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Abstract The aim of this study was to determine the presence
of oxyiminocephalosporin-resistant (OCR) Gram-negative
bacilli and extended-spectrum β-lactamase (ESBL)-produc-
ing isolates in stool specimens obtained from paediatric pa-
tients hospitalised for acute diarrhoea. We conducted a
prospective, multicentre study over a period of 6 months in
seven hospitals in the south of France. Samplings were carried
out from infants admitted for acute diarrhoea with no previous
antibiotic treatment in the last week. Bacteria in stool speci-
mens were screened for the presence of OCR Gram-negative
bacilli on Drigalski agar supplemented with ceftazidime and

ESBL CHROMagar® media, and confirmed by the Rosco
tablets test. Genetic detection was performed by the Check
MDR® microarray and by polymerase chain reaction (PCR)
and sequencing with bacterial DNA extracted from isolates.
The presence of OCR enterobacteria was markedly high
(177/1,118 patients, 15.2 %), with an important community
origin (66.1 %). The majority of multidrug-resistant (MDR)
bacteria were Enterobacter cloacae (106, 59.9 %) and
Escherichia coli (61, 34.5 %). The prevalence of ESBL and
CTX-M producers represented 5.2 and 4.3 % of the isolates,
respectively. The main proportion of these ESBL carriers was
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found in children less than 1 year of age (53.4 %). One
carbapenemase (IMP-1) was detected. The study revealed
the wide dissemination of MDR bacteria in infants attending
hospitals in the south of France during a non-outbreak situa-
tion, in particular, the spread of cefotaximase and the detection
of a carbapenemase. This worrisome situation must reinforce
the use of hygiene procedures and appropriate antibiotics to
control the emergence and spread of OCR organisms.

Introduction

The potential of different antimicrobial agents to cause the
emergence of multidrug resistance in the normal digestive
microflora is of great importance. The diffusion of extended-
spectrum β-lactamases (ESBLs) is worrisome [1]. More re-
cently, the misuse of antibiotics has led to the emergence of
other multidrug-resistant (MDR) bacteria, notably,
carbapenem-resistant Enterobacteriaceae. Targeted surveil-
lance of high-risk patients is essential to prevent outbreaks
[2]. Indeed, this prevalence can be related to the increase in
faecal carriers over time [3, 4]. To date, few studies have
reported the prevalence of MDR bacteria among children
[5–12]. The aim of this work was to evaluate the prevalence
of oxyiminocephalosporin-resistant (OCR) enterobacteria in
children hospitalised for acute diarrhoea.

Patients and methods

Study design and data collection

From November 2010 to April 2011, faecal samples from
children hospitalised for acute diarrhoea in neonates and pae-
diatrics departments in seven hospitals in the south of France
(University Hospitals of Nîmes and Toulouse; General Hos-
pitals of Aix-en-Provence, Aubagne, Cahors, Narbonne and
Perpignan) were prospectively and consecutively collected.
Sampling was carried out among children with acute diar-
rhoea and no previous antibiotic treatment in the last week
during a non-outbreak period on the first day of hospitaliza-
tion. The following clinical data were collected prospectively:
demographic data, clinical ward, hospitalisation or surgical
treatment in the last 12 months and transfer from another
hospital or intensive care unit, and previous antibiotic treat-
ment in the last 3 months. Children were deemed to be of
community origin when they had never been hospitalised.

All the parents of the infants included in the study were
informed of the protocol and accepted the research. The
study was proposed to our local ethical committee (South
Mediterranean III). The committee judged that no consent
was needed in this study as the stool was not additional; this
sample is systematic in diarrhoea.

Screening for OCR isolates

To screen for OCR Gram-negative bacilli, samples were
placed in 1 mL sterile 0.9 % saline and then vortexed. From
this suspension, 100 μl was inoculated on two culture media:
two culture media were inoculated [Drigalski agar
supplemented with ceftazidime (2 mg/L) and a chromogenic
agar ESBL CHROMagar® (CHROMagar, France)]. Plates
were incubated at 37 °C under aerobic conditions and assessed
after 24 and 48 h of incubation. For the commercial media, the
colour and intensity of the colonies were recorded according
to the colour chart provided by the manufacturer.

Strain identification and antimicrobial susceptibility testing

The VITEK 2 automated system (bioMérieux, Marcy l’Etoile,
France) and the disk diffusion method were used for the
biochemical identification and antibiotic susceptibility testing
of all isolates that grew on the two media pathogens, respec-
tively. The following antibiotics were tested: amoxicillin,
amoxicillin + clavulanic acid, ticarcillin, ticarcillin +
clavulanic acid, piperacillin, piperacillin + tazobactam,
cefepime, cefazolin, cefotaxime, ceftazidime, cefoxitin,
imipenem, ertapenem, meropenem and aztreonam. Strains
were classified as antibiotic-sensitive, -intermediately resis-
tant, or -resistant, according to the recommendations of the
Antibiogram Committee of the French Society for Microbiol-
ogy (http://www.sfm-microbiologie.org).

