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Summary
Germany has reported an outbreak of carbapenemase-producing (NDM-1 and OXA-48) and colistin-resistant
Klebsiella pneumoniae sequence type (ST) 307. As of 21 October 2019, 17 patients in three hospitals and one
rehabilitation clinic in Mecklenburg-West Pomerania in north-east Germany have been affected. Six of the
17 cases presented with clinical symptoms of infection, while 11 were identified as be carriers.
This is the first reported outbreak in Germany of K. pneumoniae that produce both NDM-1 and OXA-48 while
also involving the emerging clone ST307. The outbreak strain is closely related to a K. pneumoniae ST307
isolate producing the same carbapenemases detected earlier in Finland from a patient previously hospitalised in
Russia, yet there is no epidemiological link between the Finnish case and the outbreak in Germany.

K. pneumoniae ST307 is a high-risk clone expanding globally, including in the EU/EEA. The specific German

outbreak strain carries virulence markers associated with increased ability to cause disease. Genetic
characteristics related to a potential survival advantage in the environment have also been described for
K. pneumoniae ST307. The combination of extensive antimicrobial resistance, increased virulence and capacity
to persist in the environment result in a high risk for dissemination and future healthcare-associated outbreaks
of this K. pneumoniae ST307 outbreak strain in hospitals and other healthcare settings. By contrast, the risk of
transmission for individuals outside healthcare settings is low. Enhanced control measures have been
implemented in the involved German hospitals, and no further cases have been detected since the end of
September 2019.
The highly virulent and resistant K. pneumoniae strain of this outbreak was introduced to the EU/EEA in at least
two countries in 2019: Germany and in Finland. As not all EU/EEA countries have an effective screening system
for carbapenemase-producing Enterobacteriaceae (CPE) in high-risk patients and may also lack the capacity to
perform whole genome sequencing (WGS) – or do not routinely employ WGS on all carbapenem-resistant
K. pneumoniae isolates collected at the national level – the number of such imported events may be
considerably underestimated. In addition, several other high-risk clones of carbapenemase-producing
K. pneumoniae have been spreading in hospitals and other healthcare settings in the EU/EEA in recent years.
Hospital admissions of patients with previous hospitalisations, including prior hospitalisation in another country,
are a daily occurrence in the EU/EEA, and the risk for further introduction of such high-risk clones of
K. pneumoniae to hospitals in the EU/EEA, possibly resulting in other hospital outbreaks, is therefore high.
This outbreak also highlights the concomitant increase in virulence, transmissibility and antimicrobial resistance
among certain K. pneumoniae strains, which are posing a considerably higher risk to human health than has
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previously been the case with the broader K. pneumoniae population. Early detection of such strains and close
cooperation between clinicians and public health services are crucial to avoid spread into the EU patient
population. There is a need for increased capacity in the EU/EEA to support outbreak investigations and
surveillance with real-time WGS to identify high-risk clones and to implement enhanced control measures in
order to avoid further spread.

Event background
Outbreak investigation in Germany
Germany has reported an outbreak of NDM-1- and OXA-48-co-producing K. pneumoniae with additional resistance
to colistin and belonging to lineage ST307. Three hospitals and one rehabilitation clinic in Mecklenburg-Western
Pomerania in the north-east of Germany were affected. Between June and September 2019, 17 cases were
reported to the German mandatory notification system for carbapenem-resistant Enterobacteriaceae (CRE). Six of
the 17 cases presented with clinical symptoms of infection (sepsis, pneumonia, urinary tract infection), while 11
were determined to be carriers. The first three cases, reported at the end of June 2019, were hospitalised in the
intensive care unit (ICU) of a university hospital. All but one of the following cases were hospitalised at the same
university hospital, with a link in place and time (overlapping stays in the same ward). The only reported case
without admission to the university hospital had contact – at another hospital – with a patient who had previously
been admitted to the same university hospital. Environmental and epidemiological investigations suggest that one
of the cases may also be explicable by endoscopy with a contaminated device in which the outbreak strain was
also detected (preliminary results). Apart from that, the outbreak clone could not be detected in the environment,
despite extensive sampling. Thus, the most likely primary mode of transmission is considered to be patient-topatient transmission. The mode of introduction of the outbreak strain to the university hospital has not yet been
determined. Epidemiologic investigations are ongoing.
The K. pneumoniae outbreak strain was resistant to penicillins (piperacillin-tazobactam, temocillin), cephalosporins
including combinations with beta-lactamase inhibitors (cefotaxime, ceftazidime, ceftazidime-avibactam,
ceftolozane-tazobactam and cefepime), carbapenems (imipenem, meropenem, ertapenem, doripenem),
aztreonam, fluoroquinolones (ciprofloxacin and levofloxacin), aminoglycosides (amikacin, gentamicin and
tobramycin), fosfomycin, trimethoprim-sulfamethoxazole and colistin. It was only susceptible to chloramphenicol,
tigecycline and cefiderocol; the latter is not yet approved for use in the EU/EEA. Pulsed-field gel electrophoresis
(PFGE) and WGS results indicate clonal relatedness of the isolates collected from the cases.
According to national antimicrobial resistance surveillance data for 2018, resistance to carbapenems in
K. pneumoniae is rare in Germany, and only 0.4% of K. pneumoniae isolates were reported as non-susceptible to
meropenem. The antimicrobial resistance data reported from north-east Germany show even lower levels of
resistance, with 0.2% of isolates non-susceptible to meropenem [1]. This is the first outbreak of K. pneumoniae
harbouring both NDM-1 and OXA-48 carbapenemases, and the first outbreak with the emerging high-risk clone
ST307 reported in Germany.
The measures implemented for control of the outbreak included systematic rectal screening programmes to
identify carriers, enhanced barrier precautions such as patient cohorting, contact precautions and reduction of bed
occupancy. The systematic rectal screening programme with both culture- and PCR-based methods included
a) screening of all patients (at least once) on all wards of the affected institutions, and b) regular screenings (at
least once per week) of patients on wards where a case had been detected. Local public health authorities, and
state/national authorities are working together with hospital staff to control the outbreak. Local hospitals and the
public were informed by a press release and a publication in the national epidemiological bulletin of the Robert
Koch Institute [2]. No additional case has been detected since the end of September 2019.

