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ABSTRACT

Objectives: The recent worldwide spread of New Delhi metallo-beta-lactamase-producing Klebsiella pneu-
moniae (NDM-KP) in health-care settings remains a concern. The aim of the study was to describe an out-
break of extensively drug-resistant ST147 NDM-1-KP in the Apulia region of Southern Italy that occurred
between 2020 and 2022 through genomic surveillance of carbapenem-resistant Enterobacterales.
Methods: A total of 459 carbapenem-resistant KP isolates collected from patients hospitalised with blood-
stream infections were tested using a commercial multiplex real-time polymerase chain reaction to iden-
tify carbapenemase genes. A subset of 27 isolates was subjected to whole-genome sequencing. Core-
genome multilocus sequence typing was performed by analysing a panel of 4884 genes.
Results: Molecular testing revealed that 104 (22.6%) isolates carried the carbapenemase NDM gene. Phy-
logenetic analysis of the 27 isolates subjected to whole-genome sequencing revealed high genetic related-
ness among strains. All isolates were resistant to all first-line antibiotics. Virulome analysis identified the
ybt locus, the two well-recognised virulence factors iucABCDiutA and rmpA, and the genes encoding the
type 3 pilus virulence factor. Plasmids IncFIB(pkPHS1), IncFIB(pNDM-Mar), IncFIB(pQil), IncHI1B(pNDM-
MAR), IncR, and Col(pHAD28) were identified in all isolates. Moreover, further analysis identified the
IncFIB-type plasmid carrying the NDM-1 genes.
Conclusion: The increasing circulation of extensively drug-resistant NDM-1 ST147 KP strains in Southern
Italy in recent years is worrisome, because these clones pose a real risk, particularly in hospital settings.
Genomic surveillance is a crucial tool for early identification of emerging threats such as the spread of
high-risk pathogens. Rapid infection control measures and antimicrobial stewardship are key to prevent-
ing further spread of hypervirulent KP strains.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial
Chemotherapy.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

ciated with carbapenem-resistant Enterobacterales (CRE) infections
have been reported in recent years, and CRE are now considered

The spread of multidrug-resistant microorganisms is a major among the most challenging pathogens to manage due to a lack of
public health concern. Significant morbidity and mortality asso- viable treatment options [1,2].
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hydrolysing oxacillinase-48) [3]. Carbapenemases inactivate car-
bapenems and hydrolyse other beta-lactam antibiotics; however,
enzymes such as OXA-48 do not confer a fully carbapenem-
resistant phenotype [4]. NDM-producing CRE hydrolyse almost
all beta-lactams, making beta-lactamase inhibitors ineffective [5].
The blaypy gene is carried primarily on plasmids, which vary in
size from 30 to 300 kb and exist as different types, including
IncA/C, IncL/M, and IncR [6,7]. This gene, detected primarily in
Klebsiella pneumoniae (KP) and Escherichia coli, is capable of exten-
sive rearrangement and is prone to horizontal dissemination from
colonised patients [3,8,9].

Carbapenem-resistant KP (CR-KP) is a common cause of blood-
stream, urinary, and respiratory tract infections; the bacterium is
transmitted easily between patients and causes nosocomial out-
breaks [3]. The spread of CR-KP across Europe is a public health
issue. In particular, countries with the highest percentage of CR-
KP are also reporting the highest antimicrobial resistance percent-
ages for other antimicrobial groups [3]. There was a significant
increasing trend in the mean percentage of carbapenem-resistant
cases in Europe/European Economic Area between 2017 and 2021
[3]. Of the KP strains reported within Europe/European Economic
Area in the year 2021, 96.3% were carbapenem-resistant [3]. KPC-
producing strains represent the most widespread KP strains, but
recent outbreaks were caused by CR-KP carrying genes encoding
NDM and OXA-48, suggesting increased transmissibility of such
strains and a greater risk of infection for hospitalised patients [3].
The incidence of NDM-producing KP, first identified in a Swedish
patient traveling to New Delhi in 2008, increased in several re-
gions, primarily during the coronavirus disease 2019 (COVID-19)
pandemic [10,11]. Recent NDM-1 outbreaks have been reported
in Spain and Portugal, highlighting the increase in virulence and
transmissibility of these KP strains [3,12,13]. In Italy, a prolonged
outbreak of NDM-1-producing KP ST147 was reported in the Tus-
cany region, beginning in 2018 [14]. This outbreak, associated pri-
marily with clonal expansion of an NDM-producing sequence type
(ST)147 KP, emerged rapidly, resulting in dissemination of CRE
within a health-care facility [14,15]. Strains identified in Italy dur-
ing the 2018-2019 outbreak were related to strains responsible for
the 2020 outbreak, with a change from NDM-1 to NDM-9 in the
latter outbreak [15]. Before these large outbreaks, high endemic-
ity of KPC-producing CR-KP belonging to clonal complex 258 was
observed in Italy [16]. A recent report from Southern Italy (Apulia
region) revealed worrying emergence of the high-risk ST101 and
ST307 CR-KP clones, with the KPC-producer strains being the most
predominant; however, the prevalence of NDM-producing KP was
0.1% [17]. The recent widespread use of whole-genome sequenc-
ing (WGS) as a crucial tool to investigate health care-associated
KP infections has improved knowledge of such pathogens and has
permitted tracking of outbreaks and transmission routes [15,18].
Here, we report an outbreak of NDM-producing KP that was iden-
tified in bloodstream infections (BSI) through CRE regional surveil-
lance conducted from 2020 to 2022. We also describe the antimi-
crobial susceptibility profiles, resistance mechanisms, and phyloge-
netic analyses of a subset of the isolated strains.

