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Abstract: Background: Premature newborns represent a vulnerable population, at high risk of acquir-
ing nosocomial infections during neonatal intensive care unit (NICU) admission. Multidrug-resistant
organisms represent the greatest concern due to their intrinsic virulence and the limited therapeutic
options. Resistant Enterobacterales are a growing threat for critically ill neonates, with increasing
numbers of NICU outbreaks caused by extended-spectrum beta-lactamase (ESBL)-producing En-
terobacterales being described. This study reports the early detection and successful control of an
outbreak caused by ESBL-producing Klebsiella pneumoniae (ESBL-KP) in an Italian NICU in February
2021. Results: A total of 13 newborns tested positive for ESBL-KP between 2–9 February 2021, of
whom four (31%) had a bloodstream infection. Two were critically ill, extremely premature newborns
who died because of multiple comorbidities, and two were cured after treatment with meropenem.
All other patients survived and were either discharged home or moved to other hospitals/wards
in good clinical condition. ESBL-KP ST45 was found in all isolates by multilocus sequence typing
(MLST) analysis. An outbreak control plan was set, including surveillance cultures for all neonates,
NICU environments, and medical devices, along with the extended use of contact precautions and
cohorting. In addition, the infection control plan was carried out through reinforcement and enhance-
ment measures to guarantee maximal compliance. The outbreak was successfully controlled in seven
days, given that no further cases were identified after 9 February. The source of the ESBL-KP out-
break was not identified through environmental sampling. Conclusions: Thanks to multidisciplinary
management, a threatening outbreak of ESBL-KP in a NICU was controlled in few days. The prompt
recognition of the event onset and the adoption of infection control interventions helped contain the
bacteria spread on the ward.

Keywords: outbreak; newborn; extended-spectrum beta-lactamase-producing Klebsiella pneumoniae;
neonatal intensive care unit; multidrug-resistant organism

1. Introduction

The admission of critically ill or premature infants to a neonatal intensive care unit
(NICU), although life-saving, puts those infants at high risk of acquiring a nosocomial
infection [1].

Gram-positive bacteria such as coagulase-negative Staphylococci (CoNS) and methicillin-
sensitive Staphylococcus aureus (MSSA) are together responsible for up to 60% of late-onset
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sepsis (LOS) events in NICUs, as compared to Gram-negative bacteria, especially E. coli,
Klebsiella spp., Pseudomonas spp., and Enterobacter spp., which are overall accountable
for 18% [1,2]. Although all pathogens can be dangerous for this vulnerable population,
multidrug-resistant organisms (MDRO) represent the greatest concern due to their intrin-
sic virulence and the limited therapeutic options [1]. It has been recently estimated that
antimicrobial resistant pathogens are potentially responsible for around 30% of all global
neonatal sepsis deaths [3]. Methicillin-resistant Staphylococcus aureus (MRSA) is the most fre-
quently isolated resistant pathogen in the NICUs of developed countries [2]. Nonetheless,
resistant Enterobacterales [4] represent an even more severe growing threat for critically ill
neonates [5], and an increasing number of NICU outbreaks caused by extended-spectrum
beta-lactamase (ESBL) producing Enterobacterales have been reported [6–18].

An outbreak in a sensitive setting such as a NICU can have tremendous consequences
for affected patients. The number of NICU outbreaks reported in the medical literature
are probably only a small portion of the total number of epidemic events. Nonetheless,
the data presented are extremely valuable and, when aggregated, can provide a better
insight into the most effective strategies to prevent and manage an outbreak event [19].
Among the infection control measures implemented during NICU outbreaks are the re-
view of the general infection control procedures, including hand hygiene, practices for
sterilization/disinfection of equipment, the preparation of infant formulae, aseptic tech-
niques for invasive procedures, isolating/cohorting the affected patients, and personnel
screening [19].

This study reports the successful and timely multidisciplinary management of an
outbreak due to ESBL-producing Klebsiella pneumoniae (ESBL-KP) in the NICU of Padova
University Hospital.

2. Results

The cluster counted 13 neonates (6/13 males) with heterogeneous gestational ages,
body weights, and comorbidities, of whom 11 (84.6%) survived the outbreak. The main
clinical features of cases are summarized in Supplementary Table S1.

The first case of positivity to ESBL-KP dates back to 2 February 2021, with isolation
of the germ on mini-BAL sample (official antibiogram result on 5 February) of a term,
mechanically ventilated female newborn with respiratory failure due to a Joubert Syndrome-
like ciliopathy. Notably, the index case underwent a diagnostic video laryngo-tracheoscopy
two weeks before the outbreak onset. No patients had reinfection. Nine (69.2%) were
just colonized. Four (31%) had a bloodstream infection. Two of them were critically ill
extremely premature newborns who died because of multiple comorbidities (respiratory
distress syndrome requiring mechanical ventilation, postpatent ductus arteriosus closure
syndrome, bronchopulmonary dysplasia, severe intraventricular hemorrhage, anemia,
ascitis, late-onset sepsis and intestinal perforation, respectively; Supplementary Table S1).
The remaining two were cured after meropenem treatment, but one died of other causes
later. All the remaining colonized/infected patients survived and were either moved to
other hospitals/wards in good clinical conditions or discharged home.

