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Other Potential Titles:

ÂòGram Negatives: Why Microbiologists need Prozacó

Âò4 Signs of the Gram Negative Apocalypseó

ÂòGram Negatives: Bringing a Gun to a Knife Fight

Or My Personal Favoriteé

ÂGram Negatives: òIf Youõre Gonna be a Bearéó



Boucher HW, et al. Clin Infect Dis2009;48:1-12.

Peterson LR. ClinInfect Dis2009;49:992-3.

ÂE = Enterococcus faecium

ÂS = Staphylococcus aureus

ÂK = Klebsiellapneumoniae

ÂA = Acinetobacter baumanii

ÂP = Pseudomonas aeruginosa

ÂE = Enterobacter species





MYSTIC Program: U.S. 2008

Enterobacter

(n = 215)

Klebsiella

(n = 416)

P aeruginosa

(n = 439)

Acinetobacter

(n = 127)

Piperacillin-

tazobactam
76 86 90 35

Ceftazidime 74 86 86 32

Cefepime 94 93 87 32

Imipenem 97 95 80 52

Meropenem 97 94 85 46

Tobramycin 91 85 89 59

Ciprofloxacin 90 84 77 32

Levofloxacin 91 86 73 34

Data are % susceptible.

RhombergPR, et al. DiagnMicrobiolInfect Dis. 2009;65:414-426



MYSTIC Program: 

U.S., 1999ð2008
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P-T = piperacillin-tazobactam; TAZ = ceftazidime; IMP = imipenem; TOB = tobramycin; CIP = ciprofloxacin.

* A baumanniinot tested in 2006.

RhombergPR, et al. DiagnMicrobiolInfect Dis. 2009;65:414-426.



So In Case You Missed Ité

ÂHospital acquired infections are expensive

ÂAttributable length of stay & cost - sepsis

Â10.9 days

Â$32,900

ÂAttributable length of stay & cost ðpneumonia

Â14.0 days

Â$46,400

EberMR, et al. Arch Intern Med 2010;170:347-53.



Attributable Costs: Infections 

Due to ABX R Gram(-) Bacteria

ÂSingle center, retrospective, cohort from 2000-8

Â29% of HAIs

Â16% due to MDR organisms

ÂLOS increased 23.8% (p=0.0003)

ÂHospital costs increased 29.3% (p<0.0001)

Mauldin PD, et al. AntimicrobAgents Chemother2010;54:109-15.



Appropriate Initial Therapy

Â Inappropriate initial antibiotic therapy = adverse clinical outcomes1

1. Kollef  MH. Clin Infect Dis. 2008;47(Suppl 1):S3-S13. 2. Kumar A, et al. Chest. 2009;136:1237-1248.



New Drugs for 

MDR Gram Negatives

ÂNXL-104

Â Beta-lactamaseinhibitor 

Â Inhibits class A and C enzymes

Â Currently in development with ceftaroline& others

ÂCXA-101

Â Vs carbapenem R P. aeruginosaMIC50/90=1/4mcg/ml

Â Primary challenge remained MBLs or unusual ESBLs

Â Currently being developed by Cubist

Juan C, et al. AntimicrobAgents Chemother2010;54:846-51

MoyaB, et al. AntimicrobAgents Chemother2010;54:1213-7



Mechanisms of Resistance

NicasioAM, et al. Pharmacotherapy. 2008;28:235-249.



Risk Factors for Infections Due 

to Resistant Organisms

ÂSeverity of illness

ÂProlonged hospital length of stay (LOS)

ÂProlonged intensive care unit stay

Â Transfer from outside hospital or nursing home

Â Invasive procedures or devices

Â Immunocompromised

ÂPrior antibiotics

1. Safdar N, et al. Ann Intern Med. 2002;136:834-844. 

2. MaragakisLL, et al. ClinInfect Dis. 2008;46:1254-1263.



Dr. C + P. aeruginosa+ Monday 

= BAD

ÂP. aeruginosafrom the hip of an HIV patient

Â Pip/tazo= R(>128)

Â Ceftaz= R (>128)

Â Cefepime = R (>128)

Â Imipenem=R (>16)

ÂMero= R (>16)

Â Dori = R (8)

Â Cipro= Seriously????? 