2. Methods

The Italian Ministry of Health issued the first directive to mon-
itor and control CRE in 2013 and updated in 2019 [19]. After
that, the National Plan to Combat Antimicrobial Resistance (PN-
CAR) 2017-2020 and 2022-2025 were set up at the national level.
According to national guidelines for CRE surveillance, all cases of
culture-confirmed BSI, defined by the presence of viable KP in the
bloodstream demonstrated by the positivity of one or more blood
cultures, caused by KP and Escherichia coli bacteria resistant to at
least one carbapenem (i.e., ertapenem, imipenem, or meropenem)
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must be reported to the national surveillance system to monitor
the spread and evolution of these infections and to develop ap-
propriate containment strategies. In addition, the strains should
be subjected to molecular characterisation of the carbapenemase-
encoding genes. For the purpose of the study, hospitalised pa-
tients with BSI caused by hospital-acquired CRE infections were
considered. For each patient, demographic data (e.g., sex, age), the
ward in the hospital, the presumed source of the BSI, and phe-
notypic resistance data were collected. All isolated strains were
tested for genotypic confirmation of carbapenem resistance and
to identify carbapenemase genes. In the Apulia region (Southern
Italy), strains collected from patients hospitalised with BSI were
subjected to genotypic confirmation at the Laboratory of Molec-
ular Epidemiology and Public Health of the Hygiene Unit of the
University Hospital Policlinico of Bari. Molecular characterisation
was performed using a commercial multiplex real-time polymerase
chain reaction kit (GeneXpert platform; Cepheid, Sunnyvale, CA)
to identify the following carbapenemase-encoding genes: KPC
(bla[(pc), VIM (bla\/lM), NDM (blaNDm), IMP (blaIMp), and OXA-48
(blagxa-as)-

For the purposes of the present study, 459 strains collected
from January 2020 to September 2022 were considered. All were
subjected to testing to identify carbapenemase genes. Furthermore,
27 NDM-producing CR-KP strains were randomly selected consider-
ing the province of identification and then subjected to WGS using
the Illumina iSeq100 platform (San Diego, CA) with a paired-end
run of 2 x 100 bp after Nextera XT paired-end library prepara-
tion. FastQC V0.12.1 software was used for quality control of raw
sequence data. De novo assembly was performed using SPAdes
(version 3.15.5; https://doi.org/10.1002/cpbi.102). Species identifi-
cation and multilocus sequence typing (MLST) were performed us-
ing the webtool available at https://pubmlst.org/. For each isolate,
core-genome MLST (cgMLST) was performed by analysing a panel
of 4884 genes (https://www.cgmlst.org/ncs/schema/2187931/) [20].
ChewBBACA software (version 3.1.1; https://doi.org/10.1099/mgen.
0.000166) was used for cgMLST scheme conversion and allele call-
ing. Virulence genes across 80 loci were identified by ChewB-
BACA software. Resistance genes were identified using the Res-
Finder V4.3.1 tool (https://doi.org/10.1093/jac/dkaa345). The plas-
mid incompatibility types were identified by PlasmidFinder (https:
/|doi.org/10.1128/AAC.02412-14). Finally, a neighbour-joining tree
based on cgMLST was visualised using iTOL v6.3.3. All 27 assem-
bled genomes were deposited as BioProject PRINA98589. The phy-
logenetic tree included four strains from the NDM-1-producing-
KP ST147 Tuscany outbreak [21], two strains from the NDM-9-
producing-KP ST147 Tuscany outbreak [15], and three NDM-1-
producing-KP ST147 strains from the Middle East isolated between
2016 and 2017 [22]; all were deposited in the NCBI Pathogen de-
tection database (https://www.ncbi.nlm.nih.gov/pathogens/).

