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Extended spectrum beta-lactamase-producing Klebsiella pneumoniae
outbreak reveals incubators as pathogen reservoir in neonatal
care center
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Abstract
In the context of a 3-month extended-spectrum beta-lactamase-producing Klebsiella pneumonia (ESBL-KP) outbreak
in a neonatal care center (NCC), hygiene practices and hospital environment were investigated. ESBL-KP strains
isolated from patients and environment were compared by molecular typing. The density of incidence of multi-
drug-resistant bacteria (MDRB) was calculated from January 2014 to September 2016. The 3-month ESBL-KP out-
break involved 19 patients. Clinical strains from the 19 patients displayed the same molecular profile between them,
and with a strain isolated from an incubator after cleaning. Furthermore, 52.4% of incubator mattresses were positive
for diverse pathogens. Hygiene practices were acceptable except for external practitioners and parents. In addition to
classical infection control (IC) measures, the replacement of mattresses and the improvement of incubators disinfection
stopped the outbreak. The protocol of disinfection was revised and microbiological control was implemented. A
significant decrease of MDRB incidence was concomitant (p value = 0.03219) but 3 months later, MDRB incidence
increased again.

Conclusion: This investigation highlighted incubators and mattresses as critical materials associated to infectious risk in NCC.
NCC and IC teams should implement efficient protocol for incubators disinfection and monitoring.

Communicated by Patrick Van Reempts

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00431-019-03323-w) contains supplementary
material, which is available to authorized users.

* Sara Romano-Bertrand
sara.romano-bertrand@umontpellier.fr

Lucile Cadot
dr-cadot@ch-ales.fr

Hélène Bruguière
h-bruguiere@chu-montpellier.fr

Estelle Jumas-Bilak
ebilak@univ-montp1.fr

Marie-Noëlle Didelot
mn-didelot@chu-montpellier.fr

Agnès Masnou
a-masnou@umontpellier.fr

Gaëlle de Barry
g-de_barry@chu-montpellier.fr

Gilles Cambonie
g-cambonie@chu-montpellier.fr

Sylvie Parer
s-aubas@chu-montpellier.fr

1 Département d’Hygiène Hospitalière, CHU Montpellier,
Montpellier, France

2 Hydrosciences Montpellier, IRD, CNRS, Univ Montpellier,
Département d’Hygiène Hospitalière, CHU Montpellier, 15 avenue
Charles Flahault, BP 14491, 34093 Montpellier cedex 5, France

3 Laboratoire de Bacteriologie, CHUMontpellier, Montpellier, France
4 Hydrosciences Montpellier, IRD, CNRS, Univ Montpellier,

Montpellier, France
5 Pharmacie à Usage Interieur, CHU Montpellier, Montpellier, France
6 Service de Néonatologie, CHU Montpellier, Montpellier, France

European Journal of Pediatrics (2019) 178:505–513
https://doi.org/10.1007/s00431-019-03323-w

http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-019-03323-w&domain=pdf
https://doi.org/10.1007/s00431-019-03323-w
mailto:sara.romano-bertrand@umontpellier.fr


What is Known:
• Environment in neonatal intensive care units is often suspected as reservoir for Enterobacteriaceae outbreaks but is scarcely investigated.
• Incubators and mattresses offer wet and warm conditions suitable for pathogens multiplication, but microbiological survey is not performed routinely

for assessing bacterial contamination.

What is New:
• Incubators and mattresses serve as reservoir for pathogens and relay in outbreak.
• An infection control protocol associating efficient disinfection and microbiology analysis is proposed.

Keywords Incubator mattress . Outbreak . Multi-drug-resistant bacteria . Neonatal intensive care unit . Molecular typing .

Steam-cleaner

Abbreviations
ESBL-KP Beta-lactamase-producing

Klebsiella pneumonia
HAI Healthcare-associated infection
IC Infection control
KP Klebsiella pneumonia
MALDI-TOF MS Matrix-assisted

laser desorption/ionization-time-
of-flight mass spectrometry

MDRB Multi-drug-resistant bacteria
MRSA Methicillin-resistant

Staphylococcus aureus
MSSA Methicillin-susceptible

Staphylococcus aureus
NCC Neonatal care center
NICU Neonatal intensive care unit
NKU Neonatal kangaroo unit
NRU Neonatal resuscitation unit
PFGE Pulsed field gel electrophoresis
VRE Vancomycin-resistant Enterococcus

