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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



Clinical Uses of Clinical Uses of FluoroquinolonesFluoroquinolones
•• 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



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



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 Contributing to Factors Contributing to 
FluoroquinoloneFluoroquinolone ResistanceResistance

Resistant Pathogen                Risk FactorsResistant Pathogen                Risk Factors
StaphylococciStaphylococci QuinoloneQuinolone Use,Use,
(MRSA, MRCNS)(MRSA, MRCNS) CoCo--selection,selection,

NosocomialNosocomial SpreadSpread
Pseudomonas Pseudomonas aeruginosaaeruginosa QuinoloneQuinolone UseUse

NosocomialNosocomial SpreadSpread



Factors Contributing to Factors Contributing to 
FluoroquinoloneFluoroquinolone ResistanceResistance

Resistant PathogenResistant Pathogen Risk FactorsRisk Factors
NeisseriaNeisseria gonorrheaegonorrheae Community SpreadCommunity Spread

??QuinoloneQuinolone UseUse
Campylobacter Campylobacter jejunijejuni QuinoloneQuinolone UseUse

Foreign TravelForeign Travel
Animal UseAnimal Use

Escherichia coliEscherichia coli QuinoloneQuinolone UseUse
Urinary abnormalitiesUrinary abnormalities
Catheter UseCatheter Use
?Animal Use?Animal Use



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)





Structure of DNA Structure of DNA GyraseGyrase A SubunitA Subunit

Cabral JHM et al. Nature 1997; 388:903-6



Alterations in Alterations in QuinoloneQuinolone Binding to Binding to 
Mutant Mutant GyraseGyrase--DNA ComplexesDNA Complexes

Complex              Complex              NorfloxacinNorfloxacin BoundBound
((nMnM))

DNA                                        0DNA                                        0
GyrAGyrA22GyrBGyrB22 0.50.5
GyrAGyrA22GyrBGyrB22--DNA                11.9DNA                11.9
GyrA(S83W)GyrA(S83W)22GyrBGyrB22 0.40.4
GyrA(S83W)GyrA(S83W)22GyrBGyrB22--DNA     0.2  (60x DNA     0.2  (60x ↓↓))

Willmott, C.J. and A. Maxwell. 1993. AAC 37:126



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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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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Activity of Activity of GemifloxacinGemifloxacin and and 
Ciprofloxacin Against Ciprofloxacin Against 

TopoisomeraseTopoisomerase IV and IV and GyraseGyrase
EnzymeEnzyme ICIC5050 ((μμg/ml)g/ml)

GemifloxacinGemifloxacin Ciprofloxacin Ciprofloxacin 
TopoisomeraseTopoisomerase IVIV

WildtypeWildtype 0.250.25 2.52.5--5.05.0
ParCParC (Ser80Phe)         50(Ser80Phe)         50 250250

GyraseGyrase
WildtypeWildtype 0.310.31 1010
Ince D et al.  Antimicrob Agents Chemother. 2003; 47:274-82

200x200x 100x100x

~1x~1x 22--4x4x



Drug Target Differences and Drug Target Differences and 
Frequency of Mutant SelectionFrequency of Mutant Selection

Ince D et al.  Antimicrob Agents Chemother. 2003; 47:274-82



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



Classes of Bacterial Efflux SystemsClasses of Bacterial Efflux Systems
•• Major Major FacilatatorFacilatator SuperfamilySuperfamily (MFS)(MFS)

1414--TMSTMS QacAQacA/B, /B, EmrBEmrB
1212--TMSTMS BmrBmr, , BltBlt, , NorANorA, VMAT1/2, VMAT1/2

•• Small Small MultidrugMultidrug Resistance Family (SMR)Resistance Family (SMR)
SmrSmr, , EmrEEmrE, QacE/Qac, QacE/QacΔΔ11

•• Resistance/Nodulation/Cell Division FamilyResistance/Nodulation/Cell Division Family
AcrABAcrAB--TolCTolC, , MexABMexAB--OprMOprM, , MtrCDEMtrCDE

•• MATE FamilyMATE Family
NorMNorM

•• ABC ABC MultidrugMultidrug TransportersTransporters
LmrALmrA



MultidrugMultidrug Efflux PumpsEfflux Pumps

Lewis K, et al. ASM News. 1997;63:605-610.