3. Results

During the study period (January 2020-September 2022), 459
strains of CR-KP were collected from hospitalised patients with
BSI. The average age was 66 years (range: 17-93 years), and 66.0%
(n = 303) were male; 29.0% of patients (n = 133) were hospitalised
in a medical ward, 25.5% (n = 117) in intensive care units (ICUs),
and 4.1% (n = 19) in a surgical ward. The hospital ward for 41.4%
of patients (n = 190) was not known. Of the enrolled patients,
35.9% (n = 165) resided in the province of Bari, 2.8% (n = 13) in
the province of BAT, 41.6% (n = 191) in the province of Brindisi,
1.3% (n = 6) in the province of Lecce, and 17.2% (n = 79) in the
province of Taranto. The remaining 1.2% (n = 5) resided outside
the Apulia region. The origin of bacteraemia is listed in Table 1.
Overall, 78 patients (17.0%) tested positive for severe acute respira-
tory syndrome-related coronavirus 2.
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Fig. 1. Temporal distribution of New Delhi metallo-beta-lactamase
region, January 2020-September 2022).

Table 1
Origin of carbapenem-resistant Klebsiella pneumoniae bacteraemia in
459 patients (Apulia region, January 2020-September 2022).

Origin of bacteraemia Number %
Bacteraemia of unknown origin 64 139
Central/peripheral venous catheter infection 58 12.6
Ventilator-associated pneumonia 40 8.7
Skin and tissues infection 5 1.1
Urinary tract infection 36 7.8
Pneumonia 24 5.2
Abdominal infection 13 2.8
Surgical site infection 8 1.7
Other 15 33
Missing data 196 42.7

The blaxpc gene was detected in 67.5% of KP isolates (n = 310),
blaypy in 0.2% (n = 1), blaypy in 20.3% (n = 93), and blaOXA-
48 in 3.1% (n = 14). None of the strains carried the blajp gene.
Twelve isolates carried multiple carbapenemase genes (11 carried
blaypy + blagpe and one carried blagpc + blayyy). Overall, 29 iso-
lates (6.3%) carried carbapenemase genes other than those identi-
fied through the molecular detection method used for surveillance.

Overall, 104 strains (22.6%) carrying the blaypy gene were iden-
tified in patients hospitalised with BSI. The temporal distribution
of NDM-producing KP isolates vs. that of other KP strains is shown
in Fig. 1. Of these patients, 69.2% (n = 72) were male and 30.8%
(n = 32) were female. The average age was 67 years (range: 29-
92). Regarding residence, 17.3% of patients (n = 18) were from Bari,
5.8% (n = 6) from BAT, 35.6% (n = 37) from Brindisi, and 41.3%
(n = 43) from Taranto. The origin of BSI was central/peripheral
venous catheter infection in 10.6% of cases (n = 11), ventilator-
associated pneumonia in 15.4% (n = 16), urinary tract infection in
10.6% (n = 11), pneumonia in 5.8% (n = 6), skin and tissue infec-
tion in 1% (n = 1), abdominal infection in 1% (n = 1), and sur-
gical site infection in 1% (n = 1). Fourteen cases were identified
as infections of unknown origin (13.5%). The origin of BSI was not
recorded for the other 43 cases (41.4%). Forty-four patients (42.3%)
tested positive for severe acute respiratory syndrome-related coro-
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(NDM)-producing Klebsiella pneumoniae (KP) strains vs. other-than-NDM-producing KP strains (Apulia

navirus 2. Of these, 36 (81.8%) resided in Taranto; 35 (79.5%) were
hospitalised in intensive care wards; and 25 (56.8%) died. The dif-
ference between the number of NDM-1 COVID-19 patients and
other-than-NDM-1 COVID-19 patients was statistically significant
(P < 0.001).

