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Summary 
Carbapenem resistance in Enterobacteriaceae such as Klebsiella pneumoniae and Escherichia coli poses a 
significant threat to patients and healthcare systems in all European Union / European Economic Area 
(EU/EEA) countries. Carbapenem-resistant Enterobacteriaceae (CRE) infections are associated with high 
mortality, primarily due to delays in administration of effective treatment and the limited availability of 
treatment options. Hypervirulent carbapenem-resistant K. pneumoniae strains have been reported presenting 
an additional threat with a potential for global dissemination. The spread of high risk clones and plasmids 
carrying carbapenemases in healthcare settings is a major cause of the spread of CRE in EU/EEA countries. 
Recent events of cross-border importation after patient transfer and large regional outbreaks as well as the 
worsening epidemiologic situation of carbapenemase-producing CRE in the EU/EEA highlight the high risk for 
further spread of CRE and the need for enhanced control efforts. Options for control are outlined in the 
respective section below.  

Event background 

Current situation of CRE in EU/EEA countries 
For K. pneumoniae, data from the European Antimicrobial Resistance Surveillance Network (EARS-Net) for 2017 
show large variability in the national percentages of carbapenem resistance in isolates from invasive infections, 
ranging from 0% to 64.7% (Figure 1). The population-weighted mean percentage for the EU/EEA overall 
fluctuated without a statistically significant trend between 2014 and 2017, and was 7.3% in 2014 and 7.2% in 
2017. Increasing national trends in carbapenem resistance in K. pneumoniae for the period 2014–2017 were 
observed in Slovakia, Poland and Portugal, while there was a decreasing trend in Croatia, Slovenia and Italy [1].  

For E. coli, EARS-Net data for 2017 show a lower overall EU/EEA population-weighted mean percentage (0.1%) of 
carbapenem resistance in invasive isolates, with national percentages ranging from 0% to 1.6% (2017). Between 
2014 and 2017, a slightly decreasing trend was observed for the EU/EEA population-weighted mean of national 
percentages [1].  
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Figure 1. Percentage of invasive K. pneumoniae isolates with resistance to carbapenems, EU/EEA, 2017 [1] 

 

Note: EARS-Net data are based on invasive isolates from blood and cerebrospinal fluid only. Bacteria isolated from other sites of 
infection or colonisation are not included. 

Despite the still low percentages, in many European countries, of carbapenem resistance in K. pneumoniae and E. 
coli in invasive isolates from blood and cerebrospinal fluid, a national self-assessment of epidemiologic stages 
conducted in 2018, that considered all types of infection as well as carriage documented an evolving pattern of 
spread of carbapenemase-producing CRE, or CPE, in Europe (Figure 2) [2]. Sixteen (43%) of 37 participating 
countries reported regional or interregional spread of CPE and four countries reported an endemic situation. In 

comparison to a previous assessment in 2015, 11 countries reported a higher epidemiological stage of CPE 
indicating increasing spread between 2015 and 2018 [2]. The number of cases of infections for the EU/EEA in 2015 
has been estimated as 15947 (range 13473-18478) infections with carbapenem-resistant K. pneumoniae and 2619 
(range 2269 – 2961) infections with carbapenem-resistant E. coli [3].   

Figure 2. Epidemiological situation of carbapenemase-producing Enterobacteriaceae, assessment by 
national experts in European countries, July 2018 (n=37) [2] 
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Current situation of CRE in third countries 

Only 71 WHO Member States were able to provide data on carbapenem resistance in K. pneumoniae for the WHO 
global report on antimicrobial resistance surveillance (data from various years prior to 2014) [4]. Carbapenem 
resistance in K. pneumoniae was reported from all WHO regions and exceeded 50% of isolates in two regions [4]. 
For the 2017–2018 Global Antimicrobial Resistance Surveillance System (GLASS) Report, AMR frequency rates for 
countries and regions were not yet available due to limited representativeness and data quality and a worldwide 
overview of carbapenem resistance in K. pneumoniae and E. coli is therefore difficult to establish [5]. However, 
data available from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR) 2017 report 
shows that some countries immediately adjacent to the EU/EEA had high carbapenem resistance percentages in K. 
pneumoniae in 2017 [6].  