Molecular investigation
The genome of the outbreak strain was compared with the genomes of other K. pneumoniae isolates containing
both NDM-1 and OXA-48 carbapenemases in order to characterise the outbreak strain, investigate possible crossborder transmission, and narrow down the origin of the outbreak strain. This comparison included 23 genomes
available in the public domain and 78 genomes positive for the genes encoding for NDM-1 and OXA-48, shared
from their national collections by Belgium, Denmark, Finland, France, Ireland, Norway, the Netherlands, Slovenia,
Spain, Sweden and the UK. The outbreak strain reported from Germany belonged to ST307 and contained the
virulence genes encoding for aerobactin and yersiniabactin, resulting in a virulence score of 4/5; it also contained
both allele variants for the regulator of the mucoid phenotype (rmpA/rmpA2) [3]. Mobile colistin resistance (mcr)
genes have not been detected in the outbreak strain. The outbreak strain clustered with an isolate from the Finnish
collection, with 0 allelic differences based on the Institut Pasteur core gene scheme. The Finnish ST307 isolate also
contained the same virulence genes and was isolated in 2019 from a patient with prior hospitalisation in Saint
Petersburg, Russia. Another K. pneumoniae isolate from Marseille, France, containing the genes encoding NDM-1
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and OXA-48, which was publicly available, also belonged to ST307. However, this isolate was not closely related to
the German outbreak strain based on virulence gene content and core genome MLST.

Disease background
Disease characteristics
For information on carbapenem-resistant Enterobacteriaceae (CRE) in general, please refer to the ECDC Rapid Risk
Assessment on Carbapenem-resistant Enterobacteriaceae – second update [4]. The specific characteristics of the
German K. pneumoniae outbreak strain, i.e. production of the two carbapenemases NDM-1 and OXA-48, additional
resistance to colistin, and belonging to ST307, are described below.
NDM is a metallo-beta-lactamase (MBL) able to hydrolyse almost all beta-lactams, including carbapenems, and not
inhibited by approved beta-lactamase inhibitors. NDM does not hydrolyse aztreonam. Since its first description in
2008 from a K. 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. So far, more than
twenty NDM variants have been identified in various bacterial species responsible for healthcare-associated
infections and primarily from the Enterobacteriaceae family, Acinetobacter spp. and Pseudomonas spp. [5,6].
Oxacillinase-48 (OXA-48) is a serine-beta-lactamase with hydrolytic activity against carbapenems and penicillins,
but low or negligible activity against extended-spectrum cephalosporins. It was first identified in Turkey in
2001 [7]. In the 2015 European survey of carbapenemase-producing Enterobacteriaceae (EuSCAPE), four countries
reported regional spread (Croatia, Germany, Ireland and Italy), four countries reported interregional spread
(Belgium, France, Romania and Spain), and two countries (Malta and Turkey) reported an endemic situation of
OXA-48 producing Enterobacteriaceae [8]. Both, NDM-1 and OXA-48, are often associated with the presence of
other beta-lactamases such as extended-spectrum beta-lactamases (ESBL) or AmpC beta-lactamases.
Colistin is a polymyxin antibiotic interacting with lipopolysaccharides in the outer cell membrane. It is used as a
last-line option for the treatment of CRE, but mutations within chromosomal genes leading to resistance to colistin
may develop during treatment with this antibiotic. The recently described plasmid-mediated colistin resistance
genes (mcr) may transmit colistin resistance between bacteria and increase the risk of spread of colistin resistance.
However, chromosomal mutations predominate in colistin-resistant K. pneumoniae. Greece, Italy, Portugal and
Spain are the EU/EEA countries with the highest consumption of polymyxins, including colistin in the hospital
sector [9]. Resistance to polymyxins is increasingly common in parts of the EU/EEA. The EuSCAPE survey showed
that in 2013–2014, 43% of the included carbapenemase-producing K. pneumoniae isolates from Italy were
resistant to colistin [10]. In Greece, a substantial increase of colistin resistance in carbapenemase-producing
K. pneumoniae was reported: from 0% colistin resistance in 2002 to 26.9% in 2016 [11].