Introduction

A stay in neonatal care center (NCC) exposes patients to
healthcare-associated infections (HAIs) [6, 33] and outbreaks
mostly caused by multi-drug-resistant bacteria (MDRB).
Premature neonates are particularly susceptible toMDRB col-
onization and infections because the implantation of gut mi-
crobiota is delayed and forms an immature mucosal barrier.
Main reasons are birth by cesarean, feeding by formula or
pasteurized breast milk, antibiotics, and nursing in incubator
with various medical devices [3, 8, 24]. Multi-resistant
Enterobacter cloacae [11] and Klebsiella pneumoniae (KP)
[23] are frequently involved in NCC outbreaks.

As generally accepted in HAI context, poor compliance to
infection control (IC) precautions is themain cause of outbreaks,
but antibiotic therapy in neonates and mothers before birth is
also a major source of colonization of very low birth-weight
infants with ESBL-producing Enterobacteriaceae [15, 16].

Persistent reservoirs in environment or contaminated de-
vices can also be involved, regardless of the species or the

medical specialty [28, 35, 38]. While the source of outbreak
is not retrieved in almost 40% of nosocomial outbreaks, the
environment (including medical devices and care equipment)
is identified as more involved in 22.5% of cases, in equivalent
proportion than patient reservoir [38]. Very few studies have
explored the environmental diffusion of ESBL-producing
Enterobacteriaceae, but abiotic surfaces of hospital environ-
ment are susceptible to be contaminated in a rate close to
14%, with a part due to K. pneumoniae around 4%, as reported
in the study of Dziri et al. in 2016 [17]. In NCC, when found,
environmental sources of Enterobacteriaceae spreading were
milk and feeding material [31], close patient environment [7],
hygiene products [4, 30], medical devices [29, 34], and perfu-
sion solutions [18, 32]. In 2005, an outbreak investigation in
neonatal intensive care unit (NICU) identified incubators as the
reservoir of vancomycin-resistant Enterococcus sp. involved in
the outbreak [20]. The mattresses are described as at risk for
patient contamination in adult units [14], especially when their
covers are damaged and permeable [2, 25, 39]. Outbreaks
linked with mattresses’ contamination by Gram-negative bac-
teria such as A. baumannii or P. aeruginosa are reported in the
literature [2, 10], but to date, none identified mattresses as
responsible for Enterobacteriaceae outbreak in NCC.

During the IC investigation of a 3-month outbreak involv-
ing ESBL-producing KP (ESBL-KP) in an NCC, incubators
were suspected to be environmental reservoir or relay for
ESBL-KP and other pathogenic bacteria. The impact of mat-
tresses renewing and enhanced disinfection protocols of incu-
bators on the outbreak dynamics and on the incidence of
MDRB in the NCC was assessed.

Methods

Settings and patients

The NCC of Montpellier (France) hospital contained three
sectors: neonatal resuscitation unit (NRU) (15 beds in 9
rooms); neonatal intensive care unit (NICU) (19 beds in 8
rooms), and a neonatal kangaroo unit (NKU) (9 single-
family rooms and 2 nurseries of 3 beds). NRU receives
low birth-weight preterm infants (< 1500 g), critically ill

506 Eur J Pediatr (2019) 178:505–513



newborns with unstable state, and newborns having sur-
gery. Once stabilized, patients are transferred to the NICU
and then in the NKU, before going home. In NRU and
NICU, patients are cared in incubators, and are transferred
between wards in their incubators. Each unit of the NCC
has dedicated healthcare workers during the day but there
is only one team for the 3 units at night. There is only one
medical team for the whole NCC.

Hygiene measures in the NCC

Medical and healthcare workers wear a dedicated white
outfit when working within the NCC. When providing
cares for patients in incubators, they wear a single-use
apron, in order to protect their outfit from a direct con-
tact with patients’ close environment. Parents also wear a
single-use over-gown since their entrance in the NCC.
They are trained to hand hygiene and the respect of stan-
dard precautions when they help for their children’s
cares. These hygiene measures were assessed when
auditing hygiene practices during the outbreak period
and correctly re-adjusted if needed.