CRE with different carbapenemase genes show variation in their geographic spread. Regions and countries 
considered as having the highest prevalence of the various carbapenemase-producing CRE are the Indian 
subcontinent (NDM CRE), United States, Israel, Greece and Italy (KPC CRE), Turkey, the Middle East and North 
Africa (OXA-48 CRE) [7,8]. For South-East Asia, carbapenem resistance percentages >5% were estimated for K. 
pneumoniae for Vietnam, the Philippines, Indonesia and Thailand and for E. coli for Myanmar and Indonesia [9]. 
Despite sparse data, attempts to estimate antimicrobial resistance percentages in Africa, based on a literature 
review, resulted in two countries (Uganda and Madagascar) having estimated percentages of carbapenem 
resistance in K. pneumoniae >5% [10]. Indirect evidence for the prevalence of CRE in different regions is also 
provided through CRE carriage detected in patients transferred from hospitals in other regions of the world [11] 
and in travellers returning from high-prevalence regions to Europe [12].  

Disease background  
Bacteria of the family Enterobacteriaceae such as Escherichia coli and K. pneumoniae are part of the normal 
human intestinal flora, but are also often responsible for community- and healthcare-associated infections. These 
bacteria are prone to acquiring resistance genes, and recent decades have seen a rapid increase in resistance to 
penicillins and cephalosporins due to the global spread of extended-spectrum beta-lactamases (ESBLs), first in 

K. pneumoniae and other Klebsiella species, then in E. coli [13].  

Carbapenems are beta-lactam antibiotics with a broad spectrum of activity against Gram-negative bacteria 
(including Enterobacteriaceae) and Gram-positive bacteria. Carbapenems are active against ESBL-producing 
Enterobacteriaceae. In hospitalised patients, carbapenems are therefore often the treatment of choice for 
infections with multidrug-resistant (including ESBL-producing) Enterobacteriaceae. Resistance to carbapenems has 
been reported with increasing frequency and geographical spread since the beginning of the 1990s [14,15]. 
Carbapenem-resistant Enterobacteriaceae (CRE) can be resistant to carbapenems as a result of various 
mechanisms, including the acquisition of carbapenemase enzymes which is most frequent, but combinations of 
other different mechanisms may also cause carbapenem resistance.  

Carbapenemases are a heterogenous group of enzymes that can hydrolyse most beta-lactams including 
carbapenems [16]. In the literature, carbapenemase-producing CRE are often named after the specific 
carbapenemase that they produce, such as Klebsiella pneumoniae carbapenemase (KPC)-producing CRE (KPC 
CRE), oxacillinase 48 (OXA-48)-producing CRE (OXA-48 CRE), and CRE that produce metallo-beta-lactamases such 

as the New Delhi metallo-beta-lactamase (NDM)-producing CRE (NDM CRE), Verona integron-encoded metallo-
beta-lactamase (VIM)-producing CRE (VIM CRE), and IMP-type metallo-beta-lactamase-producing CRE (IMP CRE), 
among others. The spread of carbapenemase-producing CRE in the EU/EEA is frequently linked, in particular for K. 
pneumoniae, to specific clonal lineages such as K. pneumoniae sequence types 11, 15, 101, 258/512 and their 
derivatives [17]. 

Risk assessment questions 
This update of the 2018 ECDC Rapid Risk Assessment on CRE [18] evaluates the risk for patients and healthcare 
systems in EU/EEA countries due to the global spread of CRE. 

ECDC risk assessment for the EU/EEA 

Impact of CRE on human health 

Frequency of occurrence 

E. coli is the most common cause of community- and healthcare-associated urinary tract infections. E. coli and 
other Enterobacteriaceae such as K. pneumoniae are also frequently associated with ventilator-associated 
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pneumonia and bloodstream infections in healthcare settings [19]. Resistance in these bacteria has an impact on 
the choice of antibiotic therapy as well as treatment outcomes.  

Limited treatment options 

There has been a vicious cycle of increasing resistance in Enterobacteriaceae. Global spread of ESBLs has resulted 
in frequent resistance to all penicillins and cephalosporins, with the consequence of an increase in carbapenem 
consumption [20], which in turn has increased the selection pressure and facilitated the spread of CRE. Treatment 
options for CRE infections are limited. Antibiotics which more frequently show in vitro activity against CRE include 
colistin, tigecycline and fosfomycin, but there are concerns regarding their effectiveness, limited clinical experience 
with their use, more frequent adverse effects, rapid development of resistance during treatment, and increasing 
resistance globally. In addition, a review of available data on treatment regimens that include the above-mentioned 
antibiotics concluded that mortality rates in patients treated with a single antibiotic that was shown to be active in 
vitro were not significantly different from mortality rates in patients with no active therapy [21]. Combination 
therapy with two or more active agents, showed a survival benefit among patients with a high probability of death 
[22]. However, these data should be interpreted with caution as they come from observational studies. 