K. pneumoniae ST307 is an internationally emerging high-risk clone in healthcare-associated outbreaks.

Carbapenem resistance in ST307 in previous studies was mostly mediated by KPC-2 and KPC-3 [12]. Most isolates
also carried the ESBL CTX-M-15 [13]. A gene cluster for glycogen synthesis and increased resistance to
complement-mediated killing in K. pneumoniae ST307 is considered to possibly enhance its survival outside the
host and in the environment conferring a survival advantage compared to other K. pneumoniae lineages [12,14].
The genome of the outbreak strain contains the two virulence genes yersiniabactin and aerobactin. In the animal
model, yersiniabactin promotes respiratory tract infections with K. pneumoniae [15]. In K. pneumoniae strain
collections from humans, the presence of yersiniabactin was significantly associated with isolates recovered from
invasive infections such as liver abscess and bloodstream infection [16]. Yersiniabactin has also been shown to be
associated with mobile genetic elements that are highly transmissible in the K. pneumoniae population [16].
Insertion of these yersiniabactin-containing mobile genetic elements has frequently been detected in multidrugresistant isolates of K. pneumoniae ST258 and other high-risk clones that are already adapted to hospitals [16].
This finding highlights the substantial risk for further convergence of virulence and resistance and the emergence
of K. pneumoniae clones of higher risk to human health than the broader K. pneumoniae population [16]. The
outbreak strain received a score of 4/5 regarding virulence genes that contribute to hypervirulence in
K. pneumoniae [3].
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Risk assessment questions
What is the risk for interregional and cross-border spread of the carbapenemase-producing (NDM-1 and OXA-48)
and colistin-resistant K. pneumoniae ST307 outbreak strain in the EU/EEA?

ECDC risk assessment for the EU/EEA
Frequency of occurrence
K. pneumoniae is one of the most common pathogens responsible for healthcare-associated infections. According
to ECDC surveillance data, K. pneumoniae was the third most common pathogen in pneumonia, bloodstream

infections and urinary tract infections acquired in European ICUs [17]. In the EU/EEA, the percentage of
carbapenem-resistant isolates varies among countries, but is generally increasing [4]. Carbapenem-resistant
K. pneumoniae isolates are rare in Germany and even rarer in the north-eastern part of the country. Outbreaks of
NDM-1- and OXA-48-co-producing K. pneumoniae have not previously been reported from Germany.
The K. pneumoniae strain of the current outbreak is characterised by a rare combination of several high-risk
factors. Firstly, ST307 is an internationally emerging high-risk clone that has previously been reported from several
European countries including France, Hungary, Italy, the Netherlands, Norway, Serbia, Spain and the United
Kingdom [12,13,18-22], but so far without the combination of resistance mechanisms (NDM-1 and OXA-48
carbapenemases combined with colistin resistance) as seen in the current outbreak. This is the first outbreak of
K. pneumoniae ST307 reported from Germany.
Secondly, only a few cases of K. pneumoniae producing both NDM-1 and OXA-48 carbapenemases have been
previously reported in the EU/EEA. Several unrelated lineages have been implicated in these cases. Outbreaks or
single cases of such NDM-1- and OXA-48-co-producing K. pneumoniae have been reported from Greece (ST11)
[23], Italy (ST3366 and ST3367) [24,25], Slovenia (NDM subtype not reported; ST437) [26], Spain (ST147,
SLV_ST15, DLV_ST437) [27-29] and the United Kingdom (ST11) [30]. A case from Switzerland (ST11) was
reported as imported from Serbia [31]. Additional resistance to colistin in an NDM-1- and OXA-48-co-producing
K. pneumoniae ST147 has been documented in a hospital outbreak in Barcelona, Spain [28,29]. Another hospital
outbreak with a comparable resistance pattern and high associated mortality recently occurred in Turkey [32]. In
September 2019, a case of a patient with osteitis caused by a NDM-1- and OXA-48-co-producing K. pneumoniae
ST307 isolate was reported from Marseille, France [33]. The involved strain was susceptible to colistin, and the
patient was successfully treated with a combination of colistin, fosfomycin and doxycycline. This was the first
published case with the combination of ST307, NDM-1 and OXA-48 in the EU/EEA. Another ST307 isolate coproducing NDM-1 and OXA-48 was reported from China [34].
NDM-1- and OXA-48-co-producing K. pneumoniae isolates of other sequence types were also documented from
Egypt (ST not reported) [35], India (ST not available) [36], Iran (ST11, ST893) [37], Jordan (ST101) [38],
Morocco (ST not available) [39], Saudi Arabia (ST152, ST199 and ST348) [40-42], Tunisia (ST11) [43-45], Turkey
(ST11) [32,46-49], the United Arab Emirates (ST14, ST1318) [41,50-52] and Yemen (ST309) [53].

