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Summary
Following an urgent inquiry in ECDC’s EPIS AMR-HAI regarding an increasing number of cases of OXA-244producing Escherichia coli and identification of a cluster of E. coli sequence type (ST) 38 in Germany, national
public health reference laboratories in European Union/European Economic Area countries were invited to
submit whole genome sequencing (WGS) data to ECDC for a European-level analysis. The pooled European
data showed that 33 cases of OXA-244-producing E. coli were detected between 2013 and 2015, followed by
31 cases in 2016, 21 cases in 2017, 83 cases in 2018 and 116 cases in 2019. Increased use of WGS may have
enabled more discriminatory identification of cases from sample collections and contributed to the observed
increase in cases. The WGS data identified one main, geographically dispersed cluster of E. coli ST38 with
chromosomally encoded blaOXA244 present in all countries that had submitted data (Denmark, Finland, France,
Germany, Ireland, Luxembourg, the Netherlands, Norway, Sweden and the United Kingdom). Most of the
cases in this cluster were detected in 2018 and 2019.
The source and the route of transmission of OXA-244-producing E. coli in the EU/EEA and the UK is currently
unclear. An overlap in time and place was identified for a few cases in Germany, indicating possible person-toperson transmission. Healthcare-associated clusters were not observed and transmission in healthcare settings
cannot explain the dispersed distribution in ten countries and different regions within countries without linked
hospital referral networks.
The observed increase in the number of cases of a difficult-to-detect carbapenemase (OXA-244) in a species
(E. coli) that causes community-acquired infections is of concern. The risk of further spread of OXA-244producing E. coli in the EU/EEA is probably high, given the rapid and simultaneous increase in multiple
countries. If awareness, sampling frequency and capacity to detect OXA-244 is improved in clinical
microbiology laboratories, and appropriate infection prevention and control measures are implemented on a
timely basis, the risk for transmission within healthcare settings will be low. However, without adaptation of
microbiological methods and surveillance, OXA-244-producing E. coli may continue to spread unnoticed. There
is a risk that transmission of OXA-244-producing E. coli in the community may contribute to the loss of
carbapenems as options for treatment of serious E. coli infections in the EU/EEA. Therefore there is an urgent
need for further investigation to determine the source and routes of transmission of OXA-244-producing E. coli
in the EU/EEA, and implement adequate control measures.
The low genetic diversity of the main cluster could have a number of explanations, including a recently
emerging clone, but may also point to a source of OXA-244-producing E. coli that could have been distributed
to all ten of the countries involved. Information about travel was available for only a few cases (12%),
meaning that it has been impossible to draw conclusions on the importance of travel as a risk factor.
Transmission via food (animal or non-animal origin), by contact with the environment or direct contact with
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animals, is hypothetically possible. However, no OXA-244-producing E. coli isolates from food or animal
sources have so far been identified in Europe. Imported food or animal products from regions where OXA-48like carbapenemases are endemic, or even food from domestic sources can therefore neither be excluded, nor
confirmed as a possible contributing factor. However, given the potential public health implications, the
possibility of food and animal products contaminated with OXA-244 producing E. coli being distributed over a
large geographical area would require investigation. Further studies therefore need to be considered to
determine the likelihood of the environment, crops, animals and foods contaminated with OXA-244-producing
E. coli having contributed to this outbreak.
Options for response include national alerts to clinical microbiology laboratories, laboratory guidance to
improve detection of OXA-244-producing E. coli and submission of all suspected isolates to national reference
laboratories for further analysis, combined with prospective collection of epidemiological data on cases and
associated risk factors. For further details, please refer to the ‘Options for response’ section below.

