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Chromosome-encoded mechanisms Chromosome-encoded mechanisms ofof
resistance resistance to to quinolones quinolones in in EnterobacteriaceaeEnterobacteriaceae

1.1. DecreasedDecreased
     permeability     permeability/efflux/efflux

2. Mutations in 2. Mutations in gyrase gyrase ((gyrAgyrA)/)/
topoisomerase topoisomerase IV (IV (parCparC) ) 
        

quinolonequinolone



  Plasmid-mediated resistance Plasmid-mediated resistance to to quinolonesquinolones::
the the « « founding fathersfounding fathers  »»

19981998 : : Pentapeptide protein  Pentapeptide protein Qnr (Qnr (renamed later renamed later QnrAQnrA) ) from from a a K. pneumoniaeK. pneumoniae
      isolate from isolate from USAUSA

•• Confers increased Confers increased MIC value of MIC value of nalidixic acid nalidixic acid (4 to 32 mg/l in (4 to 32 mg/l in E. E. colicoli))

••  Transferable with Transferable with a a plasmid-mediated cephalosporinaseplasmid-mediated cephalosporinase



 MICs MICs of of quinolones and quinolones and of of fluoroquinolonesfluoroquinolones





Plasmid-mediated resistance Plasmid-mediated resistance to to quinolonesquinolones;; the other the other
determinantsdeterminants

–– 20042004 : : QnrB QnrB  (40 %(40 % amino acid identity with QnrA amino acid identity with QnrA) ) identified identified inin
enterobacterial isolates from enterobacterial isolates from USA USA and India and India ((Jacoby Jacoby et al. AAC 2006)et al. AAC 2006)

–– 20052005 :  : QnrS  QnrS  (60 % (60 % amino acid identity with QnrAamino acid identity with QnrA) ) identified identified in:in:

•• A single A single Shigella flexneriShigella flexneri isolate from Japan  isolate from Japan ((Hata Hata et al. AAC 2005)et al. AAC 2005)
•• A single A single E. E. cloacaecloacae isolate from  isolate from Vietnam (Vietnam (Poirel Poirel et al., CMI 2006)et al., CMI 2006)
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Plasmid-mediated Plasmid-mediated Qnr determinantsQnr determinants; 2006; 2006

QnrAQnrA

QnrBQnrB

QnrSQnrS

Variant  Species Location

QnrA1 E. coli, K. pneumoniae  World
Salmonella sp., Shigella sp…

QnrA2 K. oxytoca China
QnrA3 Salmonella enteritidis Hong Kong

K. pneumoniae France
QnrA6 K. oxytoca China
QnrA7 P. mirabilis France

QnrB1 K. pneumoniae USA
QnrB2 C. koseri USA

Salmonella keurmassar France
     Salmonella France
QnrB3 E. coli USA

E. cloacae France
QnrB4 E. coli USA
QnrB5 Salmonella berta USA
QnrB6 C. freundii Argentina

QnrS1 Shigella flexneri Japan
Salmonella infantis Germany

QnrS2 Salmononella anatum USA
E. cloacae France, Vietnam
K. pneumoniae Taiwan
InQ plasmid Germany

(98-100%)

(95-100%)

(92%)





- Species screened: 72  species
    Pseudomonacaceae,

Enterobacteriacae,
Xanthomonadaceae,
Aeromonadaceae,
Vibrionaceace,
Shewanellaceae

- PCR amplifications
  Southern
  Hybridizations; I-Ceu-I

Search Search for for the reservoirs the reservoirs of of qnrAqnrA, B, S, B, S  genesgenes





QnrA-like determinantsQnrA-like determinants

         1                                               50
                                                         
QnrA1    MDIIDKVFQQEDFSRQDLSDSRFRRCRFYQCDFSHCQLQDASFEDCSFIESGAVEGCHFSYADLRDASFKACRL
QnrA2    --------------------------------------R-----------------------------------
QnrA3    --------------------------------------R-----------------------------------
QnrA4    --------------------------------------R-----------------------------------
QnrA5    --------------------------------------R-----------------------------------

                                 100
                                  
QnrA1    SLANFSGANCFGIEFRECDLKGANFSRARFYNQVSHKMYFCSAYISGCNLAYTNLSGQCLEKCELFENNWSNAN
QnrA2    -----------------------------------------A----------A---------------------
QnrA3    ---------------------------------I------------------A---------------------
QnrA4    ---------------------------------I------------------A--N------------------
QnrA5    ---------------------------------I------------------A---------------------

         150                                               200
                                                               
QnrA1    LSGASLMGSDLSRGTFSRDCWQQVNLRGCDLTFADLDGLDPRRVNLEGVKICAWQQEQLLEPLGVIVLPD
QnrA2    ----------------------------------------------------------------I-----
QnrA3    ----------------------------------------------------------------------
QnrA4    ----------------------------------------------------------------------
QnrA5    ------------C---------------------------------------------------------

