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Resistence to Colistin in Gram negatives 

• Polymyxin resistance in Gram-negative bacteria is primarily 

due to post-translational modification of the lipopolysaccharide 

(LPS) molecules that form the outer layer of the outer 

membrane. 

 

• In most resistant strains, substituents such as 4-amino-4-

deoxy-l-arabinose (l-Ara4N), phosphoethanolamine (pEtN) or 

galactosamine are enzymatically added to the lipid A or the LPS 

core; alternatively, the LPS part of the outer membrane may be 

completely lost in some other isolates. 
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• Colistin resistance is predominantly 

achieved through a reduction of the 

electrostatic attraction between colistin 

and the Gram-negative outer membrane 



Schematic representation of regulation of genes 

involved in polymyxin resistance in clinical isolates 

of Klebsiella pneumoniae 
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115 pts mortality 72% 



Colistin resistant K. pneumoniae Colistin susceptible K. pneumoniae 

COL susceptibility confirmed by broth microdiluition 



Colistin-resistant Klebsiella 

pneumoniae. 

Which treatment? 



Fosfomycin 

• Cell wall active antibiotic, with a structural simplicity and low 

molecular weight 

• Penetration into the cell wall achieved through transport systems 

utilized by alpha-glycerol-phospate and glucose-6-phosphate 

block the formation of N-acetylmuramic acidbactericidal (Gram+, 

Gram-) 

• Urinary infections fosfomycin tromethamine (>50% bioavability 

after oral administration) 

• Systemic infections IV formulation (4 gm every 6 hours and more). 

• Resistance is rare in E coli (chromosome encoding transport 

systemsGIpT and UhpT) 



Fosfomycin resistance in Klebsiella and 

Enterobacter sp. 

• In clinical isolates up to 20%  (Akova M et al. Clin Microb Infect 2012; 

18:439-48) 

 

• Resistance is also mediated through plasmids that code for fosfomycin-

inactivating enzymes (fosA). 

 

Monotherapy 

with 

Fosfomycin 

may select 

resistance 



Tigecycline 

Castanheira M et al. 
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retrospective cohort study on 50 patients with severe infection caused 

by carbapenem-resistant and colistin-resistant K. pneumoniae 
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Novel antimicrobial agents against CRE 

 

 

 

 

• Avibactam is a non-β-lactam β-lactamase inhibitor 

that is active against known Ambler class A and C β-

lactamases with activity against some Ambler class 

D enzymes as well. 

 

• In vitro, avibactam inhibits the activity of Ambler 

class A (including ESBL and KPC), class C 

(i.e. AmpC), and some class D (including OXA-48) 

enzymes.  

 

• It is not active against MBLs (e.g. NDM, VIM, IMP) due 

to the absence of the active-site serine residue in 

these enzymes. 

Lee CS et al. Infect Chemother  2014; 

46:149-64  





• A collection of 63 K pneumoniae, all resistant to 

colistin (MICs of colistin ranging from 8 to>128 mg/L), 

recovered from clinical samples in France, Colombia 

and Turkey were tested. 

• Aim: to determine the in vitro activity of 

ceftazidime/avibactam, alone (for A [KPC] and D 

[Oxa48 et der] carbapenemase producers) or in 

combination with aztreonam (for class B [MBL] 

carbapenemase producers) against Colistin-resistant 

and carbapenemase-producing K. pneumoniae 





The synergy of the combination of 

ceftazidime/avibactam with aztreonam against NDM 

producers could be explained by the neutralization of 

the ESBL activity by avibactam allowing a restoration 

to aztreonam. 



Denervaud-Tendon V et al. J Antimicrob Chemother 2017; 72: 2787-91 

• Plazomicin (plazomicin sulphate, ACHN-490) is a novel 

semisynthetic aminoglycoside derived from sisomicin. 

  

• Plazomicin is insensitive to classical aminoglycoside-

modifying enzymes such as acetyl-, phosphoryl- and 

nucleotidyl-transferases. 

  

• Plazomicin is active against clinical isolates possessing a 

broad range of resistance mechanisms, including ESBLs, 

carbapenemases and fluoroquinolone target site mutations.  

 

• This novel antibiotic has the potential to address an unmet 

medical need for patients with serious MDR 

Enterobacteriaceae infections, including those caused by 

carbapenem- and colistin-resistant isolates. 



Denervaud-Tendon V et al. J Antimicrob Chemother 2017; 72: 2787-91 

• Susceptibility to plazomicin and comparators was 

tested by broth microdilution for a collection of 95 

colistin-resistant enterobacterial isolates collected from 

29 hospitals in eight countries.  

 

• Forty-two isolates (Klebsiella pneumoniae and 

Klebsiella oxytoca) possessed chromosomally encoded 

resistance mechanisms to colistin, 21 isolates 

(Escherichia coli and Salmonella enterica) expressed 

the mcr-1 gene, 8 isolates (Serratia, Proteus, Morganella 

and Hafnia) were intrinsically resistant to colistin and 24 

isolates (K. pneumoniae, E. coli and Enterobacter spp.) 

had undefined, non-mcr-1 mechanisms. 



