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Abstract Nosocomial outbreaks of extended-spectrum β-
lactamase (ESBL)-producing Klebsiella pneumoniae are an
increasing concern in neonatal intensive care units (NICUs).
We describe an outbreak of ESBL-producing K. pneumoniae
that lasted 5 months and affected 23 neonates in our NICU.
Proton pump inhibitor and extended-spectrum cephalosporin
exposure were significantly associated with the risk of ESBL-
producing K. pneumoniae colonisation and/or infection. Thirty
isolates recovered from clinical, screening and environmental
samples in the NICU were studied by means of Raman spec-
troscopy, pulsed-field gel electrophoresis and repetitive extra-
genic palindromic polymerase chain reaction (rep-PCR). The
Raman clustering was in good agreement with the results of the
other two molecular methods. Fourteen isolates belonged to the

Raman clone 1 and 16 to the Raman clone 3.Molecular analysis
showed that all the strains expressed SHV-1 chromosomal
resistance, plasmid-encoded TEM-1 and CTX-M-15 β-
lactamases. Incompatibility groups of plasmid content identified
by PCR-based replicon typing indicated that resistance dissem-
ination was due to the clonal spread of K. pneumoniae and
horizontal CTX-M-15 gene transfer between the two clones.

Introduction

Extended-spectrumβ-lactamase (ESBL)-producingKlebsiella
pneumoniae is an important nosocomial pathogen that causes
frequent outbreaks in neonates [1].
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Most investigations of ESBL-producing K. pneumoniae
infection and/or colonisation in neonatal intensive care units
(NICUs) have attributed the outbreaks to the dissemination
of a single clone [2]; few studies have shown the involvement
of more than one strain [3, 4].

In this study, we investigated a 5-month outbreak of
ESBL-producing K. pneumoniae affecting 23 neonates in
our NICU. Using Raman spectroscopy combined with two
other molecular methods, we found that the outbreak was
due to two different clones, both carrying the CTX-M-15
ESBL gene, suggesting both clonal and horizontal spread of
a mobile genetic element [5, 6].

Materials and methods

Hospital setting

Robert Debré children’s hospital is a 480-bed university-
affiliated hospital with a 44-bed neonatal ward compris-
ing four sections: an advanced resuscitation unit (6
rooms, 8 beds), an intensive care unit (7 rooms, 10 beds)
separated into two sections (NICU1: unit 1 and NICU2:
unit 2) and an intermediate care unit (17 rooms, 26 beds:
unit 3).

The four units are located on the same floor, and each
have dedicated medical and nursing staff, although staff are
exchanged among the units if necessary. The outbreak
occurred in NICU1, NICU2 and unit 3.

Patients

From February 8th 2010 to June 14th 2010, 263 babies were
hospitalised in the neonatal ward. During this period, 23
babies (gestational age 24.7 to 40.7 weeks; birth weight 680
to 3,500 g) were colonised and/or infected by ESBL-
producing K. pneumoniae.

Between January 1st 2000 and March 23rd 2010, the
surveillance protocol included rectal swabs for patients
transferred from another hospital and cavum aspiration on
admission. Mother’s milk samples were analysed on
admission and then at weekly intervals.

After March 23rd 2010, all neonates were screened
weekly for ESBL-producing Enterobacteriaceae carriage
by rectal swabbing. Neonates with a positive screening
test were immediately subjected to contact precaution
measures.

The following clinical characteristics of the 23 cases with
ESBL-producing K. pneumoniae were analysed from their
date of admission to the ward until the day before the first
sample yielding ESBL-producing K. pneumoniae: birth
weight (g), gestational age (weeks), gender (% male),
central venous catheter (CVC) status (yes/no) and use of

concomitant medications [esomeprazole, a proton pump
inhibitor (PPI), and antimicrobial agents (amoxicillin, cefo-
taxime and vancomycin)]. Controls were 240 newborns
hospitalised during the same period.

The outbreak investigation included scrutiny of staff
practices and identification of the source and mode of
transmission.

Bacterial isolates

Thirty ESBL-producing K. pneumoniae isolates were stud-
ied. Fourteen were recovered from 13 neonates: one by
blood culture, one from a conjunctival swab of a neonate
with conjunctivitis, two by cavum aspiration and ten in stool
samples. Two morphologically different ESBL-producing
K. pneumoniae isolates were recovered from the stools of
one neonate.

Ten isolates were obtained from the epidemiological
rectal swabs of ten neonates.

