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Most dangerous bacteria…



ESBLs

Carbapenemases

Those emerging antibiotic resistance problems…

Cephalosporins,

Carbapenems
Aminoglycosides

16s RNA methylases



NDM-1 producers in Enterobacteriaceae





TEMOCILLIN

FOSFOMYCIN

POLYMYXINS



Colistin

- Colistin, polymyxin B

- Synthesis by Bacillus polymyxa spp colistinus

- Discovered in the 1950’s

The polymyxins



Susceptible bacteria

 E. coli, Klebsiella spp. Enterobacter

 P.  aeruginosa,  A. baumannii H. influenzae, Bordetella pertussis

 Salmonella spp., Shigella spp 

 Legionella, Stenotrophomonas maltophilia

Non-susceptible bacteria

 All gram positives

 Gram-negative cocci: N. gonorrhoeae; N. meningitidis

 Proteus group, Serratia spp; Burkholderia spp; Brucella spp

 Anaerobes

Spectrum of Activity



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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Polymyxins interact with lipopolysaccharide
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Lipopolysaccharide

Polymyxin B1

Mares et al. (2009) J. Biol. Chem.
284, 11498



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 

of Gram negatives

Falagas et al, Clin Infect Dis. 2005

Deris et al, J Antibiot. 2013



Toxicity

• Nephrotoxicity

• Neurotoxicity 

– Parasthesia, visual alteration, ataxia, neuromuscular 

blockade

– Reversible on stopping CMS

– Cases are mild & infrequent



Colistin use : hospital acquired pneumonia (HAP) & 

Ventilator associated pneumonia (VAP)

Rationale for inhaled colistin: delivery of antibiotic directly to the 

infection site with the intention of achieving selective targeting 

minimizing systemic exposure & potential adverse effects



Polymyxins.. now

• Last resort antibiotic for MDR Gram 

negatives :

- Klebsiella / carbapenemase producers

–Acinetobacter multi-R

–Pseudomonas multi-R

• In  association

• Loading dose

• Twice a day 12 h; uncertain PK/PD 



Mostly in veterinary medicine (prophylaxis 

and metaphylaxis)

Colistin use



Capsule

LPS

Outer 

membrane

Efflux 

pump

Porin

Multiple and combined 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



Target of colistin : LPS

 Mg2+ and Ca2+

displacement

 Detergent effect



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
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phoP, 1, 4% 

Inconnu 
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Acquired resistance to colistin in K. pneumoniae





Kp KPC-2





Plasmid-mediated resistance to colistin

Lancet Infect Dis, Nov 28, 2015



The MCR-1 protein is a phosphoethanolamine 

transferase

Colistin

LPS



Sweden

UK

France

�

Poland

Denmark

Switzerland

Italy

Portugal

Ireland

Netherland

Belgium

Germany

Reports of MCR-1-producing isolates in humans 

Reports of MCR-1-producing isolates in animals 

Reports of MCR-1-producing isolates in both humans and animals 

MCR-1



Reports of MCR-1-producing isolates in humans 

Reports of MCR-1-producing isolates in animals 

Colombia

Brazil

Canada

Taiwan

Thailand

China

USA

Reports of MCR-1-producing isolates in both humans and animals 

Vietnam

Cambodia

Laos

Malaysia

Japan
Algeria

Tunisia

Egypt

South Africa

MCR-1



MCR-1= a one-health approach





Team Species Plasmid(s) IncGroup Origin Country

Stoesser 
(Uk)

E. coli -1 plasmid
-ISApl1+
-IS1294 +

IncA Feces, human UK, 2012

Suzuki (Jp) E. coli, 
Salmonell
a

-5 plasmids
-Ca 60kb

IncI2 Animal Japan

Herman 
Goosens 
(Be)

E. coli -9 plasmids
-ISApl1 +

ND Rectal swabs pigs Viet-nam

Petrillo (It) E. coli -6 plasmids
-ISApl1 +/-

ND Chicken/water/food
/
pig feces

Malaysia

Madec/Nord
mann (Fr, 
CH))

E. coli -1 plasmid
-60-200kb ?

IncHI2 Animal France, 
2005

Goosens 
(Be)

E. coli -1 plasmid
-Ca 80kb
-dfrA1, tetA,
Aph3’’, 
aadA1

IncX1 Animal Belgium

Nordmann 
(CH)

E. coli ISApl1 +, 
60kb

ND Human (urine) Switzerland

Falgenhauer E. coli -1 plasmid
-ISApl1 +
-blaKPC +

IncX4,
IncHI2

Swine, human Denmark

MCR-1 worldwide
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The mcr-1 gene: genetic features
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pAf48 (South Africa)

pKH457-3 (Belgium)

pAf24 (South    Africa)

pHNSHP45 (China)

64.1kb

62.1 kb

32.4kb

79.8 kb

A 2.6 kb MCR-1-containing cassette 



The mcr-1 gene: the origin, Moraxella spp.

