
QuinolonesQuinolones in the Hospitalin the Hospital
Pros and ConsPros and Cons

David C. Hooper, M.D.David C. Hooper, M.D.
Division of Infectious DiseasesDivision of Infectious Diseases

Infection Control UnitInfection Control Unit
Massachusetts General HospitalMassachusetts General Hospital

Harvard Medical SchoolHarvard Medical School
Boston, MassachusettsBoston, Massachusetts

GSK Chair of Infectious Diseases
Clinical Seminar – Leuven, March 27th, 2007



Sites of Action of Antimicrobial Sites of Action of Antimicrobial 
Agents in Clinical UseAgents in Clinical Use

Neu HC. Science 1992; 257:1064-73

Topoisomerase IV

Linezolid
(Oxazolidinone)

Daptomycin
(Lipopeptide)

Telithromycin
(Ketolide)

Glycylcyclines



FluoroquinolonesFluoroquinolones Available Available 
in the United Statesin the United States

•• NorfloxacinNorfloxacin ((NoroxinNoroxin) ) 
1986 (PO)1986 (PO)

•• Ciprofloxacin (Ciprofloxacin (CiproCipro)  )  
1987 (PO), 1990 (IV)1987 (PO), 1990 (IV)

•• OfloxacinOfloxacin ((FloxinFloxin)       )       
1990 (PO), 1992 (IV)1990 (PO), 1992 (IV)

•• LevofloxacinLevofloxacin ((LevaquinLevaquin) ) 
1996 (IV & PO)1996 (IV & PO)

•• GatifloxacinGatifloxacin ((TequinTequin)  )  
1999 (IV & PO)1999 (IV & PO)

•• MoxifloxacinMoxifloxacin ((AveloxAvelox) ) 
1999 (PO), 2001 (IV)1999 (PO), 2001 (IV)

•• GemifloxacinGemifloxacin ((FactiveFactive))
2003 (PO)2003 (PO)



Fluoroquinolone Structures

Gemifloxacin



Properties of Newer QuinolonesProperties of Newer Quinolones

• Broad spectrum activity
– Gram-negative bacteria
– Improved against Gram-positive bacteria
– Improved against Anaerobes

• Once or twice daily dosing
• Some with apparent reduced risk of 

selection of resistance

• Broad spectrum activity
– Gram-negative bacteria
– Improved against Gram-positive bacteria
– Improved against Anaerobes

• Once or twice daily dosing
• Some with apparent reduced risk of 

selection of resistance



FluoroquinolonesFluoroquinolones
Spectrum of ActivitySpectrum of Activity

•• EnterobacteriaceaeEnterobacteriaceae
•• HaemophilusHaemophilus sppspp.  .  NeisseriaNeisseria sppspp..
•• LegionellaLegionella, , MycoplasmaMycoplasma, Chlamydia, Chlamydia

[[LevofloxacinLevofloxacin, , GatifloxacinGatifloxacin, , 
MoxifloxacinMoxifloxacin]]

•• Pseudomonas Pseudomonas aeruginosaaeruginosa [Ciprofloxacin, [Ciprofloxacin, 
LevofloxacinLevofloxacin]]



FluoroquinolonesFluoroquinolones
Spectrum of ActivitySpectrum of Activity

•• Staphylococci (MSSA, MSSE)  [Staphylococci (MSSA, MSSE)  [LevofloxacinLevofloxacin, , 
GatifloxacinGatifloxacin, , MoxifloxacinMoxifloxacin, , GemifloxacinGemifloxacin]]

•• Streptococci (+/Streptococci (+/-- enterococcienterococci)  [)  [LevofloxacinLevofloxacin, , 
GatifloxacinGatifloxacin, , MoxifloxacinMoxifloxacin, , GemifloxacinGemifloxacin]]

•• Anaerobes [Anaerobes [GatifloxacinGatifloxacin, , MoxifloxacinMoxifloxacin]]
•• MycobacteriaMycobacteria ((M. tuberculosis, M. M. tuberculosis, M. kansasiikansasii, , 

M. M. fortuitumfortuitum) [Ciprofloxacin, ) [Ciprofloxacin, LevofloxacinLevofloxacin, , 
GatifloxacinGatifloxacin, , MoxifloxacinMoxifloxacin]]



Pharmacokinetic Properties of Pharmacokinetic Properties of 
Oral Oral FluoroquinolonesFluoroquinolones

