
PLASMID OVERFØRBART

COLISTINRESISTENS HOS 

ENTEROBACTERIACEAE

Robert Skov, MD
Microbiology og Infection Control 

Statens Serum Institut, 
Denmark



COLISTIN USAGE

Colistin is an increasingly important antimicrobial for human medicine due 

to the increase of carbapenem resistant organisms

Antibiotika KPC MBL OXA-48

Meropenem +/- +/- +/-

Temocillin +/- - -

Ceftolozan-

tazobactam

- - -

Ceftazidim-

avibactam

++ - ++

Colistin + + +



VETERINARY USAGE OF COLISTIN

Has been used for > 50 years in veterinary medicine

- Pigs, poultry and cattle

- Colibacilosis

- 99% is oral formulations used in feed or water

• In Europe use for prophylaxis is not allowed – however 

metaphylaxis is……….



VETERINARY USAGE OF COLISTIN

Worldwide estimated usage

- ~12.000 tons (2015)

- ~16.500 tons (2021)

Europa

- ~460 tons

Danmark

- 0,7 tons



COLISTIN RESISTANCE

Colistin is a positively charged antimicrobial peptide 

Colistin binds to lipid A creating an electrostatic interaction with divalent 

cations of the outer bacterial membrane, causing a disruption of the cell 

membrane

Resistance (up to recently) has been chromosomaly mediated 

- Mutations in the two-component regulatory system PhoPQ-PmrAB

• leads to an altered charge in the lipopolysaccharide (LPS) and 

therefore lower binding of the positively charged polymyxins



PLASMID BORNE COLISTIN RESISTANCE

Liu, LID, 2015



PREVALENCE OF MCR-1

Liu, LID, 2015



INCI2 PLASMID

Transferrate: 10-1 – 10-3 TK/recipients (High!)



RESISTANCE MECHANISM MCR-1

Not fully elucidated

Phosphoetanolamin tranferase

- Similarities to genes from Neisseria, Paenibacillus and campylobacter

Phosphoetanolamin is added to lipid A and thereby increases the positive 

charge which reduces the binding of colistin

MIC is typically only slightly increased

- Susceptible isolates have been reported



EFFECT OF COLISTIN IN MICE THIGH MODEL



The CGE Pipeline



RAPID RE-ANALYSIS - (FROM LAB TO LAP-TOP)



MCR-1 POSITIVE ISOLATES

Furthermore one E. coli isolate from i 2011



MCR-1 IN SALMONELLA, DENMARK

>8000 isolates screened since 2008

Four isolates positive for mcr-1

- MIC = 8 eller 16 µg/mL

• Two cases from 2014 (O:4, 5, 12; H:i: -) 

• Two from 2015 (O:4,12; H:i: -)

- Identical by WGS



PRESCENCE OF MCR-1

Humans

Farm animalsFarm animals



THE STORY UNFOLDS

Very few unselected strain collections have been investigated

Found widespread in the world

mcr-1 positive isolate found back in the 1980s in China

Oldest isolate in Europe

- Animals: 2005 veal calves, France

- Humans: 2011, Denmark and Netherlands

Isolates are often MDR (selection bias!)

- Found in non MDR isolates too

Found in 6% of French turkeys – unselected!

- Otherwise low frequencies (reported…)

Found in up to 40% of strains from animals I Asia

Seemingly increasing prevalence in China!

- Found among newborn in China



SUSCEPTIBILITY TESTING

Susceptibility testing of colistin is performed by testing colistin sulphate 

Breakpoints S≤ 2 mg/L

R> 2 mg/L

Presently only broth dilution is recommended

- NO disk diffusion / gradient test / agar dilution

• EUCAST Development laboratory is evaluating these methods

Use: 

- uncoated polystyrene microtiter plates; 

- cation adjusted Mueller-Hinton broth without any other additives 

• in particular no polysorbate 80 or other surfactants



SUSCEPTIBILITY TESTING

colistin 3.5 μg/ml. Since some Streptococcus and

52 Staphylococcus strains may still grow on EBM medium, daptomycin

(Novartis, Horsham,

53 UK) was added at a concentration of 10 μg/ml. Noteworthy, 

daptomycin and not vancomycin

54 was added since vancomycin potentiates the activity of colistin against 

several gram negatives

55 (6, 7). Amphotericin B (Bristol-Myers-Squibb, Rueil-Malmaison, 

France) was also added as

56 anti-fungi molecule at a concentration of 5 μg/ml.



SUPER POLYMYXIN MEDIUM

Agar: Eosine-Methylene-Blue (EMB) medium

- colistin 4 mg/l

- daptomycin 10 mg/l

- Amphotericin 5 μg/ml.

88 isolates

- 52 colistin R

• 45 acquired

• 7 intrincic

- 26 Colistin S

100 % sensitive and specific



RAPID POLYMYXIN TEST

 Test principle :

Glucose metabolism by alive bacteria involve acidification of the 

media, which make turned the phenol red from orange to yellow.

In presence of colistin :

- Strains susceptible to colistin are dead : test 

- Strains resistant to colistin are alive : test 

neg pos

neg

pos

Nordmann P, Jayol, Poirel L. Rapid 

detection of polymyxin resistance in 

ENterobacteriaceae. Emerg Infect Dis. 

2016. In press. 



METHOD

3 to 3.5 McFarland optical density (ca. 109 CFU/ml)

Broth containing (final concentrations

- 2.5 % of MHB-CA powder, 

- 0.005 % of phenol red indicator, 

- 1 % of D (+)-glucose

- colistin of 5 µg/ml

Incubation

- 37 C, oxygen present!

Reading

- 15 min , 1,2,3 and 4 hours

Without 

colistin

With 

colistin

NaCl CS S CS R Sample



CONCLUSIONS

The recently discovered plasmid borne mcr-1 has been around for quite 

some time

- Significance?

BUT we are increasingly using colistin in human medicine and thereby 

increase the selection pressure

Risk management

- Prudent use of colistin

- Restrinction of use in veterinary medicine

• EMA have activated the AMEG ad hoc group to produce a revised 

recommendation for use of colistin
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