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Carbapenemases in the EU/EFTA food chain ,where we are?

Data Generation on Carbapenemase-Producing
Enterobacterales (CPES)

Beatriz Guerra et al
Dr Maimoona Emmad
EURL-AR workshop, 2024



CURRENT SITUATION IN THE EU/EFTA, AS INFORMED TO EFSA...

From 2015 -2022*

Carbapenemase-producing E. coli in the food chain in the EU/EFTA ar 1 brojlers 2020, 2022

-« BE: in minced pork, 2020
« CZ: 1) NDM-5 pigs; 2) another report in pigs. 1) 2021; 2) 2023*

« DE:1) in pigs; 2) pig meat; OXA-48, GES-5 pigs 1) 2015,
Pan 2017;2) 2019

» HU: NDM-5 pork and bovine meat, 2021

« IT: 1) OXA-181 bovines, pigs; OXA-48 pigs, NDM-5 calf; 2)
L broilers, OXA-181 turkeys; 3) OXA-181 pigs, bovines 1) 2021; 2) 2022; 3)
LSRN
%E 2023*
o
{

¢ NO: NDM-5 cattle 2023*
e RO: OXA-162, broilers, 2016
« ES: OXA-48 pigs 2021, 2023

‘.~  *For 2023: some data had been communicated by the MSs to the EFSA
< AMR-Network before the reporting period (public available, mentioned

above). The 2023 monitoring data for all MSs, which include additional
- data, have just been reported to EFSA and are still confidential.

{ Recent ECDC report:
E. coli carrying blayp,,.; is established as a significant
) concern in humans in EU/EEA.
Spread of E. coli isolates carrying blay,, s is occurring

. AR \ rapidly and on a large geographic scale \'




BIOHAZ SELF TASK MANDATE: CPES IN FOOD CHAIN

To gather information from countries reporting data to EFSA for the AMR monitoring on:
ToR1 (i) planned or on-going studies/investigations spanning from recent surveillance findings
_/ (ii) contingency plans and/or control measures implemented/planned to halt their spread
(iii) Published reports/papers on occurrence EU/worldwide since previous BIOHAZ Opinion

/" To collaborate with the above-mentioned countries and with the EURL-AR with the purpose of
ToR2 generating new data through a specific project (EFSA outsourcing, 2024 to 2026).
_/' Countries interested in participating could express their interest in one or several of the work packages with
the following objectives: a) protocols, b) epidemiological studies, c) in depth (WGS) analysis, d) genomics

comparison analyses.

- ToR3 To review all new data/evidence generated by the Member States and the EURL-AR,
_/ issuing one or more scientific opinion(s) targeting the different topics identified in ToRs 1 and 2.

Received April 2024, in agreement with EC, close collaboration with ECDC, informing EMA, EEA V



MANDATE TIMING, OUTPUTS, ORGANIZATION

Time: 3 years, June 2024- June 2027.

Outputs ad hoc:

« ToR1. One initial BIOHAZ scientific opinion presenting the state of the art (including results to a survey to MSs), by March 2025

« ToR2. Monopole Framework Partnership agreement (FPA) with EURL/NRLs-AR Network, external reports, (planned Q3 2024-Q3 2026).
» ToR3. Final BIOHAZ scientific opinion evaluating the results of the project, advice to risk managers, by June 2027

« More scientific opinions in between if needed (e.g. NDM-5)

FPA “data generation on CPs in food-
producing animals”
Contract: 2.5 years (mid 2024-end 2026),
> Budget 1.5 mill Co-funding (20%).

Biological Hazards WG Carbapenemases
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AMD CONTROL


https://www.eurl-ar.eu/participants.aspx

WG CPES:

« Luisa Peixe, Chair (BIOHAZ Panel, University of Porto, PT, BIOHAZ Panel
member)

« Laurent Poirel (FR) (Fribourg University, CH, previous CPE opinion)
 Alessandra Carattoli (Sapienza, Rome, IT, previous CPE opinion)
 Valeria Bortolaia (Statens Serum Institute, DK, BIOHAZ Panel member)
«  Wiestke Dohmen (Utrecht University, NL, BIOHAZ Panel member)
 Hector Argliello (University of Leon, ES)

 Johan Bengtsson-Palme (University of Gothenburg, SE)

. Dominique Monnet, Anke Kolenberg, Marius Linkevicius

Gunilla Eklund

Beatriz Guerra, Ernesto Liebana, Pietro Stella (BIOHAZ Team),
Raquel Garcia Fierro (BIOMO Team), Martin Goudjihounde, Maria Sanz Zapata
(BIOMO, trainee) -BIOHAW Unit