QacA Smr EmrB MexB

drugs drugs drugs drugs
drugs

H+ H+

H+ H+EnvironmentEnvironment

CytoplasmCytoplasm

?

ATP ADP+Pi

PgpPgp

OprM

MexAMexAEmrAEmrA

Lewis K et al. ASM News.1997;63:605-610.



Antibiotic Substrates for MDR Antibiotic Substrates for MDR 
Efflux PumpsEfflux Pumps

•• QuinolonesQuinolones
–– NalidixicNalidixic acid, hydrophilic acid, hydrophilic 

fluoroquinolonesfluoroquinolones

•• TetracyclinesTetracyclines
•• ChloramphenicolChloramphenicol
•• ββ--LactamsLactams

–– Hydrophobic Hydrophobic cephalosporinscephalosporins and othersand others

•• RifampinRifampin
•• ErythromycinErythromycin



Efflux Pumps Involved in Efflux Pumps Involved in QuinoloneQuinolone
Resistance: GramResistance: Gram--Negative BacteriaNegative Bacteria

•• E. coliE. coli
–– AcrAB/TolCAcrAB/TolC
–– AcrEFAcrEF/?/?
–– MdfAMdfA
–– YdhEYdhE

•• P. P. aeruginosaaeruginosa
–– MexAB/OprMMexAB/OprM
–– MexCD/OprJMexCD/OprJ
–– MexEF/OprNMexEF/OprN
–– MexXY/OprMMexXY/OprM

•• N. N. gonorrhoeaegonorrhoeae
–– MtrCDEMtrCDE

•• V. V. parahemolyticusparahemolyticus
–– NorMNorM

•• S. S. maltophiliamaltophilia
–– SmeABCSmeABC

•• A. A. baumanniibaumannii
–– AdeABCAdeABC
–– AbeMAbeM

•• B. B. cepaciacepacia
–– CeoAB/OpcMCeoAB/OpcM



•• Pseudomonas Pseudomonas aeruginosaaeruginosa
MexABMexAB--OprMOprM
–– 835 consecutive clinical isolates835 consecutive clinical isolates
–– 21 pairs (pre21 pairs (pre-- and postand post--therapy) with acquired therapy) with acquired 

resistance to antiresistance to anti--pseudomonalpseudomonal ββ--lactamslactams
•• same strains within pairssame strains within pairs
•• 10/21 (48%) 10/21 (48%) ↑↑ AmpCAmpC ββ--lactamaselactamase
•• 11/21 (52%) 11/21 (52%) ↑↑ OprMOprM

–– 8/11 8/11 mexRmexR insertions, deletions, or insertions, deletions, or frameshiftsframeshifts
–– 2/11 2/11 mexRmexR missensemissense mutationsmutations

Contributions of Efflux to Contributions of Efflux to 
Resistance in Clinical IsolatesResistance in Clinical Isolates

Ziha-Zarifi I. et al. Antimicrob Agents Chemother. 1999; 43:287-91



QuinoloneQuinolone Resistance Mechanisms Resistance Mechanisms 
in in P. P. aeruginosaaeruginosa Isolates from Isolates from 
Patients with Cystic FibrosisPatients with Cystic Fibrosis

Resistance Property         Property/Total (%)Resistance Property         Property/Total (%)
gyrAgyrA mutation(smutation(s)) 11/20  (55)11/20  (55)
parCparC mutationmutation 0/20    (0)0/20    (0)
mexRmexR mutationmutation 0/20    (0)0/20    (0)
nfxBnfxB mutationmutation 16/20  (80)16/20  (80)
↑↑ OprJOprJ 8/20  (40)    6 8/20  (40)    6 gyrAgyrA++

↑↑ OprNOprN 6/20  (30) 6/20  (30) 

Jalal S et al. 2000. Antimicrob Agents Chemother. 44:710-2.