Event background
Between 2017 and 2019, the National Reference Centre for multidrug-resistant gram-negative bacteria and the
German public health service detected an increase in oxacillinase-244 (OXA-244)-producing E. coli [1,2]. In
Germany between January and October 2019, 134 cases were confirmed, compared to 29 cases in 2017 and 87
cases in 2018. The isolates originated from hospitals in nine different German federal states. Whole genome
sequencing (WGS) followed by core genome multi-locus sequence typing (cgMLST) and single-nucleotide
polymorphism (SNP) analyses showed that 14 sequence types contained the blaOXA-244 gene. Among the 14
sequence types, one cluster of 63 isolates (2017, n=6; 2018, n=19; 2019, n=38) belonging to E. coli ST38 was
predominant [2]. The Robert Koch Institute (RKI) conducted epidemiological investigations of cases of this cluster
in Germany. Epidemiological investigation, based on the questioning of patients, was hampered by a lack of clarity
relating to the time of exposure and the current relatively long period of time between pathogen detection and
availability of WGS results. Consequently, a clear pattern of common exposures or route of transmission could not
be identified, and so a European-level investigation of epidemiological information and WGS data was proposed,
coordinated by ECDC.
For the collaborative data collection, a case was defined as any isolate of E. coli carrying the blaOXA-244 gene. In
total, 326 non-duplicate sequences were considered for further analysis. A total of 11 of these were excluded as
WGS data failed quality control. WGS data were available for isolates from Denmark (n=36), Finland (n=5), France
(n=35), Germany (n=54), Ireland (n=32), Luxembourg (n=4), the Netherlands (n=34), Norway (n=7), Sweden
(n=33; one of which was available from an open-access database) and the United Kingdom (n=53; five of which
were available from an open-access database). With the open-access databases, additional sequences of E.coli
isolates with the blaOXA-244 gene were available from Asia (unknown country) (n=6), Australia (n=2), Canada (n=2),
Colombia (n=1), Lithuania (n=1), Singapore (n=3), Thailand (n=2), Turkey (n=1), United States (n=3) and one
sequence of unknown origin. Additionally, the European Food Safety Authority (EFSA) was asked to liaise with the
EU Reference Laboratory for Antimicrobial Resistance (EURL-AR) to collect data on OXA-244-producing E. coli from
the veterinary and food sector.
Analysis of the data submitted showed that the increase in cases of OXA-244-producing E. coli had not only
occurred in Germany, but also in the cumulative data for the EU/EEA and the UK, as shown in Figure 1. The first
isolates detected in the Netherlands and the United Kingdom were from 2013. Overall between 2013 and 2015, 33
cases were found, followed by 31 cases in 2016, 21 cases in 2017, 83 cases in 2018 and 116 cases in 2019. One
isolate was from 2020 and eight isolates had no sampling date available. An increase in OXA-244-producing E. coli
ST38 has also been observed in Switzerland where a related warning has been published by the national reference
laboratory [3]. For the isolates analysed in this risk assessment for which antimicrobial susceptibility testing results
were available, minimum-inhibitory concentrations (MIC) using screening cut-offs recommended by the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) [4] enabled the detection of 88.2% of OXA-244producing E. coli isolates using meropenem and 100% using ertapenem, whereas clinical breakpoints were not
suitable for this purpose.
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Figure 1. Number of cases of OXA-244-producing E. coli per year between 2013 and 2019 in the
EU/EEA and the UK

Figures include only cases for which WGS data were available. Only isolates with available date of isolation are
shown. Note that not all countries have completed WGS of isolates from 2019.

WGS analysis
Eight countries from the EU/EEA and the UK submitted raw sequence data analysis, while the two remaining
countries (Ireland and Norway) contributed data already assembled using SPAdes. Closely related sequences from
the public domain (n=37) were found in NCBI pathogen detection using the SNP cluster code and downloaded
through the Short Read Archive. The combined dataset was analysed in Bionumerics, using the Enterobase [5]
core genome MLST scheme (2500 loci) and the Bionumerics E. coli plugin for genotypic resistance and virulence
determination. ResFinder v3.2 [6] was used for verification of the genotypic resistance results. All sequences with
>2000 core genome loci determined were included in the analysis (n=315). The allelic profiles were clustered
using neighbour joining and the results were visualised using MicroReact [7]. Annotated long-read closed complete
genome sequences, including plasmids provided by the Netherlands (n=6) and from the public domain (n=1),
were also analysed to determine the genomic location of resistance and virulence genes.
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Figure 2. Neighbour joining tree of OXA-244-producing E. coli ST38 non-outlier sequences collected
from EU/EEA countries, the UK and from the open-access databases (n=251)