Two isolates were recovered from two mothers, one by
vaginal swabbing and one by stool sampling.

Four isolates were obtained from environmental surfaces
(door handles, siphon and table) during investigations of
one room (room 5) in NICU1.

Fifteen stored ESBL-producing K. pneumoniae strains
were used as controls in the different molecular methods.

Microbiological analysis

Clinical samples were inoculated on registered growth media,
and rectal swabs were seeded on chromogenic cefpodoxime-
containing plates (ChromID ESBL; bioMérieux®, Marcy-
l’Étoile, France).

Species identification was performed with the API 20E
system (bioMérieux®, Marcy l’Étoile, France).

Isolates were screened for ESBL production by using the
double-disk synergy test (DDST) [7] between extended-
spectrum cephalosporins (cefotaxime, ceftazidime) and
amoxicillin–clavulanic acid.

Antimicrobial susceptibility was determined by the disk
diffusion method and interpreted according to the guide-
lines of the Clinical and Laboratory Standards Institute
(CLSI) [8].

The minimum inhibitory concentrations (MICs) of
meropenem, imipenem and amikacin were determined by
the E-test method.

Molecular typing

Three techniques were used for molecular typing, namely,
Raman spectroscopy, pulsed-field gel electrophoresis
(PFGE) and repetitive extragenic palindromic polymerase
chain reaction (rep-PCR) DNA fingerprinting.

2828 Eur J Clin Microbiol Infect Dis (2012) 31:2827–2834



Raman spectroscopy

Raman spectroscopy was performed according to the man-
ufacturer’s guidelines (River Diagnostics BV, Rotterdam,
the Netherlands) and as reported by Willemse-Erix et al.
[9]. Briefly, all the isolates were grown on trypticase soy
agar (TSA) and the first culture was checked for purity.
Dilutions of colony suspensions were prepared and plated
on a TSA plate that was incubated for 20 h at 35 °C.
Biomass from TSA plates was collected with a 1-μl inocu-
lation loop and suspended in 5 μl of demineralised water.
After brief centrifugation to remove air bubbles, the wet
pellet was transferred to a fused silica slide and allowed to
dry. The slide was then placed in the measurement stage.
Raman spectra were gathered, stored and analysed on a
personal computer using SpectraCell software version
1.8.0. The similarity between pairs of spectra was calculated
using the squared Pearson correlation coefficient (R2) and
expressed as percentages. Then, cluster analysis of sets of
spectra was performed to yield a dendrogram. Clusters of
isolates showing a similarity above the K. pneumoniae cut-
off level (99.85) determined by the manufacturer were
considered to be clonally related.

PFGE

After macro-restriction analysis using the restriction enzyme
SpeI, PFGE was performed as reported elsewhere [10]. The
relatedness of the isolates was determined with Tenover’s
outbreak criteria [11].

rep-PCR DNA fingerprinting

We used a previously described method adapted to K. pneu-
moniae [12]. Fingerprints were analysed with DiversiLab
(bioMérieux®, Marcy l’Étoile, France) software version 3.4
and the Pearson correlation coefficient was used to calculate
the similarity among all possible pairs of sample finger-
prints. The unweighted pair-group method with averages
(UPGMA) was used to compare the rep-PCR profiles auto-
matically and to create the corresponding dendrogram.

Characterisation of beta-lactamase genes

Based on the beta-lactams resistance phenotype, the pres-
ence of the blaTEM, blaSHV, blaCTX-M and blaOXA48 were
investigated by PCR using specific primers as previously
described [13–15]. The PCR products were directly se-
quenced with the dideoxy chain termination procedure of
Sanger et al. on an Applied Biosystems 3730 XL DNA
analyser using the BigDye Terminator v3.1 kit [13].

Incompatibility groups of plasmid content were de-
termined by PCR-based replicon typing (PBRT), with

multiplex PCR for the detection of A/C, T, FIIAs, W,
FIB, FIA, L/M, N, X, HI1, HI2, I1-Iγ, Y, P and FIC
replicons [16].

Replicons F, B/O and K were detected by simplex PCR,
as previously described [16], and replicons R, NewXK,
FII1K, FII2K, U, R, LVPK and Amet as described by D.
Decré and G. Arlet (personal communication).

Clinical epidemiological study: risk factors for colonisation
and/or infection by ESBL-producing K. pneumoniae

The study was carried out in the neonatal ward during the
outbreak period.

