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 NDM producers in Enterobacteriaceae 



Colistin 

 

- Synthesis by Bacillus polymyxa spp colistinus 

- Discovered in the 1940’s 

- High rates of toxicity (mainly nephrotoxicity)  

- Renewed interest  in mid-2000’s to treat multidrug-resistant Gram-negative bacteria: 

MDR Klebsiella, Acinetobacter and Pseudomonas sp. 

The polymyxins; colistin and polymyxin B 



 
  Mostly in veterinary medicine (prophylaxis 

and metaphylaxis) 

Colistin use, 2018 



Colistin  

Colistin is a cationic antibiotic that is 

composed of a cyclic heptapeptide 

covalently attached to a fatty acyl 

chain 

 
 
  

+ - 

Lipopolysacharide (LPS) of Gram- 

negative bacteria is composed by : 

- Lipid A 

- Core 

- Oligosaccharide O 

 
 
  

Lipid A  

    Mechanism of action 
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Target of colistin : LPS 

 Mg2+ and Ca2+ 

displacement 

 

 Detergent effect 

 



    Mechanism of action  

1. Fixation 

2. Displacement of divalent cation (Ca2+ et Mg2+) 

4. Penetration throughout the inner membrane 

and inhibition of the respiratory enzymes NDH2 
 

3. Destabilisation of the outer membrane 



Capsule 

LPS 

Outer 

membrane 

Efflux 

pump 

Porin 

     Multiple chromosomal mechanisms 

of colistin resistance 



     Role of LPS in polymyxin resistance 

 Loss of LPS : 

Inactivation of lipid A biosynthesis genes (lpxA, lpxC and lpxD) cause 

loss of LPS and prevent the interactions of polymyxins with its binding 

sites on the LPS, described in A. baumannii 

 LPS modifications : the main mechanism of resistance to 

colistin : 
Addition of 4-amino-4-deoxy-L-arabinose (LAra4N) and or 

phosphoethanolamine (pEtN) to lipid A  Increase of positive charges  

decreased affinity for LPS 

Synthesis of L-Ara4N and pEtN mediated by PmrA / PmrB, PhoP / PhoQ, 

and mgrB gene 



Modification of the chemical structure of the LPS 

Modifications : 

 

-Addition of phosphoethanolamine (pEtN) 

 

-Addition of 4-amino-4-deoxyl-L-arabinose 

(Ara4N) 

 

 

Adaptation against hostile environment 

 

 

Lower affinity for cationic molecules such as 

colistin  

  



Modification of the LPS structure in K . pneumoniae 





2017 



Plasmid-mediated resistance to colistin 

Lancet Infect Dis, Nov 28, 2015 



The MCR-1 protein; a 

phosphoethanolamine transferase 

- A 16-fold increase in MIC of polymyxins (colistin and polymyxin B) 

 

- From 0.5 µg/ml (recipient E. coli) to 8 µg/ml (transconjugant) 

 
 





 Global distribution of plasmid-mediated mcr-1 colistin-

resistant strains isolated from environments, foods, 

animals and humans (November 2015 to April 2016). 

Baron S et al. Int J Antimicrob Agents 2016;48:583-591  



Colistin Resistance- E. coli- animals-France 

Kempf et al. Int J Antimicrob Agents 2016 



Plasmid-mediated colistin resistance:  one-health world  issue 



Webb et al. 2016 

Lancet Infect Dis 

MCR in Salmonella sp. 



Transfer of plamid-mediated colistin  

resistance mcr-1 gene to carbapenamase producers ?  

E. coli K. pneumoniae 

 ? 

mcr-1 

NDM KPC 



Emergence of plasmid-mediated carbapenem and 

colistin resistance in E. coli in Europe 

- Patient from Switzerland, December 2015 

- No history of travel abroad 

- No colistin-based treatment 

- Urinary tract infection: community-acquired 

 

- E. coli isolate resistant to carbapenems, 

 fluoroquinolones, aminoglycosides (except amikacin), 

chloramphenicol, trimethoprim-sulfamethoxazole,  

and colistin 

• Metallo-ß-lactamase VIM-1 + 

• Phosphoethanolamine transferase MCR-1 
 

 
 L. Poirel,  N.Kieffer, N Liassine, P. Nordmann 

 Lancet Infect Dis, 2016 

Imipenem Colistin 

.. Then, 2016-2017, MCR-1 also identified with NDM-1, NDM-2, NDM-9, KPC-2  

and OXA-48 in E. coli, K. pneumoniae and C. sakazakii 





The COLI-RED study: population 

study (Decousser et al.) 