The time to outbreak resolution was seven days. Since 2 February, all patients on the
ward underwent surveillance swabs, with the subsequent finding of six cases with positive
pharyngeal swabs and three with positive blood cultures by 9 February. By 15 February,
when the results of the cultures sent on 9 February were available, the total number of
positive newborns increased to 13; eight were in the NICU, two moved to other hospitals,
and one to the cardiosurgery intensive care unit. The last positive patient was discharged
on 21 July. No further cases have been identified since mid-February (Figure 1).
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Criteria for the definition of an epidemic event or a potential epidemic event are listed
in Supplementary Table S2.

2.1. Outbreak Management

After the first case of ESBL-KP isolation on mini BAL (2 February) and the first
alert notice of bacteremia in the second patient (4 February), all NICU patients were
functionally isolated by contact precautions (single-use gowns and gloves). In addition, a
strict microbiological surveillance program was set up utilizing pharyngeal and rectal swabs
performed every 48 h on all the NICU inpatients. Early awareness of the optimal hand
hygiene procedure, use of contact precautions, and disinfection of medical devices and the
environment was raised among staff members. The therapeutic choices were established
together with the pediatric infectious diseases consultants. The Service for Prevention and
Control of Hospital Infections was promptly notified of the cluster (8–9 February), and
an infection control program was implemented together with the NICU team. Cohorting
was implemented with cases, close contacts and non-contacts with negative swabs being
allocated in three different rooms. Great attention was placed on the adoption of functional
isolation measures for each patient regardless of MDRO colonization. Active surveillance
swabs were extended to all the patients in the sub-intensive ward. Culture samples were
also taken from the environment, including medical devices, stethoscopes, ventilation
equipment, incubators, glucometers, infusion pumps, portable ultrasound, computer
keyboards, automatic door openers, milk samples and nursing carts. The ongoing outbreak
was reported to all the ward/hospital destinations of transferred newborns.

2.2. Reinforcement and Enhancement of Infection Control Program

Since the report of a total of 13 cases in mid-February, reinforcement of correct hand
hygiene techniques and contact precaution was implemented, together with periodical
infrared hand scanning to check proper cleaning (Semmelweis Hand In Scan), refresh
meetings, updating, and group educational seminars with a review of the literature. Contact
precautions were established as mandatory for entering the wards for external consultants
and parents. The initial environmental decontamination measures were enhanced. Mobile
phones were forbidden in patient zones and only permitted in the common areas. The
so-called “patient zones” were created in both wards and delimited around each cot by
colored marks on the floor to make clear where to put on and off contact precautions
before and after approaching the patient. One bed zone per room was kept empty and
used as a “dressing/undressing” area. The bed number was decreased to 13 cots in the
NICU and 12 in the sub-intensive ward, and pregnant inpatients in stable conditions
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were temporarily deviated to other sites. On 15 February, the infection control team
established mandatory testing with surveillance swabs to be performed daily for negative
newborns, while positive newborns were considered colonized until discharge. Rectal
swab surveillance was also established for inpatient pregnant women in gynecology wards
to identify possible ESBL carriers. After 19 February, a gradual opening to new admissions
was possible, even maintaining an overall reduction of beds to allow the maintenance of the
dressing/undressing area in each room. Since then, active twice-weekly surveillance was
maintained. Cohorts of patients with MDRO colonization and contact precautions for each
patient zone have been maintained after discharge of the last case, with random inspections
to check adherence to the hand hygiene procedure and contact precaution adoption. An
official document for internal use as a guide for infection prevention and control (IPC) was
implemented by the infection control team.

2.3. Treatment

Colonized cases were not treated except in critical conditions to avoid the risk of
selection pressure and the possible emergence of further antibiotic resistance, as recom-
mended (http://www.salute.gov.it/imgs/C_17_pubblicazioni_2660_allegato.pdf, accessed
on 2 February 2021). Intravenous vancomycin (10–15 mg/kg every 18, 12 or 8 h according
to age) and meropenem (20–40 mg/kg every 12 or 8 h) in combination were the antibiotics
of choice for the empirical treatment of suspected infections. Meropenem was used for
sepsis/central-line-associated bloodstream infection (CLABSI) targeted treatment.

2.4. Antibiotic Resistance and Molecular Characteristics

Sequences of seven housekeeping genes were obtained for all the K. pneumoniae
outbreak strains. A dominant strain, sequence type (ST) 45, was found (13/13 cases, Table 1).
Our results showed that all ESBL-KP strains were resistant to amoxicillin-clavulanic acid
and cephalosporins (except ceftazidime/avibactam and ceftolozane/tazobactam) and
susceptible to meropenem, imipenem, and colistin (details shown in Table 1).

Table 1. Results of multilocus sequence typing (MLST) using seven genes (gapA, infB, mdh, pgi,
phoE, rpoB, and tonB).

Patient MLST
Scheme

ST
Clone

Standard Housekeeping Loci
Type of Specimen Antimicrobial Resistance

PhenotypegapA infB mdh pgi phoE rpoB tonB

1

K. pneumoniae ST 45 2 1 1 6 7 1 12

Mini-BAL,
pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

2 Blood culture,
pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

3 Blood culture,
pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin,
Piperacillin/tazobactam

http://www.salute.gov.it/imgs/C_17_pubblicazioni_2660_allegato.pdf
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Table 1. Cont.

