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A ciprofloxacin-resistant Escherichia coli isolate, isolate 1B, was obtained from a urinary specimen of a
Canadian patient treated with norfloxacin for infection due to a ciprofloxacin-susceptible isolate, isolate 1A.
Both isolates harbored a plasmid-encoded sul1-type integron with qnrA1 and blaVEB-1 genes. Isolate 1B had
amino acid substitutions in gyrase and topoisomerase.

Plasmid-mediated resistance to the quinolones was reported
first in 1998 from a Klebsiella pneumoniae isolate from the
United States (7). The plasmid-encoded protein QnrA pro-
tects DNA gyrase and topoisomerase IV from the inhibitory
activity of quinolones (15, 16). Another plasmid-mediated
quinolone resistance determinant, QnrS, sharing 59% amino
acid identity with QnrA, has been identified in Japan from a
single Shigella flexneri isolate (3). These Qnr determinants con-
fer resistance to quinolones and reduced susceptibility to fluo-
roquinolones (9). Several studies showed a worldwide dissem-
ination of QnrA determinants among enterobacterial isolates
that often also produced extended-spectrum �-lactamases (ES-
BLs), such as SHV-5, SHV-7, CTX-M-9, and VEB-1 (9, 12,
13).

Our study was initiated by the observation of in vivo selec-
tion of fluoroquinolone resistance in Escherichia coli. Strains
1A and 1B were isolated in December 2000 and April 2001,
respectively, from urine samples from a patient with commu-
nity-acquired urinary tract infections in Calgary, Canada. After
isolation of strain 1A, the patient received norfloxacin for five
days. Resistance to quinolones and fluoroquinolones and pro-
duction of ESBL were evaluated as previously described and
interpreted according to Clinical and Laboratory Standards
Institute guidelines (1, 10). Both isolates had an identical
ESBL-mediated �-lactam resistance phenotype, whereas iso-
late 1A had reduced susceptibility to nalidixic acid and cipro-
floxacin and isolate 1B was resistant to nalidixic acid and cip-
rofloxacin (Table 1). Pulsed-field gel electrophoresis analysis
showed that strains 1A and 1B were clonally related (data not
shown). Since isolate 1A had reduced susceptibility to quino-
lones, the qnrA and qnrS genes were searched for by using a
PCR protocol as described previously (6) with specific primers

for qnrA (6) and qnrS (primers QnrS-A2 [5�-AGTGATCTCA
CCTTCACCGC-3�] and QnrS-B2 [5�-CAGGCTGCAATTTT
GATACC-3�]). Total DNAs of E. coli Lo (qnrA) (6) and plas-
mid PBC-H2.6 (qnrS) (gift from M. Hata) were used as
controls. PCR and sequencing revealed that isolates E. coli 1A
and 1B possessed the qnrA1 gene (9), being the first identifi-
cation of plasmid-mediated quinolone resistance in Canada
and also the first evidence of such a determinant in a clear
community-acquired isolate.

To explain the difference in fluoroquinolone resistance be-
tween the two isolates, the quinolone resistance-determining
regions of subunit gyrA of the DNA gyrase gene (primers
gyrA6 and gyrA631R) and of subunit parC of the topoisomer-
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Virologie, Hôpital de Bicêtre, 78 rue du Général Leclerc, 94275 Le
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TABLE 1. Antibiotic susceptibility profiles of E. coli 1A and 1B
clinical isolates, the E. coli J53 (p1) transconjugant,

and the E. coli J53 Azr reference strain

Antibiotica

MIC (�g/ml) for strain

E. coli 1A
(p1) qnrA�

E. coli 1B
(p1) qnrA�

E. coli J53
transconjugant

(p1) qnrA�

E. coli
J53 Azr

NAL 16 �256 64 3
CIP 0.5 �32 0.25 0.12
OFX 3 �32 1.5 0.1
NOR 2 �256 1.5 0.06
MXF 1.5 �32 1.5 0.06
SPX 1.5 �32 1.5 0.02
AMX �512 �512 512 4
AMC 6 16 8 4
PIP 32 32 16 2
TZP 4 4 2 1
CAZ 512 512 512 0.06
CTX 8 8 4 0.06
FEP 2 2 1 0.01
IPM 0.12 0.12 0.12 0.06

