emerging Antimicrobial 
Resistance

f C ff• Epidemic strains of C. difficile
• Vancomycin-resistant 

Enterococcus ssp. (VRE)
• Vancomycin-intermediate 

Staphylococcus aureus (VISA)Staphylococcus aureus (VISA)
• Vancomycin-resistant 

Staphylococcus aureus (VRSA)
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Science 2008;321:356-361

Role of Antimicrobial 
Stewardship 

Role of Antimicrobial 
Stewardship 

• “Antimicrobial stewardship includes not 
only limiting inappropriate use but also y g pp p
optimizing antimicrobial selection, dosing, 
route, and duration of therapy to maximize 
clinical cure or prevention of infection while 
limiting the unintended consequences, such 
as the emergence of resistance, adverse 
d t d t ”drug events, and cost.”

Clin Infect Dis 2007;44:159-177
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Clin Infect Dis 1998;16:1-12

Time above MIC

http://www.scielo.br/img/revistas/bjm/v38n2/n2a01fig02.gif
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Clinical implications Clinical implications 

Piperacillin‐
Tazobactam and
Pseudomonas
bacteremia

Clin Infect Dis 2007;44:357-363

Newer antibioticsNewer antibiotics
• Daptomycin

• Linezolid• Linezolid

• Tigecycline

• Ceftaroline

• Telavancin and dalbavancin:  will not 
discussdiscuss

• Colisitin

• Fidaxomicin
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DaptomycinDaptomycin
lipopeptide

http:/www.wikipedia.org

Time dependent killing; 24 hr AUC/MIC; Peak/MIC

DaptomycinDaptomycin

• Active against Gram-positive bacteria

• Binds to bacterial membrane with rapidBinds to bacterial membrane with rapid 
depolorization of membrane potential

• Proven activity in vitro against enterococci 
(including VRE) and Staphylococcus 
aureus (including MRSA)

• Binds avidly to pulmonary surfactant and 
thus, it cannot be used in pneumonia

Curr Opin Chem Biol 13:144-151; Antimicrob Agents Chemother 54:707-717;
www.micromedixsolutions.com
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Daptomycin-FDA indicationsDaptomycin-FDA indications

• Complicated skin and skin structure 
infections (cSSSI)infections (cSSSI)

• Staphylococcus aureus bloodstream 
infections (bacteremia), including 
those with right-sided infection 
endocarditisendocarditis

http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm220282.htm

New Engl J Med 2006;355:653-665
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New Engl J Med 2006;355:653-665

New Engl J Med 2006;355:653-665
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Vancomycin MIC creepVancomycin MIC creep

Moise-Broder PA. Clin Infect Dis 2004;38:1700-1705

Daptomycin for vancomycin
failure and infections due to
VISA or VRSA 

Daptomycin-Adverse EffectsDaptomycin-Adverse Effects

• Diarrhea (5.2-11.7%), vomiting (3.2-11.7%)

• Pain in throat (8 3%)• Pain in throat (8.3%)

• Rhabdomyolysis---need to always monitor 
CPK level

• Renal failure (2.2-3.3%)

• Asthmatic pulmonary eosinophilia• Asthmatic pulmonary eosinophilia

www.micromedixsolutions.com
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LinezolidLinezolid

oxazolidinone

http:/www.wikipedia.org

Time dependent killing; 24 hr AUC/MIC 

LinezolidLinezolid
• Works on the initiation of protein synthesis; 

binds to 50S ribosome 
• This disruption occurs earlier in the processThis disruption occurs earlier in the process 

than other protein synthesis inhibitors 
(chloramphenicol, clindamycin, 
aminoglycosides, and macrolides) 

• Effective against gram positives: enterococcus 
(VRE), staphylococcus (MRSA)

• Some anaerobic activityy
• No gram negative activity
• Excellent lung penetration

Antimicrobial Agents Chemotherapy 1998;42:3251-3255
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LinezolidLinezolid
• Excellent bioavailability

• Predictable thrombocytopenia typically 
>14 days14 days

• Neuropathy when given longer time 
periods (typically >6-12 weeks)
– Optic: usually reversible
– Peripheral:  may persist; painful p y p p

sensory

• Mitochondrial toxicity:  lactic acidosis

J Antimicrobial Chemotherapy 51 (Suppl 2):1145-1153; 
Expert Opinion on Drug Safety 2009;8:485-491