Colistin is frequently being used to treat CRE infections, but resistance may develop in CRE-infected patients 
treated with colistin. Colistin resistance among CRE isolates can develop rapidly in hospitals and countries with 
increasing use of colistin [23-26]. Colistin-resistant CRE have been responsible for hospital outbreaks following the 
introduction of such strains by an index patient transferred from a high-prevalence country [27]. Since 2015, the 
discovery of transferable plasmid-mediated colistin resistance genes that can transmit colistin resistance more 
easily between bacteria has further increased the risk of colistin resistance spreading [28]. The development of 
colistin-resistant strains of CRE that are also resistant to almost all other antibiotics, or possibly all antibiotics - i.e. 
pandrug-resistant CRE [29-33], is now occurring as a consequence of failing to control CRE. 

In June 2016, ceftazidime-avibactam, a new antibiotic combination with activity against CRE infections (except for 
infections with CRE producing metallo-beta-lactamases, such as NDM or VIM), was approved by the European 
Commission, after positive advice from the European Medicines Agency (EMA), for use in the EU to treat complicated 
intra-abdominal infections, complicated urinary tract infections, hospital-acquired pneumonia (including ventilator-
associated pneumonia) and infections due to aerobic Gram-negative bacteria where treatment options are limited 
[34]. Limited evidence shows promising results, although there are concerns about the development of resistance 
[35]. Meropenem-vaborbactam has also recently been authorised for use in the EU for the same indications as 
ceftazidime-avibactam [36] and there are additional new compounds or combinations in development such as 
imipenem-relebactam, plazomycin, cefiderocol, eravacycline and aztreonam-avibactam [37]. However, progress in 
developing new drugs has been slow and there is an urgent need for research and clinical development of 
antimicrobials to keep up with the evolution of bacterial resistance [38].  

High mortality 

High mortality rates, ranging from 30% to 75%, have been reported for patients with severe CRE infections [39]. 
Mortality above 50% has been reported in patients with CRE bloodstream infections [40], and a study has shown 
an excess mortality of 27% in patients with pneumonia or bloodstream infections caused by carbapenem-resistant 
K. pneumoniae [41]. The number of deaths attributable to infections with carbapenem-resistant K. pneumoniae 
and carbapenem-resistant E. coli has been estimated as 2118 (range 1795 – 2473) and 141 (119 – 165) in the 
EU/EEA for 2015, respectively [3].  

Hypervirulent K. pneumoniae strains with a hypermucoviscous phenotype are disseminating in the community 
causing severe infections in young healthy individuals without comorbidities [42]. Although antimicrobial resistance 
is rare in hypervirulent K. pneumoniae strains, strains combining carbapenem resistance, high transmissibility and 
hypervirulence have been described, so far mainly from Asia [42,43]. Extremely high overall mortality (84%) was 
associated with 86 K. pneumoniae bacteraemia isolates in India that exhibited hypervirulence (determined by a 
positive string test) and carbapenem resistance (determined by a meropenem minimum inhibitory (MIC) 
concentration of ≥16µg/ml) [44].  

Potential for spread 

Risk for transmission and outbreaks in healthcare settings 

CRE, especially carbapenem-resistant K. pneumoniae, have a high potential to cause outbreaks in healthcare 
settings. Such outbreaks have been reported from several EU Member States, e.g. the Czech Republic, France, 
Germany, Greece, Italy, Spain, the Netherlands and the UK [45-51]. Some of these countries report low overall 
carbapenem resistance percentages in K. pneumoniae as shown in Figure 1, thus indicating that outbreaks may 
occur independently of a country’s overall CRE situation and all EU/EEA countries are at risk for CRE outbreaks. In 
2019, a large outbreak of NDM-producing CRE in Tuscany was reported via the Early Warning and Response 
System (EWRS) [52]. Risk factors for acquisition of CRE in healthcare settings are similar to those reported for 
acquisition of other multidrug-resistant bacteria. These include admission to an intensive care unit (ICU), long ICU 
stay, critical illness, invasive devices and prior antimicrobial therapy [53,54]. A meta-analysis found that ‘use of 
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medical devices’ and ‘carbapenem use’ were the most significant risk factors for CRE acquisition by hospitalised 
patients [55]. Long-term care facilities have also been shown to be a reservoir for CRE in some settings, including 

in EU/EEA countries [56-59]. 