Â Amikacin, Gentamicin, Tobramycin= R

Â Colistin= 1



Pseudomonas aeruginosa

Â Intrinsically resistant to many antibiotics

ÂMechanisms of resistance = ɹpermeability & efflux 

pumps1

Â Resistance emerged on therapy in 10.2% of patients2

ÂImi, cipro, and pip use associated with selection of R mutants

ÂCombo aminoglycosides did not prevent resistance

1. Driscoll JA, et al. Drugs. 2007;67:351-368. 

2. CarmeliY, et al. AntimicrobAgents Chemother. 1999;43:1379-1382.



P. aeruginosa: Resistance Mechanisms

Â Multiple Ǡ-lactamases: primarily AmpCin U.S.1-5

Â D2 porindeletion = imipenem resistance1

Â meroand dori require multiple mechanisms1-3

Â Aminoglycosides: modifying enzymes, permeability changes, efflux1

Â Fluoroquinolone(FQ) resistance: target mutations & efflux pumps1

Â Polymyxin: resistance is rare, outer cell membrane changes?1,6

Â MDR efflux pumps7

1. BonomoRA, et al. ClinInfect Dis. 2006;43(Suppl2):S49-S56. 

2. NicasioAM, et al. Pharmacotherapy. 2008;28:235-249. 

3. MushtaqS, et al. AntimicrobAgents Chemother. 2004;48:3086-3092. 

4. Livermore DM, et al. Trends Microbiol. 2006;14:413-420. 

5. QueenanAM, et al. ClinMicrobiolRev. 2007;20:440-458. 

6. LandmanD, et al. ClinMicrobiolRev. 2008;21:449-465.



Doripenem: Changes in Infusion 

Length and Time>MIC (500mg)
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Bhavnani SM, et al. Antimicrob Agents Chemother2005;49:3944-47.



Acinetobacter baumannii

Â Can be exquisitely susceptible or highly resistant to ABX

Â 45 genes òresistance islandó 

Â Prominent Ǡ-lactamasesinclude

Â AmpC

Â OXA enzymes = primary of carbapenem resistance

Â Porinchanges may = carbapenem resistance

1. MaragakisLL, et al. ClinInfect Dis. 2008;46:1254-1263. 

2. PelegAY, et al. ClinMicrobiolRev. 2008;21:538-582. 

3. Munoz-Price LS, et al. N EnglJ Med. 2008;358:1271-1281. 

4. BonomoRA, et al. ClinInfect Dis. 2006;43(Suppl2):S49-S56. 

5. Livermore DM, et al. Trends Microbiol. 2006;14:413-420.



Acinetobacter baumannii

Â May possess aminoglycoside-modifying enzymes

Â FQ resistance due to mutations in gyrAand parC

Â Polymyxinresistance = outer cell membrane changes?

Â Efflux pumps

Â TetApump: tetracyclines(but not minocycline)

Â AdeABCpump: FQ, tetracyclines, tigecycline, trimethoprim

1. PelegAY, et al. ClinMicrobiolRev. 2008;21:538-582. 

2. Munoz-Price LS, et al. N EnglJ Med. 2008;358:1271-1281. 

3. BonomoRA, et al. ClinInfect Dis. 2006;43(Suppl2):S49-S56. 

4. MaragakisLL, et al. ClinInfect Dis. 2008;46:1254-1263.



Question Number 1: 

Should The òEó Change?

Clin Infect Dis2009;48:1-12.

Peterson LR. ClinInfect Dis2009;49:992-3.



Case 1:

Â57 yomwith a history ALL s/p BMT and 

disease relapse

ÂPresents to the ED at UH systolicsin the 60s

ÂLevophedand a trip to the unit

ÂTmax102.9, WBC 0.2

ÂOutpatient meds include moxiprophylaxis

ÂStarted on vanco, mero, azithro



UHS Antibiogram Jan ðDec 09 

for inpatient E. coli (n=959)

Â Ampicillin33%

Â Amp/Sulb59%

Â Cefazolin84%

Â Cefotetan96%

Â Cefotaxime 92%

Â Pip/tazo95%

Â Tmp/ Smx61%

ÂCiprofloxacin 71%

Â Nitro 94%

Â Gent 89%



However in 

Transplant Teleé (n=42)
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***Note TICU E. coli = 21% for ciproflox(n=19)

Data courtesy of  James H. Jorgensen, Ph.D.



E. coli

ÂAmp ðR

ÂAmp/SulbðR

ÂAmikacin- S

ÂCefazolinðR

ÂCefotetanðS

ÂCefpodoxime- R

ÂCefotaxime- R

ÂCefepime - R

ÂPip/Tazo- S

ÂCipro- R 

ÂGent - S 

ÂTMP/SMX ðR

ÂErtaðS (1)

ÂMero- S



E. coli with òCefotaximaseó

Photo Courtesy of  James H. Jorgensen, Ph.D.

Cefotaxime

Ceftazidime



How Big of a Problem is this?

òOne might question whether these community-

acquired, ESBL-producing E.colicarry the same 

clinical significance as CA-MRSAó  - Helfand. Clin

Infect Dis2006; 43:1415.

Emergence of ESBL ðProducing E.coliin 

Community Hospitals throughout N. Carolina: 

A Harbinger of a Wider Problem in the U.S.? ð
Freeman. ClinInfect Dis2009; 49:e30.



Increasing Numbers of ESBLs
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Lewis JS, et al. AntimicrobAgents Chemother2007;51:4015-21.



The Chicken or the Egg?

òST131 has contributed importantly to the global

emergence of the CTX-M-15 extended-spectrum beta-

lactamase(and, perhaps, vice versa)ó

Johnson JR, et al. J ClinMicro 2009;47:3721-5.