FDA IndicationsFDA Indications
• Vancomycin-resistant Enterococcus faecium 

(VRE), including cases with or without 
concurrent bacteremia 

• Pneumonia caused by Staphylococcus aureus 
(methicillin-susceptible and resistant strains) 
or Streptococcus pneumoniae (penicillin-
susceptible strains only) 

• Complicated skin and skin structure 
i f ti d b S ( thi illiinfections caused by S. aureus (methicillin-
susceptible and resistant strains), 
Streptococcus pyogenes, Streptococcus 
agalactiae
www.fda.gov;  www.micromedixsolutions.com
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FDA Indications-2FDA Indications-2

• Uncomplicated skin and skin structure 
infections caused by S. aureus (methicillin-y (
susceptible strains only) or S. pyogenes 

• Community-acquired pneumonia caused 
by S. pneumoniae (penicillin-susceptible 
strains only), including cases with 
concurrent bacteremia or S aureusconcurrent bacteremia, or S. aureus 
(methicillin-susceptible strains only) 

www.fda.gov; www.micromedixsolutions.com

FDA AlertFDA Alert
• FDA ALERT [3/16/2007]: FDA is issuing this alert to 

advise you of new emerging safety concerns about Zyvox 
(linezolid) from a recent clinical study. This open-label, 
randomized trial compared linezolid to vancomycin, 
oxacillin, or dicloxacillin (comparator antibiotics) in the 
treatment of seriously ill patients with intravasculartreatment of seriously ill patients with intravascular 
catheter-related bloodstream infections including those 
with catheter-site infections. In this study, patients 
treated with linezolid had a higher chance of death than 
did patients treated with any comparator antibiotic, and 
the chance of death was related to the type of organism 
causing the infection. Patients with Gram positive 
infections had no difference in mortality according toinfections had no difference in mortality according to 
their antibiotic treatment. In contrast, mortality was 
higher in patients treated with linezolid who were infected 
with Gram negative organisms alone, with both Gram 
positive and Gram negative organisms, or who had no 
infection when they entered the study. 

http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationfor
PatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm085249.htm
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FDA AlertFDA Alert
• Linezolid is not approved for the treatment 

of catheter-related bloodstream infections, 
catheter-site infections or for thecatheter site infections, or for the 
treatment of infections caused by Gram 
negative bacteria. If infection with Gram 
negative bacteria is known or suspected, 
appropriate therapy should be started 
i di t l FDA i tl l tiimmediately. FDA is currently evaluating 
the new study along with other information 
about linezolid.

http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationfor
PatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/ucm085249.htm

Clin Infect Dis 2009;48:203-212
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Clin Infect Dis 2009;48:203-212

Clin Infect Dis 2009;48:203-212
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Clin Infect Dis 2009;48:203-212

Clinical Infect Dis 2012;54:621-629
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Linezolid-Adverse EffectsLinezolid-Adverse Effects

• Rash (0.4-7%)

• Diarrhea (2.8-11%); nausea (1.4-9.6%); 
i i (0 9 9 4%)vomiting (0.9-9.4%)

• Headache (0.5-11.3%)

• Fever (1.6-14.1%)

• Serious:  lactic acidosis, 
myelosuppression and 
thrombocytopenia, neuropathy, optic 
nerve disorders

www.micromedixsolutions.com

TigecyclineTigecycline

Glycylcycline—structurally related to tetracyclines

Time dependent killing; 24 hr AUC/MIC
http:/www.wikipedia.org
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TigecyclineTigecycline
• Active against many gram positives 

(including MRSA), gram negative bacilli, and 
anaerobes;  no activity against 
Pseudomonas or ProteusPseudomonas or Proteus

• Licensed against skin and soft tissue 
infections, intra-abdominal infections, and 
community-acquired bacterial pneumonia 
caused by Streptococcus pneumoniae 
(penicillin-susceptible isolates), including 

ith t b t icases with concurrent bacteremia, 
Haemophilus influenzae (beta-lactamase 
negative isolates), and Legionella 
pneumophila

http://www.pfizerpro.com/hcp/tygacil/indications?source=google&HBX_
PK=s_indication++tigecycline&o=47364352|223603648|0&skwid=43700003785225796

FDA Safety CommunicationFDA Safety Communication
• [09-01-2010] The U.S. Food and Drug Administration (FDA) is 

reminding healthcare professionals of an increased mortality 
risk associated with the use of the intravenous antibacterial 
Tygacil (tigecycline) compared to that of other drugs used to 
treat a variety of serious infections. The increased risk was y
determined using a pooled analysis of clinical trials. The cause 
of the excess death in these trials is often uncertain, but it is 
likely that most deaths in patients with these severe infections 
were related to progression of the infection.