Incubators cleaning protocol

Incubators (Dragër, France) were cleaned once a day by wiping
inner surfaces with a cleaning-disinfecting agent containing
didecyldimethylammonium chloride (Anios ND 7.85 II®,
Anios, France). Each patient changed incubator every week
and the used incubator is decontaminated before being assigned
to another patient. Weekly cleaning-disinfection of mattresses,
and of inner and outer incubator surfaces, was performed using
both N-(3-aminopropyl)-N-dodécylpropane-1,3-diamine and
didecyldimethylammonium chloride (Surfanios®, Anios,
France) and steam cleaning (SV 4000A, Sanivap, France) onto
themattress and both inner and outer incubator surfaces. Before
outbreak, microbiological monitoring of cleaned incubators
was not performed in routine.

HAI surveillance in NCC

HAIs caused byMDRB, including multi-drug-resistant Gram-
negative bacilli, vancomycin-resistant Enterococcus (VRE),
and methicillin-resistant Staphylococcus aureus (MRSA),
are monitored by automatic alert through computerized pa-
tients’ data files and weekly multi-disciplinary reviews [2,
1 0 ] . R e c t a l s c r e e n i n g s f o r ESBL - p r o d u c i n g
Enterobacteriaceae and other MDRB are performed weekly.
When a MDRB outbreak alert occurs, retrospective analysis
and prospective surveillance for new cases are performed. The
cases are defined as patients positive for MDRB in a rectal
sample and/or for a clinical sample realized for diagnosis.

Outbreak investigation

Hygiene practice audit

The observance of standard and contact precautions was
assessed according to 16 items (Supplementary Table 1)
that should reach > 90% of observance rates to comply
with IC rules. Concerning the cleaning practices items
(Supplementary Table 1), IC rules were complied for a
rate of gloves and apron wearing > 80%, and for a rate >
90% for the other items. Specific formation was provided
to healthcare workers and/or visitors when practices im-
provements were needed.

Environmental microbiology and molecular typing
of bacterial strains

In the whole NCC, surfaces of patients’ rooms, nursing
room, parents’ rest rooms, and common areas were sam-
pled by sterile cotton swabbing (Coppan®, Italia).
Sampling included wet and dry surfaces, reusable medi-
cal devices, and computers. Among wet surfaces, fau-
cets’ surfaces, tap, and U-bends were sampled in pa-
tients’ rooms and care rooms of the NCC in order to
investigate hydric reservoirs. Mattresses cover and foam
were cut in small pieces for further detection of micro-
organisms contaminating both surfaces and deep layers.
About 10 mattress chips were randomly selected from
every mattress. Swabs and mattress chips were incubated
24 h at 37 °C in Tryptone Soy Broth (Oxoid®, France).
Then, the broths were streaked onto Mac Conkey agar
(BioMérieux®) (24 h at 37 °C) and onto Columbia agar
with 5% sheep blood (BioMérieux®) (48 h at 37 °C)
media. Every growing colony was identified by Matrix-
assisted laser desorption/ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) (Bruker®, Germany).

Clinical and environmental strains of ESBL-KPwere typed
by Pulsed Field Gel Electrophoresis (PFGE) after XbaI
macrorestriction [21].

Survey of MDRB incidence

A daily computer-assisted surveillance listed all cases of
MDRB colonization or infection in the NCC between
January 2014 and September 2016. The density of inci-
dence reported monthly new cases per days of hospitaliza-
tion in the NCC. The mean incidence rates between the
different periods of the survey were calculated and com-
pared by Student t test using R64 software. A p value <
0.05 was considered as significant. In the meantime, month-
ly antibiotic consumption was collected between January
2014 and September 2016 in order to assess its impact onto
the density of incidence of MDRB.

Eur J Pediatr (2019) 178:505–513 507



Results

Outbreak description

On 27 November 2015, an outbreak alert was emitted because
four patients displayed digestive colonization with ESBL-KP.
Retrospective analysis showed two cases of colonization and
one case of infection prior to the alert (Fig. 1a). Ninety patients
were affected among 235 patients hospitalized during the 3-
month outbreak period (incidence rate of 8%) (Fig. 1a). For
every patient, the onset of digestive colonization was late from
10 to 80 days. For 2 patients, the colonization was followed by
infections: sepsis for patient 6 and conjunctivitis for patient 2
(Table 1). NRU, NICU, and NKU were the acquisition units
for 4, 6, and 8 patients, respectively (Table 1). The outbreak
ended on 13 January 2016.