Clinical Importance of MDR Clinical Importance of MDR 
Pumps: Physiologic EffectsPumps: Physiologic Effects

•• OverexpressionOverexpression contributes to resistancecontributes to resistance
•• Baseline expression contributes to Baseline expression contributes to intrinisicintrinisic

reduced susceptibility of reduced susceptibility of wildtypewildtype bacteriabacteria
•• Regulated expression and multiplicity of Regulated expression and multiplicity of 

pumps implies that expression may vary pumps implies that expression may vary 
under different conditions (under different conditions (in vivoin vivo vs. vs. in in 
vitrovitro) contributing to changes in therapeutic ) contributing to changes in therapeutic 
index not reflected in laboratory testingindex not reflected in laboratory testing



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



Cloning and Sequencing of Cloning and Sequencing of qnrqnr

OrfOrf 513 513 -- postulated to be a postulated to be a recombinaserecombinase
qacEqacEΔΔ11-- encodes for a truncated version of a encodes for a truncated version of a 
gene for resistance to quaternary ammonium gene for resistance to quaternary ammonium 
compoundscompounds
Sul1Sul1-- encodes for sulfonamide resistanceencodes for sulfonamide resistance



QnrQnr Belongs to the Belongs to the PentapeptidePentapeptide Repeat Repeat 
Protein FamilyProtein Family

•• two two pentapeptidepentapeptide repeat domains of 11 and 28 repeatrepeat domains of 11 and 28 repeat
copies, separated by a single copies, separated by a single glycineglycine (G) (G) 

•• repeat consensus sequence is A/C  D/N  L/F  X  X repeat consensus sequence is A/C  D/N  L/F  X  X 
•• 90% of 90% of aaaa are included in the are included in the pentapeptidepentapeptide repeatsrepeats



2.012.01 0.670.67 0.220.22 2.012.010.670.67 0.220.22
GyraseGyrase -- ++ ++ ++ ++ ++ ++ ++ ++
(0.46 (0.46 nMnM))
CiproCipro -- -- ++ ++ ++ ++ ++ ++ ++
(1.5 (1.5 μμM)M)

Qnr(Qnr(μμMM)) BSA(BSA(μμM)M)

11 22 33 44 55 66 77 88 99

QnrAQnrA Reverses DNA Reverses DNA GyraseGyrase InhibitionInhibition

Tran J et al. Antimicrob Agents Chemother. 2005; 49:118-25



QnrAQnrA Binds to DNA Binds to DNA GyraseGyrase

Tran J et al. Antimicrob Agents Chemother 2005; 49:118-125



Alignment of Alignment of QnrQnr, , McbGMcbG, and , and MfpAMfpA



Structure of Structure of MfpMfp ProteinProtein

Hegde SS et al. Science 2005; 308:1480



QnrAQnrA Reduces Reduces GyraseGyrase Binding to DNABinding to DNA

Tran J et al. Antimicrob Agents Chemother 2005; 49:118-125



PlasmidPlasmid--Encoded Encoded qnrqnr in Clinical Isolatesin Clinical Isolates

Wang M et al. Antimicrob Agents Chemother. 2003; 47:2242-8



Phenotypes of Phenotypes of qnrqnr Donors and Donors and 
TransconjugantsTransconjugants

StrainStrain MIC (MIC (μμg/ml)g/ml)
CIP  CTX  TET  CHL  GEN  SUL  TMPCIP  CTX  TET  CHL  GEN  SUL  TMP

DonorDonor 4       64   4       64   ≥≥512    512    ≥≥512   512   ≥≥512    512    ≥≥512   512   ≥≥512   512   ≥≥128128
7     1287     128 ≥≥512    512    ≥≥512   512   ≥≥512    512    ≥≥512   512   ≥≥512   512   ≥≥128128

10     128   10     128   ≥≥512      256       64    512      256       64    ≥≥512   512   ≥≥512   512   ≥≥128128
12     128  12     128  ≥≥512      256       64        512      256       64        ≤≤1   1   ≥≥512   512   ≥≥128128

Recipient    J53AzRecipient    J53AzRR 0.008 0.008 ≤≤0.03         1         4   0.03         1         4   ≤≤0.25       16   0.1250.25       16   0.125
TransconjugTransconjug’’tt 44--3     3     0.250.25 32        32     512         8    32        32     512         8    ≥≥512   512   ≥≥128128

77--24    24    0.125     0.125     ≤≤1          1    1          1    ≥≥512        2    512        2    ≥≥512   512   ≥≥128128
1010--2         2         11 ≤≤0.03       64         4   0.03       64         4   ≤≤0.25   0.25   ≥≥512   0.125512   0.125
1212--4 4 22 32         64         4   32         64         4   ≤≤0.25   0.25   ≥≥512  0.125512  0.125