WGS was performed on 27 isolates. All were ST147 KP, thus
suggesting the presence of an outbreak. Moreover, phylogenetic
analysis revealed high genetic relatedness among strains (average
allelic difference: 64) (Fig. 2). Genomic comparison revealed two
different clades: Strains isolated in the two bordering provinces of
Bari and BAT belonged to clade A, which also included the NDM-1
strains identified in the Tuscany region and those from the Middle
East, whereas the strains isolated in the other two neighbouring
provinces (Brindisi and Taranto) belonged to clade B. Based on the
average number of allelic differences, clade A and B were homo-
geneous, with an average allelic difference from the nearest neigh-
bour of 49 and 51 for clade A and B, respectively.

All isolates were extensively drug-resistant, and all showed a
similar resistance pattern (Fig. 3). In particular, resistome profiling
revealed the presence of the NDM-1 variant as well as the follow-
ing carbapenemase-producing genes: blasyy, blagxa, blactx, OgxA,
and OgxB. The sull and sul2 genes, which are associated with re-
sistance to sulfonamides, were detected in all characterised iso-
lates. In addition, the armA gene, which is responsible for resis-
tance to most of the aminoglycosides, was identified in all char-
acterised strains. All isolates were colistin-sensitive, as neither
plasmid-borne resistance genes (i.e., mcr-1 gene) nor chromosomal
mutations conferring colistin resistance were identified. The antibi-
otic resistance profile of the strains revealed that all isolates were
resistant to all first-line antibiotics (Appendix A).

Virulome analysis revealed the presence of the ybt locus
(Fig. 3), which encodes biosynthesis of the siderophore yersini-
abactin and its receptor [23]. Moreover, most strains harboured the
well-recognised virulence factors iucABCDiutA (responsible for aer-
obactin synthesis) and rmpA (a positive regulator of mucoid phe-
notype) [24]. Genes encoding the type 3 pilus virulence factor (i.e.,
the mrkABCDF polycistronic operon, the mrkHI bicistronic operon,
and the mrk] gene) were also identified [25].
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Fig. 2. Allele-based neighbour-joining (N]) tree for sequence type (ST) 147 New Delhi metallo-beta-lactamase (NDM)-producing Klebsiella pneumoniae (KP) strains. The tree
was built by analysis of 4884 core-genome multilocus sequence typing genes using the scheme performed by Weber et al. [20]. N]J was conducted using the sequences of
two NDM-9-producing-KP strains from Tuscany (i.e., kp-P1 and kp-P2), four NDM-1-producing-KP ST147 strains from Tuscany (752165, 752019, 752971, and 752761), and
three NDM-1-producing-KP ST147 strains from the Middle East (516404, 381127, and 286469).

With respect to plasmids, analysis revealed the presence of
IncFIB(pkPHS1), IncFIB(pNDM-Mar), IncFIB(pQil), IncHI1B(pNDM-
MAR), IncR, and Col(pHAD28) plasmids in all isolates (Appendix
A). Moreover, further analysis revealed that all isolates harboured
the IncFIB-type plasmid carrying the NDM-1 genes. All strains be-
longing to clade B except 518BR carried the IncX4 and Col(MG828)
plasmids, whereas all the strains belonging to clade A did not. The
isolates 167TA and 130TA carried the IncX3 and Col440I plasmids,
respectively.

4. Discussion

Worldwide spread of CRE infections is a matter of concern, be-
cause a global rise in the incidence of these infections increases
health-care costs, prolongs hospitalisation, reduces available treat-
ment options, and increases mortality rates [26]. In Southern Italy,
genomic surveillance revealed a significant increase in the circula-
tion of CR-KP carrying the NDM carbapenemase gene, which were
rare before the pandemic period. Subsequently, a subset of the
strains was subjected to WGS. The molecular analysis showed high
genetic relatedness among CR-KP strains. Moreover, all the char-
acterised strains were NDM-1 ST147 KP, suggesting the presence
of an outbreak of high-risk ST147 NDM-1 KP during the pandemic
period.

Of all the BSI cases caused by CR-KP described in the present
study, approximately 25% were hospitalised in the ICU, even
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though these data were missing for more than 40% of patients.
Prolonged stay in the ICU, transfer from other hospitals, previous
infections, and a history of antibiotic exposure are all independent
risk factors for CRE infection [27]. Moreover, patients hospitalised
in tertiary care hospitals are exposed to a higher risk of CRE infec-
tion due to the higher number of transfers from other hospitals, a
higher number of invasive procedures, greater exposure to antibi-
otics, and more severe illness [27].