The 21 ESBL-KP clinical strains isolated from 19 patients
shared a same PFGE profile A (Table 1, Fig. 1b), indicating
cross-transmission among patients or exposition to a same
source. Two additional cases of ESBL-KP colonizing twin
patients 20 and 21 occurred later in January 2016. The strains
displayed the PFGE profile B and therefore were considered
as unrelated to the main outbreak (Table 1).

IC audit and management

From 16 to 23 December 2016, (Fig. 1), 290 observations of
hygiene practices highlighted global observance rate of
91.2%, 92%, and 92.4% for standard precautions, contact

precautions, and environment cleaning practices, respectively
(Supplementary Table 1). Major failures concerned the wear-
ing of external practitioners (radiologist, surgeon, and physio-
therapist), the cleaning of shared devices and the parents’ hand
hygiene. Moreover, contact precautions were hardly applied
in twin rooms. The water point-of-use cleaning protocol in-
cludes daily tap flushing and cleaning of tap, sink, and U-
bends (Supplementary Table 1). Inappropriate practices were
immediately corrected by reminding the good practices to be
adopted.

Environmental microbiology investigation
and corrective measures

An environmental source for ESBL-KP clone was searched by
sampling surfaces (first sampling campaign, Fig. 1) onto 39
sites in the bedroom n°3 in NRU (where the 4 Balert cases^
were hospitalized) and 55 sites corresponding to shared objects
and care-giving equipment in the whole NCC. Sixteen surfaces
out of the 94 were positive for bacteria, including 5 for
Enterobacteria. ESBL-KP was retrieved from a swab sampled
onto a cleaned incubator (n = 1), and E. cloacae from a swab
sampled onto another incubator (n = 1) just after the cleaning
process. E. cloacae was also isolated on a breast pump (n = 1)
and on a mobile radiograph device (n = 1), and Escherichia
vulneris on an electrocardiograph (n = 1). The strain of ESBL-
KP isolated from incubator displayed the same PFGE profiles
than clinical strains (Fig. 1b), demonstrating the persistence of
the epidemic strain in one incubator despite the cleaning.

Fig. 1 a Epidemic curve and summary of investigation and improvement measures chronology. b Representative PFGE patterns of K. pneumoniae
stains. Line 1 to 7: clinical isolates from patients 1 to 7. Line *: environmental isolate
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These results led to a thorough cleaning of all NCC sur-
faces by a three steps procedure associating detergency, rins-
ing, and disinfection. An improved cleaning protocol of incu-
bators and mattresses was also implemented on December 24
by adding a cleaning-disinfecting step using Surfanios® after
steam cleaning (Fig. 1).

Then, a systematic microbiological control (second
sampling campaign, Fig. 1) of incubators and mattresses was
performed by swabbing to evaluate new practices and residual
contamination before their reuse. During 1 month, 48 incuba-
tors including 26 mattresses were sampled (Supplementary
Table 2). Most of the mattress covers appeared cracked and
remained wet long time after steam cleaning. Microbial anal-
ysis showed human skin–associated bacteria (57.1% for incu-
bator and 34.6% for mattresses) and environmental bacteria
(39.3% for incubator and 53.8% for matt resses)
(Supplementary Table 2). Four bacteria pathogenic to neo-
nates (Enterococcus faecalis, E. cloacae, Bacillus cereus,
Staphylococcus capitis) were retrieved on the outer surfaces
of 4 incubators.

Finally, given visual aspect and microbiology data, all the
mattresses were renewed on 19 January 2016. Since this date,
steam cleaning was limited to Plexiglas surfaces of incubators
excluding mattresses to avoid persistent moisture, and
Surfanios ® was used before and after steam process to elim-
inate potential re-contamination from aerosolized bacteria.
Mattresses are cleaned out of the steam-dedicated room by a
2-step whipping using Surfanios®. The traceability of the link
between patients and incubators was initiated. The occurrence
of new cases caused by the ESBL-KP outbreak strain (PFGE
type A) ended just after the mattresses changing (Fig. 1).

Before discarding mattresses, the cover and foam were an-
alyzed for 42 mattresses. The global rate of contamination
reached 100%, confirming their potential role as bacterial res-
ervoir. Twenty-two mattresses (52.4%) were positive for path-
ogenic bac te r ia , main ly meth ic i l l in -suscep t ib le
Staphylococcus aureus (MSSA) (23.8% of mattresses),
S. capitis, and B. cereus (7.1% each). E. cloacae, E. coli,
E. faecalis, and Pseudomonas aeruginosa were each isolated
from 1 mattress (2.4% each) (Supplementary Table 2).