Antimicrobial resistance (AMR)
Carbapenemases

Molecular epidemiology (genes, resistance
determinants, plasmids, clones, comparative genomics)

Isolation, detection and characterization (phenotypic
and genotypic) methods

Food-producing animals, their environment, public
health

Epidemiology

Bioinfo



INTERPRETATION OF TORS

To address ToR1 and the review of the new scientific literature mentioned in ToR3, this first scientific
opinion, Part 1, with deadline March 2025, will cover the state of the art of CPEs in the food chain. Data
will be gathered by means of a review of the literature and information available since the EFSA 2013
opinion, and two surveys targeting the MS/EFTA countries participating in the AMR Monitoring.

AQ1. What is the current status of Carbapenemase-producing Enterobacterales (CPEs) in the food chain in the
EU/EFTA since the last efsa opinion?: Genes, bacteria, sources, clones, MGEs, geographical distribution.

AQ2: What are the transmission dynamics of CPEs in the food chain in the EU/EFTA?: Demonstrated transfer?
Risk actors?

AQ3: What are the methods in use for CPE detection and characterization?

AQ4: What contingency/mitigation/control plans to control the spread or potential spread of CPEs do currently
exist in the EU/EFTA?

This review would include all the steps along the production and processing of foods of animal and
non-animal origin. The main focus will be on EU/EFTA countries, however, information descgbinw
findings worldwide will be also considered.



SURVEYS TO COLLECT INFO FROM MS... AMR NETWORK AND RM

0. PREPARATORY PHASE

* Right contact person?

« Studies/monitoring/Research, how many?
» Positive findings since 2011?

1. STUDIES: 2. METHODOLOGY Detection:

A. Type A. lIsolation: EURL Protocol, non-EU (culture-based, molecular...)
« Oficial EU monitoring (Decision (EU) 2020/1729) B. Genes detection, Carbapenemase characterization
» National monitoring programs C. Strains characterization,
» Targeted surveys, research projects, etc.... D. AMR Charactarization: AST, molecular

B. Bacterial species E. Mobile genetic elements characterization

C. Samples (animals, food, environmental, humans), matrices, etc.... F. WGS: Databases/tolos/pipelines....

3. FINDINGS:
Source of samples

4. COTINGENCY PLANS and CONTROL MEASURES
A. Type of measures:
» Detailed epifemiological investigations: trace back and
trace forward

Samples within/outside
the oficial monitoring,
oficial monitoring

Origin of samples Animals, Humans, « To minimise potential spill-over across the one health
Primary production compartments...
environment, Food » Specific measures: Biosecurity, etc...
processing environment,

Bacterial species Others

B. Validation
Genes, plasmids, clones....., C. Challenges




FRAMEWORK PARTNERSHIP GRANT: INDICATIVE PLANS

ToR2: Data generation Carbapenemase in Enterobacteriacea to support Self-Task Mandate

The Framework  Partnership EFSA issues Specific grant agreements (SGAs) Specific grant agreement
Agreement (FPA) is signed (EFSA and m=) to FPA partner(s) outlining task(s) | wmmp (SGA) is signed between
contractor) deliverable(s) and timelines EFSA and FPA partner(s)
/ SGA-1, WPO SGA-2, WP1 SGAs, WP2-WP4 \
f - R ToRza ) N\ b
Project To collect, design elize ToR3b Ueires
coordination » A€sIg To perform To perform in depth To perform One
more sensitive . . . . Health fi
detection protocols epidemiological analysis of the ealth comparative
studies isolates genomic analyses
~ - \ < J N /4 y
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A




=
—]
—

i

Project Overview

Objective: Generate
comprehensive data on
CPEs in the food chain
across EU/EFTA countries.

N

Context: Rising concern
over antibiotic resistance,
especially CPEs.

J
~N

Purpose: Support risk
assessments, inform
policy and enhance food
chain Monitoring.

WP1. To design high sensitivity protocol for the isolation and/or detection and
characterization of specific carbapenemase-producing E. coli and other
Enterobacterales to be used for targeted studies within the food chain and/or the
environment.

WP2. To perform epidemiological investigations (e.g. traceback/longitudinal/trace
forward/network, other) of carbapenemase-producing E. coli and other
Enterobacterales using intensive targeted exploratory sampling and testing,

WP3. To perform in-depth genetic analysis (clonality, plasmids, ISs, Tns, ICESs) of
available E. coli isolates from official monitoring and newly obtained isolates of
carbapenemase-producing E. coli and other Enterobacterales. In addition, to also
investigate the occurrence of multi-drug resistance in these isolates, which could
contribute to the co-selection by use of other antimicrobial classes/metals.

