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Carbapenem-resistant 
Enterobacteriaceae (CRE) threat

• Two main mechanisms:

1) Carbapenemases - enzyme hydrolyzing carbapenems, a last-line antibiotic (CPE)

2) Non-CP CRE – other mechanisms. Less transmissible

• Crude mortality rate: 12 to 94%

• Attributable mortality: 26 to 44%1

• “Bad bugs, no drugs” in the post-antibiotic era.2

• Worldwide spread since over the last decade and a half

1. Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas KZ. Deaths attributable to carbapenem-resistant Enterobacteriaceae infections. Emerg Infect Dis. 2014 Jul;20(7):1170-5. doi: 
10.3201/eid2007.121004.

2. Boucher HW, Talbot GH, Bradley JS, et al. Bad bugs, no drugs: no ESKAPE! An update from the Infectious Diseases Society of America. Clinical Infectious Diseases. 2009;48(1):1–12.



what can we do?

… Especially when there 
is no cure

https://www.123rf.com/photo_63390268_women-hand-writing-prevention-is-better-than-cure-with-black-marker-on-visual-screen-isolated-on-whi.html



https://fr.wikipedia.org/wiki/Ignace_Philippe_Semmelweis#/media/File:Ignaz_Semmelweis.jpg

The good news…

 Multi-modal strategy (structural factors)
 Hand hygiene
 Surveillance
 Contact precautions
 Patient isolation
 Environmental cleaning
 Surveillance cultures of the environment
 Monitoring, audit and feedback

Multi-modal strategy (structural factors)
 Hand hygiene
Surveillance
 Contact precautions
 Patient isolation
 Environmental cleaning
Surveillance cultures of the environment
Monitoring, audit and feedback



Singapore
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CaPES study

Proportion of CPE Proportion of NCPE Incidence of CRE CC Incidence of CRE SC

Clinical cultures/ Surveillance cultures
 2010: 2.9 per 100,000 patient-days/ 0.8 per 100,000 patient-days
 2012: 7.7 per 100,000 patient-days/ 16.0 per 100,000 patient-days



Main questions

What are the sources of ongoing transmission of CPE in Singapore?

What are the sources of CPE bacterial transmission in Singapore?

What are the sources of CPE plasmid transmission in Singapore?



Pilot analysis (n=33)

Genetically-Linked Bacterial Transmission

Classification Number of Isolates

Genetically Distinct 18

Genetically linked to previous cases 15

- Hospital contact 6

- Ward contact 4

Genetically linked but no known ward or hospital contact 5

• Of 15 genetically-linked bacterial transmissions, 5 (33%) had no apparent ward  or hospital contact
• 2 predominant plasmids found (pEC-S01 and pNDM-Sg1)



CaPES WGS transmission study

• Determine the sources of CPE transmission at a population level

• Sub-groups:

 Determine the sources of genomically-linked bacterial transmission at a population level

 Determine the sources of genomically-linked plasmid transmission at a population level



International NDM study 

AIMS:

1) Determine the main genomic pathways of NDM spread 
across borders.

2) Will NDM mimic the successful global genomic spread of 
the previous Extended-Spectrum-beta-lactamases ?

e.g. CTX-M-15 – E. coli ST 131 pairing ?



Other ongoing studies…

• Outbreak genomics (Singapore, East Malaysia)

• Community household CPE transmission

• Long-term care facility CPE transmission

• Hospital environmental microbiome

• Bench studies (Type VI secretion system, Glycosylated cationic β-peptide block copolymers)



Summary (Epidemiologic)
• Genomically-linked plasmid transmission accounts for a significant amount 

of CP gene transmission.

• Features of genomically-linked bacterial transmission:
– Significant proportion no known epidemiologic contact (30%).
– Close to a third have direct ward contact.
– A further third have indirect ward contact (suggesting ongoing sources 

in wards e.g. sinks/ inanimate objects as a source).

• Genomically-linked plasmid transmission different:
– Majority have direct ward contact.

• WGS can help uncover ongoing transmission routes and help focus/ 
augment infection prevention efforts.



Summary (Genomic)
• 5 NDM-positive cassette types found in analysis.

• These cassette-types (and associated plasmids) facilitate genomic 
spread of the NDM gene into multiple bacterial species and STs.

• NDM is prevalent in high-risk clones (with high prevalence of ESBL genes 
e.g. CTX-M-15 in E. coli ST131).

• Overall, understanding plasmid transmission and hidden sources of CP 
gene and developing agents and strategies to address them may help in 
reducing CPE transmission.
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