Wang M et al. Antimicrob Agents Chemother. 2003; in press



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

ResistanceResistance

Martínez-Martínez L et al. Lancet 1998; 351:797-9
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transconjugant 
12-4 

intI1 dfr16 aadA2 
qacE
Δ1 

sul1 orf513 qnr ampR 
qacE
Δ1 sul1 orf6 IS6100 EcoRII 

catB3 aar-3
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EcoRII 
cytosine 
methylase 

aac(6’)
-Ib 

Gene cassettes5’-CS 3’-CS1 Common region 3’-CS2 

In36 in  
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Δ1 

sul1 

In60 
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Δ1 

intI1 aacA4 aadA2 sul1 orf513 catA2 
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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.



Prevalence of PlasmidPrevalence of Plasmid--Mediated Mediated 
QuinoloneQuinolone ResistanceResistance

•• Shanghai, ChinaShanghai, China
–– E. coli E. coli -- qnrAqnrA gene detected in 6 (7.7%) of 78 gene detected in 6 (7.7%) of 78 

ciprofloxacinciprofloxacin-- and and multidrugmultidrug--resistant strainsresistant strains

•• United StatesUnited States
•• K. K. pneumoniaepneumoniae -- qnrAqnrA gene detected in 8 (11%) of 72 gene detected in 8 (11%) of 72 

strains with strains with MICsMICs of ciprofloxacin of ciprofloxacin ≥≥ 2 2 μμg/ml and g/ml and 
ceftazidimeceftazidime ≥≥ 16 16 μμg/mlg/ml

•• These 8 positive strains were isolated from 6 states (AL, AZ, These 8 positive strains were isolated from 6 states (AL, AZ, 
DE, KY (2), NY(2), TN)DE, KY (2), NY(2), TN)

•• E. coli E. coli -- qnrAqnrA was not found in any of the 38 strains was not found in any of the 38 strains 
Wang M et al. Antimicrob Agents Chemother. 2003; 47:2442
Wang M et al. Antimicrob Agents Chemother. 2004; 48:1295



•• United StatesUnited States
–– EnterobacterEnterobacter sppspp. . –– qnrAqnrA in 12 (17%) of 72 strains with in 12 (17%) of 72 strains with 

ciprofloxacin MIC of 0.25 to > 8 ciprofloxacin MIC of 0.25 to > 8 μμg/ml and g/ml and ceftazidimeceftazidime
MIC of >16 MIC of >16 μμg/ml.g/ml.

•• 11 (24%) of 46 11 (24%) of 46 quinolonequinolone--resistant strains positiveresistant strains positive
•• 1 (4%) of 26 1 (4%) of 26 quinolonequinolone--susceptible strains positivesusceptible strains positive
•• Found in 5 states (NY Found in 5 states (NY -- 2, AZ 2, AZ -- 3, AL 3, AL --2, WV 2, WV -- 2, CA 2, CA -- 3)3)

–– K. K. pneumoniaepneumoniae –– qnrAqnrA in 2 (10%) of 20 in 2 (10%) of 20 quinolonequinolone--
susceptible (both from NY)susceptible (both from NY)

–– ProteusProteus sppspp. . –– qnrAqnrA in 0 of 6 strainsin 0 of 6 strains

Prevalence of PlasmidPrevalence of Plasmid--Mediated Mediated 
QuinoloneQuinolone ResistanceResistance

Robicsek A et al. Antimcrob Agents Chemother. 2005; 49:3001



•• EgyptEgypt
–– ProvidenciaProvidencia stuartiistuartii –– transferable resistancetransferable resistance

•• ThailandThailand
–– EnterobacteriaceaeEnterobacteriaceae –– 11 11 qnrAqnrA of 23 with VEBof 23 with VEB--1 1 ββ--

lactamaselactamase
•• Hong KongHong Kong

–– Salmonella Salmonella entericaenterica serotype serotype EnteritidisEnteritidis –– qnrA3qnrA3 on 4 on 4 
different plasmidsdifferent plasmids

•• JapanJapan
–– ShigellaShigella flexneriflexneri –– qnrSqnrS (59% identity with (59% identity with qnrAqnrA) ) 