• The increased risk was seen most clearly in patients treated for 
hospital-acquired pneumonia, especially ventilator-associated 
pneumonia, but was also seen in patients with complicated skin 
and skin structure infections, complicated intra-abdominaland skin structure infections, complicated intra abdominal 
infections and diabetic foot infections. Tygacil is not approved 
for the treatment of hospital-acquired pneumonia (including 
ventilator-associated pneumonia) or diabetic foot infection. 
Tygacil is approved by FDA for the treatment of complicated skin 
and skin structure infections, complicated intra-abdominal 
infections, and community acquired pneumonia.

http://www.fda.gov/Drugs/DrugSafety/ucm224370.htm
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Tigecycline-Adverse EffectsTigecycline-Adverse Effects

• Abdominal pain, diarrhea, nausea, vomiting

H d h• Headache

• Serious:  septic shock, pancreatitis, elevated 
liver ALT, anaphylaxis

www.micromedixsolutions.com

CeftarolineCeftaroline

Advanced generation cephalosporin

Time above MIC; time-dependent killing

http:/www.wikipedia.org
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CeftraolineCeftraoline
• Broad-spectrum oxyimino-

cephalosporinp p

• Activity against Gram-positive 
organisms including MRSA and drug-
resistant S pneumoniae and a variety of 
Gram-negative organisms

• Antimicrobial activity correlates with 
T>MIC

Comparative in vitro MIC90sComparative in vitro MIC90s
Table 1. Comparative in vitro MIC 90s of Ceftaroline and Other Comparators against Gram-Positive Bacteria

Organism (no. of isolates tested) Ceftarolinea Vancomycin Daptomycin Ceftriaxone Linezolid Erythomycin

Staphaylococcus aureus

MSSA (348) 0.25 1 0.5 NA 2 NA

MRSA (92) 1 1 1 NA 2 NA

VISA (20) 1 8 4 NA 2 NA( )

VRSA (10) 0.5 . 64 1 NA 2 NA

Coagulase-negative staphylococci

Methicillin susceptible (201) 0.12 2 4 NA 2 NA

Methicillin resistant (299) 0.5 2 . 32 NA 2 NA

Enterococcus faecalis

Vancomycin susceptible (157) 4 2 1 NA 2 NA

Vancomycin resistant(25) 4 . 16 1 NA 2 NA

Enterococcus faecium (157) . 16 . 16 4 NA 2 NA

Streptococcus pyogenes

Erythromycin susceptible(91) , .008 0.5 NA , .008 1 0.06

Erythromycin resistant (10) , .015 0.5 NA 0.12 1 . 16

St t l ti (59) 0 015 0 5 NA 0 12 1 0 06Streptococcus agalactiae (59) 0.015 0.5 NA 0.12 1 0.06

Streptococcus pneumoniae

Penicillin sensitive (202) 0.015 0.5 NA 0.06 1 0.5

Penicillin intermediate (103) 0.06 0.5 NA 0.5 1 . 16

Penicillin resistant (296) 0.12 0.5 NA 0.12 1 . 16

NOTE. Adapted from [7, 8]. MIC90 values are given as l g/mL. MIC90,90% minimum inhibitory concentration; MRSA, methicillin-resistant S. aureus; MSSA,
methicillin-susceptible S. aureus; NA, not applicable.; VISA, vancomycin-intermediate S. aureus; VRSA, vancomycin-resistant S. aureus.

a Ceftaroline MIC breakpoints areas follows: S. aureus < 1 for skin isolates only, S. pneumoniae < 0.25 l g/mL for community-acquired bacterial pneumonia
isolates only, Streptococcus pyogenes < 0.015 for skin isolates only, and Streptococcus agalactiae < 0 .03 l g/mL for skin isolates only.

Saravolatz LD, Stein GE, Johnson LB. Clin Infect Dis 2011;52:1157-1163.
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FDA IndicationsFDA Indications
• Acute bacterial skin and skin structure 

infections

– Staphylococcus aureus (MSSA and MRSA), 
Streptococcus pyogenes, Streptococcus 
agalactiae, Escherichia coli, Klebsiella 
pneumoniae, Klebsiella oxytoca

• Community-acquired bacterial pneumonia

– Streptococcus pneumoniae (with orStreptococcus pneumoniae (with or 
without bacteremia), S. aureus (MSSA 
only), Haemophilus influenzae, K. 
pneumoniae, K. oxytoca, E. coli

www.fda.gov; www,micromedixsolutions.com

Supporting StudiesSupporting Studies
• Corey GR, Wilcox M, Talbot GH, et al. Integrated analysis of 

CANVAS 1 and 2: phase 3, multicenter, randomized, double-blind 
studies to evaluate the safety and efficacy of ceftaroline versus 
vancomycin plus aztreonam in complicated skin and skin-
structure infections. Clin Infect Dis 2010; 51:641-650.