Carbapenemase genes are often located on plasmids that can be exchanged between Enterobacteriaceae and 
other Gram-negative bacteria [16]. They are also often transmitted together with other resistance genes, which 
results in multidrug-resistant strains. While carbapenem consumption has been shown to be associated with 
increases in CRE [49], this association of carbapenem resistance with other resistance genes means that treatment 
with antibiotics other than carbapenems can also increase the selection pressure for CRE, as has been reported for 
cephalosporins and fluoroquinolones [54]. International high-risk bacterial clones such as the KPC-producing K. 
pneumoniae ST258 have emerged. These clones are very efficient at colonising human hosts, adapting to the 
hospital environments and are responsible for outbreaks in hospital settings across Europe [60]. The presence of 
both virulence and AMR determinants on the same plasmid has been detected in two K. pneumoniae isolates from 
patients hospitalised in Norway, but with epidemiological and genomic links to Romania [61].  

Colonisation - i.e. digestive tract carriage - with CRE has been associated with high rates (16.5% overall, range 
from 0% to 89% in high risk patients) of subsequent infection, most frequently pneumonia, followed by urinary 

tract infections, primary bloodstream infections, skin and soft tissue infections, and surgical site infections [39]. 
Eradication of CRE from the intestinal flora is difficult. Rates of spontaneous clearance vary between studies 
[62,63], and continuous carriage beyond two years has been reported [63]. Eradication of CRE carriage has been 
attempted with oral, non-absorbable antibiotic treatment. However, the success of this approach has been limited 
due to failure of eradication, relapse, development of antibiotic resistance during treatment, and patient refusal 
[62]. Eradication of CRE carriage has also been attempted by fecal microbiota transplantation [64-67]. 

The role of the hospital environment, including ill-designed waste water plumbing, hand wash basins and sinks, as a 
reservoir and source of CRE has been documented and found to be the source of some outbreaks requiring special 
water treatment or disinfection measures for effective control [68,69]. Recent outbreak studies using advanced 
genomic epidemiological methods, including WGS, have revealed hospital environmental reservoirs of a variety of 
bacteria, with plasmids conferring carbapenem resistance that transferred to diverse species and clonal strains of 
Enterobacteriaceae [68-71]. This emphasises the value of advanced genomic surveillance to detect and trace the 
plasmid epidemics, as well as the need for safe design of the close patient environment in the hospital and of medical 

devices to avoid contamination and/or permit adequate cleaning, disinfection and reprocessing. 

Risk of CRE spread in the community 

While carbapenem-resistant K. pneumoniae are currently more frequent and more likely to cause healthcare-
associated outbreaks, carbapenem-resistant E. coli pose a greater risk for spread in the community [16]. There is 
growing evidence that extra-intestinal pathogenic E. coli may be transmitted to humans via the food chain from a 
food animal source [72]. Faecal-oral transmission and transmission via the food chain has the potential to spread 
carbapenem-resistant E. coli to a larger, healthier and younger population. After ingestion of food items 
contaminated with CRE bacteria or their resistance genes, CRE could become part of the intestinal flora of healthy 
persons who have not been exposed to healthcare or antimicrobials. If such a digestive tract carrier of CRE needs 
antimicrobial treatment or hospital care, there is a risk of standard antimicrobial therapy failing in the case of CRE 
infection, overgrowth of CRE, and onward transmission to other patients.  

Data on the prevalence of community-acquired CRE infection is scarce. A 2017 review described proportions of 0 to 
29.5% community-acquired or community-onset CRE infections (of all included CRE infections), but prior healthcare 
exposure had been recorded inconsistently [73]. However, cases of community-onset CRE infection in patients 
without healthcare contact in the preceding three months have also been reported in the EU recently [74]. The 
spread of ESBL-producing Enterobacteriaceae, mainly E. coli, in the community during the last decade demonstrates 
how rapidly such bacteria can disseminate in the community [16]. ESBL-producing Enterobacteriaceae can serve as a 
model for the spread of CRE because the same bacterial species are involved and the resistance genes are also 
carried on plasmids. The contamination of food items with antimicrobial-resistant Enterobacteriaceae has been 
described in several EU/EEA countries, for example in relation to chicken or poultry meat in Austria, Germany, the 
Netherlands, Italy and Spain [75-79], and for vegetables in the Netherlands [80]. There is now evidence that a 
proportion of third- and fourth-generation cephalosporin-resistant E. coli isolates from extra-intestinal infections 
humans originated from food-producing animals, especially poultry [81].  