Prevalence of PlasmidPrevalence of Plasmid--Mediated Mediated 
QuinoloneQuinolone ResistanceResistance

Hata M et al.  Antimicrob Agents Chemother. 2005; 49:801
Poirel L et al. Antimicrob Agents Chemother 2005; 49:3091

Cheung TKM et al. J Antimicrob Chemother 2005; 56:586



Location of Location of qnrSqnrS

Hata M et al.  Antimicrob Agents Chemother. 2005; 49:801-3



QnrBQnrB
•• Found first in Found first in K. K. pneumoniaepneumoniae clinical isolate clinical isolate 

from India on MDR plasmid with CTXfrom India on MDR plasmid with CTX--MM--15 15 
ββ--lactamaselactamase genegene
–– Additional 3 of 8 Indian Additional 3 of 8 Indian K. K. pneumoniaepneumoniae positivepositive

•• 40% amino acid identity with 40% amino acid identity with QnrAQnrA
•• United StatesUnited States

–– 8 of 61 (13%) 8 of 61 (13%) K. K. pneumoniaepneumoniae isolates positiveisolates positive
–– 11 of 42 (26%) 11 of 42 (26%) EnterobacterEnterobacter sppspp. isolates positive. isolates positive



Variants of Variants of QnrBQnrB



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

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



Progression of Progression of QnrQnr PrevalencePrevalence
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Other Sources of Other Sources of qnrqnr GenesGenes
•• Homologues identified from genome sequencesHomologues identified from genome sequences

–– PhotobacteriumPhotobacterium profundumprofundum
•• 66% related to 66% related to QnrAQnrA
•• Cloned gene confers 80x increase MIC of ciprofloxacinCloned gene confers 80x increase MIC of ciprofloxacin

–– VibrioVibrio vulnificusvulnificus
•• 60% related to 60% related to QnrAQnrA
•• Cloned gene confers 64x increase MIC of ciprofloxacinCloned gene confers 64x increase MIC of ciprofloxacin

–– VibrioVibrio parahaemolyticusparahaemolyticus
•• 58% related to 58% related to QnrAQnrA
•• Cloned gene confers 16x increase in MIC of ciprofloxacinCloned gene confers 16x increase in MIC of ciprofloxacin
•• Amino acid 115 affects activity; Tyr > Amino acid 115 affects activity; Tyr > CysCys

–– ShewanellaShewanella algaealgae
•• Related to Related to QnrAQnrA
•• Cloned gene confers 16x increase in MIC of ciprofloxacinCloned gene confers 16x increase in MIC of ciprofloxacin

Poirel L et al. J Antimicrob Chemother. 2005; 56:1118
Saga T et al.  Antimicrob Agents Chemother. 2005; 49:2144



Worldwide Distribution of Worldwide Distribution of QnrQnr QuinoloneQuinolone
Resistance GenesResistance Genes

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



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



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)Ib
–– 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



Activity of Aac(6Activity of Aac(6’’))--IbIb--crcr

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



Effect of Effect of aac(6aac(6’’))--IbIb--crcr on Selection on Selection 
of of QuinoloneQuinolone Resistant MutantsResistant Mutants

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



Epidemiology of Epidemiology of aac(6aac(6’’))--IbIb--crcr

•• 78 ciprofloxacin78 ciprofloxacin--resistant clinical resistant clinical E. coliE. coli
•• aac(6aac(6’’))--IbIb--cr located on 4 of 6 plasmids cr located on 4 of 6 plasmids 

with with qnrAqnrA genesgenes
•• aac(6aac(6’’))--IbIb--cr >6cr >6--fold more prevalent than fold more prevalent than 

qnrAqnrA
–– 51% 51% aac(6aac(6’’))--IbIb--cr cr vsvs 7.7% 7.7% qnrAqnrA
–– 84% of strains with 84% of strains with aac(6aac(6’’))--IbIb had the had the crcr

variant (all with both mutations)variant (all with both mutations)

Robicsek A et al. Nature Medicine 2006; 12;83-88
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Epidemiology of Epidemiology of aac(6aac(6’’))--IbIb--crcr