A total of 23 neonates (cases) were colonised and/or
infected by ESBL-producing K. pneumoniae. Controls
(n0240) were retrospectively selected from the unit’s files
to take part in case–control studies aimed at identifying risk
factors for colonisation or infection by ESBL-producing
K. pneumoniae.

A case was defined as a patient admitted to the neonatal
ward between February 8th and June 14th 2010 and who
then became clinically infected or colonised by ESBL-
producing K. pneumoniae.

A control was defined as a patient admitted to the neonatal
ward during the same period and whose screening cultures
were all negative for ESBL-producing K. pneumoniae.

Univariate analysis was used to identify variables signifi-
cantly associated with colonisation and/or infection. Contin-
gency tables were analysed with the Chi2 test. Quantitative
variables were compared between case and control patients by
using the Mann–Whitney test.

Differences were considered to be statistically significant
at the level p<0.05.

Results

Description of the outbreak

A 42-year-old woman was admitted to the antenatal care
unit on January 25th 2010 at 25 weeks’ gestation because of
spontaneous preterm membrane rupture. Screening vaginal
swabbing was positive for ESBL-producing K. pneumoniae.
After confirmation of preterm membrane rupture, presump-
tive therapy was initiated with cefotaxime (100 mg/kg/day)
for 10 days, tocolysis with betamimetics until delivery and
one course of steroids for lung maturation (betamethasone
12 mg twice, 24 h apart). On February 4th, she delivered by
the vaginal route a healthy girl (1,000 g, Apgar score 10/10/
10), who had transient tachypnoea.

Four days after the delivery, on February 8th, ESBL-
producing K. pneumoniae was detected in a cavum aspirate
(108 CFU/ml) of the neonate. The infant was febrile and

Eur J Clin Microbiol Infect Dis (2012) 31:2827–2834 2829



treatment was started with imipenem (50 mg/kg/day),
vancomycin (40 mg/kg/day) and amikacin (7.5 mg/kg/day).
This treatment was stopped after three days, following
re-evaluation. She was first admitted to unit 1 and then
transferred to unit 3, 47 days later.

In unit 1, on February 14th, ESBL-producing K. pneu-
moniae was isolated in the stool and cavum aspirate
(1010 CFU/g and 106 CFU/ml, respectively) of another
neonate, twin 1 (only the stool isolate was further
studied). On February 18th, ESBL-producing K. pneumoniae
was isolated in the stool of twin 2 (109 CFU/g). Twin 1
was febrile and was treated with imipenem (50 mg/kg/day)
for 10 days for nosocomial pulmonary infection. Both
twins were first admitted to unit 1 and then transferred to
unit 2.

During the month of March, nine other ESBL-producing
K. pneumoniae-colonised neonates were identified by clin-
ical sampling: six neonates in unit 1 (seven isolates: one in a
cavum aspirate, one in a conjunctival swab and five in stool
samples; two isolates being recovered from one neonate)
and three in unit 3 (all stool isolates). One neonate with
ESBL-producing K. pneumoniae in a cavum aspirate was
treated empirically with meropenem (50 mg/kg/day), van-
comycin (15 mg/kg/day) and amikacin (7.5 mg/kg/day) for
four days, until re-evaluation.

Suspecting an outbreak, we launched a thorough
investigation.

On March 23rd, routine screening by rectal swabbing
was initiated. Four neonates, initially positive for ESBL-
producing K. pneumoniae in clinical samples, were still
colonised at discharge, and ten new cases of intestinal
carriage were detected.

During this period, one newborn had ESBL-producing K.
pneumoniae-positive blood culture and was immediately
treated with imipenem (75 mg/kg/day) and amikacin
(30 mg/kg/day), but for only four days, as clinical and
biological investigations showed no sign of infection.
ESBL-producing K. pneumoniae was isolated from the

mother’s stool, suggesting that the blood isolate was a
contaminant. The survey revealed that this latter newborn
was admitted to the same room (room 5 in NICU1) occupied
by another newborn colonised by ESBL-producing K. pneu-
moniae one day after it had been vacated. ESBL-producing
K. pneumoniae was isolated on the door handles, siphon and
table of this room.

The outbreak lasted from week 5 to week 24, as shown in
the epidemic curve (Fig. 1).

The staff were not screened for the outbreak strain of
ESBL-producing K. pneumoniae.

All maternal milk samples were negative for ESBL-
producing K. pneumoniae during the outbreak. No new cases
of infection or colonisation were observed after June 14th.