Carbapenem-resistant bacteria or carbapenemases are increasingly being detected from environmental, food and 
animal sources, including pigs, poultry, cattle, seafood, dogs, cats, horses, pet birds, swallows, wild boars, wild stork, 

gulls and black kites [82-85], and carbapenemase production has also been reported in the foodborne pathogen 
Salmonella enterica [86]. The occurrence of CRE in multiple non-human sources is of concern and, given the risks of 
CRE to human health, there have been calls for a zero-tolerance approach and an international ban on the sale of 
food items that contain CRE [87]. CRE have also been detected in seawater samples from a bathing site in Ireland, a 
Spanish river ecosystem and wastewater in the UK [88-90] indicating potential environmental reservoirs for further 
dissemination.  
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Risk for cross border spread 

EU/EEA countries 
EU/EEA countries are at very different stages of CRE spread. For K. pneumoniae, percentages of carbapenem 
resistance in invasive isolates range from 0% to more than 60%, and epidemiological stages of spread range from 
only sporadic cases to endemicity [1,2]. Introduction of CRE via cross-border patient transfers or returning 
travellers might therefore significantly contribute to the spread of these bacteria into countries with a still low 
prevalence of CRE. A recent example is the import to Norway and Sweden of carbapenemase-producing K. 
pneumoniae ST392 by travellers who were hospitalised in Gran Canaria for acute medical conditions [91]. 
Outbreaks of CRE following cross-border transfer of a CRE infected/carrier index patient have been described in 
several EU/EEA countries. Introduction of CRE may result from any country with CRE, although the risks are higher 
for patients/individuals coming from EU Member States with a high prevalence of CRE or from other European 
countries or regions of the world with high reported prevalence of CRE [1,4,6].  

Third countries 
High mobility and global trade play an important role in the dissemination of antimicrobial resistance. A high level of 

antimicrobial use in humans, animals and agriculture, combined with poor public health infrastructure (inadequate 
sewage systems, poor-quality drinking water and overcrowding), has resulted in high prevalence of antimicrobial 
resistance in Gram-negative bacteria in emerging economies [92]. Through travel and migration, populations around 
the world are subsequently exposed to antimicrobial resistance arising in these areas [92]. Much of this dissemination is 
unrecognised as it takes place in the intestinal flora of healthy carriers and is only detected when microbiological tests 
are carried out in the case of infection or active screening for digestive tract carriage.  

The epidemiology of ESBL-producing E. coli with high carriage rates in Africa, south-east Asia, and the western Pacific 
and eastern Mediterranean regions also suggests that poor access to drinking water, poverty, and high population 
density are driving forces behind the dissemination in local communities and the spread through international travel to 
regions with lower carriage rates, such as Europe and America [13]. A frequently cited example is NDM CRE, for which 
a high proportion of the cases diagnosed in the UK could be linked to prior travel, with or without hospital care, in India 
or Pakistan [93]. A high rate of digestive tract carriage of multidrug-resistant Enterobacteriaceae has also been 
described in travellers returning to the EU from tropical regions [12]. Although much less frequent than digestive 
tract carriage of ESBL-producing Enterobacteriaceae, digestive tract carriage of CRE has been reported in travellers 

returning from regions with high prevalence of CRE [94,95]. 

Risks to the functioning of health systems 

Advanced medical procedures such as intensive care, transplantation, cancer chemotherapy, neonatal care and 
invasive procedures increase the risk to patients of developing infections by weakening the immune system or 
other barriers to infections, such as the skin barrier. If no effective antimicrobial prophylaxis and treatments are 
available, these procedures will be associated with a higher risk from CRE infection for patients. In many countries, 
ICU patients have been affected by CRE outbreaks. Urinary tract infections with CRE in kidney and other solid organ 
transplant recipients have been associated with antimicrobial failure and mortality [53,96]. Bloodstream infection with 
CRE was also a predictor of death in liver transplant patients, and infection-related mortality was high, with 64% in 
allogenic stem cell transplant recipients in Italy [97]. Mortality rates associated with CRE infections were high in patients 
with haematological malignancies [98]. Low-birthweight neonates have also been affected by CRE septicaemia [99]. In 
addition, CRE outbreaks have been related to frequently-performed invasive medical procedures – e.g. in outbreaks 

related to bronchoscopy and endoscopy in Germany [48,100] and France [101]. 