The tree was constructed using Bionumerics, with the Enterobase E. coli core genome MLST scheme. The bottom
part of the figure also shows the presence (red), or absence (green) of resistance genes that commonly occurred
in the dataset. The main cluster spanned 15 cgMLST allelic differences (AD) from root to tip, while the entire tree
spanned about 100 AD from root to tip.
Several clusters belonging to E. coli ST38 were identified as shown in Figure 2, including one main cluster, with 15
cgMLST allelic differences (AD) from root to tip of the cluster subtree, that contained 113 isolates from all ten
EU/EEA countries and the UK that had contributed sequence data, plus one isolate from the United States. These
isolates were mainly detected in 2018 and 2019. Two other clusters of more than 20 isolates were detected (Figure
2), as well as a large set of outlier isolates (n=64) from Denmark, Ireland, the Netherlands, Norway, the United
Kingdom and the United States (not shown in Figure 2). Available epidemiological information for the main cluster,
the other isolates and the outliers are shown in Table 1.
Isolates in the main cluster generally carried both the blaCTX-M-27 and blaOXA-244 genes. In addition, most of the
isolates in this main cluster carried genes encoding resistance to tetracyline, sulfonamides, trimethoprim,
aminoglycosides and macrolides (Figure 2). One long-read sequenced genome provided by the Netherlands
matched the main cluster. This genome carried blaOXA-244 on the chromosome and included a 147 kbp resistance
plasmid containing sul1, sul2, strA, strB, tet(A), aadA5, blaCTX-M-27, mph(A), and dfrA17 and a 211 kbp plasmid
without any resistance genes. The blaOXA-244 gene generally appeared on very short contigs in the short read data
assemblies, so it is not possible to determine if was located on the chromosome for all isolates in the main cluster,
but it is probable, given the close genetic relationships within the cluster.
The isolates in the other clusters carried both the blaCTX-M-14b and blaOXA-244 genes, both on the chromosome as
indicated by three different long read sequenced genomes matching these clusters, plus a variable set of plasmidborne resistance genes and virulence genes. One of the smaller clusters contained several historical isolates from
the 2013-2015 EuSCAPE study [8], and had an overrepresentation of isolates from the United Kingdom (33 out of
53 isolates from the United Kingdom belonged to this cluster). The outlier isolates (not shown in Figure 2) carried
blaOXA-244 plus a variable set of additional resistance genes, and corresponded to cases with a relatively high
proportion of travel to Egypt and Turkey within the past 12 months. Three long read sequenced genomes were
among these outliers, all carrying blaOXA-244 on the chromosome.
An interactive phylogenetic tree (including genotypic resistance, virulence gene characterisation, year and country
of isolation where available) of all included isolates can be found at: https://microreact.org/project/i2earohjD
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Table 1. Epidemiological and genetic characteristics of the main cluster, other isolates and outliers of
OXA-244 producing E. coli ST38
Main cluster (n=114)

Other isolates (n=137)

Outliers (n=64)

Affected countries

Australia (n=1)
Denmark (n=12)
Finland (n=4)
France (n=24)
Germany (n=29)
Ireland (n=10)
Luxembourg (n=3)
Netherlands (n=4)
Norway (n=4)
Sweden (n=19)
United Kingdom (n=3)
United States (n=1)

Australia (n=1)
Canada (n=2)
Colombia (n=1)
Denmark (n=9)
Finland (n=1)
France (n=11)
Germany (n=25)
Ireland (n=5)
Lithuania (n=1)
Luxembourg (n=1)
Netherlands (n=9)
Norway (n=1)
Singapore (n=3)
Sweden (n=14)
Thailand (n=2)
Turkey (n=1)
United Kingdom (n=42)
United States (n=1)
Asia, unknown country (n=6)
Missing/unknown (n=1)

Denmark (n=15)
Ireland (n=17)
Netherlands (n=21)
Norway (n=2)
United Kingdom (n=8)
United States (n=1)