Drug           Dose       Drug           Dose       CCmaxmax tt½½ RenalRenal
(mg (mg -- ((μμg/ml)    (h)g/ml)    (h) ClearanceClearance

frequency)frequency) (% of total)(% of total)
Ciprofloxacin    500 BID      2.2        3.3           50Ciprofloxacin    500 BID      2.2        3.3           50
LevofloxacinLevofloxacin 500 QD       5.7        6500 QD       5.7        6--8           658           65

750 QD750 QD 8.68.6
GatifloxacinGatifloxacin 400 QD       4.1       7400 QD       4.1       7--8           808           80
MoxifloxacinMoxifloxacin 400 QD       4.5        13            22400 QD       4.5        13            22
GemifloxacinGemifloxacin 320 QD320 QD 1.8 1.8 7 30



Pharmacokinetic Properties of Pharmacokinetic Properties of 
IV IV FluoroquinolonesFluoroquinolones

Drug           Dose        Drug           Dose        CCmaxmax tt½½ RenalRenal
(mg (mg -- ((μμg/ml)     (h)g/ml)     (h) ClearanceClearance
frequency)frequency) (% of total)(% of total)

Ciprofloxacin    400 BID      4.3        3.3           50Ciprofloxacin    400 BID      4.3        3.3           50
LevofloxacinLevofloxacin 500 QD       6.4        6500 QD       6.4        6--8           658           65

750 QD750 QD 12.112.1
GatifloxacinGatifloxacin 400 QD       4.6         7400 QD       4.6         7--8          808          80
MoxifloxacinMoxifloxacin 400 QD       4.2        13            22 400 QD       4.2        13            22 



Fluoroquinolone Drug 
Interactions

•• Antacids, Antacids, sucralfatesucralfate, multivalent , multivalent cationscations
impair oral absorptionimpair oral absorption

•• Increase Increase theophyllinetheophylline and caffeine and caffeine 
((EnoxacinEnoxacin > Ciprofloxacin)> Ciprofloxacin)

•• NSAIDsNSAIDs possibly possibly potentiatepotentiate neurotoxicityneurotoxicity
((EnoxacinEnoxacin))

•• PotentiationPotentiation of of warfarinwarfarin effect is effect is sporadicsporadicAA

•• High doses may increase High doses may increase cyclosporincyclosporin levels levels 
(Ciprofloxacin)(Ciprofloxacin)

ASeen in some elderly patients on multiple drugs



Adverse Effects of Adverse Effects of FluoroquinolonesFluoroquinolones
•• GastrointestinalGastrointestinal

–– Nausea, vomiting, diarrheaNausea, vomiting, diarrhea

•• HepaticHepatic
–– Idiosyncratic hepatitis (Idiosyncratic hepatitis (trovafloxacintrovafloxacin))

•• Central Nervous SystemCentral Nervous System
–– Dizziness (Dizziness (trovafloxacintrovafloxacin), insomnia, ), insomnia, 

seizuresseizures

•• CardiovascularCardiovascular
–– QTQTCC prolongation, arrhythmias prolongation, arrhythmias 

((sparfloxacinsparfloxacin, , grepafloxacingrepafloxacin))



Risk Factors for Prolonged QTRisk Factors for Prolonged QT--
Associated Associated ArrhthymiasArrhthymias

•• ↓↓ KK++, , ↓↓ MgMg++++

•• CardiomyopathyCardiomyopathy
•• BradycardiaBradycardia
•• Congenital prolonged QT syndromesCongenital prolonged QT syndromes
•• Use of other Use of other antiarrhythmicsantiarrhythmics::

Class IIIClass III
(block K(block K++ channel)channel)
AmiodaroneAmiodarone
SotalolSotalol
IbutilideIbutilide
BretyliumBretylium

Class Class IaIa
(block Na(block Na+ + & K& K++ channels)channels)
QuinidineQuinidine
DisopyramideDisopyramide
ProcainamideProcainamide



Adverse Effects of Adverse Effects of FluoroquinolonesFluoroquinolones
•• MetabolicMetabolic

–– Hypoglycemia and Hypoglycemia and potentiationpotentiation of hypoglycemic of hypoglycemic 
agents (agents (clinafloxacinclinafloxacin, , gatifloxacingatifloxacin))