Patient MLST
Scheme

ST
Clone

Standard Housekeeping Loci
Type of Specimen Antimicrobial Resistance

PhenotypegapA infB mdh pgi phoE rpoB tonB

4
Cutaneous and

pharyngeal swab,
blood culture

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

5 Pharyngeal swab,
blood culture

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

6 Pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

7 Rectal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin,
piperacillin/tazobactam,

amikacin

8 Rectal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin,
piperacillin/tazobactam,

amikacin

9 Rectal and
pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin

10 Rectal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),

gentamicin, trimetho-
prim/sulphamethoxazole,

tobramycin

11 Rectal and
pharyngeal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),
ciprofloxacin, gentamicin,

trimetho-
prim/sulphamethoxazole,

tobramycin
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Table 1. Cont.

Patient MLST
Scheme

ST
Clone

Standard Housekeeping Loci
Type of Specimen Antimicrobial Resistance

PhenotypegapA infB mdh pgi phoE rpoB tonB

12 Rectal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),

gentamicin, trimetho-
prim/sulphamethoxazole,

tobramycin

13 Rectal swab

Amoxicillin-clavulanic acid,
cephalosporins (except

ceftazidime/avibactam and
ceftolozane/tazobactam),

gentamicin, trimetho-
prim/sulphamethoxazole,

tobramycin

Legend: MLST, multilocus sequence typing; ST, sequence type; K. pneumoniae, Klebsiella pneumoniae; mini-BAL,
mini-bronchoalveolar lavage.

2.5. Environmental and Staff Surveillance

Samples of human and formula milk were not found to be contaminated. Samples
were collected from floors, roofs, walls, air, water, and doors, and also in common spaces
and all the equipment surfaces (cots, circuits, etc.), according to the protocol proposed
by our infection control team. No positivity was found in environmental cultures, even
though mixed microbial flora (Staphylococcus and Micrococcus spp.) was found on various
surfaces. All the staff underwent nasal and rectal swabs, which all tested negative. Hands
underwent a periodical infrared scan after washing. All the staff was trained and passed
the tests.

3. Materials and Methods
3.1. Study Design, Setting, and Population

This is a retrospective observational study. An ESBL-KP outbreak took place in the
III level 20-bed NICU of Padova University Hospital at the beginning of February 2021,
counting three six-bed rooms (T1, T2, T3) and two single isolation rooms (I1 and I2).
Later, the 15-bed sub-intensive neonatal ward was also involved. The staff comprises
12 neonatology consultants, 20 pediatrics residents, 48 nurses, and four social health
workers. The neonatal population at the time of the outbreak mainly included preterm and
extremely preterm infants, but also neonates affected by congenital malformations or other
comorbidities requiring intensive care. Before the outbreak, surveillance swabs were not
performed routinely, but only as screening on admission. For this reason, the incidence of
previous ESBL-KP colonization cases was not available. No cases of ESBL-KP infection
were registered in 2020.

3.2. Case Definition and Inclusion Criteria

A case was defined as a newborn with either infection or colonization by ESBL-KP. In-
fection was defined by positive blood, cerebrospinal fluid, urine, or bronchoalveolar lavage
(BAL) cultures with symptoms. Colonization was defined as the positivity of surveillance
swabs without clinical symptoms. Data from medical records of all newborns admitted to
the NICU of the Department of Women’s and Children’s Health of the University Hospital
of Padova (Veneto Region, Italy) between January 2021 and December 2021, with either
infection or colonization by ESBL-KP, were included.

3.3. Data Collection

For each patient, clinical, demographic, diagnostic, and prescription data were manu-
ally collected from electronic medical records. Privacy was guaranteed by assigning to each
patient a unique, anonymous study code, and not collecting personally identifying data.
The investigations were carried out following the rules of the Declaration of Helsinki of



Antibiotics 2022, 11, 1649 7 of 12

1975 (https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/, last
accessed on 30 September 2022), revised in 2013.

The following variables, selected a priori, were evaluated: sex, gestational age (GA),
post-natal age (PNA), birth weight (BW), comorbidities, admission room, invasive pro-
cedures, infection type (early or late onset sepsis (EOS/LOS), pneumonia, central line
associated bloodstream infection (CLABSI)) vs. colonization, antibiotic regimen, antibiotic
resistance and molecular typing analysis of ESBL-KP isolates, admission and discharge
dates, outcome (survival/exitus).

3.4. Outcomes

The primary outcomes are survival vs. mortality of patients with ESBL-KP infection
or colonization and time to outbreak resolution. Secondary outcomes include description
of multilocus sequence typing (MLST) ESBL-KP of isolates and antimicrobic susceptibility
testing, and description of the management of patients with ESBL-KP positivity with
infection control program measures and environmental surveillance.

3.5. Outbreak Management Strategies and Treatment

Among the employed strategies to contain the outbreak were the use of contact
precautions, such as disposable gloves and gowns, cohorting, active surveillance swabs of
patients, staff and the environment, awareness and retraining of the optimal hand hygiene
procedure, and disinfection of devices and surfaces.