Year of isolation

2016 (n=3)
2017 (n=6)
2018 (n=38)
2019 (n=66)
Missing/unknown (n=1)

2013 (n=2)
2014 (n=2)
2015 (n=6)
2016 (n=7)
2017 (n=6)
2018 (n=15)
2019 (n=25)
Missing/unknown (n=1)

Type of sample

Blood (n=6)
Urine (n=53)
Screening (n=43)
Other (n=8)
Missing/unknown (n=4)

2013 (n=3)
2014 (n=10)
2015 (n=14)
2016 (n=21)
2017 (n=14)
2018 (n=30)
2019 (n=25)
2020 (n=1)
Missing/unknown (n=19)
Blood (n=7)
Urine (n=50)
Screening (n=30)
Other (n=16)
Missing/unknown (n=34)

Median age, 25th75th percentile

54.5 years (29 – 70 years)

59 years (42 – 71 years)

59 years (37 – 74 years)

Sex

Female (n=42)
Male (n=13)
Missing/unknown (n=59)

Female (n=52)
Male (n=30)
Missing/unknown (n=55)

Female (n=42)
Male (n=19)
Missing/unknown (n=3)

Prior travel abroad
(12 months)

Turkey (n=6)
Egypt (n=4)
Iraq (n=2)
Other countries (n=6)
None (=11)
Missing/unknown (n=85)

Egypt (n=6)
Other countries (n=9)
None (n= 7)
Missing/unknown (n=115)

Egypt (n=9)
Turkey (n=5)
Turkey/Egypt (n=2)
Other countries (n=3)
None (n=4)
Missing/unknown (n=41)

Prior
hospitalisation
abroad (12 months)

Turkey (n=2)
Egypt (n=2)
Turkey/Italy (n=1)
Other countries (n=3)
None (n=1)
Missing/unknown (n=105)

Germany (n=1)
Turkey (n=1)
Egypt (n=1)
Other countries (n=1)
None (n=4)
Missing/unknown (n=129)

Egypt (n=9)
Turkey (n=5)
Other countries (n=3)
None (n=3)
Missing/unknown (n=44)

Data from the public domain were included.
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Disease background
Disease characteristics
OXA-244, an Ambler class D carbapenemase, is a variant of the OXA-48 carbapenemase, which is endemic in North
Africa, Turkey and the Middle East [9]. OXA-244 is characterised by a single Arg214Gln mutation compared to OXA-48
[10] and was first described in 2012, in Malaga, Spain, in an isolate of Klebsiella pneumoniae. The blaOXA-244 gene was
found on a plasmid and the isolate was phenotypically resistant to ertapenem, but not imipenem and meropenem,
according to EUCAST clinical breakpoints [11]. In 2013, the first OXA-244-producing E. coli isolate was reported in
Germany [12]. OXA-244 has also previously been reported in isolates from France [10], the UK [13], Russia [14], Turkey
[15], the Netherlands (in a Dutch traveller to Indonesia and her spouse) [16], and very recently in Colombia [17]. It was
also found in E. coli isolated from wastewater in Algeria [18] and from an estuary in Lebanon [19]. The blaOXA-244 gene
has been found on both plasmids and integrated into the chromosome [20]. The latter was found in E. coli ST38, the
same sequence type that has been responsible for the increase in Europe. Due to the low-level hydrolytic activity of the
OXA-244 carbapenemase against carbapenems, OXA-244-producing E. coli may be difficult to detect when using routine
methods in clinical laboratories [20] as these isolates do not grow on media used to detect Enterobacterales producing
other carbapenemases such as K. pneumoniae carbapenemase (KPC) or New Delhi metallo-beta-lactamase (NDM).
However, OXA-244-producing E. coli frequently also carry genes encoding for extended-spectrum beta-lactamases
(ESBLs) and grow on screening media to detect ESBL-producing Enterobacterales. Thus, these isolates may be
categorised as ESBL-producing E. coli only, unless specific methods are used to screen for OXA-48-like carbapenemases,
which include OXA-244. Furthermore, isolates may be reported as susceptible to meropenem and/or imipenem based on
clinical breakpoints, but are less frequently susceptible to ertapenem.