Table 1 Characteristics of the 19 patients involved in the outbreak

Patient Sex Clinical sample Delay before colonization or infection (days) Acquisition unit (date) Rooms ESBL-KP genotype
(PFGE)

1 M Rectal swab 20 NRU (10/14/2015) 1 A

2 F Rectal swab 20 NICU (10/20/2015) 5 A

Left eye 41 NICU (11/11/2015) 5 A

3 M Rectal swab 28 NICU (11/25/2015) 4 A

4 F Rectal swab 11 NRU (11/24/2015) 2 and 4 A

5 F Rectal swab 15 NICU (11/24/2015) 6 A

6 M Rectal swab 51 NRU (11/25/2015) 3 A

Blood 63 NRU (12/07/2015) 3 A

7 M Rectal swab 72 NICU (12/01/2015) 7 A

8 F Rectal swab 80 NKU (12/09/2015) 8 A

9 M Rectal swab 10 ND1 (12/09/2015) 1, 2, and 12 A

10 M Rectal swab 16 NKU (12/09/2015) 9 A

11 F Rectal swab 37 NKU (12/09/2015) 10 A

12 F Rectal swab 85 NKU (12/16/2015) 11 A

13 F Rectal swab 21 NKU (12/23/2015) 12 A

14 F Rectal swab 18 NICU (12/30/2015) 4 A

15 F Rectal swab 47 NICU (12/30/2015) 4 A

16 M Rectal swab 39 NKU (01/06/2016) 13 A

17 M Rectal swab 16 NRU (01/13/2016) 2 A

18 M Rectal swab 22 NKU (01/13/2016) 14 A

19 M Rectal swab 34 NKU (01/13/2016) 14 A

20 M Rectal swab 7 NICU (01/20/2016) 13 B

21 F Rectal swab 7 NICU (01/20/2016) 14 B

1ND not defined because of many changing of sector
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Evaluation of new practices for incubator
and mattress managing

In the first month after mattress change, 56 incubator surfaces
and 49 mattresses were tested after cleaning and before their
reuse for a new patient (third sampling campaign, Fig. 1a,
Supplementary Table 2). Non-pathogenic bacteria were re-
trieved from incubator surfaces of respectively 25% (human
origin) and 11% (environmental origin) of the incubators. Out
of the 49 mattresses, 2 were positive for MSSA and B. cereus,
and 17 (34.7%) and 13 (26.5%) were positive for human and
environmental non-pathogenic bacteria, respectively
(Supplementary Table 2). Compared to the second sampling
campaign, the rate of contamination decreased markedly from
79.2 to 35.6% for the external surfaces, but more slightly from
76.9 to 61.2% for the mattresses (Supplementary Table 2).
The contamination remained significant during the first
month, probably due to implementation of new practices with-
out thorough supervision.

During the following 7-month period, formation and audit
to new practices were implemented. Then, 61 incubators and
their mattresses were sampled (outside and inside) (fourth
sampling campaign, Supplementary Table 2).Escherichia coli
was the sole pathogen isolated while skin-associated bacteria
were frequent contaminants. Compared to the previous cam-
paign of incubator sampling, the overall contamination de-
creased markedly from 35.6 to 4.9% for incubators and from
61.2 to 9.8% for mattresses (Supplementary Table 2). A pos-
itive sample for bacteria, pathogenic or not, conduced to redo
the disinfection before incubator reuse. A routine microbio-
logical surveillance was then implemented by random sam-
pling of cleaned incubators and mattresses.

Elusive impact of IC measures on the whole MDRB
density of incidence in the NCC

The density of incidence of MDRB and the mean rates per
period in the NCC from January 2014 to September 2016 are
represented on Fig. 2, also presenting the monthly consump-
tion of antibiotic. Before the ESBL-KP clonal outbreak
(January 2014 to September 2015), the density of incidence
varied between 0.67 and 8.50/00 (mean value of 5.950/00),
excepted just before the outbreak in July 2015 when it in-
creased up to 140/00 and remained significantly higher during
the outbreak than during the pre-outbreak period (11.360/00 in
mean, p value = 0.0127, Fig. 3). In February, after the bundle
of IC measures including mattresses replacement, the rates
deeply decreased to 20/00, and remained significantly lower
during 8-month in post-outbreak period than during the out-
break (p value = 0.03219) but reached a mean of 6.130/00,
which was similar to the pre-outbreak period (Fig. 3). In the
meantime, the antibiotic consumptions remained stable be-
fore, during, and after the outbreak period, suggesting that

the evolution density of incidence of MDRB was not linked
to a selective pressure exerted by antibiotics.