a NAL, nalidixic acid; CIP, ciprofloxacin; OFX, ofloxacine; NOR, norflox-
acine; MXF, moxifloxacine; SPX, sparfloxacine; AMX, amoxicillin; AMC,
amoxicillin-clavulanic acid; PIP, piperacillin; TZP, piperacillin-tazobactam;
CAZ, ceftazidime; CTX, cefotaxime; FEP, cefepime; IPM, imipenem.
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ase IV gene (primers ParCF43 and ParCR981) (6) were se-
quenced. E. coli isolate 1A had wild-type sequences, whereas
isolate 1B harbored three amino acid substitutions, Ser83Leu
and Asp87Asn, in the GyrA gyrase subunit and Ser80Ile in the
ParC topoisomerase IV subunit, already known to be respon-
sible for resistance to quinolones and fluoroquinolones (14).

PCR and sequencing performed as described previously (6)
indicated that isolates 1A and 1B harbored the ESBL blaVEB-1

gene. Whereas VEB-1 had been reported mostly from Asian
isolates (2), this is the first identification of that ESBL in the
Americas. This finding underlines association between VEB-1
and QnrA determinants, as already noticed (12).

Transfer of quinolone and �-lactam resistance determinants
attempted by conjugation for E. coli isolates 1A and 1B using
azide-resistant E. coli J53 as a recipient strain as described
previously (6) was successful. Transconjugants had an identical
resistance profile, with an ESBL phenotype related to VEB-1
expression and with reduced susceptibility to quinolones (Ta-
ble 1), aminoglycosides, sulfonamides, chloramphenicol, and
rifampin. Plasmid content analysis performed by the Kieser
method (5) identified a similar 180-kb plasmid that cohybrid-
ized with blaVEB-1 and qnrA-specific probes using Southern
hybridization (data not shown), as previously described (12).

In order to further identify the genetic environment of the
qnrA1 gene, cloning experiments were performed using total
DNA of an E. coli transconjugant restricted with XbaI and
BamHI enzymes and the pBK-CMV recipient plasmid as de-
scribed previously (11). Selection of E. coli recombinant strains
was performed on nalidixic acid (8 �g/ml) and kanamycin (30
�g/ml)-containing trypticase soy plates. Sequence analysis of a
recombinant plasmid harboring a ca. 10-kb BamHI insert,
pLCB1, identified the qnrA1 gene in the same sul1-type class 1
integron structure that possessed blaVEB-1 (Fig. 1). The 3� part
of that integron that included blaVEB-1 was almost similar to
the blaVEB-1-positive integron In53 from E. coli MG-1 (8).

Next, a study was designed to investigate the spread of qnrA/
qnrS-like genes in a collection of enterobacterial isolates re-
covered from the Calgary Health Region, Canada. It consisted
in 139 ESBL-negative and ciprofloxacin-resistant clinical
strains isolated from December 2004 to February 2005 and in
101 ESBL-positive strains recovered during a three-year pe-
riod (2000 to 2002). In the latter collection, 54% of the strains
were resistant to nalidixic acid and ciprofloxacin and 29%
additional strains were resistant to nalidixic acid. No qnrS gene
was identified, whereas the qnrA1 gene was detected in two
additional ESBL-positive E. coli isolates (3% of ESBL-positive
strains). Strains 2 and 3, which were from urines of patients
with community-onset urinary tract infections, had been iso-
lated in March 2000 and October 2002, respectively, and were
resistant to fluoroquinolones. PCR indicated that these
QnrA1-positive isolates also harbored the blaVEB-1 gene.
PFGE showed that isolates 2 and 3 exhibited similar patterns,

but these patterns were different from those of strains 1A and
1B (data not shown). Conjugation assays and plasmid analysis
from isolates 2 and 3 revealed very similar plasmids compared
to isolates 1A and 1B (identical size, same coresistance mark-
ers transferred).

Our study revealed key features reported here for the first
time: (i) in vivo selection of ciprofloxacin-resistant strains in a
qnr-positive background; (ii) physical linkage between ESBL-
and QnrA-encoding genes in the same integron; (iii) identifi-
cation of qnrA in Canada and blaVEB-1 in North America; and
(iv) first systematic survey for identification of qnrS-positive
isolates.

Nucleotide sequence accession number. The nucleotide se-
quences reported here have been assigned GenBank accession
number DQ091243.
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FIG. 1. Schematic structure of the sul1-type integron that contains the qnrA and blaVEB-1 genes identified in Canadian isolates. Open reading
frames are indicated by horizontal arrows and 59-bp elements by circles.
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