E. coli is the most common pathogen responsible for urinary tract infections in the community. According to 2018

surveillance data from the European Antimicrobial Resistance Surveillance System (EARS-Net), carbapenem resistance is
rarely reported among invasive (bloodstream and cerebrospinal fluid) E. coli isolates, with only Bulgaria, Cyprus and
Greece reporting 1% to <5% of E. coli isolates as carbapenem-resistant [21]. In all other EU/EEA countries, this
proportion was below 1%. It should be noted that carbapenem resistance proportions reported by EARS-Net are based
on meropenem and/or imipenem, and thus do not take into account ertapenem resistance. There is no European
surveillance system for monitoring carbapenem resistance in non-invasive isolates (i.e. from infections other than those
of the bloodstream or cerebrospinal fluid.) Nevertheless, in a multinational study including Finland, Germany, Latvia,
Poland, Sweden and Russia, resistance to meropenem was not reported in 775 E. coli urinary isolates collected between
October 2015 and January 2017 [22], whereas in the EuSCAPE survey most participating countries submitted at least
one carbapenem-resistant E. coli isolate. Urine was the most common site of isolation [8]. In the intensive care unit, E.
coli accounted for 32.1% of all urinary tract infections, 13.5% of pneumonia episodes and 9.2% of bloodstream
infections. Overall, carbapenem resistance was only found in 0.8% of all isolates [23].

E. coli ST38 occurs globally and often carries genes encoding for extended-spectrum-beta-lactamases (ESBLs) [24]. E.
coli ST38 has been responsible for urinary tract infections [24,25] and bloodstream infections in human patients [26],

has been shown to be present in wastewater, and has been isolated from different types of food (vegetables and chicken
meat) [27,28]. ST38 was the main sequence type among all submitted E. coli isolates and constituted the largest cluster
in this analysis. E. coli ST38 with a chromosomally encoded blaOXA-48 gene has been reported from Europe [29,30], North
Africa and the Middle East [9,31]. E. coli ST38 was the leading sequence type in OXA-48-producing isolates cultured from
Syrian patients admitted to Israeli hospitals [32]. E. coli ST38 isolates with chromosomal blaOXA-48 (and closely related
variants including blaOXA-244) submitted to Public Health England in 2014 were closely related, despite originating from
different healthcare institutions across the country.

Monitoring of AMR in zoonotic and commensal bacteria
Since 2015, antimicrobial resistance in zoonotic and commensal bacteria has been monitored across the European Union
(Commission Decision 2013/652/EU) [33], with this monitoring being performed by the competent authorities and
laboratories from the veterinary and food sector. The AMR monitoring includes mandatory ESBL/AmpC/carbapenemase
monitoring for all EU Member States. Salmonella spp. and indicator commensal E. coli isolates collected from foodproducing animal matrices and their meat are tested for susceptibility to meropenem. In addition, voluntary
carbapenemase-specific monitoring is also performed, using selective pre-enrichment and subsequent selective plating
on carbapenem-containing media that also allow the detection of OXA-producing isolates.
If meropenem resistance is detected (MIC>0.125 mg/L), further testing is performed for a combination of beta-lactams,
including temocillin, imipenem and ertapenem. All presumptive carbapenemase-producers are whole genome-sequenced
by the EURL-AR (DTU, Copenhagen) or the Member States. No OXA-244-producing isolate has been detected from the
data reported until 2018. However, OXA-162 was detected in poultry and poultry meat as a result of the monitoring [34].
Data from the monitoring are reported to EFSA which prepares the EUSR-AR reports in collaboration with ECDC [34].

Risk assessment questions
What is the risk for further spread of OXA-244-producing E. coli in the EU/EEA?
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ECDC risk assessment for the EU/EEA
Frequency of occurrence
The current status of spread of OXA-244-producing E. coli in the EU/EEA is unclear. Carbapenem resistance in E.
coli has so far been rare in Europe [21], with most countries reporting less than 1% of all invasive isolates as
carbapenem-resistant. However, OXA-244-producing E. coli might not be reported as carbapenem-resistant in
surveillance systems such as EARS-Net because they are frequently susceptible to meropenem and/or imipenem,
based on clinical breakpoints. Furthermore, these isolates might be classified only as ESBL-producing instead of
carbapenemase-producing E. coli, unless they are specifically tested for OXA-48-like carbapenemases. All countries
that could contribute data had isolates belonging to the main cluster, indicating a pan-European problem.

