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Chromosome-encoded mechanisms of
resistance to quinolones in Enterobacteriaceae

1. Decreased
permeability/efflux

2. Mutations in gyrase (gyrA)/
topoisomerase IV (parC)
/|




Plasmid-mediated resistance to quinolones:
the « founding fathers »

THE LANCET = Vol 351 + March 14, 1998

Quinolone resistance from a transferable plasmid

Luis Martinez-Martinez, Alvaro Pascual, George A Jacoby

1998 : Pentapeptide protein Qnr (renamed later QnrA) from a K. pneumoniae
isolate from USA

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

* Transferable with a plasmid-mediated cephalosporinase




MIC:s of quinolones and of fluoroquinolones
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Plasmid-mediated resistance to quinolones; the other
determinants

2004 : QnrB (40 % amino acid identity with QnrA) identified in
enterobacterial isolates from USA and India (Jacoby et al. AAC 2006)

— 2005 : QnrS (60 % amino acid identity with QnrA) identified in:

* A single Shigella flexneri isolate from Japan (Hata et al. AAC 2005)
» A single E. cloacae isolate from Vietnam (Poirel et al., CMI 2006)
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Plasmid-mediated Qnr determinants; 2006

Variant
QnrAl

QnrA2
[0)119:%}

QnrAé6
QnrA7

QnrB1
QnrB2
QnrB3
[0)119:7)
QnrB5
(0114313
QnrS1

QnrS2

Species

E. coli, K. pneumoniae

Salmonella sp., Shigella sp...

K. oxytoca
Salmonella enteritidis
K. pneumoniae

K. oxytoca

P. mirabilis

K. pneumoniae
C. koseri

Salmonella keurmassar

Salmonella

E. coli

E. cloacae

E. coli
Salmonella berta
C. freundii

Shigella flexneri
Salmonella infantis
Salmononella anatum
E. cloacae

K. pneumoniae

InQ plasmid

Location
World

China
Hong Kong
France
China
France

USA

USA
France
France
USA
France
USA

USA
Argentina

Japan

Germany

USA

France, Vietnam
Taiwan
Germany
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Search for the reservoirs of gnrA4, B, S genes

- Species screened: 72 species

Pseudomonacaceae,
Enterobacteriacae,
Xanthomonadaceae,
Aeromonadaceae,

Vibrionaceace,
Shewanellaceae

- PCR amplifications
Southern
Hybridizations; I-Ceu-1
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K. pneumoniae

K. oxytoca ~

nrA2

QnrA3
o . OnrA4
S. algae Onras

OnrAl
Q:

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



S. algae (qnrA-like +) Susceptibility levels

— »  of the natural QnrA producer
()

S. putrefaciens (qnrA-like -)

S. algae E. coliTOP10  E. coli
106454 (PSA-1) TOP10

Nalidixic acid 4 2 0.75

Flumequine 0.5

Oxolinic acid
Sparfloxacin

Norfloxacin
Ofloxacin

Ciprofloxacin
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Vibrionaceae as a possible source of Qnr-like quinolone
resistance determinants

Laurent Poirel’, Alain Liard', Jose-Manuel Rodriguez-Martinez' and Patrice Nordmann'*

iService de Bactériologie-Virologie, Hopital de Bicétre, Assistance Publique/Hépitaux de Paris,
Faculté de Médecine Paris-Sud, 94275 K.-Bicétre Cedex, France; ZUHI'-\-‘P!’XI'-I_V Haospital Virgen Macarena,
University of Sevilla, Sevilla. Spain

- Vibrio Vibrio | Photobacterium
Hibrio fischerii profundum

vulnificus parahaemolyticus

Qnr homologue Qorl oy P QoryE QorPP

e 41 5 57 a7
QurR 43 41
Qnrs 53 55 62
Qv 6l
Qurve 5 59

QrVF 75







...the origin of QnrS ?

&

QnrSl1

QnrVs

Vibrio splendidus

/7%

QnrS2




Epidemiology




Spread of QnrA

USA: 72 K. pneumoniae isolates + 38 E. coli isolates (CIP R, CAZ ®)
8 K. pneumoniae QnrA (+) ( prevalence of 11.1 %)
(Wang et al. AAC 2004) USA: 313 ceftazidime-resistant Enterobacteriaceae

( E. coli, K. pneumoniae, Enterobacter spp:QnrB or QnrA in 4% of E. coli, 20%
of K. pneumoniae and 31% of Enterobacter sp. (Robicsek et al. AAC 2006)

China: 78 E. coli isolates (CIP R) : 6 QnrA (+) (prevalence 7.7 %)
(Wang et al. AAC 2003)