To be retained in the study, enterobacteria should be
resistant to oxyiminocephalosporins and Pseudomonas
aeruginosa resistant to ceftazidime. ESBL and derepressed
AmpC were detected by a combination of disk tests
(NeoSensitabs tablets, ESBL + AmpC Screen Kit and ESBL
Confirm ID Kit, Rosco Diagnostica) using the association
between cefotaxime, ceftazidime, and clavulanic acid and
cloxacillin. The results were interpreted following the man-
ufacturer’s recommendations.

Characterisation of β-lactamases resistance genes

Plasmid or chromosomal DNA was extracted from the iso-
lates using the EZ1 DNA Tissue Kit on the BioRobot EZ1
extraction platform (Qiagen, Courtaboeuf, France). The ge-
notypic characterisation of multidrug resistance mechanisms
was determined by the Check-MDR CT102 microarray
(Biocentrics, France) targeting ESBLs (blaTEM, blaSHV and
blaCTX-M) and carbapenemases (blaKPC, blaOXA-48, blaVIM,
blaIMP and blaNDM-1) [13]. After detection, polymerase
chain reaction (PCR) assays targeting the corresponding bla
genes were performed and identified by sequencing the PCR
products [14, 15]. We used a triplex PCR specific for the
CTX-M-15-producing Escherichia coli O25b:H4-ST131
clone [16]. The detection of ampC promoter/attenuator
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mutation in E. coli isolates and plasmid-mediated ampC genes
in different suspected strains were performed by using PCR
and sequencing [17, 18].

Results

Main characteristics of patients

A total of 1,118 stool specimens, one specimen for each
hospitalised child, were examined. The characteristics of the
study population are presented in Table 1. The repartition of
the study population was: 55.4 % of male, with a median age
of 1 year (range 0–16 years), 588 (52.6 %) infants were aged
less than 1 year, 405 (36.2 %) were between 1 and 6 years of
age, and 125 (11.2 %) more than 6 years old. Of the 1,118
children, 177 (15.2 %) harboured OCR enterobacteria. More-
over, 55 children harboured ceftazidime-resistant Pseudomo-
nas aeruginosa. Single OCR isolates were identified in 151
patients, and two and three different MDR microorganisms
were found in 23 and 3 patients, respectively.

Repartition of OCR strains

OCR isolates corresponded mostly to E. cloacae strains (106,
59.9 % of the OCR strains) and E. coli (61, 34.5 %). The
prevalence of ESBL was 5.2 %, with 4.3 % CTX-M, 0.5 %
SHVand 0.4 % TEM producers. The distribution of the differ-
ent types of ESBL in the different centres is shown in Tables 1
and 2 and Fig. 1. Among the CTX-M producers, 36 (76.6 %)
strains produced CTX-M-15 β-lactamases, mainly E. coli

strains (31, 86.1 %). Only one strain among the 31 CTX-M-
15-producing strains belonged to the E. coli O25b:H4-ST131
clone. TEM- and SHV-producing strains were equally preva-
lent in E. cloacae (45.5 % of the strains) and E. coli (54.5 % of
the strains). No other species produced ESBL enzymes. One
case (0.08%) of carbapenemase carriage (IMP-1) was detected.
Finally, we observed a very high amount of chromosomally
AmpC derepressed carriage (10.2 %). No plasmid-mediated
AmpC isolate was detected. In E. coli strains, ampC
promoter/attenuator mutations were observed. These mutations
concerned both promoter [at position −42: (C→T)] and atten-
uator [+32 (G→A) and +58 (C→T)], leading to increased
expression of the chromosomal ampC gene.

Discussion

This prospective multisite study highlights the high faecal
carriage of MDR bacteria in young children hospitalised for
acute diarrhoea in seven French hospitals in the south of
France, notably, the great importance of CTX-M β-
lactamases and the emergence of a carbapenemase. This
high level of faecal carriage of OCR is a surprising finding,
considering the proportion of infants (53 % of all the in-
cluded children), the studied population (children with acute
diarrhoea at admission to hospital) and the high proportion
(73 %) of community origin encountered. We observed that
38 % and 53.4 % of the OCR and ESBL carriers were less
than 1 year old and 74.3 % of the ESBL carriers have never
been hospitalised. Moreover, all the ESBL carriers were less
than 1 year old and 96 % of all these carriers have never had

Table 1 Demographic characteristics of the study population and distribution of oxyiminocephalosporin-resistant (OCR) enterobacteria

Characteristics ESBL carriers AmpC carriers Carbapenemase carrier Total
n=58 n=118 n=1 n=1118

Age (range) 0 (0–10) 1.5 (0–16) 7 1 (0–16)

<1 year 31 (53.4) 36 (30.5) – 588 (52.6)

Between 1 and 6 years 25 (43.1) 73 (61.9) – 405 (36.2)

>6 years 2 (3.4) 9 (7.6) 1 125 (11.2)

Male/female, n (%) 32 (55.2)/26 (44.8) 68 (57.6)/50 (42.4) 1/0 619 (55.4)/499 (44.6)

Previous hospitalisation or lived in an
institution in the last year

15 (25.9) 45 (38.1) 1 299 (26.7)

Distribution of OCR isolates

Toulouse (n=405) 23 49 – 72 (17.8)

Perpignan (n=158) 10 25 – 35 (22.2)

Aix en Provence (n=217) 5 27 – 32 (14.7)

Nîmes (n=152) 10 10 – 20 (13.2)

Aubagne (n=134) 4 4 1 9 (6.7)

Cahors (n=30) 6 1 – 7 (23.3)

Narbonne (n=22) – 2 – 2 (9.1)
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antibiotic exposure, respectively. In this young population,
the worldwide E. coli O25b:H4-ST131 clone was detected
in one case (a community acquisition), showing a weak
spread of this strain in the community (no antibiotic expo-
sure was recorded in the last 3 months).

