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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



FluoroquinoloneFluoroquinolone Use in Patients with Use in Patients with 
Respiratory Tract InfectionsRespiratory Tract Infections

in the United Statesin the United States

Ciprofloxacin

Levofloxacin

Ofloxacin

Doern GV Clin Infect Dis. 2001;23(suppl 3):S187-92



Outpatient Systemic Antibacterial Outpatient Systemic Antibacterial 
Use Use –– Europe vs. United StatesEurope vs. United States

Goossens H et al. Clin Infect Dis. 2007; 44:1091



Quinolone Use – Europe vs. US

Goossens H et al. Clin Infect Dis. 2007; 44:1091



Goossens H et al. Clin Infect Dis. 2007; 44:1091

Quinolone Use – Europe vs. US



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]]



GeneralGeneral 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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Cross Resistance Among PenicillinCross Resistance Among Penicillin--Resistant Resistant 
Strains of Strains of Streptococcus Streptococcus pneumoniaepneumoniae

Antimicrobial   % Resistant to  Other AntimicrobialAntimicrobial   % Resistant to  Other Antimicrobial
PenicillinPenicillin PenicillinPenicillin PenicillinPenicillin
Susceptible  Intermediate   ResistantSusceptible  Intermediate   Resistant
(n=2636)        (n=356, (n=2636)        (n=356, 10%10%)   (n=483, )   (n=483, 14%14%))

AmoxicillinAmoxicillin 0.00.0 1.81.8 82.282.2
CefuroximeCefuroxime 0.10.1 34.834.8 100100
CefotaximeCefotaxime 0.00.0 2.82.8 42.442.4
MeropenemMeropenem 0.0                    0.80.0                    0.8 52.052.0
Erythromycin            3.2Erythromycin            3.2 35.135.1 61.361.3
TMPTMP--SMXSMX 6.66.6 49.449.4 92.392.3
Tetracycline              1.3Tetracycline              1.3 19.1                   25.519.1                   25.5

Whitney CG et al. N. Engl. J. Med. 2000;343:1917-24



Cross Resistance Among PenicillinCross Resistance Among Penicillin--Resistant Resistant 
Strains of Strains of Streptococcus Streptococcus pneumoniaepneumoniae

Antimicrobial   % Resistant to  Other AntimicrobialAntimicrobial   % Resistant to  Other Antimicrobial
PenicillinPenicillin PenicillinPenicillin PenicillinPenicillin
Susceptible  Intermediate   ResistantSusceptible  Intermediate   Resistant

(n=2636)        (n=356)           (n=483)(n=2636)        (n=356)           (n=483)

ChloramphenicolChloramphenicol 0.40.4 6.76.7 14.714.7
ClindamycinClindamycin 0.50.5 10.710.7 12.212.2
RifampinRifampin 0.20.2 0.00.0 0.20.2
LevofloxacinLevofloxacin 0.1             0.30.1             0.3 0.70.7
QuinupristinQuinupristin--

dalfopristindalfopristin 0.0             0.60.0             0.6 0.20.2
Whitney CG et al. N. Engl. J. Med. 2000;343:1917-24



Activity of Quinolones Against 75 
Ciprofloxacin-Resistant Isolates of 

Streptococcus pneumoniae

QuinoloneQuinolone Cumulative % Isolates at MIC (Cumulative % Isolates at MIC (μμg/ml)g/ml)
≤≤0.06  0.120.06  0.12--0.25  0.50.25  0.5--1  21  2--4  84  8--16  3216  32--6464

LevofloxacinLevofloxacin 16      67    95     10016      67    95     100
GatifloxacinGatifloxacin 4         64      93   1004         64      93   100
MoxifloxacinMoxifloxacin 56         71      97   10056         71      97   100
GemifloxacinGemifloxacin 61      92        10061      92        100

Chen DK et al. 1999. N Engl J Med. 341:233-9



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



Randomized Comparison of Randomized Comparison of LevofloxacinLevofloxacin
with with Ceftriaxone/CefuroximeCeftriaxone/Cefuroxime for Treatment for Treatment 

of Communityof Community--Acquired PneumoniaAcquired Pneumonia
Pathogen          No. (%) of Patients Responding to:Pathogen          No. (%) of Patients Responding to:

LevofloxacinLevofloxacin Ceftriaxone/CefuroximeCeftriaxone/Cefuroxime
Cured  Improved Failed     Cured   Improved  FailedCured  Improved Failed     Cured   Improved  Failed

S. S. pneumoniaepneumoniae 23(77)   7(23)      0              24(73)     7(21)      2(6)23(77)   7(23)      0              24(73)     7(21)      2(6)
[[bacteremicbacteremic]      7(78)   2(22)      0                4(50)     4(50)      ]      7(78)   2(22)      0                4(50)     4(50)      00

H. H. influenzaeinfluenzae 24(80)   6(20)      0              17(71)     2(8)        524(80)   6(20)      0              17(71)     2(8)        5(21)(21)
C. C. pneumoniaepneumoniae 34(72)   12(26)    1(2)         34(63)    16(30)     4(7)34(72)   12(26)    1(2)         34(63)    16(30)     4(7)
M. M. pneumoniaepneumoniae 15(79)    4(21)     0              17(77)      5(22)     015(79)    4(21)     0              17(77)      5(22)     0
L. L. pneumophilapneumophila 4(80)    1(20)     0                2(66)      0            14(80)    1(20)     0                2(66)      0            1(33)   (33)   

File TM et al. Antimicrob Agents Chemother. 41:1965 (1997)



Comparison of HighComparison of High--Dose ShortDose Short--Course with Course with 
ConventionalConventional--Course Course LevofloxacinLevofloxacin for for 

CommunityCommunity--Acquired PneumoniaAcquired Pneumonia

Dunbar LM et al. Clin Infect Dis 2003; 37: 752

Clinical Responses by SeverityClinical Responses by Severity



Dunbar LM et al. Clin Infect Dis 2003; 37: 752

Comparison of HighComparison of High--Dose ShortDose Short--Course with Course with 
ConventionalConventional--Course Course LevofloxacinLevofloxacin for for 

CommunityCommunity--Acquired PneumoniaAcquired Pneumonia
Clinical Responses by PathogenClinical Responses by Pathogen



MoxifloxacinMoxifloxacin vsvs AmoxicillinAmoxicillin--ClavulanateClavulanate
in Communityin Community--Acquired PneumoniaAcquired Pneumonia

Moxifloxacin 400 mg QD IV → PO
Amox-clav 1.2g TID IV → 625 mg TID-QID PO (± clarithromycin)

Finch R et al. Antimicrob Agents Chemother. 2002; 46:1746-54



MoxifloxacinMoxifloxacin vsvs AmoxicillinAmoxicillin--ClavulanateClavulanate
in Communityin Community--Acquired PneumoniaAcquired Pneumonia

EradicationEradication MoxifloxacinMoxifloxacin AmoxAmox--ClavClav
% (n/N)% (n/N) % (n/N)% (n/N)

TotalTotal 94 (60/64)94 (60/64) 82 (58/71)82 (58/71)
S. S. pneumoniaepneumoniae

SputumSputum 100 (18/18)100 (18/18) 77 (17/22)77 (17/22)
BloodBlood 100 (11/11)100 (11/11) 90  (9/10)90  (9/10)

H. H. influenzaeinfluenzae 100 (12/12)100 (12/12) 90  (9/10)90  (9/10)
M. M. pneumoniaepneumoniae 100 (13/13)100 (13/13) 95 (16/17)95 (16/17)

Finch R et al. Antimicrob Agents Chemother. 2002; 46:1746-54



IDSA Guidelines for Initial Empiric IDSA Guidelines for Initial Empiric 
Treatment of Patients with Treatment of Patients with 

CommunityCommunity--Acquired PneumoniaAcquired Pneumonia
OutpatientsOutpatients
•• Previously healthy without use of antimicrobials Previously healthy without use of antimicrobials 

within 3 months within 3 months (except in areas with >25% (except in areas with >25% macrolidemacrolide
resistance)resistance)
–– a a macrolidemacrolide or or doxycyclinedoxycycline

