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Talk outline

● Why perform a structured survey?

● The carbapenem- and/or colistin-resistant Enterobacterales (CCRE) survey and 
sampling protocol

● Genomic findings on:

○ K. pneumoniae

○ E. coli

● Challenges

● Structured surveys - a transitional approach towards building sustainable genomic 
surveillance capacity?



Why perform a structured survey?

● Assess geographic and temporal trends in pathogen populations 
via consistent methodologies and sample types

● First structured S. aureus surveys in 2006-7 and 2011; analysis of 
5 MRSA/5 MSSA per hospital via spa typing

● Promotes network formation and methodological/data standards

● Supports capacity-building efforts by increasing diagnostic 
capabilities and improving quality standards

● Integration and sharing of data provide an early warning system

● Assessment of AMR burden across countries/regions

● Combined epidemiological and clinical data allows analysis of risk 
factors for acquisition

Participating hospitals from 26 
countries in 2006-7 S. aureus survey

(Inspiration for web-based mapping tools, 

later Microreact, by David Aanensen)



The carbapenem- and/or colistin-resistant Enterobacterales (CCRE) survey

Locations of 302 hospitals contributing K. pneumoniae

● Structured genomic survey conducted in EU/EEA across 37 
countries over 6-month period in 2019

● Follow-up of the 2013-14 European Survey of 
Carbapenemase-Producing Enterobacteriaceae (EuSCAPE) 
study1,2

● Collected epidemiological, microbiological and genomic data 
on K. pneumoniae  (species complex) and E. coli

1. Grundmann, Glasner et al. Lancet Infectious Diseases (2017). 2. David et al. Nature Microbiology (2019).  



The 2019 CCRE survey

● Capacity-building of National Reference Laboratories 
(NRLs) including pre-assessment1, training and EQA

● Recruited one hospital per NUTS-2 region (total, 527)

● Hospitals collected 10 non-duplicate isolates  of 
carbapenem-R/I K. pneumoniae (species complex) or E. 
coli from clinical or screening samples

● For each carbapenem-R/I isolate, the next carbapenem-S 
isolate of the same species was collected

● NRLs performed AST testing on a panel of antimicrobials 
(minimum of one carbapenem)

● Patient epi and clinical information uploaded to central  
database

● Isolates sequenced centrally

Epidemiological situation of CPE in Europe, 2018, 

as assessed by national experts.1

1. Brolund et al. Eurosurveillance (2019)



High-risk lineages of carbapenem-R/I Kp continued to circulate : ST258/512, ST11, ST15, 
ST101
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1717 K. pneumoniae ss from 244 hospitals in 32 countries
David et al. Nature Microbiology (2019)

CCRE survey, 2019

2973 K. pneumoniae ss from 302 hospitals in 36 countries
Fröding et al. Lancet Microbe (2026)



Expansion of emerging MDR lineages: ST307, ST147 and ST39
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ST307: increased from 2.4% to 11.5% among carbapenem-R/I Kp

● Particular increase in Italy (3% → 33%) and 

Spain (0% → 15%)

● ST307 identified in 108 hospitals in 28 

countries

● Proportion of ST307s with a carbapenemase 

increased from 36% to 68%

56 countries, 2009– 2020

Includes all survey isolates

Recombination-free phylogeny of 1276 ST307 isolates



● Phylogenetic clustering by 

hospital/country → spread within 
national hospital networks

● 2019 survey isolates are closely-
related to lineages already 
circulating in 2013/14

● 4 hospitals with phylogenetic 
clustering of isolates from both 

surveys

● Numerous independent acquisitions 

of carbapenemase genes

Global clade

ST307 – local persistence



5 STs of E. coli accounted for 45% of 
carbapenem-R/I isolates:
x

ST131, ST410, ST38, ST167, ST648

Phylogenetic tree of 221 E. coli from EuSCAPE (101 hospitals, 26 

countries), 548 from CCRE survey (156 hospitals, 32 countries)

David et al. Lancet Microbe (2026)

● ST131

○ Lower proportion of carbapenem-R/I 

isolates (32.5%)

○ Many different carbapenemases

● ST410, ST38, ST167, ST648

○ Higher proportion of carbapenem-
R/I isolates (73.7-100%)

○ Lower carbapenemase diversity
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The most common carbapenemases among E. coli were NDM-5 and OXA-48

● Particular increase of NDM-5 among 
carbapenem-R/I isolates between 
surveys (2/99 → 62/211)

● 62 NDM-5 E. coli from CCRE survey 
were from 45 hospitals in 15 
countries

● Only 12 hospitals submitted ≥2 E. coli 
with NDM-5; of these, only one same-
hospital pair were of the same ST →
minimal hospital spread

● NDM-5 found in 17 STs but 
concentrated in ST167, ST410, ST648, 
ST361 and ST405



Clonal spread of E. coli carrying NDM-5 – ST167

● Large clonal expansions associated with 

NDM-5 and international spread

● Multiple acquisitions of NDM-5

● Numerous imports into Europe but so 
far limited onward transmission

ST167 from 54 countries; 1999-2022



Clonal spread of E. coli carrying NDM-5 – ST167

● Large clonal expansions associated with 

NDM-5 and international spread

● Multiple acquisitions of NDM-5

● Numerous imports into Europe but so 
far limited onward transmission.

ST167 from 54 countries; 1999-2022



ST361 from 40 countries; 1986-2022 ST405 from 61 countries; 1981-2022

Clonal spread of E. coli carrying NDM-5 – ST361 and ST405



ST410 from 64 countries; 1975-2022 ST648 from 50 countries; 1971-2022

Clonal spread of E. coli carrying NDM-5 – ST410 and ST648



Challenges

● Under-recruitment of hospitals in some countries 
→ impact on geographic representativeness

● Delays in isolate processing/analysis (COVID-19 
pandemic)

● Large number of excluded isolates (15.9%)

● Variable completeness of clinical, 
epidemiological, microbiological and AST data

3521



Structured surveys - a transitional approach towards building sustainable 
genomic surveillance capacity?

Key benefits:

● Low-burden entry point to mobilise laboratories
● Formation of networks, harmonisation of protocols and development of information architecture
● Detection of emerging resistance patterns and high-risk clones, including in countries and/or regions that 

may not be covered by routine molecular surveillance
● Used to trigger further investigations
● Generation of reference data sets for ongoing comparison

Considerations:
● Local resources and required workload

● Local epidemiology & scientific questions
● Planning for protocol diversions and errors in isolate processing
● Data sharing – open and equitable

● Limited power to detect outbreaks → need for additional targeted surveillance
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