- Moraxella sp are commensal for animals and humans
- Amino acid identity among the MCR-like proteins
- MCR-1 like proteins confercolistin resistance

- The mobile element ISApl1 was found in M. porci
- The IncX4 replicon marker was found in M. lacunata



Plasmid-mediated colistin resistance; a nightmare ?



MCR-1: an optimistic point of view

• MCR-1  still, by  far,  mostly located in animal isolates

• MCR-1 is located in E. coli; very few MCR- producing K. pneumoniae

• MCR-1 isolates still susceptible to many other antibiotics 

• Plasmid conjugation rate of  mcr-1 plasmids: low 

• Prevalence of MCR- producing isolates still low; not a true emerging 

resistance gene: identified already as early as in 2005.

• Very low amount of colistin use in humans (600-fold less than in animals); 

a very light driving force for selecting resistance to polymyxins in humans

• Low level resistance  may indicate a possibility to treat patients with 

polymyxin-containing antibiotics

Nordmann P, Poirel L. CMI, 2016, 22:398-400



August 2016

257 Enterobacteriaceae isolates-

bacteremia,CHUV,  Lausanne, 2015

MCR producer; n = 0 



MCR-1:  a pessimistic point of view

• Plasmid-mediated colistin resistance exists

• Severe infections may be due to MCR-1 positive isolates

• Identification worldwide in the environment, animals and humans

• The main target is E. coli: the main bacterial species exchanged between 

animals and humans; same trend as for CTX-Ms ?

• Further extensive spread from E. coli to K. pneumoniae ?

• Identification on several plasmid backbones: simulateneous events of 

translocation worldwide

• Driving force; polymyxins as growth promoters, prophylaxis and 

metaphylaxis in animals

• Low level resistance: difficult detection; silencious diffusion 

• Plasmid-mediated colistin resistance and carbapenemase may co-exist

Nordmann P, Poirel L. CMI, 2016, 22:398-400



Transfer of plamid-mediated colistin 

resistance mcr-1 gene to carbapenamase producers ? 

E. coli K. pneumoniae

?

mcr-1
NDM, VIM, KPC..



Laurent



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 being 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, Jan 7

Imipenem Colistin



The future 



Strain n CB-182,804 PolymyxinB

MIC50 MIC90 MIC90 MIC90

E.coli 3049 2 4 1 1

K.pneumoniae 1155 2 4 1 2

P.aeruginosa 679 2 8 1 2

A.baumannii 407 2 4 1 2

Cmpd IC50(µg/ml)

PMB 318

CB-182,804 >1,000

Cubist CB-182,804

24

Cytotoxicity vs LLC-PK1:

WO2010/075416
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In vitro activity

Improved toxictiy but at the expense of in vitro activity

Future; novel colistin –like molecules



Microorganism n NAB739 PolymyxinB

MIC50 MIC90 MIC50 MIC90

E.coli 51 1 2 0.5 2

K.pneumoniae 50 2 2 0.5 1

P.aeruginosa 49 4 8 1 2

A.baumannii 49 16 16 1 2

Compound IC50(µg/ml)

PMB 13

NAB739 337

NAB739 – Northern Antibiotics
Cantab
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Cytotoxicity (HK2):

Vaara & Vaara (2013) Int. J. Antimicrob. Agents
41., 292.
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Novel colistin –like molecules



Rise of Antimicrobial Resistance

in Gram-negative bacteria

Penicillins

Cephalosporins

Quinolones

Tetracyclines

Carbapenems

Polymyxins

1950

1960

1970

1980

1990

2000









Aminoglycosides






Rise of Antimicrobial Resistance

in Gram-negative bacteria

Penicillins

Cephalosporins

Quinolones

Tetracyclines

Carbapenems

Polymyxins

1950
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1970

1980

1990
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
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


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
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



Conclusion

• Chromosome and plasmid-mediated colistin 

resistance are now identified, in particular in 

E. coli and K. pneumoniae

• Novel polymyxin-like molecules are under 

development

• Rapid diagnostic technique for identification 

of colistin resistance is needed.