•• SkinSkin
–– Photosensitivity Photosensitivity –– UVA (320UVA (320--420) (420) (sparfloxacinsparfloxacin, , 

lomefloxacinlomefloxacin))
–– Rash (Rash (gemifloxacingemifloxacin –– young women, Rx for >10 young women, Rx for >10 

days)days)
•• MusculoskeletalMusculoskeletal

–– Cartilage erosion in Cartilage erosion in weightbearingweightbearing joints joints 
(animals, ?children)(animals, ?children)

–– TendinopathyTendinopathy, tendon rupture, tendon rupture



Specific Uses of Specific Uses of FluoroquinolonesFluoroquinolones
•• Typhoid and enteric feverTyphoid and enteric fever
•• ProstatitisProstatitis ((vsvs trimethoprimtrimethoprim--sulfa)sulfa)
•• Complicated urinary tract infectionsComplicated urinary tract infections
•• CommunityCommunity--acquired pneumoniaacquired pneumonia

–– hospitalized patients (hospitalized patients (vsvs ceftriaxoneceftriaxone + + macrolidemacrolide))
•• Prosthetic joint infectionProsthetic joint infection

–– for salvage when prosthesis cannot be removedfor salvage when prosthesis cannot be removed
–– with with rifampinrifampin



General Clinical Uses of Fluoroquinolones
•• Urinary Tract InfectionsUrinary Tract Infections
•• ProstatitisProstatitis
•• Sexually Transmitted DiseasesSexually Transmitted Diseases
•• GastroenteritisGastroenteritis
•• IntraabdominalIntraabdominal InfectionsInfections
•• Respiratory Tract InfectionsRespiratory Tract Infections
•• Bone & Joint InfectionsBone & Joint Infections
•• Skin & Soft Tissue InfectionsSkin & Soft Tissue Infections
•• Other Broad Uses in Hospitalized PatientsOther Broad Uses in Hospitalized Patients
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Shorr AF et al. Clin Infect Dis 2005; 40:S115

QuinoloneQuinolone Treatment of Treatment of 
HospitalHospital--Acquired PneumoniaAcquired Pneumonia



QuinoloneQuinolone Treatment of Treatment of 
HospitalHospital--Acquired PneumoniaAcquired Pneumonia

Shorr AF et al. Clin Infect Dis 2005; 40:S115



Outcomes of Outcomes of QuinoloneQuinolone
Treatment of HospitalTreatment of Hospital--Acquired Acquired 

PneumoniaPneumonia
Clinical OutcomesClinical Outcomes Microbiological OutcomesMicrobiological Outcomes

Shorr AF et al. Clin Infect Dis 2005; 40:S115



Development of Development of QuinoloneQuinolone
Resistance Related to Therapy in Resistance Related to Therapy in 

HospitalHospital--Acquired PneumoniaAcquired Pneumonia

Shorr AF et al. Clin Infect Dis 2005; 40:S115



MoxifloxacinMoxifloxacin vs. vs. PiperacillinPiperacillin--
Tazobactam/AmoxicillinTazobactam/Amoxicillin--ClavulanateClavulanate for for 
Complicated IntraComplicated Intra--abdominal Infectionsabdominal Infections

Malagoni MA et al.  Ann Surg 2006; 244:204



Malagoni MA et al.  Ann Surg 2006; 244:204

MoxifloxacinMoxifloxacin vs. vs. PiperacillinPiperacillin--
Tazobactam/AmoxicillinTazobactam/Amoxicillin--ClavulanateClavulanate for for 
Complicated IntraComplicated Intra--abdominal Infectionsabdominal Infections



Increasing Increasing QuinoloneQuinolone Resistance Resistance 
Associated with Increasing UseAssociated with Increasing Use

a few minutes ago

Neuhauser MM et al. JAMA 2003; 289:885-8



Ciprofloxacin Resistance in GramCiprofloxacin Resistance in Gram--
Negative Bacilli in ICUs in the Negative Bacilli in ICUs in the 

United States United States -- 19941994--20002000
Species      Resistant Species      Resistant ChangeChangeAA Cross Resistance to:Cross Resistance to:

(%)(%) (%)(%) Gent   Gent   CeftazCeftaz ImipImip
(%, (%, CipR/CipSCipR/CipS))

P. P. aeruginosaaeruginosa 2424 +13+13 66/21     40/14       38/1166/21     40/14       38/11
EnterobacterEnterobacter sp.     10sp.     10 +6+6 49/4       82/32         4/149/4       82/32         4/1
K. K. pneumoniaepneumoniae 1212 +7+7 67/7       65/6           3/0.567/7       65/6           3/0.5
E. coliE. coli 3            +23            +2
All All isolatesisolatesBB 19         +1019         +10