WP4. To perform comparative genomics analyses of the isolates gathered in this
project from different countries/regions/ animal species including isolates from
different sources such as humans and pets.

Data Generation: Comprehensive dataset on CPE occurrence..

Policy Support: Evidence-based recommendations for EU/EFTA regulations.

Capacity Building: Improved methodologies for monitoring antibiotic resistance

Technical University of Denmark
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The Biggest Challenge: Building the Consortium

Summer Holidays
Driving Mindset?
Efforts and scientific Rigor-Is it worth it?

WE DID IT
Country National Reference Laboratory WP Lead
Denmark National Food Institute, Technical University of Denmark (DTU Food) WPO0, WP4
Consortium lead
Belgium SCIENSANO WP1
Germany German Federal Institute for Risk Assessment WP1 (Co-lead)
Department Biological Safety
Poland Panstwowy Instytut Weterynaryjny - Panstwowy Instytut Badawczy WP?2
Italy Istituto Zooprofilattico Sperimentale del Lazio e della Toscana (IZSLT) WP2 (Co-lead)
Netherlands Wageningen Bioveterinary Research (WBVR) WP3

Technical University of Denmark
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Project Organogram

Work Package 0
Consortium lead: DTU Food-Denmark

Project coordinator (Rene S. Hendriksen)
Scientific project manager (Jette Kjeldgaard)

Operational and financial project manager (Birgitte Helwigh)
COhverarching Coordination

Management team:

Project coordinator, project
managers and WP leads

Work Package 1l
Lead: Belgium

Dr. K. Van Hoorde

Co-lead: Germany

Alexandra Irrgang
Protocol Development

Partners:

France
Italy
Norway

Work Package?2
Lead: Poland

Dariusz Wasyl
Co-lead: Italy
Antonio Battisti
Epidemiological Studies

Technical University of Denmark

Partners:

Denmark Germany
Belgium Cezechia
Sweden Austria
Poland Portugal
Spain Romania
Estonia Norway
Bulgaria

Work Package3
Lead: Netherlands

Michael Brouwer

In depth analvsis and
characterization of

Work Package4
Lead: Denmark

Jette Kjeldgaard

Comparative Gernomic

- Analvsis
isolates e
Partners: Partners:
. MNetherlands
Belgium Norway
Italy
Norway Italy
Anstria
Poland
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= Timeline and Milestones
>
Data generation on Carbapenemase-producing Enterobacterales (CPEs) in the food chain in the
EU/EFTA.
1= Interim report with the results éﬁﬁi_
of the WP1, Task 1.1, grey Sciensano/ .
p4 literature review updating EFSA WPl Belgium off ting/ Report, English
carbapenemase opinion 2013 3%854 g
204 Interim report including the
results from WP1 tasks 1.2-1.4, 5 months
compendium of protocols and Seiensano/ from kick-
D5 recommendations for use WP1 Belgium off Report, English
depending on the situation, meeting/
considering, if applicable, 2024-2025
enhancements c-rETthe| )
vear 2024 Year 2025 Year 2026: 37 nterim report
Project ! The report should include an wp2, . _
. Full-scale data Final data D6 ¢ repo WP3, | Comsortium | Nov-25 | Report, English
Initiation, : . update of the work performed ’ - =
collection, analysis, © WOk WP4
protocol limi i and the preliminary results
development, pre |r|n|n_ary " repor mg,
pI|Ot studies. analysis. ISsemination. Final report
The report for the work
performed for the different tasks
included m WP2-WP4.
The nformation provided in WP, _ )
D7 these two reports is intended to WP3, Consortium | Nov-26 Report, English
be used by the EFSA WG on WP4
CPEs in the food chain for the
on-going scientific opinions to
address ToR3 of the BIOHAZ
Mandate.

The deadline provided in this document is to be considered indicative.