Carbapenemase types vary according to geographical area [28].
In the Apulia region, we documented a sustained increase in the
percentage of NDM-producing-KP, from 0.1% in 2014 to 22% in
2016 in the current study [17]. These data are consistent with the
large outbreak of NDM-producing KP that occurred in the Tuscany
region in recent years [14,15,21,29]. Recent outbreaks of NDM-1-
producing-KP in Europe have highlighted the increased virulence
and transmissibility of such strains, which present a greater risk
to human health than the KP strains circulating previously [3].
Among the carbapenem resistance genes, blaypy is considered a
major threat because of its ability to hydrolyse a wide range of
beta-lactams and because of its ability to spread rapidly [30]. The
MBL NDM-1 is the main carbapenemase-producing resistant strain
in India, Pakistan, and Sri Lanka [28]; however, intercontinental
travel to endemic areas promoted spread of NDM-CRE worldwide
[30].

All the isolates characterised in the Apulia region were NDM-
1-producing KP ST147. The NDM-1-producing KP ST147 is a well-



D. Loconsole, A. Sallustio, D. Sacco et al.

Resistome

Journal of Global Antimicrobial Resistance 36 (2024) 260-266

Virulome

|
s <% 2992 §88.+3¢
5 $i,ciiigiiposds sevesseailcuc oo
Strain & 2533 E553§555368¢8 888 s E i E e EEE8EEE
ke-p1 [ | | | | | [ | | |
ko2 [l H Ol | | [ [ |
752165 [ ([ { (I I HE N
752019 [l L |
752071 [l [ 1 | | | [ |
752761 [l H_ HN LJ HE B
s16404 [ RN | | | | [ |
381127 [l H HE H .
386469 [l H HN [ [ |
orace [l HE
4g6PoL [l H R
\
EEEEE | | |
H EEE
||
[ [ ] ||
| [ |
EEEE |  SEEEEEEEN | E EEEEEEE

Fig. 3. Distribution of resistance and virulence genes in sequence type (ST) 147 New Delhi metallo-beta-lactamase (NDM)-producing Klebsiella pneumoniae strains. Resistance
genes were identified using the ResFinder V4.3.1 tool. Virulome data for 80 loci were obtained by ChewBBACA software. Red squares denotes presence of the gene, whereas

empty squares denote absence of the gene.

known, high-risk clone associated with nosocomial infections
worldwide [9]. All the strains characterised in the present study
show high genetic relatedness, suggesting the clonal nature of the
outbreak in the Apulia region. Some minor intraclonal diversity
was observed, suggesting occurrence of microevolutionary trajec-
tors following clonal expansion, as reported for Tuscany strains
[29]. In particular, the presence of two clades in the phylogenetic
tree suggests a geographical diffusion of the clones in two different
areas of the region.

Recently, several outbreaks caused by NDM-1-producing KP
ST147 were reported in the United States, Poland, and Italy
[29,31,32]. The Apulian strains are linked to those that first spread
in the Tuscany region, and the overall low diversification supports
the origin from a common recent ancestor from the Middle East
[21,29]. Based on analysis of the resistome and virulome, all the
ST147 strains described in this study showed an extensively drug-
resistant profile and a high-virulence pattern. In particular, the ybt
locus identified in our strains encodes one of the most common
KP high-virulence determinants, which is associated significantly
with strains responsible for invasive infections and bacteriemia
[23]. All our strains, in fact, were isolated from blood. Moreover,
these strains also carried the type 3 pilus virulence factor, which
helps bacteria to adhere to both biotic and abiotic surfaces, and
thereby establish successful colonisation of host tissues [25].

A plasmid pattern like that shown by our strains was identified
in almost all Tuscany isolates from the 2019 outbreak. Plasmids
carrying resistance genes are a key factor that determines drug
resistance [7]. As reported for the Tuscany strains, the NDM gene
identified in the strains described herein was located on an IncFIB-
type plasmid [21]. Unfortunately, the whole hybrid IncFIB/IncHIB-
type plasmid identified in the Tuscany strains, and in related ST147
isolates from UK hospitals in 2018 and 2019 [21,33], was not de-
tected by our analysis—probably due to different WGS coverage.
More in-depth analysis will be performed to clarify this. All but

one of the strains belonging to clade B carried the IncX4 plasmid,
which is one of the most prevalent plasmids harbouring the gene
mcr-1 [34]. Nevertheless, none of our strains carried this gene,
which confers resistance to colistin.

