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ObjectivesObjectives

•• Describe emerging patterns of resistance in Describe emerging patterns of resistance in 
GNRsGNRs

•• Review risk factors associated with resistant Review risk factors associated with resistant 
GNRsGNRs

•• Discuss the methods to determine outcomes Discuss the methods to determine outcomes 
associated with resistanceassociated with resistance

•• Demonstrate outcomes associated with several Demonstrate outcomes associated with several 
multidrug resistant multidrug resistant GNRsGNRs



Mechanisms of Gram (Mechanisms of Gram (--) Resistance) Resistance
•• ßß lactamslactams

–– Production of a Production of a ßß--lactamaselactamase
–– Outer membrane protein changesOuter membrane protein changes
–– MultiMulti--drug efflux pumps drug efflux pumps 

•• AminoglycosidesAminoglycosides
–– Production of AGProduction of AG--modifying enzymes modifying enzymes 
–– MultiMulti--drug efflux pumpsdrug efflux pumps

•• CarbapenemsCarbapenems
–– Production of a Production of a carbapenemasecarbapenemase (all (all carbapenemscarbapenems))
–– Decreased permeability of the outer membrane via Decreased permeability of the outer membrane via porinporin changes changes 

((imipenemimipenem))
–– MultiMulti--drug efflux pumpsdrug efflux pumps

•• FluoroquinolonesFluoroquinolones
–– TopoisomeraseTopoisomerase point mutations (point mutations (gyrAgyrA and and parCparC) (FQ)) (FQ)
–– MultiMulti--drug efflux pumpsdrug efflux pumps
–– Modifying enzymesModifying enzymes
–– QNRQNR

Arias & Murray N Arias & Murray N EnglEngl J Med 2009;360:439J Med 2009;360:439



Increasing Antimicrobial Resistance Among Increasing Antimicrobial Resistance Among 
GNBGNB

•• KlebsiellaKlebsiella pneumoniaepneumoniae
•• Pseudomonas Pseudomonas aeruginosaaeruginosa
•• AcinetobacterAcinetobacter baumanniibaumannii
•• Escherichia Escherichia colicoli
•• EnterobacterEnterobacter spp.spp.
•• BerkholderiaBerkholderia cepaciacepacia
•• RalstoniaRalstonia picketiipicketii
•• StenotrophomonasStenotrophomonas maltophiliamaltophilia



AntimicrobialAntimicrobial--resistant (R) Pathogens: resistant (R) Pathogens: 
HAI InfectionsHAI Infections



AntimicrobialAntimicrobial--resistant (R) Pathogens: resistant (R) Pathogens: 
ICU InfectionsICU Infections

OrganismsOrganisms Isolates (#)Isolates (#)
Increase in Increase in 

pathogens resistant pathogens resistant 
(%)(%)

FluoroquinoloneFluoroquinolone--R R 
PseudomonasPseudomonas spp.spp. 26572657 49%49%

3rd gen cephalosporin3rd gen cephalosporin--R    R    
E. coliE. coli 15511551 48% 48% 

MRSAMRSA 25462546 40%40%

VREVRE 47444744 40%40%

ImipenemImipenem--R R 
PseudomonasPseudomonas spp.spp. 18391839 20%20%



PP < .001< .001

PP < .001< .001

K. K. pneumoniaepneumoniae 
& & E. coliE. coli Resistant to 3rdResistant to 3rd--gen gen 

CephalosporinsCephalosporins in ICUsin ICUs

Gaynes R, et al. Clin Infect Dis. 2005;41:848Gaynes R, et al. Clin Infect Dis. 2005;41:848--5454..