France: 297 E. coli isolates (Nal ®) : 1 QnrA (+) (prevalence 0.34 %)
(Mammeri et al. AAC 2005); 185 E. coli isolates (Nal R 2005) and

186 ESBL (+) :2.2% and 0.5% were carriers, respectively (Poirel et
al. AAC 2006, in press);1,468 enterobacterial isolates (NalR or
ESBLs, 2002-2005; 3.3% of ESBLs (+) only (Cambau et al. CMI 2006)

Canada : 110 E. coli isolates (Nal R, ESBL (+) : 1 QnrA (+) (prevalence 0.9 %)
(Poirel et al. AAC 2006)
Spain: 100 E. coli isolates (Nal ®) 2004-2005: 2 QnrA (+) (prevalence 2 %)
(Cano et al. ICAAC 2005)
UK: 47 enterobacterial isolates CIP R, CTX R : 15 QnrA (+) (prevalence 32 %)
and 12 clonally distinct (Corkill et al. JAC 2005)




Enterobacter cloacae Outbreak and
Emergence of Quinolone Resistance
Gene in Dutch Hospital

Armand Paauw,” Ad C. Fluit" Jan Verhoef,” and Maurine A. Leverstein-van Hall*

Emerging Infeclious Dissasss - wiw.cocgovisld = Vol 12, No. 5, May 2006

il Blact

An outbreak of Enferobacter cloacae infections with PGE b et o geratpelIP* TR CAO TET qorll amdll Bariys |
varnable susceptibility to fluoroguinolones occurred in the
University Medical Center Utrecht in the Metherlands in
2002. Our investigation showed that a gnrd1 gene was
present in 78 (94%) of 83 outbreak isolates and that a
grirAi-encoding plasmid transferred to other strains of the
same species and other species. The earliest isolate carry-
ing this same plasmid was isclated in 1999, grrd 7 was
located in a complex integron consisting of the intl1, aadB,
gacEA1, sull, orf513, qnrd1, ampR, gacEAT, and sull
genes that were not described previously. On the same
plasmid, 2 other class 1 integrons were present. One was
a new integron associated with the blacnome extended-

spectrum f-lactamase.




Spread of QnrB and QnrS

USA: 313 ceftazidime-resistant Enterobacteriaceae ( E. coli, K.
pneumoniae, Enterobacter spp:QnrB or QnrA in 4% of E. coli, 20% of
K. pneumoniae and 31% of Enterobacter sp. (Robicsek Jacoby Hooper
AAC 2006); 435 non-Typhi salmonella; 8 isolates :QnrB; 3 isolates
QnrS (Gay,Robicsek, Hooper CID, 2006)

Vietnam: 28 gentamicin-resistant K. pneumoniae, 32 ESBL (+) E. coli
or Citrobacter sp.; 86% of K. pneumoniae and 25% of ESBL (+) carry
either QnrA or QnrS (Schultz. et al. ICAAC 2005)

France: 185 E. coli isolates (Nal R 2005) and 186 ESBL (+) :2.2% and
1.6% of the strains carry QnrsS, respectively (Poirel, Leviandier,
Nordmann. AAC 2006, in press)




Worldwide distribution of Qnr
determinants
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Impact on fluoroquinolone resistance
association of mechanisms (i)

Chromosomai-encoded mutations in gyrd and parCgenes in F. cioacae
T Oboeoe yTA 8) parts P

isolates 83 87 80 84

Wild strain Ser( TCC) Asp (GAG) Ser (AGC) Glu (ACC)

Phe (TTC) - - -

Ile (ATC) - Ile (ATC) -
Val (GTC) - - -
Phe (TTC) -

Tyr (TAC) =

Tyr (TAC) -

Phe(TTC) Arg (AGA)

=> All gnrA (+) or gqnrS (+) E. cloacae isolates harbored at least one
mutation in gyr4 or parC Poire L, Leviandier C, Nordmann P, AAC, in press




Impact on fluroquinolone resistance (ii)

ANTIMICROBIAL ACENTS AND CHEMOTHERAIFY, Apr. 0, P 15251527 Val. 50, No. 4
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In Vivo Selection of Fluoroquinelone-Resistant Escherichia coli
Isolates Expressing Plasmid-Mediated Quinolone Resistance and
Expanded-Spectrum B-Lactamase

Laurent Poirel,' Johann D. D. Pitout,*** Lucy Calvo,' Jose-Manuel Rodrigues-Martinez,'®
Deirdre Church,*** and Patrice Nordmann'*
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Fluoroquinolone resistance in E. coli in Europe

