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Three types of multidrug-resistant Escherichia coli isolates, called GEN S, GEN R, and AMG S, according
to their three different aminoglycoside resistance patterns, were responsible for urinary tract colonization or
infection in 87, 12, and 13 new patients, respectively, in a French 650-bed geriatric hospital over a 13-month
period. The three E. coli types belonged to the same clone and phylogenetic group (group B2) and had identical
transferable plasmid contents (a 120-kb plasmid), �-lactam and fluoroquinolone resistance genotypes
(blaTEM-1B, blaCTX-M-15, and double mutations in both the gyrA and the parC genes), and virulence factor
genotypes (aer, fyuA, and irp2). They disseminated in the geriatric hospital, where the antibiotics prescribed
most often were fluoroquinolones and ceftriaxone, but not in the affiliated acute-care hospital, where isolation
precautions were applied to the transferred patients. Thus, E. coli isolates, both CTX-M-type �-lactamase
producers and fluoroquinolone-resistant isolates, might present a new challenge for French health care
settings.

For the last 10 years, sporadically but regularly, the micro-
biology literature has reported on multidrug-resistant (MDR)
bacteria in geriatric hospitals, long-term-care facilities, and
nursing homes (14, 26, 30, 44). The emergence of these bac-
teria in such health care facilities has become a public health
concern because implementation of isolation precautions,
which is the principal measure recommended in acute-care
hospitals to avoid cross-transmission (12), is often considered
deleterious for the quality of life of elderly people living in
long-term-care facilities. Moreover, the elderly patients carry-
ing MDR bacteria represent a reservoir of these bacteria in
acute-care hospitals when they are transferred to them. The
very least that can be done to address this double concern is to
survey long-term-care facilities for the emergence and inci-
dence of MDR bacteria and to inform clinicians in acute-care
hospitals of the real or potential existence of these isolates in
patients transferred from long-term-care facilities. Such a two-
fold approach, observation and an infection control program,
is certainly more easily managed when the same microbiolog-
ical department, as in Hôpital A. Paré, is in charge of the
patients in both types of care settings.

This article reports on molecular analyses performed with
three types of MDR Escherichia coli isolates which successively
emerged and spread in the 650-bed geriatric hospital which is
affiliated with a 450-bed acute-care hospital, Hôpital A. Paré.

It also describes the particular hygiene measures which were
successfully established in the acute-care hospital to avoid sec-
ondary cases of MDR E. coli colonization or infection from the
patients transferred from the geriatric hospital.

MATERIALS AND METHODS

Population and collection of bacteria. From October 2001 to October 2002,
each first isolate of the family Enterobacteriaceae displaying an extended-spec-
trum �-lactamase (ESBL) production phenotype according to the disk synergy
test (15) was collected from each patient in the geriatric hospital. The type and
date of sampling and information on the locations in the hospital of the patients
concerned (a particular unit, a rehabilitation subunit, or a long-term-care sub-
unit) were gathered. Nine urinary tract E. coli isolates with an ESBL production
phenotype and nine urinary tract E. coli isolates without an ESBL production
phenotype, all isolated over the study period and responsible for urinary tract
infections (leukocyte counts, �104/ml; bacterial counts, �105 CFU/ml), were
selected for further analyses.

Antibiotic susceptibilities. Antibiotic susceptibilities were tested by the agar
disk diffusion method, and the results were interpreted according to the stan-
dards of the French Antibiogram Committee (1) for the following antibiotics:
amoxicillin, amoxicillin-clavulanate, ticarcillin, ticarcillin-clavulanate, piperacil-
lin, piperacillin-tazobactam, cephalothin, cefuroxime, cefoxitin, cefotaxime,
ceftazidime, cefepime, aztreonam, imipenem, gentamicin, kanamycin, tobramy-
cin, netilmicin, amikacin, chloramphenicol, tetracycline, co-trimoxazole, nalidixic
acid, pefloxacin, and ciprofloxacin.

Molecular typing, phylogenetic groups, and virulence factor genotypes of the
uropathogenic E. coli isolates. The 18 uropathogenic E. coli isolates were typed
by the random amplified polymorphic DNA (RAPD) method, as described
previously (24).