European prevalence of European prevalence of E. ColiE. Coli resistant to resistant to 
3rd generation cephalosporins3rd generation cephalosporins

EARSS report 2006EARSS report 2006



European prevalence of European prevalence of E. ColiE. Coli resistant to resistant to 
fluoroquinolonesfluoroquinolones

EARSS report 2006EARSS report 2006



Gales et al Clinical Infectious Diseases 2001;32:S146Gales et al Clinical Infectious Diseases 2001;32:S146--S155S155



ESBL among ESBL among E. coliE. coli isolates (1997isolates (1997–– 
1999)1999)

Isolates Resistant (%)Isolates Resistant (%)

Latin America Latin America 8.5%8.5%

W. PacificW. Pacific 7.9%7.9%

EuropeEurope 5.3%5.3%

USUS 3.3%3.3%

CanadaCanada 4.2%4.2%

Winokur J, et al. Clin Infect Dis. 2001;32:S94Winokur J, et al. Clin Infect Dis. 2001;32:S94..



ESBL: SENTRY > 4000 ESBL: SENTRY > 4000 K. K. pneumoniaepneumoniae 
Isolates (1997Isolates (1997––1999)1999)

Isolates Resistant (%)Isolates Resistant (%)

Latin America Latin America 45.5%45.5%

W. PacificW. Pacific 24.6%24.6%

EuropeEurope 22.6%22.6%

USUS 7.6%7.6%

CanadaCanada 4.9%4.9%

Winokur J, et al. Winokur J, et al. Clin Infect DisClin Infect Dis. 2001;32:S94. 2001;32:S94..



Gales et al Clinical Infectious Diseases 2001;32:S146Gales et al Clinical Infectious Diseases 2001;32:S146--S155S155

Global distribution of Global distribution of ESBLESBL’’ss



CTX CTX ββ--lactamaselactamase PandemicPandemic

Canton et al. Current Opinion Micro 2006;9:466Canton et al. Current Opinion Micro 2006;9:466--7575



CTX CTX ββ--lactamaselactamase TimelineTimeline

Canton et al. Current Opinion Micro 2006;9:466Canton et al. Current Opinion Micro 2006;9:466--7575



CTX CTX ββ--lactamaselactamase MadridMadrid

Canton et al. Current Opinion Micro 2006;9:466Canton et al. Current Opinion Micro 2006;9:466--7575



Are ESBL Outbreaks Are ESBL Outbreaks ClonalClonal??
•• GardamGardam M, JID 2002;186:1754M, JID 2002;186:1754

–– 287 screened in a cohort of transplant recipients287 screened in a cohort of transplant recipients
–– 66/69 isolates unique by PFGE66/69 isolates unique by PFGE
–– Majority of isolates Majority of isolates amp Camp C
–– Many shared common resistance plasmidMany shared common resistance plasmid

•• Paterson D, CID 2001;33:126Paterson D, CID 2001;33:126
–– ESBLESBL--producing producing E. coliE. coli outbreak in liver outbreak in liver txtx unitunit
–– Isolates genetically identicalIsolates genetically identical

•• DecreDecre D, CID 1998;27:834D, CID 1998;27:834
–– 55 acquired cases in medical ICU55 acquired cases in medical ICU
–– 85% caused by single epidemic clone85% caused by single epidemic clone



Multiple AntibioticMultiple Antibiotic--Resistant Resistant KlebsiellaKlebsiella 
and and E.ColiE.Coli in Nursing Homesin Nursing Homes

Weiner et al. JAMA 1999;281:517Weiner et al. JAMA 1999;281:517



KKlebsiellalebsiella PPneumoniaeneumoniae 
CCarbapenemasearbapenemase (KPC)(KPC)

•• KPC confers resistance to all KPC confers resistance to all ββ--lactamslactams 
including extendedincluding extended--spectrum spectrum cephalosporinscephalosporins 
and and carbapenemscarbapenems

•• KlebsiellaKlebsiella is not the only organism affected and is not the only organism affected and 
occurs primarily in enteric bacteria and occurs primarily in enteric bacteria and P.P. 
aeruginosaaeruginosa

•• Located on plasmids that encode resistance to Located on plasmids that encode resistance to 
other agents such as other agents such as aminoglycosidesaminoglycosides



Molecular Class A Molecular Class A CarbapenemasesCarbapenemases

CharacteristicCharacteristic
•• Bacteria are characterized Bacteria are characterized 

by by reduced susceptibility reduced susceptibility 
to imipenemto imipenem, , 

•• MICsMICs can range from mildly can range from mildly 
elevated  (e.g., imipenem elevated  (e.g., imipenem 
MIC of MIC of ≤≤

 
4 4 µµg/ml) to fully g/ml) to fully 

resistant. resistant. 
•• These These ββ

 
lactamases, lactamases, 

therefore, may go therefore, may go 
unrecognized following  unrecognized following  
routine susceptibility routine susceptibility 
testing. testing. 

