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Multiple and simultaneous outbreaks, wordwide
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High frequency transfer of the OXA-48 gene
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Carbapenemases n

OXA-48 like 983

KPC 31

NDM 185

VIM 50

IMP 3

IMI 6

OXA-48-like + NDM 14

OXA-48-like + VIM 0

NDM + VIM 0

total 1272

OXA-48 like
77,3%

KPC
2,3%

NDM
14,5%

VIM
3,9%

IMP
0,2%

IMI
0,5%

OXA-48-like + NDM
1,1%

Bicêtre Hospital

Distribution CPE per type of carbapenemase in France 2015



Courtesy M.Kaase 



Evolution of CPE isolates confirmed at the National Reference Centre, 
Belgium, January 2007 - June 2015 (n=1502)
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Courtesy Y.Glupczynski and S.Malhotra



Travel-related CPE cases: 
1/1/2012 – 30/6/2014 (n= 85 patients)

13

Countries Cases OXA-48 KPC VIM NDM Several

African Continent 40 35 1 3 1

Morocco 20 19 1

Egypt 6 3 2 1

Tunisia 7 7

Senegal 1 1

Algeria 2 2

Libya and Tunisia 1 1

Guinea 1 1

African country (n.s.) 2 2

Asian continent 20 12 1 6 1

India 5 4 1

Pakistan 2 1 1

Thailand 1 1

Vietnam 1 1

Iran 1 1

Turkey (Eurasia) 10 9 1

European continent 22 5 10 3 3 1

Greece 12 3 6 1 2

Italy 4 4

Romania 2 1 1

France 1 1

Serbie 1 1

Spain 1 1

Albania 1 1

Country unknown 3 3

TOTAL 85 55 12 3 12 3





Oteo et al., 2015

CPE received at the 
Spanish reference laboratory



CPE in Italy, 2011

Giani et al, 2013



Italy
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Carbapenem-resistant K. pneumoniae
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Eurosurveillance



Emergence of carbapenemases
in Enterobacteriaceae, 2017, Europe
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KPCs in the USA

17% of 
ESBLs 

have KPC



NDMs in the USA



OXA-48s in the USA



K. pneumoniae producing KPCs in South-
America

Brasil
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Porto Rico

KPC-2, KPC-8

http://www.paho.org/hq/index.php?option=com_docman&task=doc_view&gid=24471

Uruguai

KPC-2

Courtesy A.Galas and S.Vega

Panama

KPC-?



MBLs in
South America

IMP

Maya JJ, Ruiz SJ, Blanco VM, Gotuzzo E, Guzman-Blanco M, Labarca J, et al.

Current status of carbapenemases in Latin America.

Expert Rev Anti Infect Ther. 2013;11(7):657-67.

.

VIM

Courtesy M.V.Villegas, A.Galas and S.Vega

NDM 



OXA-48 – E. cloacae

OXA-163 – K pneumoniae

Maya JJ, Ruiz SJ, Blanco VM, Gotuzzo E, Guzman-Blanco M, Labarca J, et al.

Current status of carbapenemases in Latin America.

Expert Rev Anti Infect Ther. 2013;11(7):657-67.

.

OXA-370 – K. pneumoniae

Courtesy M.V.Villegas and A.Galas

OXA-247 – K pneumoniae

OXAs in
South America



INDIA

Kasturba Hospital, Manipal, Karnataka, 

June 2015  –December 2015

Courtesy S.Malhotra



Antibiotic resistance of Escherichia coli in India

Center for Diseases Dynamics, Economics & Policy (cddep.org) 9

11%



Antibiotic resistance of Klebsiella 
pneumoniae in India

Center for Diseases Dynamics, Economics & Policy (cddep.org) 10



India, the reasons of the success



Compartmentalization of sectors is not valid anymore





Carbapenem consumption in India

Gandra S et al. Clin Infect Dis. 2016;62:1050-2. 8

Oral 
carbapenem !!