Neuhauser MM et al. JAMA 2003; 289:885-888

AChange relative to 1990-1993 Bn=35,790



Prevalence of Bacterial ResistancePrevalence of Bacterial Resistance
to to FluoroquinolonesFluoroquinolones

Staphylococci (MRSA, MRSE)Staphylococci (MRSA, MRSE)

Pseudomonas Pseudomonas aeruginosaaeruginosa

6060--95%95%

2424--44%44%

Campylobacter Campylobacter jejunijejuni

Escherichia coliEscherichia coli

33--70%70%

KlebsiellaKlebsiella pneumoniaepneumoniae 1212--20%20%

33--50%50%

EnterobacterEnterobacter sppspp.. 1010--12%12%



Factors Associated with Factors Associated with 
FluoroquinoloneFluoroquinolone ResistanceResistance
Resistant Pathogen         Risk FactorsResistant Pathogen         Risk Factors

Staphylococci (MRSA, MRCNS)Staphylococci (MRSA, MRCNS) QuinoloneQuinolone Use,Use,
CoCo--selection,selection,
NosocomialNosocomial SpreadSpread

Pseudomonas Pseudomonas aeruginosaaeruginosa QuinoloneQuinolone Use,Use,
NosocomialNosocomial SpreadSpread

KlebsiellaKlebsiella pneumoniaepneumoniae QuinoloneQuinolone Use,Use,
NosocomialNosocomial SpreadSpread

Campylobacter Campylobacter jejunijejuni QuinoloneQuinolone Use,Use,
ForeiForeign Travelgn Travel

Escherichia coliEscherichia coli QuinoloneQuinolone Use,Use,
?Anim?Animal Useal Use



Risk Factors and Clinical Effects of 
Ciprofloxacin Resistance in an ICU

Levin PD et al. Infect Control Hosp Epidemiol 2007; 28:331



Epidemiology of Ciprofloxacin Epidemiology of Ciprofloxacin 
Resistance in Resistance in KlebsiellaKlebsiella pneumoniaepneumoniae

•• 455 455 BacteremiasBacteremias (440 patients) in 12 (440 patients) in 12 
hospitals in 7 countrieshospitals in 7 countries

•• 25 (5.5%) with MIC of ciprofloxacin 25 (5.5%) with MIC of ciprofloxacin ≥≥ 4 4 
μμg/mlg/ml
–– 15/25 (60%) also ESBL15/25 (60%) also ESBL--producingproducing

•• 83 (18%) ESBL83 (18%) ESBL--producingproducing
–– 15/83 (18%) also ciprofloxacin15/83 (18%) also ciprofloxacin--resistantresistant

Paterson DL et al. Clin Infect Dis 30:473-8 (2000)



Epidemiology of Ciprofloxacin Epidemiology of Ciprofloxacin 
Resistance in Resistance in KlebsiellaKlebsiella pneumoniaepneumoniae

•• Risk factors for resistance (multivariate)Risk factors for resistance (multivariate)
–– Prior receipt of Prior receipt of quinolonequinolone (p=0.0065)(p=0.0065)
–– ESBLESBL--producing strain (p=0.012)producing strain (p=0.012)
–– Hospitalization in Turkish center (p=0.011)Hospitalization in Turkish center (p=0.011)
–– Not prior receipt of 3rdNot prior receipt of 3rd--gen cephalosporin gen cephalosporin 

(p=0.17)(p=0.17)
–– Not indwelling urinary catheter (p=0.24) Not indwelling urinary catheter (p=0.24) 

Paterson DL et al. Clin Infect Dis 30:473-8 (2000)



Epidemiology of Ciprofloxacin Epidemiology of Ciprofloxacin 
Resistance in Resistance in KlebsiellaKlebsiella pneumoniaepneumoniae

•• NosocomialNosocomial acquisitionacquisition
–– 72% of ciprofloxacin72% of ciprofloxacin--resistant casesresistant cases
–– 54% of ciprofloxacin54% of ciprofloxacin--susceptible cases (p=0.08)susceptible cases (p=0.08)

•• Clustering based on PFGE genotypeClustering based on PFGE genotype
–– 4 clusters of 24 clusters of 2--4 cases each in 3 hospitals4 cases each in 3 hospitals
–– In 2 clusters exposure to In 2 clusters exposure to quinolonequinolone occurred in 1st occurred in 1st 

casecase
•• Mortality (14 days)Mortality (14 days)