We found that less than 20% of patients were hospitalised with
COVID-19. During the COVID-19 pandemic, there was a significant
reduction in the spread of MDR infections in hospital settings com-
pared with the prepandemic years [35]. However, COVID-19 wards
reported an incidence of MDR infections significantly higher than
non-COVID-19 wards, probably due to use of empirical antimicro-
bials at the beginning of the pandemic and a reduction in infection
control measures [35,36]. Interestingly, a recent report revealed
an increase in NDM-CRE cases associated with COVID-19 admis-
sion [37]. Although we did not focus on the association between
NDM-CRE and COVID-19, we cannot exclude the possibility that
the spread of NDM-1 ST147 within the Apulia region was ampli-
fied by risk factors such as hospital overcrowding and a wider use
of life-support devices during the COVID-19 pandemic.

Resistance to newly released antimicrobials is a challenge with
respect to treatment of CRE infections [3]. A limitation of the
present study is that we did not test resistance to cefiderocol.
The mechanisms that confer this type of resistance are diverse
and include production of beta-lactamases, mutations affecting
siderophore receptors, porins and efflux pumps, and mutations in
PBP-3, which is the target of cefiderocol [38]; thus, WGS was un-
able to identify specific factors responsible for resistance. Heterore-
sistance is also a factor in resistance to cefiderocol, even though its
role is not yet clear [38]. Moreover, the WGS applied to our strains
did not allow us to identify the hybrid plasmid that characterises
the Tuscany strains; however, the objective of the present study
was to describe an outbreak of NDM-1-producing ST147 KP in the
Apulia region during the pandemic period.

Another limit of the study is that data did not cover the en-
tire Apulia region. The difficulties originating from the pandemic

264



D. Loconsole, A. Sallustio, D. Sacco et al.

have affected regional surveillance of CRE; therefore, data were not
available from all Apulian provinces. However, regional efforts are
being made to implement epidemiological and molecular surveil-
lance of CR-KP infections across the entire region.

The molecular epidemiology of CRE is crucial to limit hospi-
tal infections. In particular, compared with pulsed-field gel elec-
trophoresis, which examines specific regions of the genome po-
tentially missing important variations, WGS provides results with
higher resolution and discriminatory power and accurately identi-
fies clonal relationship among strains. Therefore, WGS is a useful
tool for a timely and accurate identification of outbreaks. Rapid
molecular characterisation of strains that cause CRE BSI could al-
low health-care workers to put in place timely infection control
measures. In fact, isolation of cases, contact precautions, and ac-
tive surveillance could help monitor and reduce CRE colonisation
and infection rates [39,40|. Environmental surveillance could also
allow health-care workers to better understand the transmission
dynamics underlying dissemination of clones in hospital wards. In
a recent outbreak of NDM-KP ST11 identified in Portugal, a strain
identical to that identified in the patients within the cluster was
also identified in an environmental sample, highlighting the im-
portance of the environment in dissemination of such strains [13].
Unfortunately, environmental samples were not available from the
Apulia region, as the surveillance protocol only allows for collec-
tion of blood samples.

Prompt application of infection control measures could limit
the spread of high-risk clones in hospital wards. In fact, the in-
creasing spread of CR-KP strains poses a serious risk to fragile
patients such as neonates [18]. Recently, spread of an NDM-1-
producing Enterobacteriales in an Italian neonatal surgery unit was
reported; however, implementation of appropriate infection con-
trol measures prevented dissemination of the strains throughout
the ward [40].

5. Conclusions

We report an outbreak of the extensively drug-resistant NDM-
1-producing ST147 KP in Southern Italy. Circulation of such strains
in hospital settings is a real risk for patients and could have fatal
complications. Timely and appropriate diagnosis, appropriate in-
fection prevention and control, and antimicrobial stewardship are
key to controlling the spread of antimicrobial resistance pathogens
worldwide, particularly in hospital settings. Support outbreak in-
vestigations and surveillance using WGS are crucial strategies for
identifying high-risk clones, thereby allowing rapid implementa-
tion of infection control measures and preventing further spread
of CRE.
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