K. pneumoniae

K. oxytoca

S. algae

QnrA3 from S. algae identified recently as plasmid-encoded
in Salmonella in China and in K . pneumoniae in France



0.0030.040.38Ciprofloxacin

0.010.120.75Ofloxacin

0.030.251.5Norfloxacin

0.030.060.75Sparfloxacin

0.250.50.25Oxolinic acid

0.2510.5Flumequine

0.7524Nalidixic acid

E. coli
TOP10

E. coli TOP10
(pSA-1)

S. algae
106454

S. algae (qnrA-like +)

S. putrefaciens (qnrA-like -)
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Susceptibility levelsSusceptibility levels
of of the natural QnrA producerthe natural QnrA producer  



Vibrio
vulnificus

Vibrio
parahaemolyticus

Vibrio
fischerii

Photobacterium
profundum





QnrS1

QnrS2

QnrVs

Vibrio splendidus
92%

83 %

87%

  ……the origin the origin of of QnrS QnrS ??



EpidemiologyEpidemiology



Spread Spread of of QnrAQnrA

USAUSA: 72 : 72 K.K. pneumoniae pneumoniae isolates  isolates + 38 + 38 E. E. colicoli isolates  isolates (CIP (CIP RR, CAZ , CAZ RR))
          8           8 K. pneumoniaeK. pneumoniae  QnrA QnrA (+) ( (+) ( prevalence prevalence of 11.1 %)of 11.1 %)

                  ((Wang Wang et al. AAC 2004) USA: 313 et al. AAC 2004) USA: 313 ceftazidime-resistant ceftazidime-resistant EnterobacteriaceaeEnterobacteriaceae
  ( ( E.E. coli  coli , K. , K. pneumoniaepneumoniae, , EnterobacterEnterobacter spp spp::QnrB QnrB or or QnrA QnrA in 4% of in 4% of E. E. colicoli, 20%, 20%

of of K. K. pneumoniaepneumoniae and  and 31% of 31% of EnterobacterEnterobacter sp sp. .   ((Robicsek Robicsek et al. AAC 2006)et al. AAC 2006)

ChinaChina: 78 : 78 E. E. colicoli isolates  isolates (CIP (CIP RR) : 6 ) : 6 QnrA QnrA (+) ((+) (prevalence prevalence 7.7 %)7.7 %)
((Wang Wang et al. AAC 2003)et al. AAC 2003)

FranceFrance: 297 : 297 E. E. colicoli isolates  isolates ((Nal Nal RR) : 1 ) : 1 QnrA QnrA (+) ((+) (prevalence prevalence 0.34 %)0.34 %)
          (Mammeri et al. AAC 2005);(Mammeri et al. AAC 2005);    185 185 E.E. coli coli isolates  isolates ((Nal Nal RR  2005)  2005) and and
          186 ESBL (+) :2.2% 186 ESBL (+) :2.2% and and 0.5% 0.5% were were carriers, carriers, respectively  respectively  ((Poirel Poirel etet
            al. AAC 2006, in al. AAC 2006, in presspress);1,468 );1,468 enterobacterial isolates enterobacterial isolates ((NalR NalR oror
          ESBLsESBLs, 2002-2005; 3.3% of , 2002-2005; 3.3% of ESBLs ESBLs (+) (+) only only ((Cambau Cambau et al. CMI 2006)et al. CMI 2006)

Canada Canada : 110 : 110 E.E. coli coli isolates  isolates ((Nal Nal R R , ESBL (+) : 1 , ESBL (+) : 1 QnrA QnrA (+) ((+) (prevalence prevalence 0.9 %)0.9 %)
((Poirel Poirel et al. AAC 2006)et al. AAC 2006)

SpainSpain: 100 : 100 E.E. coli coli isolates  isolates ((Nal Nal R R ) 2004-2005: 2 ) 2004-2005: 2 QnrA QnrA (+) ((+) (prevalence prevalence 2 %)2 %)
(Cano et al.(Cano et al.  ICAAC 2005)ICAAC 2005)

UKUK: 47 : 47 enterobacterial isolates enterobacterial isolates CIP CIP RR, CTX , CTX RR : 15  : 15 QnrA QnrA (+) ((+) (prevalence prevalence 32 %)32 %)
                                      and and 12 12 clonally clonally distinct (distinct (Corkill Corkill et al. JAC 2005)et al. JAC 2005)