Risk for transmission and outbreaks in healthcare settings
Hospital outbreaks with NDM-1- and OXA-48-co-producing K. pneumoniae involving 18 patients in Slovenia [26]
and more than 81 patients in Barcelona, Spain, have been reported [28,29]. Transmission within and between
healthcare institutions has frequently been reported for carbapenemase-producing Enterobacteriaceae (CPE) and is
not limited to any specific type of carbapenemase [4]. Patient-to-patient transmission of NDM-1- and OXA-48-coproducing K. pneumoniae was reported from Barcelona, Spain [28], and was also the most likely mode of
transmission in the Slovenian outbreak [26]. ICU stays were identified as the main sources of outbreaks in Iran
[37] and Turkey [32].
The risk of transmission and spread between healthcare institutions is especially high if patient carriage of the
strain remains undetected. No further transmission outside the initially affected hospital was documented in
Slovenia [26]. But in the German outbreak described in this Rapid Risk Assessment, the strain spread within one
month of detection of the first case via patient transfers to three other healthcare institutions, leading to increased
challenges for outbreak control. As carbapenemases including NDM-1 and OXA-48 are usually plasmid-encoded,
the genes encoding for these resistance mechanisms are transferable between bacteria, including the bacteria
present in the human microbiome. Thus, there is a high risk of dissemination and future healthcare-associated
outbreaks of Enterobacteriaceae with these resistance mechanisms. So far, there is a low risk of transmission for
individuals outside of healthcare settings.
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Risk for cross-border spread
This particular highly virulent and resistant outbreak strain has been detected in the EU/EEA at least twice in 2019,
once in Germany and once in Finland. As not all EU/EEA countries have an effective screening system for CPE in
high-risk patients and may also lack the capacity to perform WGS – or do not routinely employ WGS on all
carbapenem-resistant K. pneumoniae isolates collected at the national level – the number of events may be
considerably underestimated.
The Finnish isolate was recovered from a patient with previous hospitalisation in Russia. No evidence for crossborder transmission was noted in the outbreak of NDM-1- and OXA-48-co-producing K. pneumoniae reported from
Barcelona [28], but the Romanian patient with NDM-1- and OXA-48-co-producing K. pneumoniae ST307 who was
treated in Marseille, France, had previously been hospitalised in Bulgaria. Further, importation of NDM-1- and OXA48-co-producing K. pneumoniae from Serbia to Switzerland has previously been reported, and a patient previously
hospitalised in Serbia was suspected to be the index case in the Slovenian outbreak [26,31]. Thus, the introduction
of NDM-1- and OXA-48-co-producing, colistin-resistant K. pneumoniae may occur from any EU/EEA or other
country.
The risk for infection is probably higher for individuals who were hospitalised in countries that report high
prevalence of NDM-1-producing, OXA-48-producing or colistin-resistant K. pneumoniae, especially countries that
have previously reported outbreaks of NDM-1- and OXA-48-co-producing K. pneumoniae. As strains of
K. pneumoniae producing both NDM-1 and OXA-48 seem to be diverse, WGS may be useful in supporting other
evidence of cross-border spread.

