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Enterobacteriaceae (E. coli, 

K.pneumoniae…)
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Pseudomonas aeruginosa 
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Gram positives 



Penicillins Cephalosporins Carbapenems

Extended-spectrum  ß-lactamases 
in Gram negatives 

Extended-spectrum ß-lactamases (ESBL); CTX-M
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Multidrug resistance of ESBL-producing 

Escherichia coli



Incidence Enterobacteriaceae 
(ESBL)- France - 2009 -2013

Arnaud I et al. Euro Surveillance 2015;20(36).
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• Definitions for surveillance of multidrug-resistant (MDR), extensively 

drug-resistant (XDR) and pandrug-resistant (PDR) bacteria (other than 

mycobacteria) 

European Antimicrobial 
Resistance Surveillance System 
(EARSnet), Atlas

2020

Invasive K. pneumoniae producers of ESBLs



Invasive ESBL producers in E. coli and K. pneumoniae
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E. coli 2015 E.coli 2020





Penicillins Cephalosporins Carbapenems

Carbapenemases: NDM, KPC, OXA-48

Broad-spectrum ß-lactamases 
in Gram Negatives 

Extended-spectrum ß-lactamases (ESBL); CTX-M



Emergence of carbapenemases
in Enterobacteriaceae worldwide
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Penicillins Cephalosporins

1st et 2nd

generation
*

ß-lactams/

Inhibitors of

ß-lactamases

Carbapenems

Ambler class

Cephalosporins

3rd /4 th 

generation

cefepime

cefpirome

Enzyme

A

B
Metallo-enzymes*: NDM-1 VIM, IMP.. 

* Aztreonam excluded

D
Oxacillinases =OXA-48, OXA-163, OXA-181.. 

The carbapenemases in Enterobacteriaceae 

Penicillinases derivatives: KPC, IMI, GES..





Unknown
Sporadic spread
Outbreaks reported
Endemicity

KPC producers Enterobacterales-2021

Adapted from Bonomo et al., CID 2018; 

And Nordmann et al. EID 2015

K. pneumoniae- hospitals





Wordwide spread of

NDM carbapenemases  in Enterobacteriaceae

Nordmann et al EID 2015



Unknown distribution of NDM producers
Sporadic spread of NDM producers
Outbreaks due to NDM producers
Endemicity of NDM producers 

NDM producers- Enterobacterales 2021

Key points:

- Variable resistance levels to carbapenems

-K. pneumoniae, E. coli, E.cloacae…

-Secondary reservoirs; Balkans 

and the Middle East



K. pneumoniae



Unknown distribution of OXA-48-like producers
Sporadic spread of OXA-48-like producers
Outbreaks due to OXA-48-like producers
Endemicity of OXA-48-like producers 

OXA-48-like producers- Enterobacteriaceae, 2021

Adapted from Nordmann & Poirel, 2016 Clin Microb Infect,

Key

- - Variable resistance levels to carbapenems

- Main known reservoirs; North Africa, Middle 

East, Turkey and India

- Community aquisition(+++) High frequency

transfer

- K. pneumoniae, E.cloacae, E.coli (++)



Carbapenem-resistant K. pneumoniae (invasive isolates)

2020 
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• Definitions for surveillance of multidrug-resistant (MDR), extensively 

drug-resistant (XDR) and pandrug-resistant (PDR) bacteria (other than 

mycobacteria) 

2010



CPE in France- 2020



Pseudomonas aeruginosa



http://atlas.ecdc.europa.eu/public/index.aspx?Instance=GeneralAtlas

*Resistance to three or more than three antibiotics or antibiotic families 

(piperacillin/tazobactam, ceftazidime, aminoglycosides, fluoroquinolones, 

carbapenems)

Multiresistance* in  P. aeruginosa (2020)



http://atlas.ecdc.europa.eu/public/index.aspx?Instance=GeneralAtlas

*Resistance to three or more than three antibiotics or antibiotic families 

(piperacillin/tazobactam, ceftazidime, aminoglycosides, fluoroquinolones, carbapenems)

Multiresistance* in  P. aeruginosa     

(2015/2020)

2020

2015





Acinetobacter baumannii



Multidrug-resistant A. 

baumannii OXA-23

TCC ATM CAZ MOX

CTX IPM AMC FEP

FOX CXM CTT CF

TZP PIP TIC AMX

FOS CS RA SXT

CIP PEF NOR NA

TET C MEC K

AN NET TM GM



Carbapenem resistance A. baumannii
2019 (invasive isolates)



Carbapenem resistance A. baumannii
2015- 2019 (invasive isolates)

2020

2015



Cassini et al. Attributable deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and the European Economic Area in 2015: a 
population-level modelling analysis. Lancet Infect Dis. 2019 Jan;19(1):56-66. 



Perspectives







Future spread of carbapenemase producers 

in Enterobacterale

2015

OXA-48-like

NDM

KPC

OXA-48: E. coli ++, community-acquired, highly transferable plasmid

NDM: Enterobacteriaceae, community- and hospital-acquired

KPC; K. pneumoniae, hospital-acquired



Carbapenemase producers are spreading  now also 

in the community; NDM and OXA-48 likes



Difficult detection: E. coli OXA-244 (OXA-48-like) 





Paving the way to pandrug resistance:

in K. pneumoniae

Methylases conferring resistance to all aminoglycosides ; 

RmtF
NDM-1

Aarau, 2020 16s RNA methylase



…  To pandrug resistance with multiple carbapenemases

Treatment with colistin = additional  resistance to colistin !

K. pneumoniae ESBL, NDM-1, OXA-232



Chromosome-encoded resistance to colistin





2019



PBP-3 insertion+ NDM-5+ 

cephalosporinase CMY-2-like

Resistance to even not yet approved antibiotics

Novel antibiotics

Ceftazidime/avibactam

Ceftolozane/tazobactam

Cefidericol

Sulbactam/durlobactam

Aztreonam/avibactam



3 billions airplane tickets -2018



Which world regions at the origin of MDR bacteria ?  



Worldwide population, 2020
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WHO/EU, 2006

Antibiotic resistance

Europe World excepted Europe

Influenza and respiratory viruses
?

Cardiovascular and ischemic diseases

?

??

Cancer

HIV/AIDS

Tuberculosis

Demencia

(% population)

Prediction of mortality for 2016

Are  predictions right ?



The important things

are invisible for the eyes
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E. coli K. pneumoniae

Genomics

of NDM producers

Multiple and simultaneous outbreaks occurring

worldwide

Poirel L, Dortet L, Bernabeu S, Nordmann P. AAC, 2011