–– 4/25 (16%) 4/25 (16%) CipCip--R vs. 120/427 (28%) R vs. 120/427 (28%) CipCip--S (p=0.19)S (p=0.19)

Paterson DL et al. Clin Infect Dis 30:473-8 (2000)



Mechanisms of Resistance Mechanisms of Resistance 
to to FluoroquinolonesFluoroquinolones

•• Chromosomal mutationsChromosomal mutations
–– Alterations in DNA Alterations in DNA gyrasegyrase and/or and/or 

topoisomerasetopoisomerase IVIV
–– Active drug efflux (MDR pumps) +/Active drug efflux (MDR pumps) +/-- reduced reduced 

porinporin diffusion channelsdiffusion channels
•• PlasmidPlasmid--mediated resistancemediated resistance

–– Enteric gramEnteric gram--negative bacteria; target negative bacteria; target 
protection mechanism by protection mechanism by QnrQnr proteinsproteins

–– Drug modificationDrug modification



Bacterial Type II Bacterial Type II TopoisomerasesTopoisomerases
QuinoloneQuinolone Target EnzymesTarget Enzymes

EnzymeEnzyme SubunitsSubunits ActivitiesActivities

DNA DNA GyraseGyrase
((TopoisomeraseTopoisomerase II)II)

2 2 GyrAGyrA
2 2 GyrBGyrB

DNA DNA SupercoilingSupercoiling
(DNA Relaxation)(DNA Relaxation)
(DNA (DNA DecatenationDecatenation))

TopoisomeraseTopoisomerase
IVIV

2 2 ParCParC ((GrlAGrlA))
2 2 ParEParE ((GrlBGrlB) ) 

DNA DNA DecatenationDecatenation
(DNA Relaxation)(DNA Relaxation)



Stepwise Increases in Stepwise Increases in QuinoloneQuinolone
Resistance:  Role of Differing Resistance:  Role of Differing 

Sensitivities of Enzyme TargetsSensitivities of Enzyme Targets
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Mechanisms of Resistance Mechanisms of Resistance 
to to FluoroquinolonesFluoroquinolones

•• Chromosomal mutationsChromosomal mutations
–– Alterations in DNA Alterations in DNA gyrasegyrase and/or and/or 

topoisomerasetopoisomerase IVIV
–– Active drug efflux (MDR pumps) +/Active drug efflux (MDR pumps) +/-- reduced reduced 

porinporin diffusion channelsdiffusion channels
•• PlasmidPlasmid--mediated resistancemediated resistance

–– Enteric gramEnteric gram--negative bacteria; target negative bacteria; target 
protection mechanism by protection mechanism by QnrQnr proteinsproteins

–– Drug modificationDrug modification



 
 
   
 
 
 
 
   
 
 
 
 
   
 
 
 
  
   
 
 
 
 
  
 
 
 
 
  
 
 
 
 
     
 
 
  

In37 in  
transconjugant 
12-4 

intI1 dfr16 aadA2 
qacE
Δ1 

sul1 orf513 qnr ampR 
qacE
Δ1 sul1 orf6 IS6100 EcoRII 
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qacE
Δ1 

sul1 orf513 qnr ampR 
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Δ1 
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Δ1 

sul1 
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EcoRII 
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methylase 
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Δ1 sul1 orf5
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Wang M et al. Antimicrob Agents Chemother. 2003; 47:2242-8



Occurrence of Occurrence of IntegronIntegron--Carrying Carrying 
Enteric Bacteria in ICUsEnteric Bacteria in ICUs

VariableVariable No. (%) of ICU PatientsNo. (%) of ICU Patients
Medical       NeurosurgicalMedical       Neurosurgical
(n = 277)(n = 277) (n = 180)(n = 180)

Total colonizedTotal colonized 19 (7)19 (7) 12 (7)12 (7)
Acquired colonizationAcquired colonization 14 (5)14 (5) 9 (5)9 (5)
Time to acquisition (d)Time to acquisition (d) 10 10 ±± 1010 12 12 ±± 1010
Acquisition rateAcquisition rate

(per 1000 patient(per 1000 patient--days)     10days)     10 88

Nijssen S et al.  Clin Infect Dis. 2005; 41:1-9.