The empirical combination of vancomycin and meropenem was the treatment of
choice in colonized patients who presented signs/symptoms of infection. The treatment
was de-escalated to only meropenem in case of a microbiologically confirmed invasive
infection due to ESBL-KP.

3.6. Identification of ESBL Isolates in Cultures and Antimicrobial Susceptibility Testing

All surveillance swabs were cultured on CHROMagar ESBL (MEUS SRL, Padova,
Italy), a selective chromogenic screening medium for the isolation of ESBL-producing
Enterobacterales. Cultures were incubated for 18–24 h at 37 ◦C. Identification of the species
level and antimicrobial susceptibility testing of the isolates was performed by the VITEK
MS and VITEK 2 automated system (BioMérieux, Grassina, Italia, S.p.A.), respectively,
according to the interpretive criteria of the European Committee on Antimicrobial Suscepti-
bility Testing. Enterobacterales isolates resistant to any indicator cephalosporin (ceftazidime,
cefotaxime, cefpodoxime) but susceptible to carbapenems in the susceptibility testing un-
derwent phenotypic confirmation of the ESBL production by using the E-test® method on
Mueller–Hinton agar. The E-test® (BioMérieux, Marcy l’Étoile, France) is a gradient method
based on two-sided strips containing gradients of one of the cephalosporins cefotaxime
(CT), or ceftazidime (TZ) or cefepime (PM) on one end and a gradient of cephalosporin
combined with clavulanic acid (4 µg/mL fixed concentration) on the other end, intended
to confirm the presence of ESBL enzymes, inhibited by a β-lactamase inhibitor such as
clavulanic acid, in Enterobacterales. Interpretation criteria followed the manufacturer’s
recommendations, and the test was considered positive for ESBL if a greater than or equal
to eightfold reduction was observed in the minimum inhibitory concentration (MIC) of TZ,
CTX, and/or PM combined with clavulanic acid compared with the MIC of the TZ, CTX
and/or PM without clavulanic acid or if a phantom zone was present.

Antimicrobial susceptibilities are interpreted according to EUCAST breakpoints as
updated in breakpoint tables for interpretation of MICs and zone diameters (Version 11.0,
valid since 1 January 2021).

3.7. Genotyping Analysis

Isolated colonies of each K. pneumoniae strain were emulsified in 350 µL of sterile
water. Then, heat shock was used to extract DNA from K. pneumoniae colonies, which can
be utilized in performing PCR and DNA sequencing. The bacteria were heated at 99 ◦C

https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
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for 30 min in a water bath, centrifuged at 13,500 rpm for 5 min and 1 µL of supernatants
was transferred to a new microcentrifuge tube containing the PCR mix (15 µL of RedTaq
Readymix (Sigma-Aldrich, St. Louis, MO, USA), 15 µL of sterile water, and 1 uL of
10 uM primer). Multilocus sequence typing (MLST) by using seven genes (gapA, infB,
mdh, pgi, phoE, rpoB, and tonB) was performed for all isolates tested according to the
protocol (with universal sequencing primers) described on the K. pneumoniae MLST website
(https://bigsdb.pasteur.fr/klebsiella/primers-used/, accessed on 9 February 2021).

Sequence types (STs) were assigned by using the MLST database on the Pasteur In-
stitute MLST website (https://bigsdb.pasteur.fr/cgi-bin/bigsdb/bigsdb.pl?db=pubmlst_
klebsiella_seqdef, accessed on 15 February 2021).

4. Discussion

In recent years, an alarming trend toward high levels of resistant bacteria colonizing
NICU infants has been observed globally [5]. In Italy in particular, the antimicrobial re-
sistance burden is of great concern with a high prevalence of resistant bacterial isolates,
significantly above the European Union average (http://www.salute.gov.it/imgs/C_17
_pubblicazioni_2660_allegato.pdf, accessed on 30 September 2022). Critically ill infants
requiring intensive care, especially those born prematurely, are invariably at high risk of
exposure to bacterial infections, one of the leading causes of infant mortality and morbidity.
Preterm babies are highly vulnerable for many reasons: immunological immaturity, ineffec-
tive skin and mucosal barrier, need for prolonged antibiotic treatments and use of invasive
devices [20]. They are often cared for in crowded conditions that make them more prone
not only to invasive disease at an individual level, but also to the dissemination of resistant
bacteria into the environment, potentially triggering dangerous outbreaks. In addition, the
colonized infants represent a potential source of MDRO dissemination into the community,
also after discharge [21]. Remarkably, it has been reported that colonization by MDRO
might persist up to 2–5 years after NICU discharge, thus further highlighting its impact
on public health [22]. Other important aspects to be considered are the consequences of a
sustained lack of timely de-escalation of broad-spectrum, empirical antibiotic regimens,
which contribute to the instauration of antimicrobial resistance. De-escalation practices
should be encouraged in stable patients without risk factors [23], as soon as the etiologic
agent is identified, to avoid selection pressure.