Spread Spread of of QnrB and QnrSQnrB and QnrS

USAUSA: 313 : 313 ceftazidime-resistant ceftazidime-resistant EnterobacteriaceaeEnterobacteriaceae  ( ( E. E. coli coli , K., K.
pneumoniaepneumoniae, , EnterobacterEnterobacter spp spp::QnrB QnrB or or QnrA QnrA in 4% of in 4% of E. E. colicoli, 20% of, 20% of
K. K. pneumoniaepneumoniae and  and 31% of 31% of EnterobacterEnterobacter sp sp. .   ((Robicsek  Jacoby HooperRobicsek  Jacoby Hooper
AAC 2006AAC 2006); 435 ); 435 non-Typhi non-Typhi salmonella;salmonella;    8 8 isolates isolates ::QnrBQnrB; 3 ; 3 isolatesisolates
QnrS QnrS (Gay,(Gay,RobicsekRobicsek,,  Hooper Hooper CID, 2006)CID, 2006)

VietnamVietnam: 28 : 28 gentamicin-resistant gentamicin-resistant K. K. pneumoniaepneumoniae, 32 ESBL (+) , 32 ESBL (+) E.E. coli coli
or or CitrobacterCitrobacter sp sp.; 86% of .; 86% of K. K. pneumoniaepneumoniae and  and 25% of ESBL (+) carry25% of ESBL (+) carry
either QnrA either QnrA or or QnrS QnrS ((SchultzSchultz. et al. ICAAC 2005). et al. ICAAC 2005)

FranceFrance: 185  : 185  E.E. coli coli isolates  isolates ((Nal Nal RR  2005)  2005) and  and 186 ESBL (+) :2.2% 186 ESBL (+) :2.2% andand
1.6% of 1.6% of the strains the strains carry carry QnrSQnrS, , respectively  respectively  ((PoirelPoirel, , LeviandierLeviandier,,
NordmannNordmann. AAC 2006, in . AAC 2006, in presspress))



Worldwide Worldwide distribution of distribution of QnrQnr
determinantsdeterminants

QnrA
QnrB
QnrS





Impact onImpact on  fluoroquinolone resistancefluoroquinolone resistance

association of association of mechanismsmechanisms  (i)(i)

Chromosomal-encoded mutations in gyrA and parCgenes in E. cloacae

--Arg Arg (AGA)(AGA)--PhePhe(TTC)(TTC)A1A1

------Tyr (TAC)Tyr (TAC)S7S7

------Tyr (TAC)Tyr (TAC)S6S6

------Phe Phe (TTC)(TTC)S5S5

------Val (GTC)Val (GTC)S4S4

           -           -Ile (ATC)Ile (ATC)--Ile (ATC)Ile (ATC)S2S2

------Phe Phe (TTC)(TTC)S1S1

Glu (ACC)Glu (ACC)Ser Ser (AGC)(AGC)Asp Asp (GAG)(GAG)SerSer( TCC)( TCC)Wild Wild strainstrain

8484808087878383

ParCParCGyrAGyrA  E. E. cloacaecloacae

 isolates isolates

=> All  => All  qnrA qnrA (+)(+) or  or qnrSqnrS (+)  (+) E. E. cloacaecloacae isolates harbored at  isolates harbored at least oneleast one
mutation in mutation in gyrAgyrA  or or parC               parC               Poire L,Poire L,  Leviandier Leviandier C, C, Nordmann Nordmann P, AAC,P, AAC,  inin  presspress



Impact on Impact on fluroquinolone resistance fluroquinolone resistance ((iiii))



Fluoroquinolone resistance Fluoroquinolone resistance in in E. E. colicoli  in Europein Europe



GeneticsGenetics
as source ofas source of    qnrqnr spread spread



Transfer Transfer of of quinolone resistance quinolone resistance markermarker

E. coli J53 Transconjugant E. coli J53/pQR1



154 154 kbkb

66 66 kbkb

48 48 kbkb

7 7 kbkb

PlasmidsPlasmids
qnrSqnrS (+) (+)

PlasmidsPlasmids
qnrAqnrA  (+)(+)

180 180 kbkb

150 150 kbkb

65 65 kbkb

45 45 kbkb

PlasmidsPlasmids

Poirel, Leviandier, Nordmann, 2006, AAC, in press



  Consequences Consequences of of plasmid plasmid location of location of qnrqnr genes genes

-Associated resistance genes in particularly with those coding for:

• clavulanic-acid inhibited expanded-spectrum ß-lactamases

 + QnrA: CTX-M-1, CTX-M-9, CTX-M-14, SHV-2a, SHV-5, SHV-7, SHV-12, 
                                VEB-1, PER-1

 + QnrB: CTX-M-15, SHV-12, SHV-30
 + QnrS: CTX-M-1,  CTX-M-2,SHV-2, SHV-12, 

                                TEM-52 

• plasmid-mediated cephalosporinases

+ QnrA: FOX-5, DHA-1

- Transfer among enterobacterial species



        orf513      qnrA

orf513            qnrA

orf513            qnrA

      orf513

  orf513

aac(6’)         catB3
         bla oxa-30     aar-3

qacE_1  sul1

qacE_1  sul1

 intI1    dfr16  aadA2  qacE_1  sul1      orf513       qnrA         ampR   qacE_1   sul1    orf5 orf6    IS6100