Discussion

The occurrence of an outbreak in a hospital unit leads to im-
plement bundle of IC measures acting in synergy towards
outbreak resolution. Consequently, outbreak investigation
rarely identifies single cause and source of transmission. In
our NCC, IC measures were basically well observed but some
IC procedures cannot be fully improved in the outbreak peri-
od, such as the isolation of MDRB-carrying patients in single
room. The parents hand hygiene, already described as in-
volved in pediatric ward contamination by enteric virus [19],
was perfectible in the present case. Besides, environment is
increasingly described to amplify and relay epidemic cycle of
Enterobacteria in hospital [9, 26]. Several studies demonstrate
that Gram-negative bacteria can persist for several months on
hospital surfaces [1, 12], and outbreaks’ reports identifying
environment as relaying pathogens transmission are published
in the literature. Considering herein the outbreak persistence
despite rather good compliance to IC precautions and the late-
onset of patient’s contamination, an environmental reservoir
was likely, urging to investigate deeper the NCC environment.
At least one incubator was involved in the ESBL-KP out-
break, as proved by molecular typing. Even if incubators or
mattresses cannot be identified as sources for all cases, this
result suggests that incubators can act as a relay in the out-
break describes herein. The presence of other NCC-associated
pathogens (i.e., S. aureus [36], E. cloacae [11] and B. cereus
[27], and S. capitis [5]) on cleaned incubators surfaces is a
strong argument for considering incubators as reservoirs for
pathogens in NCC. In the outbreak reported herein, the delay
for an infant to get colonized is coherent with incubators as
sources of transmission. Indeed, every patient was put weekly
in a new incubator with a new mattress while his previous
incubator was cleaned and given to another patient. If
cleaning-disinfecting process was not fully efficient, neonates
could be exposed to pathogens from other patients.
Microbiological data showed sporadic contamination of incu-
bators, which may explain the low outbreak dynamics ob-
served herein. Finally, the replacement of incubators mat-
tresses and the implementation of new procedures of disinfec-
tion immediately stopped the outbreak, supporting their criti-
cal role. Improved incubators and mattresses management
proposed herein confirmed their efficiency to limit contami-
nation. Concomitantly, we observed the significant decrease
of MDRB colonization in the ward, directly after having re-
placed all mattresses. However, this was a short-term decrease
suggesting that MDRB endemicity in the NCC was multi-
factorial despite the critical role that incubators might play.
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The warm and humid ambiance in incubators probably
facilitates bacterial growth [13] in close contact with neonates.
Therefore, efficient decontamination before accommodating a
new patient is critical to minimize HAI risk [10]. Since 2009,
steam cleaning procedures was implemented for disinfecting
incubators according to the French recommendations, in order
to limit exposure of neonates to residual chemical products
[37]. Its efficiency to reduce HAIs risk without using chemical
products is especially appreciated in NCC but is conditioned
by the contact time on surfaces. Furthermore, aerosolized
pathogens that can then settle on cleaned surfaces [22] require
using steam systems in a dedicated well-ventilated room in

order to limit air-mediated recontamination and environmental
bioburden. In our experience, the use of steam on mattress’s
waterproof cover increased the residual moisture in the foam,
and probably the risk of bacterial persistence or growth. For
these reasons, we now recommended to use steam cleaning
only onto Plexiglas surfaces of incubators while mattresses are
disinfected by biocide, Surfanios®.

Conclusion

In NCC outbreaks, environmental reservoir is frequently
suspected but scarcely characterized, i.e., in about one-third
of published cases for KP outbreaks. The HAI pathogens de-
tected beside ESBL-KP urges to consider incubators and mat-
tresses as critical medical materials, to exert constant vigilance
on them, to monitor their microbial contamination, and to
question their decontamination. Incubators and mattresses
management and monitoring should be included in the bundle
of measures implemented to control HAI in NCC.
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