Besides morbidity and mortality, CRE are likely to result in a financial burden for healthcare systems; CRE infections have 
been associated with prolonged hospital stays [39]. A retrospective study of the costs of patients carrying carbapenemase-
producing Enterobacteriaceae admitted over a period of two years to a French hospital estimated that the attributable 
costs for 16 patients carrying a carbapenemase-producing CRE were EUR 642 104. This included the costs related to 
restricted activities in the affected units, additional working hours and screening samples [102]. Outbreaks of 
carbapenem-resistant gram-negative bacteria have also been found to be highly costly, for example, a cost 
evaluation of a CPE outbreak occurring across five hospitals in the United Kingdom estimated a cost of 
approximately 1.1 million Euro over 10 months [103]. 

Effectiveness of control measures 

Implementation of enhanced CRE control measures in healthcare settings requires reliable identification of CRE by the 
microbiology laboratory. However, phenotypic detection is complicated by that fact that the level of carbapenem 

resistance resulting from the production of carbapenemase is heterogeneous, and because carbapenem resistance 
can be the result of various mechanisms without any single test being suitable for all situations [104]. There is also a 
need to define the circumstances under which screening for faecal carriage of CRE should be conducted and to 
determine which screening methods should be used, because multiple factors such as local CRE prevalence, type of 
hospital, capabilities of the laboratory and available resources need to be taken into account in order to identify the 
most appropriate method [105]. 

In 2011, ECDC conducted a systematic review of the effectiveness of infection control measures to prevent the 
spread of CRE, with an update in 2014. Measures identified as effective included early implementation of active 
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surveillance through rectal screening for CRE carriage on hospital admission, admission to specific wards/units, and 
during outbreaks as well as pre-emptive isolation on admission, contact precautions, hand hygiene, patient 

cohorting, patient isolation, dedicated nursing or other types of dedicated care by staff members, environmental 
cleaning, staff education, case notification/flagging, contact tracing and antibiotic restriction [106].  

Prudent antimicrobial use will reduce the selection pressure for CRE. Antimicrobial stewardship refers to 
coordinated programmes that implement interventions to ensure appropriate antimicrobial prescription. These 
programmes aim to improve clinical efficacy of antimicrobial treatment and limit antimicrobial resistance and have 
been shown to significantly reduce the incidence of infections with and carriage of antibiotic-resistant bacteria. 
Reduction of carbapenem use through an antimicrobial stewardship programme has been shown to be beneficial 
for CRE control [49].  

The above-mentioned measures have been effective in studies, but their broad implementation in the healthcare 
system needs to be supported by national policies. National guidelines, national surveillance systems, national 
reference laboratories, mandatory reporting of CRE and national campaigns to promote infection control and 
prudent antimicrobial use are the cornerstones of national CRE control [107]. Infection control measures – and 
especially contact precautions – are time-consuming and require training and an adequate number of staff in healthcare 

institutions. The association between low healthcare staffing levels and healthcare-associated infections is well known 
[108]. Underfunding and understaffing of healthcare institutions challenge the implementation of infection control 
measures and risks creating reservoirs of multidrug-resistant bacteria, such as CRE. 

Consistently implemented infection control programmes have been shown to reduce the spread of CRE. Active 
surveillance and infection control measures including hand hygiene have led to reduction of CRE in an endemic setting in 
Greece [109]. To control a clonal outbreak of carbapenem-resistant K. pneumoniae in 27 hospitals, Israel implemented a 
nationwide and centrally controlled intervention with mandatory reporting, mandatory isolation and dedicated staffing, 
and a dedicated national taskforce that was effective in containing the outbreak [110]. In France, after the occurrence of 
several outbreaks of carbapenemase-producing CRE, 38 hospitals successfully implemented a programme for controlling 
CRE, consisting of screening and isolation of patients previously hospitalised abroad and a bundle of measures for control 
of cross-transmission, including barrier precautions, dedicated staff and screening of contact patients [111,112]. 
However, there is limited generalisability even of successful programmes to healthcare settings in other countries. 
Control programmes need to be adapted to the local prevalence of CRE, travel patterns of the local population, the 

percentage of CRE cases imported from foreign countries, and the availability of resources for laboratory testing 
and infection control. 