Treatment options
OXA-244-producing E. coli isolates may be susceptible to meropenem and imipenem, according to EUCAST clinical
breakpoints. Data are missing on the clinical consequences of carbapenems being used for treatment of OXA-244producing E. coli infections in this specific situation. Many isolates may be susceptible to other classes of antibiotics
and treatment decisions should be made on an individual basis, in consultation with an infectious diseases
specialist or clinical microbiologist.

Potential routes of introduction and spread
Transmission in healthcare settings
Healthcare settings provide an environment with a high selection pressure due to antimicrobial use favouring
multidrug-resistant organisms. Due to the difficulties in detecting OXA-244-producing isolates in clinical
microbiology laboratories, appropriate infection prevention and control measures for containing highly resistant
pathogens might not be implemented. This increases the likelihood of patient-to-patient transmission in hospitals.
In the reported clusters, nosocomial transmission of OXA-244-producing E. coli might have occurred on a few
occasions, for example in Germany where an overlap in time and place was identified for a few cases. However,
the dispersed distribution in ten countries and different regions within countries without linked hospital referral
networks argues against nosocomial transmission as the main explanation for the observed increase, even though
there might be gaps in surveillance. In addition, while E. coli can cause healthcare-associated infections and
hospital outbreaks, it is often associated with community-acquired infection.

Travel
Epidemiological data on travel or previous hospitalisation were scarce, thus precluding conclusions on the
importance of travel as a risk factor. Nevertheless, whenever such information was available, Turkey and Egypt
were relatively commonly reported previous travel destinations or countries of hospitalisation. OXA-48-like
carbapenemases are endemic in both countries [9]. In the phylogenetic analysis, 64 isolates were either found to
be singletons, or belonged to very small clusters with little genetic similarity between them. These included 19
cases with a travel history, 16 of which had travelled to Egypt and/or Turkey within the past 12 months. Both
countries are popular tourist destinations for European citizens, and therefore the travel history obtained from the
OXA-244-producing E. coli cases may simply reflect the most frequent travel destinations among the populations of
those countries included. Travel-related importation may therefore have occurred sporadically, but is unlikely to
explain the majority of closely related isolates in the main cluster.

Environment
E. coli is an indicator for faecal contamination in the environment originating from both humans and animals. Data on

several related isolates that originated from environmental sources were retrieved from open-access databases, (e.g. an
isolate from a wastewater inflow in the United States.) OXA-244-producing E. coli has been isolated from wastewater in
Algeria [18]. OXA-48-producing E. coli ST38 has also been found in wastewater in Basel, Switzerland [35], and in
Lebanon [19]. Related E. coli ST38 isolates from both water and humans have previously been described [36].
Furthermore, E. coli ST38 has been documented in pets, livestock and wild animals [37-41]. Flies on a cattle farm in
Japan have been shown to carry ESBL-producing E. coli ST38 [42]. However, the close genetic relatedness, combined
with dispersed geographical distribution in at least ten European countries is unlikely to be compatible with an
environmental source of transmission, unless there is widespread environmental contamination in multiple countries.