Denervaud-Tendon V et al. J Antimicrob Chemother 2017; 72: 2787-91 

• Plazomicin inhibited 89.5% and 93.7% of the colistin-

resistant enterobacterial isolates at 2 and 4mg/L, 

respectively.  

 

• MICs of plazomicin were 2mg/L for all of the mcr-1 

positive isolates and 4mg/L for all the intrinsic colistin-

resistant Enterobacteriaceae.  

 

• Non-susceptibility to currently marketed 

aminoglycosides was common: amikacin, 16.8%; 

gentamicin, 47.4%; and tobramycin, 63.2%.  

 

• Plazomicin was the most potent aminoglycoside tested 

with an MIC90 of 4mg/L, compared with 32,>64 and 

64mg/L for amikacin, gentamicin and tobramycin, 

respectively. 



Dobias J et al. Eur J Clin Microbiol Infect Dis 2017; 36:2319–2327 

• Cefiderocol (CFDC) is a novel parenteral siderophore 

cephalosporin also known as S-649266.  

 

• It possesses a unique mechanism for penetrating 

efficiently into Gram-negative pathogens.  

 

• It uses a “Trojan horse” strategy by binding free iron 

and is then actively transported into bacterial cells 

across the outer membrane of Gram-negative bacteria 

by way of the iron-transport system 



Dobias J et al. Eur J Clin Microbiol Infect Dis 2017; 36:2319–2327 

Evaluation of the antimicrobial activity of cefiderocol against a panel of 

753 multidrug-resistant bacterial isolates from human clinical sources 

with characterized antibiotic resistance mechanisms. 



Dobias J et al. Eur J Clin Microbiol Infect Dis 2017; 36:2319–2327 

• Colistin-resistant strains had high susceptibility to 

cefiderocol (≤0.5/≤2) and some activity for 

ceftolozane–tazobactam in the case of E. coli 

(0.25/>64), ceftazidime–avibactam (0.5/>64), 

amikacin (≤4/16), and tigecycline (≤1/≤1).  

 

• Except for cefiderocol and tigecycline, the MIC90 

values were close to or above the upper limit of the 

concentration range of the tested antibiotics for the 

Enterobacteriaceae being resistant to colistin.  

 



Ceccarelli G et al. Antimicrob Agents  

Chemother 2013; 57: 2900-1 



Should Colıstın always be 

avoıded for C-R K 

pneumonıae? 



Jernigan MG et al. Antimicrob Agents Chemother 2012;56:3395-8 

Doripenem plus colistin was synergistic against 60% 

(6/10) or 67% (4/6) of isolates that were resistant to 

colistin (MICs, 4 to 64 ug/ml) or resistant to all agents, 

respectively 



Elemam A et al. J Clin Microbiol 2010;48:3558-62 

Synergy when 

rifampin, 

doxycycline and 

tygecycline were 

added for 

polymixin B 

resistant CRE 

 



• mcr-1 confers resistance to colistin-induced lysis and 

bacterial cell death, but provides minimal protection from 

the ability of colistin to disrupt the Gram-negative outer 

membrane. 

 

• For colistin-resistant strains of Enterobacteriaceae 

expressing plasmid-borne mcr-1, clinically relevant 

concentrations of colistin potentiate the action of 

antibiotics that, by themselves, are not active against Gram 

negative bacteria. 

 

• Several antibiotics, in combination with colistin, display 

growth-inhibition at levels below their corresponding 

clinical breakpoints. 







New therapy from old drugs: Synergistic bactericidal activity of 

sulfadiazine with colistin against colistin-resistant bacteria, including 

plasmid mediated colistin-resistant mcr-1 isolates  

Okdah L et al. Int J Antimicrob Agents. 2018 Feb 5 

A collection of 55 COL-resistant and -susceptible bacteria from different 

origins (Laos, Thailand and France) were used 



New therapy from old drugs: Synergistic bactericidal activity of 

sulfadiazine with colistin against colistin-resistant bacteria, including 

plasmid mediated colistin-resistant mcr-1 isolates  

Okdah L et al. Int J Antimicrob Agents. 2018 Feb 5 



New therapy from old drugs: Synergistic bactericidal activity of 

sulfadiazine with colistin against colistin-resistant bacteria, including 

plasmid mediated colistin-resistant mcr-1 isolates  

Okdah L et al. Int J Antimicrob Agents. 2018 Feb 5 



• Colistin-resistant CR-Enterobacteraceae infections is 

challenging 

 

• Treatment options are limited. They should take into account 

the medication itself, patophysiology, site of infection and 

PK/PD profile 

 

• Scant data are available on mono vs combo therapy 

 

• Combo therapy includes tige+aminoglicoside, 

fosfo+aminoglicoside+tige, etc.. 

 

• New options: avibactam, plazomicin, siderophors 

 

• For mcr1 strains colistin can be included in the combination 

therapy 

 

• Old drugs should not be ruled out (sulfadiazine, macrolides) 

 

Take home messages 