Proportion of Flucroguinclones resistant E. coli Bolates in participating courtries in 2006
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Genetics
as source of gnr spread




Transfer of quinolone resistance marker

E. coli J53 Transconjugant E. coli J53/pQR1




Plasmids

Plasmids Plasmids
qnrsS (+) qnrA (+)

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




Consequences of plasmid location of gnr genes

-Associated resistance genes in particularly with those coding for:
e clavulanic-acid inhibited expanded-spectrum -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




OnrA environment
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In Vivo Reversion to the Wild-Type p-Lactam Resistance Phenotype
Mediated by a Plasmid Carrying ampR and grrAl in
Enterobacter cloacae

5. Lavilla, M. M. Larrosa, B M. Bartolomé, and G. P
i w e Brrrions, Barceior i




ISCR1 enhances the expression of gnrA
.35 -10
T;\A;\CG TAAGAT

Rodriguez-Martinez, Poirel,
Nordmann AAC 2006

N\

recombination site

CR1= ISCRI ISCRI = A 1S91-like sequence

MICKORIOLEGY AND MOLECULAL Bioiooy REVIEWS, June 2006, p 206316 Val. 7 No. 2
18, 1281
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ISCR Elements: Novel Gene-Capturing Systems of the 21st Century?
Mark A. Toleman,* Peter M. Bennett, and Timothy R. Walsh

Bristcd Centre for Antamicrobiad Rescarch and Evaluation, Deparmment of Cdfular ated Melecular Medicine,
Scteaol of Medical Scicwces, Universiy Walk, Uciverssty of Bristo, Bristol BSS 1D, Usited Kingslcars




Association of b/laVEB-1 and gnrA genes in
a same sull-type class 1 integron

blayyp blagy, ,,/aadAl qnrAl

blayy , /aadAl aadB qacEAL ..f513
q 2 EAI
intl1 qacl aacAllorfG aadB arr-2 cmlA7 sull f K]
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Poirel, Pitout, Nordmann AAC 2006




Genetic environment of gnrB gene (i)
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gnrB, Another Plasmid-Mediated Gene for Quinolone Resistance

Geomge A Jaooby,' Kelley E. Walsh,' Debra M. Mills,' Victoria J. Walker,! Herin Oh.*
Ari Robicsek,” and David C. Hooper

Lahey Clinic, Surlingtan, and Muosachwsets Genen! Hospital, Bosor,” Mamschusents




ANTIMICROBIAL ACENTS AND CHEMOTHERARY, Sept. 2004, p. 3200-332 Val. 50, Ne. 0
GGARDAIGIOS 0040 cloi 1101128/ AAC DL
Copyright 2 X6, American Society for Microbialogy. All Rights Reserved,

Genetic Environment of Quinolone Resistance Gene gnrB2
in a Complex sull-Type Integron in the Newly Described
Salmonella enterica Serovar Keurmassar
Fabien Garnier,' Nabil Raked.! Amy Gassama,'? Frangois Denis.' and Marie-Cécile Ploy'*
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Genetic environment of the gnrS

Hata et al. ,AAC, 2005

Tn3-like orf qnrS iR
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Shigella flexneri (Japan)
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Enterobacter sp (France)

Enterobacter sp
Serratia sp (France)
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(France, Vietnam)

S. bovismorbificans
(USA)
S. Anatum (USA)
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Complete Nudeotide Sequence of pK245, a 98-Kilobase Plasmid Conferring

Quinolope-Resistance and Extended-Spectrum f-Lactamase Activity in a Clinical Kiebsiellx

preumoniae Isolate
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Mobilizable IncQ-Related Plasmid Carrying a New Quinolone
Resistance Gene, gnrS2, Isolated from the Bacterial
Community of a Wastewater Treatment Plant
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Conclusion; the known (i)

e Qnr determinants are widely distributed worldwide.
Community-acquired and nosocomial Enterobacteriaceae

* Source; Shewanella algae for qnrA-like genes

* Association with ESBL genes to a given extend

* Variability of the genetic vehicles of their spread

* Resistance to nalidixic acid and background for
fluoroquinolone resistance




Conclusion; the unknown (ii)

* How are the gnr genes mobilized to plasmids and from
chromosomes ? Different mobilization mechanisms according
to the gnr type ?

* Is plasmid-mediated quinolone resistance a novel event ?

* Spread to H. influenzae or N. gonorrheae ?

* Which is the reservoir of QnrB and QnrS determinants ?

* What is the normal function of Qnr determinants ?

* Which is the impact of B-lactam/quinolone treatment for
selection/mobilization of those genes ? Which is the impact of
quinolones in animals or in the environment for promoting
transfer of those gnr genes ?
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