Food and animal products
Transmission via food (animal or non-animal origin), by contact with the environment or direct contact with
animals is hypothetically possible. However, no OXA-244-producing E. coli isolates from food or animal sources
have so far been identified in Europe. Imported food or animal products from regions where OXA-48-like
carbapenemases are endemic, or even food from domestic sources, therefore cannot be either excluded or
confirmed as a possible contributing factor.
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Previous detection of E. coli ST38 (not carrying blaOXA-244)
E. coli ST38 isolates that did not carry the blaOXA-244) gene have previously been found in meat, fowl and humans in

Germany [28], and in retail chicken in Norway, with related isolates also found in humans [39]. In a Swiss study
investigating imported vegetables for the presence of ESBL-producing Enterobacterales, E. coli ST38 was isolated
from okra originating from India and curry leaves from the Dominican Republic. Both isolates also carried blaCTX-M-14,
but the samples were not investigated for the presence of genes encoding for carbapenemases [27]. Clonal E. coli
ST38 isolates have also been found in Swiss retail meat [43]. In Algeria and Lebanon, OXA-48-producing E. coli ST38
has been found in fowl [44,45]. In a prospective study in the United States, retail meat was shown to be a possible
source for community-acquired urinary tract infections caused by E. coli, with ST38 being a common sequence type in
both humans and retail meat [46]. Further investigation of crops, animals and foods as a possible source of OXA-244producing E.coli should be considered, although at present there are no reports on the detection of OXA-244producing E.coli in scientific literature or from the ongoing harmonised monitoring in the EU.

Risk of further spread
The observed increase in the number of cases of a chromosomally encoded, difficult-to-detect carbapenemase
(OXA-244) in a species (E. coli) that causes community-acquired infections is of concern. The risk of OXA-244producing E. coli spreading further in the EU/EEA is likely to be high, given the rapid and simultaneous increase in
multiple countries despite the difficulties with laboratory detection. There is a need to determine the extent to
which OXA-244-producing E. coli is already established in the community and the environment. However, the
increase in cases over the last few years might also partially be attributable to increased awareness, changes in
laboratory testing methodology and the availability of molecular methods including WGS.
If awareness, sampling frequency and capacity to detect OXA-244 is improved in clinical microbiology laboratories,
and appropriate infection prevention and control measures are implemented when detected, the risk of
transmission within healthcare settings will be low. However, without adapted microbiological methods and
surveillance, OXA-244-producing E. coli may continue to spread unnoticed. Community-associated spread of OXA244-producing E. coli could potentially reach a larger and healthier population than that normally linked to
healthcare-associated spread. There may be a risk that carbapenems will be lost as an effective option for the
treatment of serious infections in the EU/EEA. Standard control approaches to reduce healthcare-associated
spread, such as infection prevention and control measures and antimicrobial stewardship, would probably be
ineffective if acquisition of OXA-244-producing E. coli is independent of healthcare and prior antimicrobial use - for
example due to acquisition from a food source. There is therefore an urgent need for further investigations to
determine the sources and routes of transmission of OXA-244-producing E. coli in the EU/EEA, so that adequate
control measures can be implemented.

Options for response
For control measures for carbapenem-resistant Enterobacterales (CRE) in general, please refer to the ECDC Rapid
Risk Assessment on Carbapenem-resistant Enterobacteriaceae – second update, 26 September 2019 [47].

Awareness and laboratory capacity to identify OXA-244
carbapenemase
There is a need to increase clinical and public health awareness and the capacity for detection of OXA-244
carbapenemase-producing E. coli in clinical microbiology laboratories throughout the EU/EEA. A systematic
collection of OXA-244 carbapenemase-producing E. coli isolates at the national reference laboratories would
improve the understanding of the extent of their spread. Strategies and protocols to screen for OXA-244-producing
E. coli need to be developed. Few data are available to provide guidance on optimal strategies for detecting OXA244. In Switzerland, guidance for screening in both outbreak and non-outbreak situations has been issued by the
Swiss national reference laboratory which recommends using screening media with a low concentration of
ertapenem [3]. Commercial rapid diagnostic tests developed for the detection of OXA-48 also seem to detect OXA244 [20,48]. Both commercial and in-house PCR protocols have been documented to identify blaOXA-244 [48,49].
Alternatively, WGS may be used for direct detection of blaOXA-244. It would also be important to determine the risk
factors for carriage of OXA-244-producing E. coli that would allow for the targeted screening of specific risk groups.
Use of EUCAST’s screening breakpoints for carbapenemase-producing Enterobacterales [4] is recommended, since
most isolates for which data was available would have been detected using these breakpoints, whereas clinical
breakpoints are not suitable for detection of OXA-244 producing E. coli. However, as data was missing for most
isolates, this needs to be confirmed with additional antimicrobial susceptibility testing results.
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Prospective data collection
Despite the collection of WGS and epidemiological data from ten European countries, strong evidence on common
exposures and routes of transmission that could explain the observed increase in OXA-244-producing E. coli is missing.
The lack of precise metadata for isolates together with the lack of clarity in relation to time of exposure have been major
obstacles in this investigation. In the absence of real-time WGS-based surveillance, specific PCR tests could be beneficial
for reducing the time between sample collection and phylogenetic cluster identification. This would enable the timely
collection of epidemiological information from patients in order to identify possible exposures. To test and further
elaborate on the hypotheses discussed in this rapid risk assessment, the prospective and comprehensive collection of
national data on cases of OXA-244-producing E. coli would be required. This would involve the systematic collection of
data on travel history and previous hospitalisation, covering a sufficiently long period to account for persistent intestinal
colonisation, food shopping and eating habits. A questionnaire covering these risk factors has been developed by
epidemiologists at the Robert Koch Institute to investigate the increase in cases in Germany. This questionnaire can be
requested from ECDC or RKI.
ECDC encourages Member States to collect further information and perform analytical studies to identify the source and
mode of transmission of the cluster of OXA-244-producing E. coli ST38.