Molecular characterisation of the K. pneumoniae isolates

All the isolates exhibited the same pattern of resistance to β-
lactam agents, with resistance to extended-spectrum cepha-
losporins (ceftriaxone and cefotaxime), enhancement of the
cephalosporin inhibition zones in the presence of clavulanic
acid (DDST) and susceptibility to cefoxitin.

All the isolates also exhibited resistance to sulfamethoxazole–
trimethoprim and to aminoglycosides, except for amikacin
(MIC <2 mg/l). All were susceptible to ciprofloxacin.

The imipenem and meropenem MICs were <0.19 mg/l
and <0.032 mg/l, respectively, for all the isolates.

Molecular typing of the 30 ESBL-producing K. pneumo-
niae isolates recovered during the outbreak period identified
two major PFGE patterns, designated a and c, and rep-PCR
patterns, designated A and C. Fourteen isolates (klpn 1, 3, 4,
5, 8, 12, 13, 14, 15, 16, 17, 18, 25 and 35) shared profile A
or a, and 16 isolates (klpn 2, 7, 9, 10, 11, 19, 20, 23, 24, 26,
27, 28, 36, 37, 38 and 39) shared profile C or c (Fig. 2).
With the cut-off of 99.85, the Raman clustering was in good
agreement with the results of the two other molecular
methods. Raman clusters 1 and 3 corresponded to genotypes
A or a and C or c, respectively (Fig. 2).
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Fig. 1 Isolation of
extended-spectrum β-lactamase
(ESBL)-producing Klebsiella
pneumoniae in the neonatal
ward during the study period.
The dark grey bars and light
grey bars represent the numbers
of patients colonised/infected
by ESBL-producing
K. pneumoniae clones A
and C, respectively
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PCR products of the entire coding region of beta-
lactamase genes showed that all 30 isolates harboured the
CTX-M-15, SHV-1 and TEM-1 genes.

Plasmid replicon typing demonstrated the presence of
replicons IncR and IncNewXK in the isolates, suggesting
plasmid transfer between clones A and C.

Clinical epidemiological study

Among the clinical characteristics studied, two factors,
cefotaxime use and esomeprazole (PPI) exposure, were

significantly linked to ESBL-producing K. pneumoniae
colonisation or infection (Table 1).

Esomeprazole was administered to 78.9 % of the 23
neonates, compared to 19.1 % of the 240 controls [odds
ratio (OR), 11.69; 95 % confidence interval (CI), 3.97,
34.39; p<0.001], and cefotaxime to 79.2 % of cases
and 55.6 % of controls [OR, 3.01; 95 % CI, 1.09, 8.33;
p00.04].

The evaluation of staff practices revealed several dys-
functions, including a high staff turn-over rate, understaff-
ing, poor hand hygiene and environmental disinfection,

Fig. 2 Characterisation of the 30 ESBL K. pneumoniae isolates by
semi-automated repetitive extragenic palindromic polymerase chain
reaction (rep-PCR). The dendrogram was established from the
rep-PCR patterns and shows two distinct clones, A and C. The
first column indicates the strain number and the second whether it
belongs to clone A or C. Columns 3 and 4 respectively indicate

the Raman and pulsed-field gel electrophoresis (PFGE) type, as
described in the text. The other columns contain information on the
neonatal intensive care unit (NICU) unit in which the strain was
recovered, the clinical sample and the date of isolation. NR 0 unrelated
isolates, na 0 not analysed
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failure to use gloves for all patient contacts and lack of
equipment (only one weighing scale for the entire unit).

Reinforced infection control strategies were established.
A schedule of training sessions emphasising proper hand
hygiene, environmental cleaning using disinfectant and the
routine use of gloves and gowns for any patient contact was
instituted. Furthermore, separate care products were used for
each neonate.

Discussion

In the past two decades, a significant number of nosocomial
outbreaks by K. pneumoniae have been reported, leading to
increasing concerns in hospitals and especially NICUs [1,
17]. The emergence of ESBL-producing K. pneumoniae is a
major problem, as the choice of intravenous antimicrobials
is limited [17].

The outbreak of ESBL-producing K. pneumoniae
described here lasted five months. The index case was
colonised from her mother, who had vaginal colonisation,
and another 22 neonates were subsequently colonised (22/23)
or infected (1/23). These neonates were hospitalised in three
of the four wards making up the neonatal unit (the advanced
resuscitation unit was unaffected).