Technical University of Denmark
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WORK PACKAGE 1- Protocol Development 1 2 3 4 5 6 7 8 2 10 11 12 13
Task activity Task number Deliverable number
Compilation of protocols/Survey 1.1 DL 4
Grey Lit review 1.2 DL 4
Assessment of most relevant 1.3 DL 4
protocols
1ST Interim Report DL 4
14 DL 5

Interlaboratory studies (ILS)

Selection and compilation of l.4a DL 5
isolates from NRL's

Pre-tests, validations 1.4b DL 5

il 1.4c DL 5
Interlaboratory study on spiking Progress to WP 2
samples
Integrate results and global data 15 DL 5 _
analysis Completion
Recommendations for 1.5a DL 5 of Reports
Improvements
Data analysis 1.5b DL 5

DL 5

2nd Interim report

Technical University of Denmark
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« Task 1.4a: Selection and compilation of isolates from participating laboratories
« Selection of strains: CPE isolates fully characterized from the national collections of WP1 partners relevant for the trial will

be included.
« Task 1.4b: Pre-tests, validations, stability, homogeneity studies

Stability of the inoculum during the period of time frame from spiking samples to analysis at the participating labs, 24h, 48h
will be performed.

Task 1.4c: Interlaboratory study on spiked samples (caecal/faecal and meat)

* Preparation of the samples :

 As caecal is difficult to obtain, in the case that it would not be possible to obtain, a surrogate caecal will be used by mixing
faeces with physiological water. The faecal samples will consist of a pool of faeces, divided in smaller aliquots and will be

stored at -20°C in our laboratory until usage
« Inoculum : Samples will be spiked at two different concentrations of the inoculum, high and middle concentration with a

mix of strains covering all carbapenemase families.

. Samples will be analysed in parallel following at least two methods, which described in the EU Decision and another one
selected from the task 1c.

. Analysis: comparison of results obtained with the official method

« Task 1.4e: Integrate results
« All the data generated will be compiled and analysed. a secondary objective expanding to isolation of CPE from

companion animals.

Technical University of Denmark
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WP 2- To perform Epidemiological Investigations

WORK PACKAGE 2 Epi Studies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2026

Task Qg Qlo

Task activity number Deliverable number
jan feb mar apr maj jun
2.1 D6,D7
Implementation of the
method (ring trial)
2.2 D6,D7
Cross-sectional studies in
the areas covered Diverse Partners and
23 D6.D7 Countries
Identification of CP-
resistant bacteria other than
E. coli
2.4 D6,D7
Retro- and prospective Progress to WP 3
studies
2.5 D6,D7

Cross-sectional studies /Not
covered areas

3/19/2025 Technical University of Denmark
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WP 2-Epidemiological Investigation

Task 2.4 involves tracing
resistance source. tracing
back (or prospective)
studies on the source and

Impact of 16 Partner Cooperation

*Task 2.1 the protocol developed in WP1 route of resistance
will be implemented and evaluated in determinant transmission
parallel to the current methodology in a '

Those might be
undertaken on a specific
site (i.e. farm) or sector

ring trial
*Task 2.2 Each partner is assumed to
test samples from at least two

compartments reflecting national (i.e. slaughter
relevance and interests environment).
Task 2.3 aims to Task 2.5 targets
identify other underrepresented areas such
resistant bacteria; as wildlife, such as waterfowl,
identify those companion animals, or wildlife.
bacteria (i.e.
Klebsiella,

Acinetobacter) and
confirm their
acquired resistance.

Technical University of Denmark
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WP 3-In-Depth Genetic Analysis of CPE

Task 3.1: Phenotypical
confirmation of any
suspected CPE E. coli
and other
Enterobacterales
obtained from WP2.

Technical University of Denmark

Task 3.2: short-read
whole-genome
sequencing based on
[llumina technologies
long-read sequencing
based on Oxford
Nanopore Technology -
still rapidly improving.
Currently, all contributing
partners have the
necessary expertise to
perform long-read
sequencing.

Task 3.3: While the
detection of novel CPE
isolates in WP2 is still
underway, the genetic
analysis of previously
identified CPE isolates
from livestock and other
related domains in the
EU will be commenced.
Any CPE E. coli, and
other Enterobacterales
isolates, which were
previouslwilly reported by
the NRLs, be assessed
for the level at which
molecular confirmation
has been conducted

2026
Q11 Q12

ju aug sep okt nov dec

Task 3.4: The novel CPE
isolates from WP2, which
are phenotypically
confirmed in task 3.1, as
well as isolates identified
in task 3.3, will be
assessed for sequencing
using both short- and
long-read WGS.
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WP 4- Comparative Genomics Analysis

Task 4.1: Collection of
sequences for
comparative analyses:
To do a comparative
genomic analysis,
sequencing data of
CPE isolates identified
in WP2 and WP3 of
this project

Technical University of Denmark

Task 4.2: Quality
control and screening

of the sequencing data:

Once the sequences
are collected, quality
control (QC) of the
sequencing data (both
from the project and
public databases) will
be performed using an
in-house QC pipeline

Task 4.3: Genomic
diversity of CPE in food
chain: To identify any
prevalent clonal
groups, species-
specific (or in some
case subspecies
specific) phylogenetic
clustering of the CPE
collected from different
EU countries will be
performed

Task 4.4: Genetic link
between CPE from
different sources: To
identify the possible
dissemination
pathways and sources
of CPE in the food
chain, bioinformatics
analysis will be
performed on the CPE
from animals, pets,
humans, and clinical
and natural
environments.