•• Patients with coPatients with co--morbid illness or prior antimicrobials morbid illness or prior antimicrobials 
(c(chronic heart, lung, or liver disease, diabetes, malignancy, hronic heart, lung, or liver disease, diabetes, malignancy, 
immunosuppressionimmunosuppression or antimicrobials within last 3 mo)or antimicrobials within last 3 mo)
–– Respiratory Respiratory fluoroquinolonefluoroquinoloneAA OROR
–– ββ--LactamLactam plus a plus a macrolidemacrolide

Mandell LA et al. Clin Infect Dis 2007; 44:S27

AA[levofloxacin[levofloxacin (750 mg), (750 mg), moxifloxacinmoxifloxacin (400 mg), or (400 mg), or gemifloxacingemifloxacin (320mg)](320mg)]



IDSA Guidelines for Initial Empiric IDSA Guidelines for Initial Empiric 
Treatment of Patients with Treatment of Patients with 

CommunityCommunity--Acquired PneumoniaAcquired Pneumonia
Hospitalized patientsHospitalized patients (non(non--ICU)ICU)
•• Respiratory Respiratory fluoroquinolonefluoroquinoloneAA OROR
•• ββ--LactamLactam plus a plus a macrolidemacrolide
Hospitalized patientsHospitalized patients (ICU)(ICU)
•• ((CefotaximeCefotaxime, , ceftriaxoneceftriaxone, or , or ampicillinampicillin--

sulbactamsulbactam) plus () plus (azithromycinazithromycin or respiratory or respiratory 
fluoroquinolonefluoroquinolone))

Mandell LA et al. Clin Infect Dis 2007; 44:S27

AA[levofloxacin[levofloxacin (750 mg), (750 mg), moxifloxacinmoxifloxacin (400 mg), or (400 mg), or gemifloxacingemifloxacin (320mg)](320mg)]



IDSA Guidelines for Initial Empiric IDSA Guidelines for Initial Empiric 
Treatment of Patients with Treatment of Patients with 

CommunityCommunity--Acquired PneumoniaAcquired Pneumonia
Special considerationsSpecial considerations
•• IfIf Pseudomonas Pseudomonas aeruginosaaeruginosa

–– ((PiperacillinPiperacillin--tazobactamtazobactam, , cefepimecefepime, , imipenemimipenem, or , or meropenemmeropenem) ) 
plus [ciprofloxacin or plus [ciprofloxacin or levofloxacinlevofloxacin (750 mg)] OR(750 mg)] OR

–– ((PiperacillinPiperacillin--tazobactamtazobactam, , cefepimecefepime, , imipenemimipenem, or , or meropenemmeropenem) ) 
plus plus aminoglycosideaminoglycoside plus (plus (azithromycinazithromycin or respiratory or respiratory 
fluoroquinolonefluoroquinoloneAA))

•• If communityIf community--acquired MRSAacquired MRSA
–– Add Add vancomycinvancomycin or or linezolidlinezolid

AA[levofloxacin[levofloxacin (750 mg), (750 mg), moxifloxacinmoxifloxacin (400 mg), or (400 mg), or gemifloxacingemifloxacin (320mg)](320mg)]

Mandell LA et al. Clin Infect Dis 2007; 44:S27



GeneralGeneral 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



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



FluoroquinolonesFluoroquinolones
Adverse EffectsAdverse Effects

•• Nausea, vomiting, diarrhea, taste perversionNausea, vomiting, diarrhea, taste perversion
•• Insomnia, HA, dizziness (Insomnia, HA, dizziness (trovafloxacintrovafloxacin), ), 

psychiatric, seizures [inhibit GABA binding to psychiatric, seizures [inhibit GABA binding to 
receptors]receptors]

•• Rash, photosensitivity (Rash, photosensitivity (lomefloxacinlomefloxacin, , 
sparfloxacinsparfloxacin, , gemifloxacingemifloxacin))

•• HepatotoxicityHepatotoxicity ((trovafloxacintrovafloxacin))
•• DysglycemiaDysglycemia ((gatifloxacingatifloxacin))
•• QT prolongation (QT prolongation (sparfloxacinsparfloxacin > > moxifloxacinmoxifloxacin))
•• Cartilage erosions in juvenile animalsCartilage erosions in juvenile animals
•• TendinitisTendinitis



Temporal Trends in Temporal Trends in QuinoloneQuinolone
Resistance in Resistance in S. S. pneumoniaepneumoniae

Chen DK et al. 1999. N Engl J Med. 341:233-9

1997   1998



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%



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



PlasmidPlasmid--Encoded Encoded QuinoloneQuinolone
Resistance: Resistance: qnrqnr GenesGenes

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



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.