•• 313 313 EnterobacteriaceaeEnterobacteriaceae 19991999--20042004
–– MICsMICs: ciprofloxacin : ciprofloxacin ≥≥ 0.25 0.25 μμg/ml, g/ml, ceftazidimeceftazidime ≥≥ 16 16 μμg/mlg/ml

•• aac(6aac(6’’))--IbIb--cr widely distributed independently of cr widely distributed independently of 
qnrAqnrA and and qnrBqnrB

•• aac(6aac(6’’))--IbIb--cr similarly present on ciprofloxacincr similarly present on ciprofloxacin--
resistant and resistant and ––susceptible isolatessusceptible isolates

•• aac(6aac(6’’))--IbIb--crcr
–– slightly more prevalent than slightly more prevalent than qnrAqnrA alone (14% alone (14% vsvs 11%)11%)
–– slightly more prevalent than slightly more prevalent than qnrBqnrB alone (14% alone (14% vsvs 12%)12%)

•• 28% of strains with 28% of strains with aac(6aac(6’’))--IbIb had the had the crcr variantvariant
Park CH et al. ICAAC 2006; Abstract C2-92
Antimicrob Agents Chemother 2006; in press
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Epidemiology of Epidemiology of aac(6aac(6’’))--IbIb--crcr

•• 44 44 E. coli E. coli with CTXwith CTX--M M ββ--lactamaseslactamases
•• aac(6aac(6’’))--Ib Ib present in 25 of 27 group 1 CTXpresent in 25 of 27 group 1 CTX--M M 

isolatesisolates
•• crcr variant found in 10 of 10 sequenced isolatesvariant found in 10 of 10 sequenced isolates
•• CoCo--transfer of transfer of blablaCTXCTX--MM--1515 and and aac(6aac(6’’))--IbIb--crcr on on 

a single plasmid conferred 8a single plasmid conferred 8--fold increase in fold increase in 
MIC of ciprofloxacin (0.03 MIC of ciprofloxacin (0.03 →→ 0.25 0.25 μμg/ml)g/ml)

•• qnrqnr absent from absent from aac(6aac(6’’))--IbIb--cr isolatescr isolates
Karisik E et al. Abstract C2-100

United KingdomUnited Kingdom



Epidemiology of Epidemiology of aac(6aac(6’’))--IbIb--crcr

•• Survey of Survey of aminoglycosideaminoglycoside--modifying enzymesmodifying enzymes
•• Incubation of cell extracts with series of Incubation of cell extracts with series of 

quinolonesquinolones (ciprofloxacin, (ciprofloxacin, levofloxacinlevofloxacin, , 
ofloxacinofloxacin, , moxifloxacinmoxifloxacin, , garenoxacingarenoxacin, , 
grepafloxacingrepafloxacin) to assess effect on ) to assess effect on MICsMICs

•• Reduction in activity of Reduction in activity of garenoxacingarenoxacin and and 
grepafloxacingrepafloxacin ((MICsMICs 0.0010.001--0.03 0.03 →→ ≥≥ 1616μμg/ml) g/ml) 
with extracts with Aac(6with extracts with Aac(6’’) activity from ) activity from E. E. 
faecalisfaecalis, E. , E. faeciumfaecium, and E. coli, and E. coli

Del Campo R et al. Abstract LB

SpainSpain



Unanswered QuestionsUnanswered Questions
–– What is the full extent of plasmidWhat is the full extent of plasmid--encoded encoded quinolonequinolone

resistance and its mechanisms?resistance and its mechanisms?
•• How many How many pentapeptidepentapeptide--repeat proteins mediate repeat proteins mediate quinolonequinolone

resistance in Nature?resistance in Nature?
•• Normal function of Normal function of QnrQnr proteins?proteins?
•• How many drug modification mechanisms?How many drug modification mechanisms?
•• Other mechanisms (efflux pumps, bypass targets, Other mechanisms (efflux pumps, bypass targets, mutatorsmutators)?)?

–– How are How are qnrqnr genes mobilized on plasmids or to and from genes mobilized on plasmids or to and from 
chromosomes?chromosomes?

–– Does the presence of plasmidDoes the presence of plasmid--encoded genes promote encoded genes promote 
quinolonequinolone resistance selection in populations of patients?resistance selection in populations of patients?

–– Do similar mechanisms exist in GramDo similar mechanisms exist in Gram--positive bacteria?positive bacteria?
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