This study describes the rapid and successful management of an outbreak caused by
ESBL-KP. The prompt recognition of the event onset and the adoption of control interven-
tions helped contain the bacteria spread on the ward. The outbreak was controlled within
seven days, which is a considerably shorter time as compared to what is described in the
literature [17,18]. Since 2 February, positive cultures were found in other 12 patients by
9 February, with no further cases at the surveillance program (Figure 1). Thus, although the
outbreak was declared to end on 21 July when the last positive patient was discharged, it
was effectively controlled in seven days, different from several reports from the literature,
in which outbreak control was reached within weeks or months. This result was achieved
through various integrated actions, including active microbiological surveillance, cohorting,
developing a multidisciplinary team, implementing IPC procedures, and a modest reduc-
tion of cots. The role of routine surveillance swabs in preventing outbreaks is, however,
controversial [24,25].

The first and probably most important challenge when dealing with an outbreak is the
timely identification of its onset. A pragmatic and shared definition of when an outbreak
might be considered as such in the setting of the NICU is quite challenging. The CDC stated
that an “epidemic refers to an increase, often sudden, in the number of cases of a disease
above what is normally expected in that population in that area.” An outbreak carries the
same definition of an epidemic but is often used for a more limited geographic area” [26].
The timely recognition of the onset of a potential outbreak is crucial for the prompt setup
of the appropriate control procedures [27,28]. Remarkably, some ESBL-KP outbreak reports
show how retrospective analysis often revealed the circulation of the microorganism a long

https://bigsdb.pasteur.fr/klebsiella/primers-used/
https://bigsdb.pasteur.fr/cgi-bin/bigsdb/bigsdb.pl?db=pubmlst_klebsiella_seqdef
https://bigsdb.pasteur.fr/cgi-bin/bigsdb/bigsdb.pl?db=pubmlst_klebsiella_seqdef
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2660_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2660_allegato.pdf
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time before the alert for the outbreak, also in NICUs where microbiological surveillance
was already in place [12,15].

Hence, every NICU should make efforts to set up its criteria to generate an “alarm”
for possible epidemic events, considering international recommendations and local epi-
demiology and setting. Based on definitions proposed by the English Department of
Health and Antimicrobial Resistance and Healthcare-Associated Infection committee [26]
as well as those proposed by Decembrino and colleagues [29], a list of criteria and scenarios
indicative of a possible epidemic event, applicable to this setting, have been identified
(Supplementary Table S2). In most laboratories, the screening procedure consists of surveil-
lance swab cultures on a selective screening medium, followed by species identification
and susceptibility testing. The turnaround time can vary from 1 day (for negative cultures)
to 4 days (in the case of positive cultures). To implement infection control promptly, a
rapid molecular screening by real-time polymerase chain reaction should be adopted in the
future identification of a possible outbreak onset [30,31].

Although the spread of the microorganism was rapidly stopped in the NICU, the
burden related to the epidemic event was relevant, with five patients presenting infection
(three CLABSI, one septic shock and one VAP). The dramatic consequences of outbreaks
due to MDRO in NICUs, particularly resistant Enterobacterales, are well known. In a review
published by Stapleton et al., a mortality rate of 16% is reported, in which the denominator
is the total number of neonates infected by the microorganism. Notably, Klebsiella spp. were
the most frequently isolated Enterobacterales in this review [16].

The strains isolated in the NICU ward belonged to sequence type 45 when analyzed by
MLST, a method able to distinguish strains based on DNA sequences of internal fragments
of bacteria [31]. The spread of this strain in neonatal healthcare facilities has been previously
reported; in a study performed in a tertiary hospital in Tanzania, among ESBL-producing
Enterobacterales, Klebsiella pneumoniae ST45 was the predominant cause of neonatal sepsis
and mortality as well as colonization [32].

Concerns about ESBL-KP are related to the limited therapeutic options and the evi-
dence that resistant strains are more virulent. ESBL production is known to be associated
with a greater expression of virulence factors, including biofilm formation ability, cell
invasion proteins and fimbrial adhesins synthesis, siderophores production, and hyper-
mucoviscosity [8–13].

The identification of the source of nosocomial outbreaks often proves difficult. It
is estimated that up to half of the investigations for the origin of the outbreaks gave no
results, leaving the cause unidentified [19,33]. Environmental samplings failed to find the
source of the outbreak, as in our case. In the review published by Stapleton et al., the
outbreak’s source was identified in 43% of the analyzed outbreak reports. Notably, in
11% of the studies, the index case was identified, and in similar percentages, the source
of infection turned out to be the equipment/environment (including IV fluids, breast
milk, feed and cleaning solutions) or healthcare workers (HCWs) [16]. Outbreaks from
environmental contamination (mostly breast milk) are also reported by other authors, like
Rettedal and colleagues [34]. Interestingly, our index case underwent a diagnostic video
laryngo-tracheoscopy two weeks before the onset of the outbreak. Numerous reports
describe outbreaks associated with device contamination, particularly endoscopes [35].
Among the multiple virulence factors that permit the environmental persistence of K.
pneumoniae, type 1 and 3 fimbriae permit adherence to abiotic surfaces. In addition, K.
pneumoniae can form biofilms by using a self-produced matrix of an extracellular polymeric
substance comprising polysaccharides, proteins, and DNA [36]. These factors, in addition
to facilitating the adherence and persistence on biotic and abiotic surfaces, might affect the
sensitivity of sampling methods [35,36].

