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Summary
A large outbreak of New Delhi metallo-beta-lactamase (NDM)-producing carbapenem-resistant
Enterobacteriaceae (CRE) has been reported from the Tuscany region in Italy. Between November 2018 and
May 2019, seven Tuscan hospitals notified a total of 350 cases. Due to its size and the resulting change in the
epidemiology of CRE, the reported outbreak is a significant event, despite previous endemicity of Klebsiella
pneumoniae carbapenamase (KPC)-producing CRE in this geographic area. The change in the type of
carbapenemase further reduces treatment options because NDM-producing CRE are not susceptible to some of
the new beta-lactam/beta-lactamase inhibitor combinations such as ceftazidime-avibactam and meropenemvaborbactam.
Numerous reported outbreaks and examples of cross-border transmission of NDM-producing CRE in the
European Union/European Economic Area (EU/EEA) demonstrate the transmission potential of NDM-producing
CRE in European healthcare systems. Outbreaks such as the one in Tuscany present a risk for cross-border
transmission and further spread to other EU/EEA countries, especially since the affected area is a major tourist
destination. Given the previous rapid establishment of KPC-producing CRE in Italy (which resulted in an
endemic situation), the risk for further spread of NDM-producing CRE from the current outbreak is considered
to be high for Italy and moderate for cross-border spread to other EU/EEA countries.
Sporadic cases of community acquisition of NDM-producing CRE have also been described for other European
countries. However, the introduction and dissemination of these bacteria have mainly been associated with
healthcare settings. Therefore, the risk of acquisition of NDM-producing CRE related to this outbreak is likely
restricted to persons with recent healthcare contact.

Event background
Italy reported an outbreak of NDM-producing CRE affecting seven hospitals in the northwestern area of Tuscany,
with 350 cases reported between November 2018 and 23 May 2019. Among these cases, there were 50 with
bloodstream infection, 43 with isolation in the urine, 15 with isolation in respiratory tract samples and 242 with
gastrointestinal tract carriage. The isolates are resistant to aminoglycosides but retain susceptibility to fosfomycin
and colistin. The presence of NDM has been confirmed by molecular testing. Preliminary results of pulsed-field gel
electrophoresis show that the involved NDM-producing K. pneumoniae isolates are mostly clonal. The source of the
outbreak remains to be determined. In the same geographic area, KPC-producing CRE have been endemic since
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early 2010, while metallo-beta-lactamase (MBL)-producing CRE such as VIM- or NDM-producing CRE had remained
sporadic. Data from the Italian surveillance system for bloodstream infections due to carbapenemase-producing
Enterobacteriaceae indicate an increase of NDM-producing K. pneumoniae bloodstream infection cases in Italy
between November 2018 and May 2019. Cases are mainly clustered in Tuscany (19 cases) while sporadic cases
were reported in four other regions: Liguria (two cases), Emilia Romagna, Lazio and Piedmont (one case each). It
is unknown whether these cases are related to those reported from Tuscany. However, these results should be
interpreted with caution, since genotypic information is only available for 35% of isolates.
Measures taken for the control of this outbreak include further epidemiological analysis of reported cases, a survey
of the practices of active surveillance for CRE carriage at the Tuscan hospitals, and a meeting with the hospital
directors of the Tuscany region to convey information about the outbreak and reinforce infection control measures.
Additional measures included further analyses of collected strains to confirm the resistance mechanism, clonal
lineage profiling, and antimicrobial susceptibility testing for potentially active antibiotics.

Disease background
Disease characteristics
NDM is a metallo-beta-lactamase able to hydrolyse almost all beta-lactams, including carbapenems. Since its first
description in 2008 from a Klebsiella pneumoniae strain isolated from a patient repatriated to Sweden after
hospitalisation in New Delhi, India, NDM-positive strains have been causing healthcare-associated outbreaks
worldwide; 24 NDM variants have been identified in various bacterial species responsible for healthcare-associated
infections from the Enterobacteriaceae family and from Acinetobacter spp. and Pseudomonas spp. [1].
Risk factors for acquisition of carbapenemase-producing CRE, including those producing NDM, include recent
admissions to healthcare facilities, especially in regions with a high CRE prevalence, residence in long-term care
facilities, surgical procedures and indwelling devices, as well as intensive care therapy and long duration of
hospitalisation [2,3].