The phylogenetic groups of these isolates were determined by a previously
described PCR-based method (10). The isolates were evaluated for the presence
of nine genes encoding putative virulence factors (papC, papG [I, II, and III],
sfa/foc, sfaS, aer, hly, cnf1, fyuA, and irp2) characteristic of extraintestinal patho-
genic E. coli by PCR with the primers and under the conditions described
previously (5).
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Antibiotic resistance transfer and plasmid content analysis. Transfer of an-
tibiotic resistance from the MDR E. coli isolates to E. coli strain C600 (strepto-
mycin resistant) was performed as described previously (27). Transconjugants
were selected on agar plates containing streptomycin (100 �g/ml) and ampicillin
(200 �g/ml) or cefotaxime (10 �g/ml). Plasmids were extracted from the MDR
E. coli isolates and their transconjugants by the method of Kado and Liu (18),
and their sizes were assessed by comparison with the sizes of four known plas-
mids (156, 66, 48, and 7 kb) contained in E. coli NCTC 50192 (19).

Isoelectric focusing. Isoelectric focusing was performed as described previ-
ously (27). The pI values of the �-lactamases produced by the MDR E. coli
isolates and their transconjugants were determined by comparison with the pI
values of known �-lactamases: TEM-1, pI 5.4; TEM-2, pI 5.6; SHV-3, pI 7;
SHV-1, pI 7.6; CTX-M-3, pI 8.4; and CMY-4, pI 9.2.

Molecular analysis of mechanisms of resistance. On the basis of the �-lacta-
mase pI values, the isolates were evaluated for the presence of defined bla genes
(blaTEM, blaSHV, and blaCTX-M type) by using the specific primers published
previously and indicated in Table 1. New primers (Table 1) were defined to
amplify and sequence the 3� end of the blaCTX-M-15 gene.

The isolates were evaluated for fluoroquinolone resistance as a result of
mutations in the genes encoding the antibiotic targets (GyrA and ParC) by
amplifying and sequencing the corresponding genes with the specific primers
indicated in Table 1.

The aminoglycoside resistance pattern transferred into E. coli strain C600
suggested the presence of different acc genes. These genes were looked for by
PCR and then sequenced by using the specific primers designated in Table 1.

Detection of integrons of classes I, II, and III was carried out by using
consensus primers (Table 1).

The various sequences obtained were compared with those of the correspond-
ing genes available in GenBank.

Antibiotic consumption and ratio of urinary tract E. coli isolates resistant to
the antibiotics concerned in the geriatric hospital. The levels of consumption of
the most commonly prescribed antibiotics in the geriatric hospital (fluoroquino-
lones, ceftriaxone, and co-trimoxazole) in the 2 years preceding the study as well
as the year during which the study took place were assessed by calculating the
defined daily dose (DDD) for 1,000 days of hospitalization. This level of con-
sumption was compared with the ratio of urinary tract E. coli isolates resistant to
the antibiotics concerned over these two periods. Although the proportion of
patients infected or colonized with several E. coli isolates with the same antibiotic
susceptibility patterns was small during each of the years studied (13 of 297
patients in 2000, 21 of 267 patients in 2001, and 69 of 463 patients in 2002), only
one E. coli isolate with a given antibiotic susceptibility pattern was retained per
patient per year.

Implementation of specific hygiene measures in the acute-care hospital for

TABLE 1. Primers used for amplification and sequencing of antibiotic resistance genes

PCR target Primer name (sequence) Tm
(°C)a

Fragment
size (bp)

Reference
or source

�-Lactam resistance genes
blaTEM TemA1 (5�-ATAAAATTCTTGAAGAC-3�) 42 1,075 40

TemB1 (5�-TTACCAATGCTTAATCA-3�)
V167 (5�-ATCCTTGAGAGTTTTCGCCC-3�)b

V267 (5�-GCTTTTCTGTGACTGGTGAG-3�)b

blaSHV SHV-F (5�-CACTCAAGGATGTATTGTG-3�) 49 822 34
SHV-R (5�-TTAGCGTTGCCAGTGCTCG-3�)

blaCTX-M CTX-C1 (5�-ATGTGCAGCACCAGTAAAGT-3�) 54 545 2
CTX-C2 (5�-ACCGCGATATCGTTGGTGG-3�)