Major familiesMajor families
•• NMC/IMINMC/IMI

•• SME  andSME  and

•• KPC:  KPC1, KPC2, KPC:  KPC1, KPC2, 
KPC3KPC3

•• GESGES



Susceptibility Profile of KPCSusceptibility Profile of KPC--ProducersProducers

AntimicrobialAntimicrobial InterpretationInterpretation AntimicrobialAntimicrobial InterpretationInterpretation
AmikacinAmikacin II ChloramphenicolChloramphenicol RR
Amox/clavAmox/clav RR CiprofloxacinCiprofloxacin RR
AmpicillinAmpicillin RR ErtapenemErtapenem RR
AztreonamAztreonam RR GentamicinGentamicin RR
CefazolinCefazolin RR ImipenemImipenem RR
CefpodoximeCefpodoxime RR MeropenemMeropenem RR
CefotaximeCefotaxime RR Piperacillin/tazoPiperacillin/tazo RR
CefotetanCefotetan RR TobramycinTobramycin RR
CefoxitinCefoxitin RR TrimethTrimeth/Sulfa/Sulfa RR
CeftazidimeCeftazidime RR PolymyxinPolymyxin BB SS
CeftriaxoneCeftriaxone RR ColistinColistin SS
CefepimeCefepime RR TigecyclineTigecycline SS



Worldwide expansionWorldwide expansion

•• France: 2005. KPC2 France: 2005. KPC2 
in a in a K. pneumoniae K. pneumoniae 
from a patient who from a patient who 
has been in New has been in New 
York for medical York for medical 
treatmenttreatment

•• Colombia: 2006Colombia: 2006
•• Israel: 2007Israel: 2007
•• China: 2007China: 2007
•• Greece: 2008Greece: 2008
•• France: 2009 France: 2009 



CarbapenemaseCarbapenemase ProductionProduction 
Laboratory ConfirmationLaboratory Confirmation

Laboratory algorithmLaboratory algorithm
•• Screen all Screen all ertapenemertapenem 

resistant isolatesresistant isolates
•• Confirm with modified Confirm with modified 

Hodge testHodge test
•• Notify patientNotify patient’’s s 

physician, infection physician, infection 
controlcontrol

•• Test and report Test and report 
tigecyclinetigecycline, , colistincolistin

Place patients on contact Place patients on contact 
precautionsprecautions

Modified Hodge TestModified Hodge Test





AcinetobacterAcinetobacter spp. Nonspp. Non--susceptible to all tested susceptible to all tested 
aminoglycosidesaminoglycosides, beta, beta--lactamslactams, , carbapenamscarbapenams and and 

quinolonesquinolones--NNIS 1995NNIS 1995--20042004
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AcinetobacterAcinetobacter spp.spp.

•• Emerging gramEmerging gram--negative nonnegative non--fermenting aerobic fermenting aerobic 
coccobacillarycoccobacillary rodsrods

•• Environmental (soil, water) fruit, vegetables and normal Environmental (soil, water) fruit, vegetables and normal 
habitants of the skin (40% of healthy volunteers had habitants of the skin (40% of healthy volunteers had 
A. A. lwoffiilwoffii on skin)on skin)

•• Robust survival in environment (dry > humid) Robust survival in environment (dry > humid) --20 days at  20 days at  
31% humidity 31% humidity 

•• Isolated from Isolated from fomitesfomites and environment after patients and environment after patients d/cedd/ced