• 6 hospitals in the Paris area 
• 3-month period (2016-2017) 
• all patients  screened systematically upon 

admission 
– to an intensive care  unit  

– anywhere in the hospital if the patient showed 
risk for carriage of emerging extensively drug-
resistant bacteria such as carbapenemase-
producing Enterobacteriaceae or vancomycin-
resistant enterococci (French regulalory action)  

   

Rectal swab (Eswab®) 

• one specimen per patient  
• patient information guaranteed  



The COLI-RED study: method (1) 

 

• Direct inoculation  of one drop of transport 

medium on Superpolymyxin® plate  (ElitechGroup 

Microbiology, France)  Nordmann, Jayol, Poirel. J Clin Microbiol 2016 

• If positive:   
– Each type of colonies was re-inoculated after standardization of the inoculum 

on another Superpolymyxin® plate 

– If positive: 

• Identification using  MALDI-TOF (discarded if Proteus sp. / Providencia 

sp./ Morganella sp./Hafnia alvei) 

• Confirmation test = Rapid Polymyxin NP test ® (ElitechGroup Microbiology, 

France) 



Strategy for rapid identification of  polymyxin resistance 

RamA 

CcrB 

defect 

OmpD defect 

Capsule overproduction 

MCR-1 

Intrinsic Resistance  

(Hafnia alvei, Serratia, Proteus..) 

  Rapid Culture        Biochemistry, molecular biology 

PhoP, PhoQ defect 

MCR-1.2 

AcrAB, KpnEF overexpression 

PmrA defect 

PmrB defect 

MCR-2 

Mgr B defect 

MCR-1 

MCR-2 

MCR-1.2 

PmrB defect 
Intrinsic Resistance  

(Hafnia alvei, Serratia, Proteus..) 

PmrA defect 

CcrB 

defect 

OmpD defect 

Mgr B defect 

RamA 

AcrAB, KpnEF overexpression 



NaCl 

alone 

Susceptible 

strain Resistant 
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Rapid Polymyxin NP test 
 

 

Colistin - 

Colistin +  

 
1. Results: < 2 h (currently AST, 24 h  à 48 h) 

 

2. Useful for antibiotic stewardship , isolation 

 of colonized/infected patients 

 

1.Sensibility 99%, specificity 95-98% 



Results (1) 

 1,217 rectal swabs originating from : 

Patients at risk for carriage of emerging  

extensively drug-resistant bacteria:  13%  

Patients admitted to ICU: 87%  

and hospitalized since: 

Less than 48 hours:  80% 

More than 48 hours: 20%  

 = a relevant snapshot of the colistin resistance prevalence 

mostly from the community setting 

 Rate of E. coli growing on SuperPolymyxin® 

With a positive confirmation test (Rapid Polymyxin NP 

test®); n=168 (12.7 % of patients)  



Results (2) Prevalence of mcr genes 

• All colistin-resistant E. coli isolates (n = 168) tested 

 

 7 mcr-1-positive 

 No other mcr gene detected    

 161 mcr-negative and colistin-resistant strains     



Results (3): Genotype analysis 

• The 7 mcr-1 positive E. coli isolates were submitted to 

whole genome sequencing 

 

• The strain backgrounds corresponded to commensal 

phylogroups (A, B1, E, and Clade I) 

 

• The ST types were all different and all but one 

corresponded to E. coli backgrounds always identified 

from animal sources 

 

• The plasmid scaffolds bearing the mcr-1 gene were 

diverse, corresponding to the formerly identified mcr-1-

positive plasmids (IncHI2, IncX3, IncP) 



 Origin of this high rate of colistin resistant E. coli? 
 

 Antimicrobial selective pressure? Unlikely owing to: 
 
 The community origin for a large part of the patients (>80%) 
 The low consumption of polymyxin in/out hospital setting 

 

 Co-selection of colistin resistance through another way /mechanism beyond the use 

of colistin?  

 
 Genetic determinant?  

 WGS in progress ; Almost all colistin-resistant and non-MCR producing E. coli 

possess a background corresponding to human commensal strains  

 Most of those isolates possess mutations in chromosomal genes involved in LPS 

modification 

 
 



Take home message 

• Chromosome and plasmid-mediated colistin 

resistance are now identified, in particular in E. coli 

and K. pneumoniae 

• Plasmid-mediated resistance is mostly in E. coli 

among animal isolates 

• Association of plasmid-mediated colistin  resistance 

and carbapenemases has been already reported 

• High rate of « isolated » polymyxin resistance in E. 

coli in humans of unknown signification  

• Rapid diagnostic technique for identification of 

polymyxin resistance is now available 