blaCTX-M gene group 1 M13U (5�-GGTTAAAAAATCACTGCGTC-3�) 52 863 38
M13L (5�-TTGGTGACGATTTTAGCCGC-3�)

blaCTX-M promoter region and
gene 5� end

ISEcplU2 (5�-AATACTACCTTGCTTTCTGA-3�) 50 Variable 38

MA3 (5�-ACYTTACTGGTRCTGCACAT-3�)

blaCTX-M-15 gene 3� end CTX-M-F1 (5�-ATAAAACCGGCAGCGGTG-3�) 50 483 This study
CTX-M-F2 (5�-GAATTTTGACGATCGGGG-3�)

Aminoglycoside resistance genes
aac(6�)-1b AAC(6)ID (5�-CATGACTGAGCATGACCTT-3�) 49 528 This study

AAC(6)IU (5�-GAAGGGTTAGGCATCACT-3�)

aac(3)-II ACC3F (5�-CAATAACGGAGGCAATTCG-3�) 50 868 This study
ACC3R (5�-GATTATCATTGTCGACGG-3�)

Quinolone resistance genes
gyrA 5�-CGACCTTGCGAGAGAAAT-3� 58 625 9

5�-GTTCCATCAGCCCTTCAA-3�

parC 5�-CGATTGCCGCCTGAGCCACTT-3� 58 605 9
5�-GCGAATAAGTTGAGGAATCAG-3�

Integron (classes I, II, and III) hep35 (5�-TGCGGGTYAARGATBTKGATTT-3�) 49 Variable 43
hep36 (5�-CARCACATGCGTRTARAT-3�)

a Tm, melting temperature.
b Primers used for sequencing.
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patients transferred from the geriatric hospital. The staff of each ward of the
Hôpital A. Paré, an acute-care hospital, was informed of the presence of MDR
E. coli isolates in the affiliated geriatric hospital. They were asked to (i) imple-
ment isolation barriers for each patient transferred from the geriatric hospital
and (ii) to obtain a rectal swab and a urinary sample on the day of admission in
order to detect any possible carriage of an MDR E. coli isolate. The isolation
barriers were interrupted when the patient was found to be negative for these
isolates but were maintained until the patient’s discharge when the patient was
found to be positive.

RESULTS

Emergence and spread of multiple-antibiotic-resistant E.
coli isolates. Between October 2001 and October 2002, the
only enterobacterial isolates displaying an ESBL production
phenotype were E. coli isolates. These isolates had identical
�-lactam resistance patterns (resistance to amoxicillin, ticarcil-
lin, piperacillin, cephalothin, cefuroxime, cefotaxime, ceftazi-
dime, cefepime, and aztreonam; susceptibility to cefoxitin,
imipenem, and piperacillin-tazobactam; and intermediate sus-
ceptibility to amoxicillin-clavulanate and ticarcillin-clavu-
lanate), all isolates were resistant to fluoroquinolones, and all
isolates were susceptible to co-trimoxazole and chloramphen-
icol. However, they differed from each other in their suscepti-
bilities to the other antibiotics tested. One type of isolate,
which emerged on 2 October 2001, was resistant to tetracycline
and all aminoglycosides except gentamicin. This type and the
first corresponding isolate were named GEN S and GEN Sa,
respectively. A second type of isolate, which emerged 22 days
after the first type had emerged in the same unit but in a
different subunit, was still resistant to tetracycline but was also
resistant to all aminoglycosides, including gentamicin. This
type and its first isolate were named GEN R and GEN Ra,
respectively. The third type of E. coli isolate, which emerged in

April 2002 in the same unit as the first two, was susceptible to
both tetracycline and all aminoglycosides and was therefore
designated AMG S, and the first isolate of this type was des-
ignated AMG Sa. As indicated in Fig. 1, isolates of the GEN S
and AMG S types spread into the different units and subunits
of the geriatric hospital, whereas isolates of the GEN R type
spread only in the unit where the first isolate of this type had
emerged. The first isolate of type GEN S was thought to be
imported into the geriatric hospital, as it was isolated from the
urine of a patient on the day after his admission. No arguments
to lead us to believe that this was also the case for the first
isolates of the two other types were found.