Task 4.5: Report on
comparative genomic
analysis. The results
from the tasks 4.2-4.4
will be summarized in a
report, describing the
overall findings,
including the diversity
and distribution of
species of CPE, and
the genes and
plasmids related to
their carbapenemases
resistance
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Risk Management and Challenges

Inadequate Ensure continuous coordination among WPs,

R6 integration of project Medium Medium use integrated approach to compile dataAll
results across WPs

D4 is the main driver of the project which will impact
strongly on the correct implementation of WP2. To ensure

Delays in results and a good and high-quality outcome, dedicated time has been

deliverables High High allocated to each task. D4, DS
In addition, ample time is allocated for reporting in the last WP
stage of the WP1, D5. 1&2
Establishing clear collaboration rules, transparent matrix of
Ineffective multi partner tasks and actions, definition of responsible partners and
R8 : Low Low : Al
collaboration leads. Support from other network partners experienced in

long-term joint efforts

Careful evaluation of partners’ contribution considering
R9 Limited access to samples Medium  Medium  feasibility of sampling, legal constrains in access to study All
areas, or approvals needed from third parties

G

Limited access to CP- Strongly depends on local or sectoral epidemiological

R10 : . Medium  Medium  situation. Possibility of adjustments of study scope inAll
resistant bacteria . S
project timeline

3/19/2025 Technical University of Denmark




Technical
difficulties
with ONT
R12 sequencing Medium Medium
based on
novel
chemistry
Too many
R13 |sqlates Medium
being
submitted,
Delays in
acquiring
e sequence - -
data

Insufficient
R15 isolates for Low Medium

phylogeny

Bad quality
R16 public
sequences

Medium Medium

3/19/2025 Technical University of Denmark

Work Packaqge 3 - 4

Little response
from NRLs to the [Medium Medium
survey

Request the EURL to assist in sending the request, and to help in identifying NRLs that are

likely to have CPE isolates in their collection.

the mitigation strategy would be to revert to the current chemistry,

which is unlikely to be unavailable at that point in time D6, b7

To select the most relevant isolates for each NRL and OH domain
and geographical region, also based on short read WGS data. D6, D7

It is important to have timely access to the sequences from WP2
and WP3 because WP4 depends on the timely completion of other
WPs. We will coordinate with the WP4 team during Q4 of 2026 to
make sure the sequences are available on time.

It is possible to have very few isolates for some species which are
rarely detected in humans, animals, or in natural environments. In
such cases, the focus will only be on the commonly identified
species across sample types.

Quality of sequences affects the false positive and false negative
results. To accurately analyse the associations of AMR, and to
highlight possible sources of CPE, only the high-quality sequencesD7
will be used in the analyses i.e., the isolates passing the QC
thresholds.

D7




=
—]
—

i

Mastering the Known, Uncovering the Unknown

In 2023, there were altogether 436 reported cases in Denmark, reflecting a 43 percent increase compared
to 304 cases the previous year.

CPE are typically found in the intestines and are resistant to meropenem or other carbapenems, which are

among our most critical antibiotics for treating critically ill patients.
https://en.ssi.dk/news/news/2024/multiresistant-
bacteria-continue-to-spread-in-danish-hospitals

Technical University of Denmark



https://en.ssi.dk/news/news/2024/multiresistant-bacteria-continue-to-spread-in-danish-hospitals
https://en.ssi.dk/news/news/2024/multiresistant-bacteria-continue-to-spread-in-danish-hospitals
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Thankyou !

The average attention span during a
presentation is 10 minutes.




STAY CONNECTED

efsa.europa.eu/en/news/newsletters
efsa.europa.eu/en/rss
Careers.efsa.europa.eu — job alerts

@efsa_eu @methods_efsa
@plants_efsa @animals_efsa

@one_healthenv_eu

Science on the Menu —Spotify, Apple Podcast and YouTube

Linkedin.com/company/efsa

efsa.europa.eu/en/contact/askefsa

efsa

EUROPEAN FOOD SAFETY AUTHORITY
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