Preparedness in EU/EEA countries 

The national capacity of EU/EEA countries, EU enlargement countries and Israel was assessed in July 2018 by 
national experts who participated in the European Antimicrobial Resistance Genes Surveillance Network (EURGen-
Net) [2]. Of 37 participating European countries, 27 (73%) countries reported having a dedicated national 
surveillance system for CRE; 33 (89%) countries reported having an officially appointed national reference 
laboratory or national expert laboratory for CRE; 21 (57%) countries were developing, or had implemented a 
national plan for containment or for preparedness to contain carbapenemase-producing CRE; and 24 (65%) 
countries reported having national recommendations or guidelines for infection prevention and control measures 
for confirmed cases of carbapenemase-producing CRE [2].  

Options for response 
1. Actions related to limited treatment options and high mortality 

Timely and appropriate laboratory investigation and reporting is essential in order to avoid a delay in appropriate 
treatment, which is associated with increased morbidity and mortality. Patients with CRE infections will benefit 
from consultations with specialists in infectious diseases or clinical microbiology, which would ensure the best 
possible outcome, given the limited treatment options.  

2. Actions to prevent transmission of CRE in hospitals and other healthcare 
settings 
Appropriate hand hygiene compliance is considered fundamental to all infection prevention and control 
programmes and for the control of cross-transmission of many pathogens, including CRE. Contact precautions are 
also an important component of the infection prevention and control measures necessary to control healthcare-
associated infections 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. 
Prompt notification of the clinical team and of the infection prevention and control/hospital hygiene team is 
essential in order to implement timely infection control precautions. For healthcare settings other than acute care, 
the control measures implemented should be proportionate to the risk of CRE transmission to other patients. 
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Targeting patients at high risk of CRE carriage 
Screening of patients at high risk for digestive tract CRE carriage and the implementation of pre-emptive contact 

precautions and isolation should be considered. Risk factors for CRE carriage are history of an overnight stay in a 
healthcare setting within the last 12 months, dependency on dialysis or having received cancer chemotherapy in 
the last 12 months, known previous carriage of CRE in the last 12 months, and epidemiological linkage to a known 
carrier of CRE [113]. Based on the local epidemiology, additional at-risk populations could be defined, for example 
hematopoietic stem cell transplant recipients or newborns, especially if they had previously received carbapenem 
treatment [114,115]. 

Preventing transmission from CRE-positive patients 
Enhanced control measures, such as contact precautions, isolation or cohorting, and dedicated nursing staff can 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 
environmental reservoirs of epidemic CRE strains and/or carbapenemase-encoding plasmids should be 
investigated, especially when other infection control interventions have failed, and relevant control measures 
implemented accordingly. 

Antimicrobial stewardship 
The implementation of comprehensive antimicrobial stewardship programmes is recommended to prevent and 
control the emergence and spread of CRE and other multidrug-resistant bacteria. Nevertheless, targeted and 
appropriate use of antibiotics is not likely to fully reverse the current CRE trends, and antimicrobial resistance 
trends in general, and there is an urgent public health need for new antibacterial agents active against prevalent 
multidrug-resistant bacteria such as CRE. 

3. Actions to prevent spread of CRE into the community 

It is important to avoid the potential transmission of CRE via the food chain. The harmonised monitoring programme 
for antimicrobial resistance in ‘food-producing animals and food thereof’ requests the monitoring of CRE in broilers, 
turkeys, pigs and veal calves, and meat derived thereof every second year on a routine basis [116]. Continued 
prohibition of the use of carbapenems in food‐producing animals would be a simple and effective option for 

intervention [117]. As genes encoding carbapenemase production are mostly plasmid‐mediated, and co‐resistance 

may be an important issue in the spread of such resistance mechanisms, decreasing the frequency of antimicrobial 
usage in animal production within the EU in accordance with prudent use guidelines is also of high priority [117].  