Overall, over the study period, 87 new patients had urinary
tract colonization or infection with an E. coli isolate of type
GEN S, 12 had urinary tract colonization or infection with an
E. coli isolate of type GEN R, and 13 had urinary tract colo-
nization or infection with an E. coli isolate of type AMG S. No
cases of bacteremia due to these isolates were observed.

Molecular typing of E. coli isolates with and without an
ESBL production phenotype. The nine uropathogenic E. coli
isolates with an ESBL production phenotype, which corre-
sponded to four isolates of type GEN S, three of type AMG S,
and two of type GEN R (Table 2), were typed by the RAPD
method. Their RAPD profiles were compared with those of
nine randomly selected uropathogenic E. coli isolates that dis-
played no ESBL production phenotype and that were either
susceptible to all of the antibiotics tested or resistant to a few
antibiotics, as indicated in Table 2. The nine E. coli isolates
with an ESBL production phenotype displayed an identical
and unique RAPD profile, whereas except for two isolates
(strains 15 and 18), each E. coli isolate with no ESBL produc-
tion phenotype had a unique profile. Strains 15 and 18 dis-

FIG. 1. Monthly distribution of new patients with urinary tract colonization or infection due to the three types (GEN S, GEN R, and AMG
S) of E. coli with an ESBL production phenotype by unit and the long-term-care and rehabilitation subunits of the geriatric hospital over the study
period (October 2001 to October 2002). Italic names indicate the rehabilitation subunits. Each symbol refers to one isolate of E. coli type GEN
S (F), GEN R (■ ), and AMG S (Œ).
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played a common unique profile (data not shown), had the
same antibiotic resistance pattern, and had been isolated
within an interval of 26 days from two patients hospitalized in
the same rehabilitation subunit (Table 2).

Phylogenetic groups and virulence factor genotypes of E. coli
strains GEN Sa, GEN Ra, and AMG Sa and the nine E. coli
isolates with no ESBL production phenotype. As indicated in
Table 3, E. coli strains GEN Sa, GEN Ra, and AMG Sa, which
correspond to the primary isolates of each of the three types,
respectively, belonged to the same phylogenetic group (group
B2), harbored the same three virulence factor genes (aer, fyuA,
and irp2), and had no determinants for P or S fimbriae. The
nine E. coli isolates without an ESBL production phenotype

were classified into the four previously described phylogenetic
groups (group D, n � 4; group B2, n � 2; group A, n � 2; and
group B1, n � 1) and harbored from zero to eight of the nine
genes tested (Table 3). Only four of these nine isolates har-
bored determinants for fimbriae. Strains 15 and 18, whose
RAPD profiles and antibiotic resistance patterns were identi-
cal, belonged to phylogenetic group B2 and had the same
virulence factor genotype (Table 3).

Transfer of antibiotic resistance and analysis of the plasmid
contents of E. coli strains GEN Sa, GEN Ra, and AMG Sa and
their transconjugants. The transconjugant of E. coli strain
GEN Ra displayed the same antibiotic resistance pattern, ex-
cept for that to quinolones and fluoroquinolones, to which it
was susceptible, and the same plasmid content, meaning a
plasmid of approximately 120 kb, as E. coli strain GEN Ra
(data not shown). The same feature was observed for the
antibiotic resistance patterns of the respective transconjugants
of E. coli strains GEN Sa and AMG Sa but not for the plasmid
contents. In fact, these transconjugants harbored the plasmid
of 120 kb but not the plasmid of 7 kb, which was also present
in the two donor E. coli strains (data not shown). The identities
between the antibiotic resistance patterns of strains GEN Sa
and AMG Sa and their respective transconjugants suggested
that no resistance-encoding genes were harbored by the plas-
mid of 7 kb.

Mechanisms of antibiotic resistance displayed by E. coli
strains GEN Sa, GEN Ra, and AMG Sa. E. coli strains GEN
Sa, GEN Ra, and AMG Sa produced two �-lactamases, one
with a pI of 5.4 and one with a pI of �8.4 and �9.2. No blaSHV

gene was found, whereas the blaTEM-1B and the blaCTX-M-15

genes were found in the three strains. The region upstream of
the blaCTX-M-15 gene comprised the ISEcp1 insertion sequence
separated from the coding region by the same 48-bp nucleotide
sequence in the three strains.