Worldwide Distribution of Worldwide Distribution of qnrqnr QuinoloneQuinolone
Resistance GenesResistance Genes

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



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


	Fluoroquinolones in 2007: the Angels, the Devils, and What Should the Clinician Do?
	Sites of Action of Antimicrobial Agents in Clinical Use
	Fluoroquinolones Available in the United States
	Fluoroquinolone Structures
	Fluoroquinolone Use in Patients with Respiratory Tract Infections�in the United States
	Outpatient Systemic Antibacterial Use – Europe vs. United States
	Quinolone Use – Europe vs. US
	Quinolone Use – Europe vs. US
	Fluoroquinolones�Spectrum of Activity
	Fluoroquinolones�Spectrum of Activity
	General Clinical Uses of Fluoroquinolones
	General Clinical Uses of Fluoroquinolones
	Cross Resistance Among Penicillin-Resistant Strains of Streptococcus pneumoniae
	Cross Resistance Among Penicillin-Resistant Strains of Streptococcus pneumoniae
	Activity of Quinolones Against 75 Ciprofloxacin-Resistant Isolates of Streptococcus pneumoniae
	Pharmacokinetic Properties of Oral Fluoroquinolones
	Randomized Comparison of Levofloxacin with Ceftriaxone/Cefuroxime for Treatment of Community-Acquired Pneumonia
	Comparison of High-Dose Short-Course with Conventional-Course Levofloxacin for Community-Acquired Pneumonia
	Comparison of High-Dose Short-Course with Conventional-Course Levofloxacin for Community-Acquired Pneumonia
	Moxifloxacin vs Amoxicillin-Clavulanate in Community-Acquired Pneumonia
	Moxifloxacin vs Amoxicillin-Clavulanate in Community-Acquired Pneumonia
	IDSA Guidelines for Initial Empiric Treatment of Patients with Community-Acquired Pneumonia
	IDSA Guidelines for Initial Empiric Treatment of Patients with Community-Acquired Pneumonia
	IDSA Guidelines for Initial Empiric Treatment of Patients with Community-Acquired Pneumonia
	General Clinical Uses of Fluoroquinolones
	Quinolone Treatment of Hospital-Acquired Pneumonia
	Quinolone Treatment of Hospital-Acquired Pneumonia
	Outcomes of Quinolone Treatment of Hospital-Acquired Pneumonia
	Development of Quinolone Resistance Related to Therapy in Hospital-Acquired Pneumonia
	Fluoroquinolones�Adverse Effects�
	Temporal Trends in Quinolone Resistance in S. pneumoniae
	Increasing Quinolone Resistance Associated with Increasing Use
	Ciprofloxacin Resistance in Gram-Negative Bacilli in ICUs in the United States - 1994-2000
	Prevalence of Bacterial Resistance� to Fluoroquinolones
	Epidemiology of Ciprofloxacin Resistance in Klebsiella pneumoniae
	Epidemiology of Ciprofloxacin Resistance in Klebsiella pneumoniae
	Epidemiology of Ciprofloxacin Resistance in Klebsiella pneumoniae
	Mechanisms of Resistance to Fluoroquinolones
	Plasmid-Encoded Quinolone Resistance: qnr Genes
	Occurrence of Integron-Carrying Enteric Bacteria in ICUs
	Resistance Profiles of Integron-Carrying Enteric Bacteria
	Worldwide Distribution of qnr Quinolone Resistance Genes
	Limiting Bacterial Resistance to Fluoroquinolones
	Pharmacodynamic Factors Affecting Risk of Selection of Quinolone Resistance
	Pharmacodynamics of Quinolone-Resistant Mutant Selection 
	Limiting Bacterial Resistance to Fluoroquinolones