•• 27 outbreaks in literature between 199127 outbreaks in literature between 1991––2000, mostly MDR, 2000, mostly MDR, 
ICU, involves predominately adults and implicated respiratory ICU, involves predominately adults and implicated respiratory 
equipmentequipment

VillegasVillegas MV and MV and HartsteinHartstein AI. AI. InfectInfect ControlControl HospHosp EpidemiolEpidemiol. 2003;24:284. 2003;24:284--95; 95; BonomoBonomo RA, et al. RA, et al. ClinClin InfectInfect Dis. Dis. 
2000;31:14142000;31:1414--22. 22. ManikalManikal VM, et al. VM, et al. ClinClin InfectInfect Dis. 2000;31:101Dis. 2000;31:101--6; 6; LandmanLandman D, et al. D, et al. ArchArch IntInt Med. 2002;162:1515Med. 2002;162:1515--20; 20; 
FournietFourniet PE and PE and RichetRichet H. H. ClinClin InfectInfect Dis. 2006;42:692Dis. 2006;42:692--99..



A Singapore A Singapore AcinetobacterAcinetobacter outbreakoutbreak

•• Outbreak of multiOutbreak of multi--resistant AB in TTSH: Febresistant AB in TTSH: Feb--Sep 1996Sep 1996
•• 103 patients affected; 16 infected, 74 colonized 103 patients affected; 16 infected, 74 colonized 
•• Male:femaleMale:female;  2:1,  Age 1;  2:1,  Age 1--99 (mean 56)99 (mean 56)
•• 67% neurosurgery patients, 14% 67% neurosurgery patients, 14% neuroneuro, 9% GS, 6% , 9% GS, 6% orthoortho, 1% Gen , 1% Gen 

MedMed
•• LOS mean 85 days, range 3LOS mean 85 days, range 3--366366
•• Time to acquisition: mean 27 days, range 1Time to acquisition: mean 27 days, range 1--192192

Ling ML et al. Infect Control Hosp Ling ML et al. Infect Control Hosp EpidemiolEpidemiol 2001;22:482001;22:48--99



Locations of Healthcare Outbreaks Locations of Healthcare Outbreaks 
Caused by Caused by A. A. baumanniibaumannii

LocationLocation Outbreaks (#)Outbreaks (#)

Multiple healthcare facilitiesMultiple healthcare facilities 22

Multiple services and/or departments within Multiple services and/or departments within 
the same healthcare facilitythe same healthcare facility

22

Adult ICUAdult ICU 2626

Neonatal ICUNeonatal ICU 33

Burn unitBurn unit 44

Neurosurgery unitNeurosurgery unit 33

Surgery unitSurgery unit 22

Internal medicine unitInternal medicine unit 11

Oncology unitOncology unit 11

Fournier PE and Richet H. Clin Infect Dis. 2006;42:692Fournier PE and Richet H. Clin Infect Dis. 2006;42:692--99..



MDR MDR AcinetobacterAcinetobacter outbreaksoutbreaks-- 
common respiratory sourcescommon respiratory sources

Villegas et alVillegas et al. ICHE 2003:24:(4);284. ICHE 2003:24:(4);284--9595



MDR MDR AcinetobacterAcinetobacter outbreaks: outbreaks: 
common noncommon non--respiratory sourcesrespiratory sources

Villegas et alVillegas et al. ICHE 2003:24:(4);284. ICHE 2003:24:(4);284--9595



MDR MDR AcinetobacterAcinetobacter Risk Factors For Risk Factors For 
AcquisitionAcquisition

MaragakisMaragakis et al. JAMA 2008;299:2536et al. JAMA 2008;299:2536



Risk Factors: An Exhaustive (Risk Factors: An Exhaustive (inging) List) List

•• Age Age 
•• Duration of hospitalizationDuration of hospitalization
•• ICU admissionICU admission
•• Renal insufficiencyRenal insufficiency
•• ImmunosuppressionImmunosuppression
•• NeutropeniaNeutropenia
•• Hematologic malignancyHematologic malignancy
•• Solid organ transplantSolid organ transplant
•• Bone marrow transplantBone marrow transplant
•• AIDSAIDS
•• Prior surgeryPrior surgery