TABLE 2. Description of the 18 selected E. coli isolates

Strain name or no. Subunita Isolation date
(day-mo-yr) Antibiotic susceptibility pattern

With ESBL
GEN Sa Debussy 02-10-01 Multiresistant strain type GEN S
GEN Ra Musset 22-10-01 Multiresistant strain type GEN R
3 Debussy 07-12-01 Multiresistant strain type GEN R
4 Balme 12-03-02 Multiresistant strain type GEN S
AMG Sa Debussy 25-04-02 Multiresistant strain type AMG S
6 Mozart 09-08-02 Multiresistant strain type GEN R
7 La Fontaine 12-08-02 Multiresistant strain type AMG S
8 Bellini 01-10-02 Multiresistant strain type GEN S
9 Balme 05-10-02 Multiresistant strain type AMG S

Without ESBL
10 Racine 31-05-02 Susceptible to all antibiotics
11 St Exupéry 11-06-02 Resistant to AMX, TIC, SXT
12 Molière 24-06-02 Resistant to AMX, AMC, CEF,
13 Racine 25-06-02 Susceptible to all antibiotics
14 Berlioz 28-06-02 Resistant to AMX, AMC, CEF, CIP
15 La Fontaine 23-08-02 Resistant to AMX, TIC, SXT
16 Berlioz 13-09-02 Susceptible to all antibiotics
17 Chopin 14-09-02 Susceptible to all antibiotics
18 La Fontaine 17-09-02 Resistant to AMX, TIC, SXT

a Italic names indicate rehabilitation subunits, and nonitalic names indicate long-term-care subunits.
b GEN, gentamicin; AMG, aminoglycosides; AMX, amoxicillin; AMC, amoxicillin-clavulanate; TIC, ticarcillin; SXT, co-trimoxazole; CEF, cephalothin; CIP,

ciprofloxacin; S, susceptible; R, resistant.

TABLE 3. Phylogenetic group and virulence factor genes of E. coli
strains GEN Ra, GEN Sa, and AMG Sa and the nine uropathogenic

E. coli isolates with no ESBL production phenotypea

Strain Phylogenetic
group papC papG

allele hly cnf1 sfa/
foc sfaS aer fuyA irp2

With ESBL
GEN Ra B2 � � � � � � � � �
GEN Sa B2 � � � � � � � � �
AMG Sa B2 � � � � � � � � �

Without ESBL
10 B2 � � � � � � � � �
11 D � � � � � � � � �
12 B1 � � � � � � � � �
13 A � � � � � � � � �
14 A � � � � � � � � �
15 D � II � � � � � � �
16 B2 � III � � � � � � �
17 D � � � � � � � � �
18 D � II � � � � � � �

a �, presence; �, absence.
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E. coli strains GEN Sa and GEN Ra, as well as their respec-
tive transconjugants, harbored the aac(6�)-1b gene, whereas
the acc(3)-II gene was found only in E. coli strain GEN Ra.
None of these genes was detected in E. coli strain AMG Sa.

E. coli strains GEN Ra, GEN Sa, and AMG Sa displayed the
same double nucleotide substitution in the quinolone resis-
tance-determining regions of their gyrA and parC genes, which
led to the following amino acid substitutions: Ser83Leu and
Asp87Asn in GyrA and Ser80Ile and Glu84Val in ParC.

The class I, class II, and class III integrons were not detected
in E. coli strain GEN Sa, GEN Ra, or AMG Sa.