A set of measures to control the spread of the microorganism were performed in our
ward simultaneously, so that it is not possible to identify the single contribution of each
action. The reinforcement of correct hand hygiene procedures, the introduction of contact
precautions for all patients, cohorting and creating a “patient zone” were probably the most
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effective measures, enabling only a modest occupancy reduction without needing to close
the ward. The creation of a multidisciplinary team was another key element for success, as
already demonstrated in previous reports [18,37]. In addition, planning regular education
and updating meetings with all HCWs is another strategy that has proved to be effective
for implementing IPC practices [1].

Nonetheless, HCWs invariably face increased emotional, physical and mental stress
during an outbreak event. For instance, the isolation of patients and the use of protective
equipment might result in social and psychological side effects, possibly leading to impaired
quality of care. Although not addressed and measured in our setting, this issue probably
deserves further exploration. Only a few reports have evaluated the emotional response
of HCWs to epidemic events. Bushuven et al. have reported the main perceptions of
HCWs concerning MDRO management. The first theme that emerged is that HCWs felt a
significant gap in knowledge on MDRO, which might lead to confusion, uncertainty, and
underestimation of risks related to inadequate measures. Secondly, the author found out
that anxiety and anger were the main emotional effects experienced by HCWs [38]. Given
these observations, it has to be highlighted how education on IPC cannot be confined to
the simple transmission of a list of hygiene measures to be observed, but should rather rely
on knowledge transfer and include reflection moments in which the perspective, attitudes,
and emotions of professionals can get out. Many IPC interventions are relatively low-cost
and straightforward [39].

Nonetheless, infection control measures often fail to be implemented and maintained,
as this requires behavioral changes to ensure adequate adherence [40]. In this perspective,
implementation science, as the study of methods that promote the adoption of evidence-
based practice into healthcare use, may help determine the facilitators and barriers to
successfully incorporating IPC measures [41]. Implementation science not only aims at
understanding things that work but how and why they work, which is a key element to
ensuring that best practices can be successfully adopted.

In conclusion, MDRO outbreaks represent dramatic events, which, in addition to
having a detrimental clinical impact, are associated with public health, economic, and legal
issues. All the stakeholders involved in IPC interventions should make every effort to
develop shared and homogeneous definitions, actions, and effectiveness measurements to
prevent, promptly detect and/or quickly eradicate any possible outbreak event.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/antibiotics11111649/s1, Table S1. Clinical characteristics of patients
infected or colonized with ESBL-KP during the outbreak; Table S2: Criteria for definition of an
epidemic event or a potential epidemic event.
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What caused the outbreak of ESBL-producing Klebsiella pneumoniae in a neonatal intensive care unit, Germany 2009 to 2012?
Reconstructing transmission with epidemiological analysis and whole-genome sequencing. BMJ Open 2015, 5, e007397. [CrossRef]

16. Stapleton, P.J.; Murphy, M.; McCallion, N.; Brennan, M.; Cunney, R.; Drew, R.J. Outbreaks of extended spectrum beta-lactamase-
producing Enterobacteriaceae in neonatal intensive care units: A systematic review. ADC Fetal Neonatal Ed. 2016, 101, 72–78.
[CrossRef]

17. Giuffrè, M.; Bonura, C.; Geraci, D.M.; Saporito, L.; Catalano, R.; Di Noto, S.; Nociforo, F.; Corsello, G.; Mammina, C. Successful
control of an outbreak of colonization by Klebsiella pneumoniae carbapenemase-producing K. pneumoniae sequence type 258 in
a neonatal intensive care unit, Italy. J. Hosp. Infect. 2013, 85, 233–236. [CrossRef]

18. Cantey, J.B.; Sreeramoju, P.; Jaleel, M.; Treviño, S.; Gander, R.; Hynan, L.; Hill, J.; Brown, C.; Chung, W.; Siegel, J.D.; et al. Prompt
Control of an Outbreak Caused by Extended-Spectrum β-Lactamase–Producing Klebsiella pneumoniae in a Neonatal Intensive
Care Unit. J. Pediatr. 2013, 163, 672–679. [CrossRef]

19. Gastmeier, P.; Loui, A.; Stamm-Balderjahn, S.; Hansen, S.; Zuschneid, I.; Sohr, D.; Behnke, M.; Obladen, M.; Vonberg, R.-P.; Rüden,
H. Outbreaks in neonatal intensive care units—They are not like others. Am. J. Infect. Control 2007, 35, 172–176. [CrossRef]

20. Brooks, B.; Olm, M.R.; Firek, B.A.; Baker, R.; Geller-McGrath, D.; Reimer, S.R.; Soenjoyo, K.R.; Yip, J.S.; Dahan, D.;
Thomas, B.C.; et al. The developing premature infant gut microbiome is a major factor shaping the microbiome of neonatal
intensive care unit rooms. Microbiome 2018, 6, 112. [CrossRef]