•• Antibiotics Antibiotics -- GeneralGeneral
–– Number / DurationNumber / Duration

•• Antibiotics Antibiotics -- SpecificSpecific
–– Almost all implicatedAlmost all implicated

•• Diarrhea / Diarrhea / C. C. difficiledifficile
•• Central venous catheterCentral venous catheter
•• Urinary catheterUrinary catheter
•• Prior colonizationPrior colonization
•• Exposure to another sourceExposure to another source

–– Infected/colonized patientInfected/colonized patient
–– Inanimate ObjectInanimate Object
–– Health Care Worker Health Care Worker 



Outcomes Related to ESBLOutcomes Related to ESBL--Producing Producing 
Escherichia coliEscherichia coli and and KlebsiellaKlebsiella pneumoniaepneumoniae

•• Retrospective matched cohort study of pts admitted Retrospective matched cohort study of pts admitted 
19971997--8 8 
–– Cases: hospitalized patients with culture positive for Cases: hospitalized patients with culture positive for 

extendedextended--spectrum spectrum ββ--lactamaselactamase-- (ESBL) producing (ESBL) producing 
E coliE coli or or K pneumoniaeK pneumoniae (n=33)(n=33)

–– Controls: hospitalized patients with culture positive for Controls: hospitalized patients with culture positive for 
nonnon--ESBLESBL--producing producing E coliE coli or or K pneumoniaeK pneumoniae (n=66)(n=66)

–– Sites: urinary 51.5%, wound 15%, catheter 12%, Sites: urinary 51.5%, wound 15%, catheter 12%, 
blood 9%, respiratory 9%, abdominal 3%blood 9%, respiratory 9%, abdominal 3%

–– Total antibiotic exposure was the only independent Total antibiotic exposure was the only independent 
predictor of ESBLpredictor of ESBL--producing producing E coliE coli or or K pneumoniaeK pneumoniae

LautenbachLautenbach E, et al. E, et al. ClinClin Infect Dis. 2001; 32:1162Infect Dis. 2001; 32:1162--1171.1171.



Risk Factors: Modifiable VariablesRisk Factors: Modifiable Variables

•• Age Age 
•• Duration of hospitalizationDuration of hospitalization
•• ICU admissionICU admission
•• Renal insufficiencyRenal insufficiency
•• ImmunosuppressionImmunosuppression
•• NeutropeniaNeutropenia
•• Hematologic malignancyHematologic malignancy
•• Solid organ transplantSolid organ transplant
•• Bone marrow transplantBone marrow transplant
•• AIDSAIDS
•• Prior surgeryPrior surgery

•• Antibiotics Antibiotics -- GeneralGeneral
–– Number / DurationNumber / Duration

•• Antibiotics Antibiotics -- SpecificSpecific
–– Almost all implicatedAlmost all implicated

•• Diarrhea / Diarrhea / C. C. difficiledifficile
•• Central venous catheterCentral venous catheter
•• Urinary catheterUrinary catheter
•• Prior colonizationPrior colonization
•• Exposure to another sourceExposure to another source

–– Infected/colonized patientInfected/colonized patient
–– Inanimate ObjectInanimate Object
–– Health Care Worker Health Care Worker 



Antibiotic resistance in the ICUAntibiotic resistance in the ICU
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Framework for transmissionFramework for transmission

Patient and patient risk Patient and patient risk 
factorsfactors

Compliance with best Compliance with best 
practice and practice and 

prevention strategiesprevention strategies
EnvironmentEnvironment



Why Does Measuring Outcomes Associated with Why Does Measuring Outcomes Associated with 
Antimicrobial Resistance Matter?Antimicrobial Resistance Matter?