Antibiotic consumption and ratio of E. coli isolates resistant
to the antibiotics concerned. As indicated in Fig. 2, the most
prescribed antibiotic family, independently of the year, was the
fluoroquinolone family. This prescription decreased from 17 to
12 DDDs for 1,000 hospitalization days between 2000 and
2002, whereas the co-trimoxazole prescription increased from
2 to 5 DDDs for 1,000 hospitalization days in the same period.
This shift, which was not statistically significant, was, however,
correlated to the gradual increase in the ratio of urinary E. coli
isolates resistant to fluoroquinolones (12% in 2000, 17% in
2001, and 50% in 2002) and the decrease in the ratio of urinary
tract E. coli isolates resistant to co-trimoxazole, notably, be-
tween 2001 (35%) and 2002 (18%). On the contrary, no mod-
ification in the rates of prescription of ceftriaxone was ob-
served over the 3 years (approximately 7 DDDs for 1,000
hospitalization days), although a significant increase in the
ratio of urinary tract E. coli isolates resistant to ceftriaxone was
observed in 2002 (43%) in comparison with the ratios observed
in 2001 (4%) and 2000 (less of 1%).

Survey of patients transferred from the geriatric hospital
into the acute-care hospital. The impact of geriatric patient
transfer on the introduction and the dissemination of MDR
isolates in an acute-care hospital, Hôpital A. Paré, was taken
into consideration only when a geriatric patient was found to
be positive for ESBL-producing E. coli on the day of admission
(in May 2002) to the intensive care medical unit (ICMU),
where for a long time systematic samplings had been applied to

any transferred patient. A retrospective study showed that
approximately seven patients per month had been transferred
from the geriatric hospital into 11 wards of the acute-care
hospital between October 2001 and May 2002 and that only the
two patients (4.6%) transferred into the ICMU had been
screened for MDR isolates. However, according to the micro-
biological database, four patients other than transferred geri-
atric patients had had a clinical sample positive for E. coli with
both the ESBL production phenotype and fluoroquinolone
resistance during this period. Therefore, isolation precautions
and systematic sampling were recommended from June 2002 in
each ward where geriatric patients had been transferred. Thus,
24 of the 35 geriatric patients (68%) transferred into 13 dif-
ferent wards between June and October 2002 were sampled,
and 5 (21% of sampled patients and 14% of transferred pa-
tients) had a sample positive for ESBL-producing E. coli iso-
lates. This type of isolate was never found in clinical samples
from nongeriatric patients.

DISCUSSION

Although the first description of CTX-M-type �-lactamases
was from Western Europe in 1992 (4), the geographic areas
widely concerned with these enzymes up to the beginning of
the 21st century were South America (37), Eastern Europe
(13), and Japan (25). In the last 2 years, different studies have
highlighted the emergence and the increasing prevalence of
these �-lactamases within the ESBL-producing members of
the family Enterobacteriaceae in new areas, comprising the
United States (39), countries in Western Europe where they
were not previously detected (8, 31, 32), and other parts of the
world (Australia and South Africa) (31). These class A �-lac-
tamases, called “CTX-M” because of their potent hydrolytic
activities for cefotaxime, may be classified into five groups,
represented by CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9,
and CTX-M-25, respectively (7). Moreover, numerous variants
have already been described within each group, including vari-
ants displaying increased hydrolytic activities against ceftazi-

FIG. 2. Consumption of fluoroquinolones (�), ceftriaxone (F), and co-trimoxazole (	), expressed as the DDDs for 1,000 hospitalization days
in the geriatric hospital and the ratio of urinary E. coli isolates resistant to these antibiotics in 2000, 2001, and 2002. The bars represent data for
E. coli isolates not susceptible to fluoroquinolones (solid bars), ceftriaxone (stippled bars), and co-trimoxazole (gray bars).
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dime. Among these ceftazidime-hydrolyzing CTX-M-type en-
zymes, the CTX-M-15 enzyme seems to be the most common,
as isolates producing it have already been described in India
(19), Japan (GenBank accession no. AY013478), Poland (3),
France (29), the United Kingdom (28), Turkey (22), and Rus-
sia (11). Poirel et al. (36) characterized the CTX-M-15 enzyme
genetically and biochemically and suggested that the clinical
use of ceftazidime should be evaluated for its role in the se-
lection of ceftazidime-hydrolyzing CTX-M-type enzymes. For
our part, we observed the emergence and the dissemination of
three types of CTX-M-15-producing E. coli isolates in a geri-
atric hospital where ceftazidime has been extremely rarely
prescribed. Subsequently, other factors, including bacterial,
host, and environmental factors, were required to explain the
persistence of such CTX-M-15-producing strains in the geriat-
ric hospital.