Resistance Profiles of Resistance Profiles of IntegronIntegron--
Carrying Enteric BacteriaCarrying Enteric Bacteria

AntimicrobialAntimicrobial Percent Resistant Percent Resistant 
IntegronIntegron ((--)) IntegronIntegron (+)(+)

(n = 120)(n = 120) (n = 54)(n = 54)
PiperacillinPiperacillin 2424 94*94*
CeftazidimeCeftazidime 2626 3333
CefotaximeCefotaxime 2929 44*44*
MeropenemMeropenem 00 00
GentamicinGentamicin 22 94*94*
CiprofloxacinCiprofloxacin 33 33*33*

Nijssen S et al.  Clin Infect Dis. 2005; 41:1-9.



PlasmidPlasmid--Encoded Encoded QuinoloneQuinolone
Resistance: Resistance: QnrQnr GenesGenes

Robicsek A et al. Lancet Infect Dis 2006; 6:629-40



Worldwide Distribution of Worldwide Distribution of QnrQnr QuinoloneQuinolone
Resistance GenesResistance Genes

Robicsek A et al. Lancet Infect Dis 2006; 6:629-40



Characteristics of Characteristics of qnrqnr--positive and positive and 
qnrqnr--negative Isolatesnegative Isolates

Robicsek A et al. Antimicrob Agents Chemother 2006; 50:2872



QnrAQnrA Promotes Selection of Promotes Selection of 
HigherHigher--Level Level QuinoloneQuinolone

ResistanceResistance

Martínez-Martínez L et al. Lancet 1998; 351:797-9



The Newest Mechanism of PlasmidThe Newest Mechanism of Plasmid--
Mediated Mediated QuinoloneQuinolone ResistanceResistance

•• Specific modification of some Specific modification of some quinolonesquinolones (ciprofloxacin, (ciprofloxacin, 
norfloxacinnorfloxacin))

•• Mutant of a common Mutant of a common aminoglycosideaminoglycoside acetyltransferaseacetyltransferase
enzyme, Aac(6enzyme, Aac(6’’)Ib, which causes resistance to )Ib, which causes resistance to 
kanamycinkanamycin, , tobramycintobramycin, and , and amikacinamikacin
–– Mutations Trp102Arg and Asp179Tyr = Aac(6Mutations Trp102Arg and Asp179Tyr = Aac(6’’)Ib)Ib--crcr
–– Acetylates ciprofloxacin at Acetylates ciprofloxacin at piperazinylpiperazinyl NN
–– Slight decrease in Slight decrease in kanamycinkanamycin acetylationacetylation

•• LowLow--level resistance (4level resistance (4--fold)fold)
•• Promotes selection of highPromotes selection of high--level resistance with level resistance with 

quinolonequinolone exposureexposure
•• aac(6aac(6’’))--IbIb--cr located on plasmids with and without cr located on plasmids with and without qnrqnr

genesgenes
Robicsek A et al. Nature Medicine 2006; 12;83-88



Limiting Bacterial Resistance Limiting Bacterial Resistance 
to to FluoroquinolonesFluoroquinolones

•• Monitor ResistanceMonitor Resistance
•• Good Infection Control to Limit SpreadGood Infection Control to Limit Spread
•• Focused and Balanced Use to Limit Focused and Balanced Use to Limit 

Selective PressuresSelective Pressures
•• Adequate Dosing to Limit Mutant Adequate Dosing to Limit Mutant 

SelectionSelection



PharmacodynamicPharmacodynamic Factors Factors 
Affecting Risk of Selection of Affecting Risk of Selection of 

QuinoloneQuinolone ResistanceResistance

•• Selecting Drug Concentration Selecting Drug Concentration 
in Vitroin Vitro

•• CCmaxmax/MIC /MIC -- Animal ModelsAnimal Models
•• AUC/MIC AUC/MIC -- Human UseHuman Use



PharmacodynamicsPharmacodynamics of of QuinoloneQuinolone--
Resistant Mutant Selection Resistant Mutant Selection 

Drlica K and Zhao X. Clin Infect Dis. 2007; 44:681



Limiting Bacterial Resistance Limiting Bacterial Resistance 
to to FluoroquinolonesFluoroquinolones

•• Possible Use of Combination Regimens:Possible Use of Combination Regimens:
–– With Other AntibioticsWith Other Antibiotics
–– Specific Inhibitors of Resistance MechanismsSpecific Inhibitors of Resistance Mechanisms

•• Development of New Development of New QuinolonesQuinolones
–– Similar Activity Against Both Enzyme TargetsSimilar Activity Against Both Enzyme Targets
–– Improved Therapeutic IndexImproved Therapeutic Index
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