The main prevalence of OCR faecal carriage is between
1 and 6 years (54.2 %); this was due to the carriage of

AmpC derepressed strains. Different studies have previous-
ly reported the prevalence of faecal carriage of ESBL-
producing isolates and highlighted that the community
could be a reservoir of these organisms [7–12]. Marked
regional variations were observed in the incidence and ge-
notype of these strains. The prevalence was low in European
countries (1.1 to 3 %) [7–9] compared to other parts of the

20/152

2/22

35/158

ESBL n=6
CTX-M-15 (n=5)
CTX-M-14 (n=1)

AmpC derep. n=1

ESBL n=23
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SHV-5 (n=1)
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CTX-M-14 (n=2)
SHV-5 (n=2)
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TEM-24 (n=1)
TEM-19 (n=1)
SHV-4 (n=1)
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7/30

9/134
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ESBL n=5
CTX-M-15 (n=4)
CTX-M-14 (n=1)
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IMP-1 n=1

ESBL None  

AmpC derep. n=2 
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Perpignan

ESBL n=5
CTX-M-15 (n=1)
CTX-M-14 (n=1)
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Fig. 1 Distribution of
multidrug-resistant (MDR) and
extended-spectrum β-lactamase
(ESBL)-producing
Enterobacteriaceae strains
described in the seven hospitals
in the south of France

Table 2 Oxyiminocephalosporin-resistant (OCR) Gram-negative bacilli recovered from stool specimens

Strains Number ESBLa Carbapenemases Hyperproduction
of AmpC

CTX-M-15 CTX-M-14 TEM-24 TEM-19 SHV-4 SHV-5 IMP-1

E. cloacae 106 (45.7) 5 3 3 – 1 2 1 91

E. coli 61 (26.3) 31 8 1 1 – 3 – 17

P. aeruginosa 55 (23.7) – – – – – – – 55

C. koseri 6 (2.6) – – – – – – – 6

E. aerogenes 4 (1.7) – – – – – – – 4

Total enterobacteria 177 (76.3) 36 11 4 1 1 5 1 118

Total 232 (100) 36 11 4 1 1 5 1 173

aESBL Extended spectrum β-lactamase
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world (21 to 58 %) [5–12]. The only previous French study
in a paediatric unit showed that the prevalence of the MDR
bacteria was 4.2 % in 2009 with 2.1 % of ESBL carriers [8].
Our study demonstrated an expansion of the resistant bac-
teria that could be explained by the differences in settings. In
neonates, infections/colonisations due to MDR strains are
classically associated with preterm low birth weight,
prolonged mechanical ventilation, prior use and duration
of antibiotic treatment (notably third-generation cephalospo-
rins and aminoglycosides), and invasive devices [19]. The
outcome of the infants was not associated with mortality
[20]. This worrisome situation was increased by the detec-
tion of one case (0.08 %) of carbapenemase carriage (IMP-
1) in a 7-year-old child who had multiple hospitalisations
and received different courses of antibiotic treatment during
these indwellings. This metallo-β-lactamase IMP was
detected in our previous study, confirming its low but real
circulation in France [21].

Finally, we observed a very high amount of chromosom-
ally AmpC derepressed carriage (10.2 %). A great number of
infants (69.5 %) carrying these strains have previously re-
ceived previously courses of antibiotics treatment during the
last 3 months. This level confirms a problem in antibiotic use
explaining this resistance. Interestingly, in E. coli strains, we
observed some known mutations necessary to convert the
weak promoter of ampC to the strongest promoter consensus
sequence. In the same way, 55 children harboured
ceftazidime-resistant Pseudomonas aeruginosa. Very few
studies have reported prevalence in this population: this prev-
alence varied between 6 and 57 % [22, 23]. Antibiotics
ineffective against P. aeruginosa significantly increased the
risk of colonisation [24]. We observed this trend in our pop-
ulation, with a majority of children (54.5 %) having previous
hospitalisations and antibiotic courses. Even if the study de-
scribed colonisation, we could not exclude the consequence of
this emergence in the infection situation, inducing very re-
stricted antimicrobial treatment options.

Conclusion

The results of this multicentre study are worrying. Basic
hygiene (strict compliance to hand washing to prevent cross-
transmission in hospitals, but also in the community, nurseries
and schools) must be reinforced, risk factors for the acquisi-
tion of these strains must be detected and the elective pressure,
on account of antibiotics misuse, should be discouraged.
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