•• To justify interventions to prevent the acquisition To justify interventions to prevent the acquisition 
of resistant pathogens in the healthcare settingof resistant pathogens in the healthcare setting
–– Infection control programs  Infection control programs  
–– Antibiotic management programs Antibiotic management programs 

•• To influence healthcare workers to follow To influence healthcare workers to follow 
guidelines about isolation and make rational guidelines about isolation and make rational 
antibiotic choices antibiotic choices 

•• To provide data for policymakers who make To provide data for policymakers who make 
decisions about the funding of programs to track decisions about the funding of programs to track 
and prevent the spread of resistant pathogensand prevent the spread of resistant pathogens

•• To provide data about outcomes associated with To provide data about outcomes associated with 
certain infections to define prognosis for certain infections to define prognosis for 
individual patientsindividual patients



MethodologicMethodologic Issues in Antibiotic Issues in Antibiotic 
Resistance Outcome Studies:Resistance Outcome Studies:

•• Morbidity*Morbidity*
–– LOSLOS
–– ICU admissionICU admission
–– Need for surgery/other Need for surgery/other 

proceduresprocedures
–– Activity level at dischargeActivity level at discharge
–– Loss of functional time Loss of functional time 

(e.g., missed work)(e.g., missed work)

•• MortalityMortality
–– InIn--hospital onlyhospital only
–– InIn--hospital and dischargehospital and discharge
–– AllAll--causecause
–– Attributable to infectionAttributable to infection

•• Economic*Economic*
–– Hospital costHospital cost
–– Hospital chargesHospital charges
–– Resource utilizationResource utilization
–– Health care costsHealth care costs

Cosgrove SE & Cosgrove SE & CarmeliCarmeli Y. Y. ClinClin Infect Dis. 2003; 36:1433Infect Dis. 2003; 36:1433--14371437.

* * More sensitive outcome measures for More sensitive outcome measures for MDROsMDROs



MethodologicMethodologic Issues in Antibiotic Resistance Issues in Antibiotic Resistance 
Outcome Studies: Choice of Comparison GroupOutcome Studies: Choice of Comparison Group

Cosgrove SE Cosgrove SE etaletal. . ClinClin Infect DisInfect Dis. 2003; 36:1433. 2003; 36:1433--1437.1437.
Kaye KS et al. Kaye KS et al. EmergEmerg Infect DisInfect Dis. 2004; 10: 1125. 2004; 10: 1125--1128.1128.



MethodologicMethodologic Issues in Resistance Outcome Studies: Issues in Resistance Outcome Studies: 
Factors That Improve Reliability of Measure Factors That Improve Reliability of Measure 

•• Controlling for length of stay (LOS)Controlling for length of stay (LOS)
–– Correlation between LOS before the infection and Correlation between LOS before the infection and 

the mortality, LOS, and costs afterwardsthe mortality, LOS, and costs afterwards

•• Adjustment for underlying severity of illnessAdjustment for underlying severity of illness
–– No wellNo well--validated method for infectious disease validated method for infectious disease 

outcomesoutcomes
–– Options include APACHE, McCabe and Jackson, Options include APACHE, McCabe and Jackson, 

etcetc
–– Also adjust for underlying Also adjust for underlying comorbiditiescomorbidities
–– Measurement of both should occur before Measurement of both should occur before 

infection occurs infection occurs 
.



Outcomes Related to Resistance in Outcomes Related to Resistance in 
Pseudomonas Pseudomonas aeruginosaaeruginosa

•• Patient admissions with Patient admissions with P P aeruginosaaeruginosa 
infection 1994infection 1994--6 (n=489)6 (n=489)
–– 1/3 1/3 nosocomialnosocomial
–– 1/3 with resistance to 1/3 with resistance to ceftazidimeceftazidime, ciprofloxacin, , ciprofloxacin, 

imipenemimipenem, and/or , and/or piperacillinpiperacillin at baselineat baseline
–– Emergence of resistance in 6%Emergence of resistance in 6%
–– Sites: wound 41%, urine 22%, respiratory 21%, Sites: wound 41%, urine 22%, respiratory 21%, 

effusion 5%, blood 4%, tissue 4%effusion 5%, blood 4%, tissue 4%

CarmeliCarmeli Y, et al. Arch Intern Med. 1999; 159:1127.Y, et al. Arch Intern Med. 1999; 159:1127.