– � Total of 1396 adults with clinically documented 
li d ki d ki i f i ll dcomplicated skin and skin structure infection were enrolled 

in two identical, randomized, multi-center, multinational, 
double-blind, non-inferiority trials comparing ceftaroline (600 
mg IV over 1 hour every 12 hours) to vancomycin plus 
aztreonam (1 g administered over 1 hour followed by 1 g 
aztreonam administered IV over 1 hour every 12 hours). 

• Integrated analysis of FOCUS 1 and FOCUS 2: randomized, 
double-blinded, multicenter phase 3 trials of the efficacy and 

f t f ft li f il ft i i ti t ithsafety of ceftaroline fosamil versus ceftriaxone in patients with 
community-acquired pneumonia. Clin Infect Dis 2011; 51:1395-
1405.

– A total of 1231 adults with a diagnosis of CABP with enrolled 
in two randomized, multi-center, multinational, double-blind, 
non-inferiority trials comparing ceftaroline (600 mg 
administered IV over 1 hour every 12 hours) with ceftriaxone 
(1 gram IV over 30 minutes every 24 hours). 
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JAC 2010;65(Suppl4):iv41-51

JAC 2010;65(Suppl 4):iv53-65
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JAC 2011;66 (Suppl3):iii19-iii32

Potential off label usesPotential off label uses

• Refractory MRSA bacteremia
– Rabbit endocarditis model

• MRSA pneumonia
– Murine MRSA pneumonia model 

with ceftaroline performing better 
than vancomycin or linezolidy

• MRSA meningitis

Pharmacotherapy 2010;30:375-389
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Treatment of bacteremia?Treatment of bacteremia?

Ho TT, Cadena J, Childs LM, et al. J Antimicrob Chemother 2012;1-4.

Initial Case SeriesInitial Case Series

Ho TT, Cadena J, Childs LM, et al. J Antimicrob Chemother 2012;1-4.
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Ceftaroline-Adverse EffectsCeftaroline-Adverse Effects
• Diarrhea, nausea, uriticaria, rash

• Increased transaminases, hypokalemia, 
hl biti fphlebitis, fever

• Anemia, neutropenia, thrombocytopenia

• Anaphylaxis, positive Direct Coomb’s 
test

• Dizziness, seizures

• bradyarrythimias

www.micromedixsolutions.com

ColistinColistin

Polymixin E

http:/www.wikipedia.org
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ColisitinColisitin
• Mixture of cyclic polypeptides 

(polymixin A and B); polycationic with 
both hydrophilic and lipophilic y p p p
moieties

• Disrupts cell membrane
• Active against gram negative bacteria 

esp Pseudomonas and Acinetobacter
• Previous concerns for neurotoxicity• Previous concerns for neurotoxicity 

and nephrotoxicity
• Resistance currently is rare

Clin Infect Dis 1999;28:1008-1011
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Colistin resistanceColistin resistance

• 265 isolates of Acinetobacter from 2 
Korean hospitals
C t i d i t 3 b• Categorized into 3 subgroups:
– Subgroup I (142 isolates [53.6%]) 
– Subgroup II (54 [20.4%]) 
– Subgroup III (18 [6.8%]) 

• Forty-eight isolates (18.1%) and 74 
isolates (27 9%) were resistant toisolates (27.9%) were resistant to 
polymyxin B and colistin, respectively. 

J Antimicrob Chemother. 2007; 60:1163-1167
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FidaxomicinFidaxomicin

http:/www.wikipedia.org
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FidaxomicinFidaxomicin

• Inhibits bacterial RNS polymerase p y
resulting in the death of C. difficile

• FDA indications: treatment of C. 
difficile infections

Current Opinion Microbiology 2011; 14:532-543

NEJM 2011;364:422-431
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NEJM 2011;364:422-431

NEJM 2011;364:422-431
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Clinical Infect Dis 2011;53:440-447

Fidaxomicin-Adverse EffectsFidaxomicin-Adverse Effects

• Abdominal pain, nausea, vomiting

• Anemia neutropeniaAnemia, neutropenia

• Bowel obstruction (<2%), GI 
bleeding (4%)

www.micromedixsolutions.com