China

ampR     qacE_1  sul1    orf5 orf6qacE_1  sul1

USA

France

China

              intI1     dfr16  aadA2  qacE_1  sul1

QnrAQnrA environment environment



CR1= ISCR1= ISCR1CR1

////} }orf513orf513 qnrAqnrA

recombinationrecombination  sitesite  

TAAACGTAAACG TAAGATTAAGAT
-35-35 -10-10

  ISISCR1 CR1 enhances the enhances the expression of expression of qnrA qnrA 

RodriguezRodriguez-Martinez,-Martinez,  PoirelPoirel,,
NordmannNordmann  AAC 2006AAC 2006

ISCR1 = A IS91-like sequence



qnrA1
orf513 qacE∆1

sul1intI1
blaOXA-10/aadA1

sul1
qacE∆1blaOXA-10/aadA1

cmlA7arr-2aadB

blablaVEB-1VEB-1
aacA1/orfG

aadB
qacI

Association of Association of blablaVEB-1 VEB-1 and and qnrqnrA genes A genes inin
a a same same sulsul1-type class 1 integron1-type class 1 integron

Poirel, Pitout, Nordmann AAC  2006



Genetic environment Genetic environment of of   qnrB  gene qnrB  gene (i)(i)





        Genetic environment Genetic environment of of thethe qnrS qnrS

qnrSqnrS tniRtniRTnTn33-like-like

qnrSqnrS tniRtniR

Shigella flexneriShigella flexneri  ((JapanJapan))

EnterobacterEnterobacter sp  sp (France)(France)seal5seal5

orforf

seal4seal4

tnpAtnpAtnpRtnpRblablaTEM-1TEM-1

qnrSqnrS tniRtniR
  EnterobacterEnterobacter sp sp
(France, Vietnam)(France, Vietnam)

          

tniRtniR

  EnterobacterEnterobacter sp sp
  SerratiaSerratia sp   sp  (France)(France)

seal5seal5 seal4seal4 qnrSqnrS

qnrSqnrS tniRtniRseal5seal5
seal4seal4

qnrSqnrSOrf6Orf6 Orf5Orf5 Orf4Orf4

S. bovismorbificans 
                  (USA)
S. Anatum (USA)

Gay et al. CID 2006

Poirel, Nordmann
CMI and AAC, 2006
In press

Hata et al. ,AAC, 2005

qnrSqnrS tniRtniR

S.S.  entericaenterica  ((GermanyGermany))
∆∆ISECl2ISECl2

tnpAtnpAtnpRtnpRblablaTEM-1TEM-1

Kehrenberg ,JAC, 2006

ISECl2ISECl2







••  Qnr determinants Qnr determinants are are widely distributed worldwidewidely distributed worldwide..
Community-acquired and Community-acquired and nosocomialnosocomial  EnterobacteriaceaeEnterobacteriaceae

••    Source; Source; Shewanella algaeShewanella algae  for for qnrA-like genesqnrA-like genes

••    Association Association with with ESBL ESBL genes genes to ato a  given extendgiven extend

••  Variability Variability of of the genetic vehicles the genetic vehicles of  of  their spreadtheir spread

••  Resistance to Resistance to nalidixic nalidixic acid and background foracid and background for
fluoroquinolone fluoroquinolone resistanceresistance

Conclusion; Conclusion; the known the known (i)(i)



•• How are  How are the the qnrqnr genes mobilized  genes mobilized to to plasmids and fromplasmids and from
chromosomes ? chromosomes ? Different mobilization mechanisms accordingDifferent mobilization mechanisms according
to to the the qnrqnr  type ?type ?
••  Is plasmid-mediated quinolone resistance Is plasmid-mediated quinolone resistance a a novel event novel event ??
••  Spread Spread to to H. H. influenzaeinfluenzae  or or N. N. gonorrheaegonorrheae  ??
••  Which is the reservoir Which is the reservoir of of QnrB and QnrS determinants QnrB and QnrS determinants ??
•• What is the normal function of  What is the normal function of Qnr Qnr determinants ?determinants ?

••  Which is the Which is the impact of impact of ßß-lactam/quinolone treatment -lactam/quinolone treatment forfor
selection/mobilization selection/mobilization of of those genes those genes ??  Which is the Which is the impact ofimpact of
quinolones quinolones in in animals animals or in or in the environment the environment for for promotingpromoting
transfer transfer of of those those qnrqnr genes  genes ??

Conclusion; Conclusion; the unknown the unknown ((iiii))
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