Independent Outcomes Related to Independent Outcomes Related to 
Resistance in Resistance in Pseudomonas Pseudomonas 

aeruginosaaeruginosa

CarmeliCarmeli Y, et al. Arch Intern Med. 1999; 159:1127Y, et al. Arch Intern Med. 1999; 159:1127.

†† Variables included in model: ICU stay, female, Variables included in model: ICU stay, female, CharlsonCharlson 
comorbiditycomorbidity scorescore



Outcomes Related to Emergence of 3Outcomes Related to Emergence of 3rdrd-- 
Generation Cephalosporin Resistant Generation Cephalosporin Resistant 

EnterobacterEnterobacter speciesspecies
•• Nested matched cohort study of pts admitted Nested matched cohort study of pts admitted 

19941994--77
–– Cases: with initial Cases: with initial EnterobacterEnterobacter sp. strain susceptible sp. strain susceptible 

to 3rdto 3rd--generation cephalosporin and resistant strain generation cephalosporin and resistant strain 
was subsequently isolated (n=46)was subsequently isolated (n=46)

–– Controls: susceptible Controls: susceptible EnterobacterEnterobacter strains were strains were 
isolated (n=113)isolated (n=113)

•• Controls matched based onControls matched based on
–– Site from which Site from which EnterobacterEnterobacter was isolated was isolated 
–– LOS prior to isolation of susceptible strainLOS prior to isolation of susceptible strain
–– LOS of controls exposure timeLOS of controls exposure time

Cosgrove SE, et al. Cosgrove SE, et al. Arch Intern MedArch Intern Med. 2002; 162:185.. 2002; 162:185.



Independent Outcomes for Patients With Emergence Independent Outcomes for Patients With Emergence 
of Thirdof Third--Generation Cephalosporin Resistance Generation Cephalosporin Resistance 

EnterobacterEnterobacter speciesspecies

Cosgrove SE, et al. Arch Intern Med. 2002; 162:185.Cosgrove SE, et al. Arch Intern Med. 2002; 162:185.

†† Variables included in model: McCabe score, number of Variables included in model: McCabe score, number of 
comorbiditiescomorbidities, ICU stay, ICU stay



Outcomes Related to ESBLOutcomes Related to ESBL--Producing Producing 
Escherichia coliEscherichia coli and and KlebsiellaKlebsiella pneumoniaepneumoniae

•• Retrospective matched cohort study of pts Retrospective matched cohort study of pts 
admitted 1997admitted 1997--8 8 
–– Cases: hospitalized patients with culture positive for Cases: hospitalized patients with culture positive for 

extendedextended--spectrum spectrum ββ--lactamaselactamase-- (ESBL) producing (ESBL) producing 
E coliE coli or or K K pneumoniaepneumoniae (n=33)(n=33)

–– Controls: hospitalized patients with culture positive for Controls: hospitalized patients with culture positive for 
nonnon--ESBLESBL--producing producing E coliE coli or or K K pneumoniaepneumoniae (n=66)(n=66)

–– Sites: urinary 51.5%, wound 15%, catheter 12%, Sites: urinary 51.5%, wound 15%, catheter 12%, 
blood 9%, respiratory 9%, abdominal 3%blood 9%, respiratory 9%, abdominal 3%

–– Total antibiotic exposure was the only independent Total antibiotic exposure was the only independent 
predictor of ESBLpredictor of ESBL--producing producing E coliE coli or or K K pneumoniaepneumoniae

LautenbachLautenbach E, et al. E, et al. ClinClin Infect Dis. 2001; 32:1162Infect Dis. 2001; 32:1162--1171.1171.