One-health approach
As the source of exposure may hypothetically be related to the environment, crops, animals and food for at least a
subset of cases, ECDC contacted the European Food Safety Authority (EFSA), which in turn contacted the EURL-AR
who contacted the NRLs-AR with a request to share any data that they may have at the national level. However, so
far ECDC has not received any reports of isolates fulfilling the case definition (OXA-244-producing E. coli ST38).
Further studies should be considered to determine the likelihood of the environment, crops, animals and foods
having been contaminated with OXA-244-producing E. coli which may have contributed to this outbreak.

Preventing spread in healthcare settings
Despite the absence of evidence for healthcare-associated spread, prevention measures for OXA-244-producing E.
coli in healthcare settings should be implemented similar to those recommended for other carbapenem-resistant
Enterobacterales. For details please refer to the measures outlined in ECDC’s Rapid Risk Assessment ‘Carbapenemresistant Enterobacteriaceae, second update’ [47].

Consulted experts
ECDC experts (in alphabetic order): Erik Alm, Irina Jovel Quinonez Dalmau, Karin Johansson, Tommi Kärki, Anke
Kohlenberg, Felix Lötsch, Hanna Merk, Dominique Monnet, Daniel Palm, Diamantis Plachouras, Marc Struelens.
Public health experts from the countries that have provided WGS and epidemiological data: Denmark: Anette M.
Hammerum, Henrik Hasman; Finland: Jari Jalava, Kati Räisänen - Finnish Institute for Health and Welfare; France:
Laurent Dortet; Germany: Sören Gatermann, Jörg B. Hans, Niels Pfennigwerth - German National Reference Centre for
multidrug-resistant Gram-negative bacteria, Ruhr-University Bochum; Sebastian Haller, Rolf Kramer, Katrin Kremer, Tim
Eckmanns - Robert Koch Institute; Ireland: Niall Delappe, Karen Burns, Martin Cormican, Tara Mitchell; Luxembourg:
Marie Meo, Alexandre Mzabi, Monique Perrin - Laboratoire National de Santé; the Netherlands: Leo Schouls, Daan
Notermans, Antoni Hendrickx; Norway: Ørjan Samuelsen, Arnfinn Sundsfjord, Oliver Kacelnik; Sweden: Barbro Mäkitalo,
Karin Sjöström; United Kingdom (Public Health England): Katie Hopkins; (Public Health Wales): Tom Connor, Lim Jones,
Giri Shankar, Christopher Williams, Mandy Wootton.
External experts: Patrice Nordmann, Laurent Poirel – Swiss National Reference Laboratory for Antimicrobial Resistance,
University of Fribourg, Switzerland.
The European Food Safety Authority was also consulted for the final version of this report.
All experts have submitted declarations of interest, and a review of these 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 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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