A multifaceted integrated approach to minimising antimicrobial use is recommended and further options related to 
this are outlined in the ‘EMA and EFSA Joint Scientific Opinion on measures to reduce the need to use antimicrobial 
agents in animal husbandry in the European Union, and the resulting impacts on food safety' [118]. Improving the 
conditions of animal husbandry (e.g. biosecurity, hygienic conditions) and implementing alternative measures to 
antimicrobials would reduce both the need to use antimicrobials and the development of resistant bacteria in food-
producing animals. 

In households and shared public environments, standard personal hygiene rules should be applied to prevent person-
to-person transmission, as well as good food handling practices to prevent food contamination from colonised 
handlers. 

4. 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 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. Hospitals could also consider pre-emptive isolation and screening for 
digestive tract CRE carriage in accordance with national guidance for patients who may recently have travelled to 

countries/regions known for high CRE prevalence, even if they were not in contact with a healthcare 
institution/service. 

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 by notifying cases to 
public health authorities and exchanging information are important activities to enable informed and coordinated 
action by public health authorities across the EU/EEA. Public health authorities shall issue notifications on the 
EWRS where relevant, as per Article 9 of Decision 1082/2013/EU on serious cross-border threats to health. Use of 
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the Epidemic Intelligence System (EPIS) is encouraged to ensure transparent and timely information sharing 
among the participating public health authorities in order to detect public health threats at an early stage. 

5. Actions to reduce risks for healthcare systems 

Appropriate levels of healthcare staffing and infection control staffing as well as adequate funding for hospitals 
should be ensured to enable compliance with infection control measures. CRE prevalence is currently still low in 
many European countries, and it is likely that the spread of CRE could be controlled through proportionate 
investment in control measures in most countries. However, once the situation becomes endemic, control efforts 
might be more costly and less effective. Facility leadership can support the infection prevention and control 
programme aimed at preventing the spread of CRE by providing materials and organizational and administrative 
support through the allocation of a protected and dedicated budget, according to the infection prevention and 
control activity plan. 

6. Additional guidance  

Detailed further guidance has been published by international and national organisations. The World Health 
Organization has published guidelines for the prevention and control of CRE, carbapenem-resistant Acinetobacter 
baumannii and carbapenem-resistant Pseudomonas aeruginosa in healthcare facilities, with eight recommendations 
on the implementation of multimodal infection prevention and control strategies, the importance of hand hygiene 
compliance, surveillance of infection, screening for asymptomatic digestive tract carriage, contact precautions, 
patient isolation, environmental cleaning, environmental surveillance cultures, monitoring, auditing and feedback 
[119]. Implementing these recommendations may be complex in some health systems as it requires a 
multidisciplinary approach, including executive leadership, stakeholder commitment, coordination and possible 
modifications to workforce structure and process in some cases [120]. There is also facility guidance for control of 
CRE from the US Centers for Disease Control and Prevention [121]. The European Society of Clinical Microbiology 
and Infectious Diseases has published guidelines for the management of infection control measures to reduce 
transmission of multidrug-resistant Gram-negative bacteria in hospitalised patients as well as for the decolonisation 
of carriers of multidrug-resistant Gram-negative bacteria  [122,123]. A flowchart for assessment of CRE carriage in 
patients being admitted to healthcare settings and corresponding infection prevention and control measures to 
prevent the entry and further of CRE into hospitals and other healthcare settings is provided in the ECDC guidance 
[113]. The majority of EU/EEA countries have developed national guidelines. Links to these guidelines can be 
found in the ECDC directory of online resources for the prevention and control of antimicrobial resistance and 
healthcare-associated infections [124].  

Source and date of request 
ECDC internal decision, 17 September 2019.  

Consulted experts 
Internal experts consulted: Sergio Brusin, Anke Kohlenberg, Catherine Ludden, Daniel Palm, Dominique L. Monnet, 
Diamantis Plachouras, Marc Struelens.  

External experts consulted: Elisabeth Presterl (University Hospital Vienna, Austria) Jesús Rodríguez-Baňo (Hospital 
Universitario Virgen Macarena, Spain), Gunnar Skov Simonsen (University Hospital North Norway, Tromsø, 
Norway). Section 3 regarding actions to prevent the spread of CRE into the community was also reviewed by 
Ernesto Liebana (European Food Safety Authority). 

Experts from WHO reviewed the risk assessment, but the views expressed in this document do not necessarily 
represent the views of WHO. 

All experts have submitted declarations of interest, and a review of these declarations did not reveal any conflict of 
interest. 

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.  

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 
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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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