Epidemiology of NDM-producing CRE in the EU/EEA and Italy
After the initial report of NDM-1 from Sweden in 2008, Public Health England, concerned with the rapid increase in
the number of human cases with NDM-1-producing CRE in hospitals across the UK, issued a national alert in July
2009 [4]. By November 2010, a survey distributed among 29 European countries showed that 13 had already
identified and reported NDM-producing CRE cases [5,6]. The first reported outbreak in Europe occurred in a
hospital in Bologna in northern Italy in 2011 [7]. In 2012, a large interregional outbreak of NDM-producing
K. pneumoniae was reported in Poland [8], only a few months after a first case of NDM-1-producing
K. pneumoniae was detected in a patient with previous travel history to Africa [9]. Most of the early cases with
known travel history were shown to be associated with previous hospitalisation in the Indian subcontinent or in the
Balkans [10-12].
In 2015, EuSCAPE (the European survey on carbapenem-producing Enterobacteriaceae) confirmed that NDMproducing CRE were spreading in the Balkan region, with large numbers of isolates collected in Montenegro,
Serbia, and Greece [13]. In 2015, NDM was the third most frequent carbapenemase detected in the EU/EEA [13].
A national expert assessment indicated that a number of EU countries were facing outbreaks of NDM-producing
CRE in hospitals located either in the same or different regions, suggesting autochthonous interinstitutional
transmission [13,14].
After 2010, CRE became a major issue in Italy when KPC-producing K. pneumoniae became endemic due to rapid
countrywide dissemination mostly caused by strains of clonal complex 258 [14,15]. Since 2010, the increase in the
proportion of carbapenem resistance in invasive K. pneumoniae isolates has been documented by EARS-Net, the
European Antimicrobial Resistance Surveillance Network. The latest EARS-Net data show that 29.7%
of K. pneumoniae invasive isolates were carbapenem-resistant in 2017 [16]. There were also reports of NDMproducing CRE from Italy but their dissemination was still limited, and cases were mostly acquired abroad [14,17].
Even before the outbreak in Tuscany, this situation seemed to have changed, with reports of cases of NDMproducing Enterobacteraceae strains isolated from patients without travel history and with increasing numbers of
NDM-positive strains [18,19].

Risk assessment questions
What is the EU/EEA risk for interregional and cross-border spread of NDM-producing CRE from the outbreak in
Tuscany?
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ECDC risk assessment for the EU/EEA
Due to its size and the resulting change in the epidemiology of CRE, the described outbreak with regional
interinstitutional spread of NDM-producing CRE is a significant event, despite the previous endemicity of KPCproducing CRE in this geographic area. While international spread of KPC-producing K. pneumoniae has often been
linked to K. pneumoniae clonal complex 258 (including sequence type (ST) 258, ST11, and closely related STs), the
spread of NDM is generally less clonal than other carbapenemases and often mediated by plasmids [1,20]. This
might complicate outbreak investigations and the tracing of further cases as isolates of different species and
different STs within species might be part of the outbreak [21].
The type of carbapenemase (KPC vs NDM) is also relevant for treatment because NDM- and other MBL-producing
CRE are not susceptible to some of the new beta-lactam/beta-lactamase inhibitor combinations such as
ceftazidime-avibactam (CAZ-AVI) [22]. This leads to a further reduction of treatment choices for infected patients,
and diagnostic and treatment protocols may have to be adapted accordingly. In addition, treatment with CAZ-AVI
might lead to the replacement of CAZ-AVI-susceptible CRE strains such as KPC-producing CRE with CAZ-AVIresistant strains, including NDM-producing CRE, as has been observed in other settings with high prevalence of
VIM-producing CRE [23]. CRE infections have been shown to be associated with increased mortality in high-risk
patients, such as stem cell transplant recipients in Italy [24]. While infections with carbapenem-resistant
K. pneumoniae are typically also associated with high mortality in other patient populations [25-27], more specific
data on NDM-producing K. pneumoniae are insufficient [1].
Multiple outbreaks of NDM-producing CRE that were difficult to control have recently been reported from other
EU/EEA countries. The largest reported outbreak occurred in Greece and affected several hospitals and over 300
patients [28]. This outbreak was linked to the widespread dissemination of an ST11 NDM-1-producing
K. pneumoniae clonal strain from the Balkan region [29,30]. Another example is an outbreak in Slovenia that
involved 40 cases, two types of carbapenemase (NDM and OXA-48), and multiple Enterobacteriaceae species
(mainly K. pneumoniae of two different STs, but also E. coli and other Enterobacteriaceae species) [21]. An
outbreak of NDM-1-producing K. pneumoniae in Belgium affected 29 patients in two hospitals, with transmission
between the hospitals linked to outpatient contact [31]. In the Netherlands, an outbreak of NDM-1-producing
K. pneumoniae affected 26 patients [32]. In addition, 16 isolates of five other Enterobacteriaceae species
harbouring the same plasmid were detected and considered as related to this outbreak [32].
The numerous reported outbreaks and examples of cross-border transmission of NDM-producing CRE in the
EU/EEA [21,28,31,32] highlight the transmission potential of NDM-producing CRE in European healthcare systems.
Outbreaks such as the one in Tuscany therefore present a risk for cross-border transmission and further spread to
other EU/EEA countries. This risk may be higher when tourist destinations are affected. Given the rapid
establishment of KPC-producing CRE in Italy in previous years and the resulting endemic situation [14], the risk for
further spread of NDM-producing CRE from the current outbreak is considered high for Italy and moderate for
cross-border spread to other EU/EEA countries. While sporadic cases of community acquisition have also been
described in Europe [28], introduction and dissemination of NDM-producing CRE in Europe has mainly been
associated with hospitals and other healthcare settings [21,28,31,32]. Therefore, the risk of acquisition of NDMproducing CRE related to this outbreak is likely restricted to persons with recent healthcare contact.