Outcomes for Patients With Infection Due to Outcomes for Patients With Infection Due to 
ESBLESBL--ProducingProducing E. coliE. coli and and K. K. pneumoniaepneumoniae

‡ Controlling for APACHE II score and LOS before infectionControlling for APACHE II score and LOS before infection

LautenbachLautenbach E, et al. E, et al. ClinClin Infect Dis. 2001; 32:1162Infect Dis. 2001; 32:1162--1171.1171.



Outcomes for Patients With Infection Outcomes for Patients With Infection 
Due to Due to AcinetobacterAcinetobacter

SunenshineSunenshine, et al. EID. 2007; 13:97., et al. EID. 2007; 13:97.



Outcomes for Patients With Infection Outcomes for Patients With Infection 
Due to Due to AcinetobacterAcinetobacter

SunenshineSunenshine, et al. EID. 2007; 13:97., et al. EID. 2007; 13:97.



Possible Explanations for Increased Mortality, Possible Explanations for Increased Mortality, 
LOS, and Cost Related to Infection with LOS, and Cost Related to Infection with 

Resistant OrganismsResistant Organisms
•• Factors related to the hostFactors related to the host

–– Severity of underlying disease is synergistic with Severity of underlying disease is synergistic with 
infection with resistant organisms infection with resistant organisms 

•• Factors related to the organismFactors related to the organism
–– Increased virulenceIncreased virulence

•• Factors related to the treatmentFactors related to the treatment
–– Decreased effectiveness and/or increased toxicity of Decreased effectiveness and/or increased toxicity of 

antibiotics available for treatmentantibiotics available for treatment
–– Delay in or absence of microbiologically appropriate Delay in or absence of microbiologically appropriate 

antibiotic selectionantibiotic selection
–– Increased need for surgical interventionIncreased need for surgical intervention



Factors That Influence the Acquisition Factors That Influence the Acquisition 
of a of a NosocomialNosocomial MDRO/InfectionMDRO/Infection

Harris AD, et al. Clin Infect Dis. 2006;43(Suppl 2):S57Harris AD, et al. Clin Infect Dis. 2006;43(Suppl 2):S57--S61S61..

FacilityFacility--level Factorslevel Factors

Hand washingHand washing Crowding

Glove, gown, and mask use Nurse-patient ratios

Cleanliness of surroundings Patient/family attitudes toward 
isolation

Isolation of colonized patients Healthcare worker compliance

Population Population 
of patients of patients 
not infected not infected 

with antibioticwith antibiotic-- 
resistant bacteriaresistant bacteria

Subpopulation Subpopulation 
of patients who of patients who 

have have 
become infected become infected 

with with 
antibioticantibiotic--resistant resistant 

bacteriabacteria

IndividualIndividual--level Factorslevel Factors

Antibiotic use Immune system

Severity of illness Age

Colonization Comorbid 
conditions

ColonizationColonization InfectionInfection



Potential prevention and control Potential prevention and control 
measuresmeasures

•• SurveillanceSurveillance
•• EducationEducation
•• Immunization and chemoprophylaxisImmunization and chemoprophylaxis
•• Infection Prevention/ControlInfection Prevention/Control

–– Hand hygieneHand hygiene
–– Isolation and barrier precautionsIsolation and barrier precautions
–– CohortingCohorting or separation of colonized/infected and or separation of colonized/infected and 

nonnon--colonized patientscolonized patients
–– Control of environmental or other potential sourcesControl of environmental or other potential sources
–– Decolonization of the patientDecolonization of the patient

•• Antibiotic stewardship/managementAntibiotic stewardship/management



In SumIn Sum

•• GNRsGNRs are important pathogens emerging in healthcare. are important pathogens emerging in healthcare. 
Their increasing importance, associated morbidity, Their increasing importance, associated morbidity, 
mortality and costs should drive our prevention and mortality and costs should drive our prevention and 
control efforts.control efforts.

•• Measuring outcomes associated with resistance is Measuring outcomes associated with resistance is 
““trickytricky”” and requires an understanding of the methods and requires an understanding of the methods 
used in the study.used in the study.
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