Unknown distribution of KPC producers

Sporadic spread of KPC producers

Outbreaks due to KPC producers

Endemicity of KPC producers 

KPC producers- Enterobacteriaceae, 2017 

Key points:
-High level resistance to carbapenems
-Still mostly in  K. pneumoniae, rarely in E. coli
- Several South American countries
Italy and Greece are now endemic countries



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, 2017

Nordmann & Poirel, 2014 Clin Microb Infect,

Key
- - Variable resistance levels to carbapenems
- Main known reservoirs; North Africa, Middle 

East, Turkey and India
- Community aquisition and easy transfer (++)
- K. pneumoniae, E.cloacae, E.coli (++)



Unknown distribution of NDM producers

Sporadic spread of NDM producers

Outbreaks due to NDM producers

Endemicity of NDM producers 

NDM producers- Enterobacteriaceae, 2017

Key points:
- Variable resistance levels to carbapenems
-K. pneumoniae, E. coli, E.cloacae…
-Secondary reservoirs; Balkans 
and the Middle East



Three irreversible resistance waves towards 
pandrug resistance in Enterobacteriaceae 
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2010….
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Carbapenemases

2017

60-70%

10-80%
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CDC- USA,  2015



Carbapenemase producers are spreading  now in 
the community; NDM and OXA-48-like producers 



Plasticity of the carbapenemase genes; from the 
environment to colonized, infected and hospitalized 

patients

H

E. coli (OXA-48-like, NDM )

E. coli (OXA-48-like, NDM )

K. pneumoniae(OXA-48-like, NDM )



Three major determinants foster
the unrelenting spread of 

carbapenemases:

Mobile genes
Successful clones

Travellers



842 millions airplane tickets -2013



Future spread of carbapenemase in Enterobacteriaceae 

2017

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

?



Our future ?
Multidrug-

resistant 
bacteria



Our future ?
Multidrug-

resistant 
bacteria

AND 
novel 

powerful 
antibiotics 



Courtesy, JP Bedos

Ceftazidime-
avibactam

Ceftolozane -tazobactam

Forces Activité sur :
• BLSE +++
• AmpC 
(hyperproduction des EB)

• Carbapénèmases 
(KPC, OXA 48)
• P. aeruginosa cefta R 
et imipénème R

Activité sur :

• BLSE (E.coli +++, Kp±) ...

• P. aeruginosa - R cefta et 
imipénème

Faiblesses Pas d’activité sur :

• Anaérobies

• Metallo-
carbapénèmases

• Oxacillinases 
d’Acinetobacter

• CG+ ??? = 0

Pas d’activité sur :

• La plupart de anaérobies 
(B. fragilis+)

• Entérocoques

• Staphylocoques

• Carbapénèmases

• AmpC hyperproduction des 
EB

• Oxacillinases 
d’Acinetobacter



Novel β-lactams/inhibitor

ESBL Amp

C

Carbapenemases Pseudomo

nas spp

Acineto

bacter

Phase

KPC Oxa-48 

like
MBL

Ceftaroline/avibac

tam
++ ++ + - - - -

Aztréonam/avibac

tam
++ ++ ++ + ++ + - 2

Imip/relebactam 

(MK 7655)
++ ++ ++ - - + - 3

Mero/vaborbacta

m

(RPX 7009)

++ ++ ++ - - +/- - 3

Cefépime/zidebact

am (WCK 5222)
++ ++ ++ ++ ++ ++ - 2

Céfidérocol (S

649266)
(sidérophore 

cephalosporin AB)

++ ++ ++ ++ ++ ++ + 3

Courtesy, JP Bedos …..and others such as plazomicin



WHO's 'priority pathogens' list 
highlights urgent need for new drugs

Feb 27, 2017Priority 1: Critical
• Enterobacteriaceae, carbapenem-resistant, ESBL 
producers
•Acinetobacter baumannii, carbapenem-resistant.
• Pseudomonas aeruginosa, carbapenem-resistant.

Priority 2: High
• Enterococcus faecium, vancomycin-resistant.
• Staphylococcus aureus, methicillin-resistant, 
vancomycin-intermediate and resistant.
• Helicobacter pylori, clarithromycin-resistant.
• Campylobacter spp., fluoroquinolone-resistant.
• Salmonella, fluoroquinolone-resistant.
• Neisseria gonorrhoeae, cephalosporin-resistant, 
fluoroquinolone-resistant.

Priority 3: Medium
• Streptococcus pneumoniae, penicillin-non-
susceptible.
• Haemophilus influenzae, ampicillin-resistant.
• Shigellaspp., fluoroquinolone-resistant.