21. A Clock, S.; Ferng, Y.-H.; Tabibi, S.; Alba, L.; Patel, S.J.; Jia, H.; DeLaMora, P.; Perlman, J.M.; A Paul, D.; Zaoutis, T.; et al.
Colonization With Antimicrobial-Resistant Gram-Negative Bacilli at Neonatal Intensive Care Unit Discharge. J. Pediatr. Infect. Dis.
Soc. 2016, 6, 219–226. [CrossRef] [PubMed]

http://doi.org/10.1542/peds.2012-0145
http://www.ncbi.nlm.nih.gov/pubmed/22451712
http://doi.org/10.1016/j.earlhumdev.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/26386612
http://doi.org/10.1016/S0140-6736(15)00474-2
http://doi.org/10.1128/CMR.00174-20
http://www.ncbi.nlm.nih.gov/pubmed/33627443
http://doi.org/10.1097/QCO.0000000000000371
http://www.ncbi.nlm.nih.gov/pubmed/28306563
http://doi.org/10.2147/IDR.S317079
http://doi.org/10.3390/antibiotics9100705
http://doi.org/10.21037/apm-20-958
http://doi.org/10.2147/IDR.S236212
http://doi.org/10.1128/JCM.01980-19
http://doi.org/10.1186/s12879-020-4889-z
http://www.ncbi.nlm.nih.gov/pubmed/32087700
http://doi.org/10.1007/s00431-019-03323-w
http://www.ncbi.nlm.nih.gov/pubmed/30671695
http://doi.org/10.1099/jmm.0.000884
http://www.ncbi.nlm.nih.gov/pubmed/30507374
http://doi.org/10.1089/mdr.2017.0270
http://doi.org/10.1136/bmjopen-2014-007397
http://doi.org/10.1136/archdischild-2015-308707
http://doi.org/10.1016/j.jhin.2013.08.004
http://doi.org/10.1016/j.jpeds.2013.03.001
http://doi.org/10.1016/j.ajic.2006.07.007
http://doi.org/10.1186/s40168-018-0493-5
http://doi.org/10.1093/jpids/piw014
http://www.ncbi.nlm.nih.gov/pubmed/27021036


Antibiotics 2022, 11, 1649 12 of 12

22. Nordberg, V.; Jonsson, K.; Giske, C.G.; Iversen, A.; Aspevall, O.; Jonsson, B.; Camporeale, A.; Norman, M.; Navér, L. Neonatal
intestinal colonization with extended-spectrum β-lactamase-producing Enterobacteriaceae-a 5-year follow-up study. Clin.
Microbiol. Infect. Dis. 2018, 24, 1004–1009. [CrossRef] [PubMed]

23. Ibrahim, N.A.; Bakry, M.M.; Tahir, N.A.M.; Zaini, N.R.M.; Shah, N.M. A Prospective Cohort Study of Factors Associated
with Empiric Antibiotic De-escalation in Neonates Suspected with Early Onset Sepsis (EOS). Pediatr. Drugs 2020, 22, 321–330.
[CrossRef] [PubMed]

24. Folgori, L.; Tersigni, C.; Hsia, Y.; Kortsalioudaki, C.; Heath, P.; Sharland, M.; Bielicki, J. The relationship between Gram-negative
colonization and bloodstream infections in neonates: A systematic review and meta-analysis. Clin. Microbiol. Infect. 2018, 24,
251–257. [CrossRef]

25. Seidel, J.; Haller, S.; Eckmanns, T.; Harder, T. Routine screening for colonization by Gram-negative bacteria in neonates at intensive
care units for the prediction of sepsis: Systematic review and meta-analysis. J. Hosp. Infect. 2018, 99, 367–380. [CrossRef]

26. Dicker, R.C.; Coronado, F.; Koo, D. Epidemic Disease Occurrence. In Principles of Epidemiology in Public Health Practice: An
Introduction to Applied Epidemiology and Biostatistics, 3rd ed.; US Department of Health and Human Services: Atlanta, GA,
USA, 2006.

27. Sood, G.; Perl, T.M. Outbreaks in Health Care Settings. Infect. Dis. Clin. N. Am. 2016, 30, 661–687. [CrossRef]
28. Anthony, M.; Bedford-Russell, A.; Cooper, T.; Fry, C.; Heath, P.; Kennea, N.; McCartney, M.; Patel, B.; Pollard, T.; Sharland, M.; et al.

Managing and preventing outbreaks of Gram-negative infections in UK neonatal units: Table 1. Arch. Dis. Child. -Fetal Neonatal
Ed. 2013, 98, F549–F553. [CrossRef]

29. Decembrino, L.; Maini, A.; Decembrino, N.; Maggi, I.; Lacerenza, S. Management of outbreaks in neonatal intensive care units.
Early Hum. Dev. 2014, 90, S54–S56. [CrossRef]

30. World Health Organization. Implementation Manual to Prevent and Control the Spread of Carbapenem-Resistant Organisms at the
National and Health Care Facility Level; World Health Organization: Geneva, Switzerland, 2019; (WHO/UHC/SDS/2019.6). Licence:
CC BY-NC-SA 3.0 IGO.