Options for response
Actions to prevent cross-border spread
Hospitals in EU/EEA countries should consider taking a detailed history of travels and hospitalisations for every
patient at hospital admission. They should also consider performing pre-emptive isolation and screening for
carriage of CRE, including NDM- and KPC-producing K. pneumoniae, at least in patients who were directly
transferred from or hospitalised in countries with known high prevalence in the 12 months before admission, or in
patients who were hospitalised in their own country in the 12 months before admission, but in a region or hospital
with known high prevalence of CRE. However, screening every patient who was hospitalised in a foreign country in
the 12 months before admission might be a more suitable option, as prevalence of CRE is difficult to monitor in
some regions, and national prevalence might not always reflect the regional or local situation. Repeated screening
of these patients during admission could also be considered. In case of patient transfer, good inter-facility
communication is a key element to ensure effective measures to limit the spread of CRE in the receiving hospital.
Moreover, gathering reliable epidemiological data, notifying cases to public health authorities, and exchanging
information are important activities to enable informed and coordinated actions by public health authorities across
the EU/EEA. Public health authorities should issue notifications on the Early Warning and Response System (EWRS)
where relevant, as per Article 9 of Decision No 1082/2013/EU on serious cross-border threats to health. The use of
the Epidemic Intelligence System (EPIS) is encouraged to ensure transparent and timely sharing of information
among participating public health authorities in order to detect public health threats at an early stage.
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Actions to prevent transmission in healthcare facilities
Appropriate hand hygiene compliance is considered fundamental to all good infection prevention and control (IPC)
programmes and the control of cross-transmission of many pathogens, including CRE [33]. Contact precautions are
also an important component of the IPC measures necessary to control HAI and other infections. Contact
precautions include appropriate patient placement, use of personal protective equipment (including gloves and
gowns), limitation of transport and movement of patients, use of disposable or dedicated patient care equipment,
and prioritisation of cleaning and disinfection of patient rooms.

Preventing transmission from CRE-positive patients
Enhanced control measures (for example contact precautions, isolation or cohorting) and a dedicated nursing staff
should be considered for hospitalised patients with confirmed digestive tract CRE carriage or confirmed CRE
infection. In addition, screening of contacts will enable early identification of carriers and implementation of control
measures.

Preventing spread of CRE in specific wards/units
In units/wards where patients are at high risk of infection (e.g. intensive care units and onco-haematology units),
pre-emptive isolation and active surveillance (screening) for CRE by rectal swab on admission should be
considered, depending on the risk of digestive tract CRE carriage and the local prevalence of CRE. Regular review
of appropriate device use is an important infection prevention measure in high-risk settings. The role of the
environmental reservoir of epidemic CRE strains and/or carbapenemase-encoding plasmids should be investigated,
and relevant control measures should be implemented accordingly. Compliance with environmental cleaning
protocols for the immediate surroundings (‘patient zone’) of patients colonised or infected with CRE should be
ensured.
Further control measures are outlined in the updated ECDC rapid risk assessment on carbapenem-resistant
Enterobacteriaceae [34] and an ECDC guidance document [35].
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Disclaimer
ECDC issues this risk assessment document based on an internal decision and in accordance with Article 10 of
Decision No 1082/13/EC and Article 7(1) of Regulation (EC) No 851/2004 establishing a European centre for
disease prevention and control (ECDC). In the framework of ECDC’s mandate, the specific purpose of an ECDC risk
assessment is to present different options on a certain matter. The responsibility on the choice of which option to
pursue and which actions to take, including the adoption of mandatory rules or guidelines, lies exclusively with the
EU/EEA Member States. In its activities, ECDC strives to ensure its independence, high scientific quality,
transparency and efficiency.
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This report was written with the coordination and assistance of an Internal Response Team at the European Centre
for Disease Prevention and Control. All data published in this risk assessment are correct to the best of our
knowledge at the time of publication. Maps and figures published do not represent a statement on the part of
ECDC or its partners on the legal or border status of the countries and territories shown.
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