Cefotaxime and PPI exposure were significantly associ-
ated with the risk of ESBL-producing K. pneumoniae
colonisation and/or infection. Indeed, H2 blockers (PPIs)
have previously been associated with an increased risk
of infection and/or colonisation in children [18]. These
drugs can promote the overgrowth of potential patho-
gens in the gastrointestinal tract by raising the gastric
pH and may also affect neutrophil rolling adhesion [18].
H2 blockers should, therefore, be used judiciously in the
NICU setting. Cefotaxime has also been identified as a risk
factor for the overgrowth of ESBL-producing K. pneumoniae
[19].

Several molecular typing methods were used to identify
the genetic relation among the isolates within the unit and to
serve as a basis for infection control measures.

We used three techniques, Raman spectroscopy, PFGE
and rep-PCR, all of which require dedicated facilities.

PFGE has high discriminative power and established
interpretative guidelines [11] but is labour-intensive and
lengthy (5 days) and has low sample throughput. It is,
therefore, mainly used for retrospective outbreak studies [9].

Rapid and reliable typing systems are key tools to iden-
tify transmission, so that targeted infection control measures
can be taken [20].

The automated rep-PCR method is simple, standardised,
efficient and rapid (2 days), has good discriminatory power
and reproducibility, allows database building for interlabor-
atory comparisons and offers high throughput [21, 22].

Raman spectroscopy was recently described as a power-
ful tool for the identification of microorganisms at the
species and subspecies levels [23]. Willemse-Erix et al.
evaluated the performance of Raman spectroscopy as a rapid
bacterial typing tool for 111 K. pneumoniae isolates. They
found reproducible spectra and Raman spectroscopy
exhibited a discriminatory power that is comparable to
PFGE for the typing of multiresistant K. pneumoniae iso-
lates [20]. Moreover, the Raman method was able to dis-
criminate outbreak-related isolates from isolates that were
not involved in an outbreak or transmission [20]. In this
study, all clusters obtained by the Raman method were
validated by the epidemiological data. Indeed, with a cut-
off of 99.85, the isolates from the mother (klpn 25) and her
neonate (klpn 1) who were the index cases in this outbreak
belonged to the same Raman cluster as the isolates recov-
ered from the environment (klpn 26, 27, 28 and 36) and the
two neonates hospitalised in room 5 (klpn 2 and 10). This
method is a suitable typing technique for K. pneumoniae
isolates [20] and provides strain-specific optical fingerprints
within a few minutes, instead of several hours to days

Table 1 Demographic
characteristics of the cases
and controls

(C): Chi2 test

Characteristics Controls, n0240 Cases, n023 p-value

Birth weight (g)

Median (Q1; Q3) 1,560 (1,100; 3,125) 1,228 (990; 1,935) 0.07

Range 680; 5,380 680; 3,500

Gestational age (weeks) 0.12

Median (Q1; Q3) 33.0 (28.1; 38.0) 30.0 (27.4; 34.0)

Range 25.3; 41.6 24.7; 40.7

Gender (% male) 141 (58.7) 12 (50.0) 0.46 (C)

Central venous catheter use (%) 137 (57.1) 19 (79.2) 0.06 (C)

Cefotaxime use (%) 134 (55.6) 19 (79.2) 0.04 (C)

Vancomycin use (%) 76 (31.8) 12 (50.0) 0.11 (C)

Proton pump inhibitor use (%) 49 (20.6) 17 (70.8) <0.0001 (C)
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with genotyping methods. Raman spectra for bacteria are
representations of their overall molecular composition.
This technique is simple, has high throughput and is easy
to use [9]. This technique may play an important role in
monitoring the epidemiology of important nosocomial
species [20].

The three techniques all revealed two different clones
(Fig. 2). Clone A, a or 1 was the first to be identified with
a known index case, and 14 isolates of this clone were
finally recovered. Clone C, c or 3 was isolated later; a total
of 16 isolates were recovered, but the index case was not
identified. Interestingly, patients colonised or infected by
clone A, a or 1 and by clone C, c or 3 formed two consec-
utive temporal clusters (weeks 5 to 12 and weeks 11 to 24,
respectively), with an overlapping period of two weeks
(Fig. 1).

The sequencing of ESBL PCR products showed the
presence of the CTX-M-15 gene in all the isolates, and
plasmid replicon typing suggested the horizontal transfer
of this gene from clone A to clone C. But an alternative
hypothesis might be that clone C was introduced and had
already acquired the plasmid.

The evaluation of a nosocomial outbreak is a valuable
tool for the education of staff and is even more helpful for
potentially cost-intensive decisions in the acute outbreak
setting on the ward. Thus, the outbreak finally ended when
patient isolation and reinforced control measures were
implemented.
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