K. pneumoniae ST307 carries genes that have been reported to provide a survival advantage in the environment,
such as those encoding for glycogen synthesis. K. pneumoniae ST307 is spreading globally and has been reported

to spread rapidly once introduced to a hospital [12,13,54]. In addition, extensive drug resistance as seen in the
outbreak strain reported from Germany likely provides an additional survival advantage in a hospital with an overall
high level of consumption of antibiotics, in particular carbapenems and colistin. Thus, the risk of other
introductions of the same strain in hospitals in the EU/EEA is high, and, in the absence of appropriate screening or
other mitigation measures, likely to cause additional hospital outbreaks.

Limited treatment options and mortality
Carbapenems are a first-line treatment for infections with ESBL-producing K. pneumoniae. However, the
widespread use of carbapenems has led to selection pressure and facilitated the spread of carbapenem-resistant
strains, for which colistin is one of the last treatment options. Additional colistin resistance in carbapenem-resistant
K. pneumoniae, such as the outbreak strain reported from Germany, leaves few remaining treatment options,
among them tigecycline and fosfomycin [55,56].
However, suboptimal treatment outcomes [57,58] or the risk of rapid emergence of resistance [59] make these
two remaining options suboptimal choices for treatment. In a Spanish study, a patient survival benefit was noted
for combination therapy compared with monotherapy in patients receiving combinations of fosfomycin, gentamicin
and/or tigecycline against carbapenem- and colistin-resistant KPC-producing isolates [60]. Combinations of a betalactam with a new beta-lactamase inhibitor such as ceftazidime-avibactam [61] or meropenem-vaborbactam [62]
may be suitable options for the treatment of infections with Enterobacteriaceae producing certain carbapenemases
such as KPC or, in the case of ceftazidime-avibactam, OXA-48, but they are not effective for K. pneumoniae or
other Enterobacteriaceae producing MBLs such as NDM-1. However, MBLs such as NDM-1 usually do not hydrolyze
aztreonam, a monobactam. Unfortunately, MBL production is usually associated with a range of other mechanisms
that confer resistance to beta-lactams, including to aztreonam. The use of beta-lactamase inhibitors, such as
avibactam or vaborbactam, may re-establish susceptibility to aztreonam [63]. The combination of aztreonam and
amoxicillin-clavulanic acid may also restore aztreonam susceptibility in MBL-producing Enterobacteriaceae [64].
However, fixed combinations of aztreonam and avibactam (or other beta-lactamase-inhibitors) are currently not
approved for use in the EU/EEA or in the USA.
There are only a few clinical reports providing specific data on the treatment of infections with colistin-resistant
NDM-1- and OXA-48-co-producing K. pneumoniae. In Turkey, mortality of patients infected with NDM-1- and OXA48-co-producing K. pneumoniae who were treated with colistin and meropenem was 100% [32]. In an outbreak of
NDM-1- and OXA-48-co-producing K. pneumoniae in Barcelona, Spain, successful therapy with a combination of
ceftazidime-avibactam plus aztreonam was reported in 6 out 10 patients [29]. In vitro studies also suggest the
effectiveness of ceftazidime-avibactam or amoxicillin-clavulanic acid combined with aztreonam for the treatment of
NDM- and OXA-48-co-producing Enterobacteriaceae infections [64-68].
The activity of cefiderocol against OXA-48-like-positive isolates and against most NDM-positive isolates has been
shown in vitro [69]. The strain of the current outbreak was reported to be susceptible to cefiderocol (MIC 2mg/L).
Phase III clinical trials of cefiderocol for the treatment of carbapenem-resistant gram-negative infections (EudraCT:
2015-004703-23; ClinicalTrials.gov: NCT02714595) have been completed, but the results are not yet published.
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Effectiveness of control measures
The Slovenian outbreak of NDM-1- and OXA-48-co-producing K. pneumoniae was successfully controlled by
cohorting of CPE carriers, systematic rectal screening of contact patients, pre-emptive isolation until screening
results were available, assignment of dedicated healthcare workers, tagging of patients and contacts in the
hospital’s information system, restricted transfers of patients to other wards, a strict cleaning protocol for patients’
rooms after discharge of CPE-positive cases, and education campaigns on infection control practices [26]. For
further details on the general effectiveness of control measures for CRE, please refer to the ECDC Rapid Risk
Assessment on Carbapenem-resistant Enterobacteriaceae – second update, 26 September 2019 [4] and the WHO
Guidelines for the prevention and control of carbapenem-resistant Enterobacteriaceae, Acinetobacter baumannii
and Pseudomonas aeruginosa in healthcare facilities [70].

Options for response
For options for response, please refer to the ECDC Rapid Risk Assessment on Carbapenem-resistant
Enterobacteriaceae – second update, 26 September 2019 [4].

Source and date of request
ECDC round-table decision, 8 October 2019.
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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.
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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