31. Mukherjee, S.; Mitra, S.; Dutta, S.; Basu, S. Neonatal Sepsis: The Impact of Carbapenem-Resistant and Hypervirulent Klebsiella
pneumoniae. Front. Med. 2021, 8, 634349. [CrossRef]

32. Marando, R.; Seni, J.; Mirambo, M.M.; Falgenhauer, L.; Moremi, N.; Mushi, M.; Kayange, N.; Manyama, F.; Imirzalioglu, C.;
Chakraborty, T.; et al. Predictors of the extended-spectrum-beta lactamases producing Enterobacteriaceae neonatal sepsis at a
tertiary hospital, Tanzania. Int. J. Med. Microbiol. 2018, 308, 803–811. [CrossRef]

33. Fabbri, G.; Panico, M.; Dallolio, L.; Suzzi, R.; Ciccia, M.; Sandri, F.; Farruggia, P. Outbreak of Ampicillin/Piperacillin-Resistant
Klebsiella Pneumoniae in a Neonatal Intensive Care Unit (NICU): Investigation and Control Measures. Int. J. Environ. Res. Public
Heal. 2013, 10, 808–815. [CrossRef] [PubMed]

34. Rettedal, S.; Löhr, I.H.; Natås, O.; Giske, C.G.; Sundsfjord, A.; Øymar, K. First outbreak of extended-spectrum β-lactamase-
producing Klebsiella pneumoniae in a Norwegian neonatal intensive care unit; associated with contaminated breast milk and
resolved by strict cohorting. APMIS 2012, 120, 612–621. [CrossRef] [PubMed]

35. Snyder, G.M. Introduction to Transmission of Infection: Potential Agents Transmitted by Endoscopy. Gastrointest. Endosc. Clin.
New Am. 2020, 30, 611–618. [CrossRef] [PubMed]

36. Piperaki, E.-T.; Syrogiannopoulos, G.A.; Tzouvelekis, L.S.; Daikos, G.L. Klebsiella pneumoniae: Virulence, Biofilm and Antimicro-
bial Resistance. Pediatr. Infect. Dis. J. 2017, 36, 1002–1005. [CrossRef]

37. Ransjö, U.; Lytsy, B.; Melhus, Å.; Aspevall, O.; Artinger, C.; Eriksson, B.-M.; Günther, G.; Hambraeus, A. Hospital outbreak control
requires joint efforts from hospital management, microbiology and infection control. J. Hosp. Infect. 2010, 76, 26–31. [CrossRef]

38. Bushuven, S.; Dietz, A.; Bushuven, S.; Dettenkofer, M.; Langer, T. Interprofessional perceptions and emotional impact of
multidrug-resistant organisms: A qualitative study. Am. J. Infect. Control. 2019, 47, 876–882. [CrossRef]

39. European Center for Disease Prevention and Control. Economic Evaluations of Interventions to Prevent Healthcare-Associated In-
fections. Stockholm: ECDC. 2017. Available online: https://www.ecdc.europa.eu/en/publications-data/economic-evaluations-
interventions-prevent-healthcare-associated-infections (accessed on 30 September 2022).

40. Storr, J.; Twyman, A.; Zingg, W.; Damani, N.; Kilpatrick, C.; Reilly, J.; Price, L.; Egger, M.; Grayson, M.L.; Kelley, E.; et al. WHO
Guidelines Development Group. Core components for effective infection prevention and control programmes: New WHO
evidence-based recommendations. Antimicrob. Resist. Infect. Control. 2017, 6, 6. [CrossRef]

41. Bauer, M.S.; Damschroder, L.J.; Hagedorn, H.; Smith, J.; Kilbourne, A.M. An introduction to implementation science for the
non-specialist. BMC Psychol. 2015, 3, 1–12. [CrossRef]

http://doi.org/10.1016/j.cmi.2017.12.028
http://www.ncbi.nlm.nih.gov/pubmed/29326011
http://doi.org/10.1007/s40272-020-00388-1
http://www.ncbi.nlm.nih.gov/pubmed/32185682
http://doi.org/10.1016/j.cmi.2017.08.008
http://doi.org/10.1016/j.jhin.2018.03.017
http://doi.org/10.1016/j.idc.2016.04.003
http://doi.org/10.1136/archdischild-2012-303540
http://doi.org/10.1016/S0378-3782(14)70018-0
http://doi.org/10.3389/fmed.2021.634349
http://doi.org/10.1016/j.ijmm.2018.06.012
http://doi.org/10.3390/ijerph10030808
http://www.ncbi.nlm.nih.gov/pubmed/23442560
http://doi.org/10.1111/j.1600-0463.2012.02879.x
http://www.ncbi.nlm.nih.gov/pubmed/22779683
http://doi.org/10.1016/j.giec.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32891220
http://doi.org/10.1097/INF.0000000000001675
http://doi.org/10.1016/j.jhin.2010.01.018
http://doi.org/10.1016/j.ajic.2019.01.019
https://www.ecdc.europa.eu/en/publications-data/economic-evaluations-interventions-prevent-healthcare-associated-infections
https://www.ecdc.europa.eu/en/publications-data/economic-evaluations-interventions-prevent-healthcare-associated-infections
http://doi.org/10.1186/s13756-016-0149-9
http://doi.org/10.1186/s40359-015-0089-9

	Introduction 
	Results 
	Outbreak Management 
	Reinforcement and Enhancement of Infection Control Program 
	Treatment 
	Antibiotic Resistance and Molecular Characteristics 
	Environmental and Staff Surveillance 

	Materials and Methods 
	Study Design, Setting, and Population 
	Case Definition and Inclusion Criteria 
	Data Collection 
	Outcomes 
	Outbreak Management Strategies and Treatment 
	Identification of ESBL Isolates in Cultures and Antimicrobial Susceptibility Testing 
	Genotyping Analysis 

	Discussion 
	References