We demonstrated that the three types of CTX-M-15-pro-
ducing strains (i) belonged to the same clone, despite variable
levels of resistance to aminoglycosides and tetracycline, and
(ii) harbored a transferable plasmid of the same size on which
the blaCTX-M-15 gene was located at a distance of 48 bp down-
stream from the ISEcp1element, as described previously (19).
All these findings were quite different from previous descrip-
tions of the local emergence of CTX-M-type enzymes, which
generally showed the concomitant emergence of different E.
coli clones that produced the same CTX-M-type enzyme and
whose corresponding gene was often harbored by different
plasmids and often separated from ISEcp1 by sequences of
various sizes (8, 19, 28, 31).

One of our goals was to determine whether our three
clonally related strains were more virulent than apparently
nonepidemic E. coli isolates without an ESBL production phe-
notype. We demonstrated that the three strains belonged to
the same phylogenetic group (group B2) corresponding to one
of the two predominant groups observed among extraintestinal
pathogenic E. coli strains (33) and harbored the same three
virulence factor determinants which have classically been
shown to be associated with urosepsis E. coli strains (6, 17).
According to this analysis, the three epidemic CTX-M-15-pro-
ducing strains had an arsenal of virulence factor determinants
more or less robust than that displayed by urinary E. coli
strains with no ESBL production phenotype. Among the latter
strains, two were demonstrated to be clonally related, suggest-
ing that strains other than those producing ESBL could spread
in the geriatric hospital.

Three other remarkable points characterized our three types
of CTX-M-15-producing strains. They lacked determinants for
P and S fimbriae, they were never responsible for bacteremia,
and they were resistant to fluoroquinolones, meaning that they
were resistant to the antibiotic family most prescribed in the
geriatric hospital. We determined that fluoroquinolone resis-
tance was related to a double amino acid substitution in each
of the gyrA and the parC quinolone resistance-determining
regions, which has rarely been described. Moreover, we found
an amino acid, Val, rarely involved in the Glu84 substitutions
in ParC (9, 21, 42).

According to previous publications, the uropathogenic E.
coli strains displaying multiple-antibiotic resistance and partic-
ularly those resistant to fluoroquinolones had a decreased in-
vasive capacity (41) and harbored fewer virulence factor genes

than susceptible strains (16, 17). In 1988, Johnson et al. (17)
found that the urosepsis E. coli strains which lacked determi-
nants for P fimbriae and hemolysin were significantly more
prevalent among the multiple-antibiotic-resistant strains and
were isolated exclusively from compromised patients. Lauten-
bach et al. (23), who in 2001 investigated the risk factors for
fluoroquinolone resistance in ESBL-producing E. coli and
Klebsiella pneumoniae isolates, found three independent risk
factors: fluoroquinolone use, aminoglycoside use, and resi-
dence in a long-term-care facility. Interestingly, all the features
determined in those different studies except aminoglycoside
use were present in the microbiological and clinical situation
described in the present study. Is the presence of all of these
factors sufficient to explain the amplitude of the outbreak
observed in the geriatric hospital? As we demonstrated that
these strains did not disseminate in the acute-care hospital, in
which isolation precautions were established for each patient
transferred from the geriatric hospital, it seems reasonable to
suggest that cross-transmission was one of the main environ-
mental factors involved in this outbreak.

Conclusion. CTX-M-type enzymes, whose presence is now
described all over the world, appear to be a new challenge for
the medical community, as they occur in a wide range of
species and in clones of given species and plasmids, probably in
relation to the fact that the corresponding genes are located
downstream of an insertion sequence element (an ISEcp1-like
element) which seems to act as a key factor in the dissemina-
tion of blaCTX-M type genes and as a strong positive factor for
the expression of these genes (35). However, to our knowledge,
outbreaks due to CTX-M-type enzyme-producing isolates have
essentially been described so far in countries where CTX-M-
type-producing isolates are endemic, notably, Japan (20, 26)
and South America (37). The present article, which reports on
the dissemination of clonally related CTX-M-15-producing E.
coli strains in a French 650-bed geriatric hospital, might pre-
figure the near future for Western European countries, which
now seem to be concerned with CTX-M-type enzymes.
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