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Résistances  Emergentes aux antibiotiques 



Discovery of Penicillin 

1932 Country doctor Cecil Paine tried “Fleming’s droplets” on patients.  
Showed his successful results to Howard Florey who was looking  
for a new project. 

1938-40 Florey & Chain isolated the active principle - penicillin - from the  
droplets and tested it. 

The first patients treated showed improvement but it was not  possible to 
make enough material to complete the cure. 

1945 Fleming, Chain and Florey received the Nobel Prize in Medicine. 
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Most « dangerous bacteria… » 



Gram positives  
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Proportion (%) of multidrug resistant 
 pathogens in invasive isolates, 2004-2015 

BAG Bulletin 2015, 35:650-1 
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    Novel antibiotics: 
ceftaroline/ceftopibrole  

 

- Broad spectrum cephalosporins with anti-MRSA activity 
- Spectrum: 

• MRSA, VISA, VRSA  
• Multidrug-resistant Streptococcus pneumoniae 

- Mechanism of action: cell wall synthesis inhibition 
• Inhibition of transpeptidation (high affinity for PBP2a) 

- Bactericidal	 
 



Gram positives  

Resistance mostly under control 
-  Decreased ATB R prevalence 
-  Novel antibiotics available  





Main microbial pathogens in humans  

Enterobacteriaceae (E. coli, K.pneumoniae…) 

Enterococcus, 
Streptococcus  

Staphylococcus  
Gram positives  

Gram negatives  

Pseudomonas aeruginosa  

Acinetobacter baumannii  



Pouvoir pathogène de E. coli 

. infections urinaires 

. infections intra-abdominales  

. entérites 

. méningites néonatales  

. pneumopathies…. 
 



Résistance aux antibiotiques des souches 
invasives de Escherichia coli, 

Suisse,  2004-2015 
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Proportion (%) de souches invasives 
de E. coli résistantes aux fluoroquinolones  

Suisse, 2004-2015 

BAG Bulletin 2015, 35:650-1 
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Emerging Resistance threats, CDC – USA-2015 

Urgent threat Serious threat  Possible threat 

Carbapenem-
resistant 

Enterobacteriaceae 

Enterobacteriaceae 
producing extended-

spectrum β-lactamases 
(ESBL) 

 Multi-resistant 
Staphylococcus 

aureus 

 Antibiotic 
resistant 

Mycobacterium 
tuberculosis 



Extended-spectrum ß-lactamases (ESBLs) 

 Penicillin/Amino+penicillins.
.
•0Penicillin0G.
•0Ampicillin.
•0Amoxicillin.

 Ureido+penicillins.
.
•Ticarcillin.
.
•Piperacillin.

 1/2nd generation.
cephalosporins. 
•Cefazolin.
.
•0Cefuroxime.
.

 30rd generation.
cephalosporins. 
•0Ceftriaxone.
.
•0Ceftazidime.

 4/5th generation0
cephalosporins00. 
•0Cefepime.
.
•0Ceftaroline.



AMX TIC PIP TZP 

CF CXM TGC FOX 

FEP AMC IMP CTX 

MOX CAZ ATM TCC 

GM TM NET AK 

K CRO ETP TE 

NA NOR LVX CIP 

SXT RA CS FOS 

Multidrug resistance of ESBL-producing Escherichia coli 



Plasticity of the ESBL (CTX-M) genes; from the environment to 
infected and hospitalized patients 

H 

E. coli (CTX-M) 
K. pneumoniae  (CTX-M) 

E. coli (CTX-M) 

Kluyvera sp.  (CTX-M) 
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Proportion (%) of extended-spectrum 
cephalosporin resistant  in invasive isolates, 

2004-2015 in Switzerland 

BAG Bulletin 2015, 35:650-1 
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E.coli 
K.pneumoniae 



2005 

2014 

Résistance aux céphalosporines à large spectre 
Souches invasives de E. coli  



Maris&S&Arcilla,&&et&al.&&
Lancet'Infec*ous'Diseases'
2017'

Percentages of travellers that acquired ß-lactamase-producing 
Enterbobacteriaceae 



 Probability of survival 
of patients with ESBL bacteremia 

Carbapenem 

Pip/Tazo, later 
carbapenem 

Clin Infect Dis 2015, 60:1319–25 





Penicillins Cephalosporins 
 

Carbapenems 

  

Carbapenemases 

Broad-spectrum ß-lactamases in gram negatives  

Extended-spectrum ß-lactamases (ESBL) 





KPC, 2016 
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Wordwide spread of 
 NDM carbapenemases  in Enterobacteriaceae 

Nordmann et al EID 2015 



Compartmentalization of sectors is not valid anymore 
&





K. pneumoniae 



Unknown&distribu7on&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, 2016 Clin Microb Infect, 

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

East, Turkey and India 
-  Community aquisition(+++) High frequency 

transfer  
-  K. pneumoniae, E.cloacae, E.coli (++) 



Carbapenemase producers are spreading  
now in the community   



Carbapenem-resistant K. pneumoniae 

2009 

2016 



E. coli and Klebsiella spp. being resistant to carbapenems, year 2009  

This map summarizes the annual number of patients with isolation of E. coli or Klebsiella spp. with resistance to any carbapenem identified by 
Swiss clinical microbiology laboratories. The geographic distribution indicates the location of the microbiological laboratory and, for reasons of data 
protection, not the patient’s residence. The  number represents data collected in the ANRESIS database.  

© anresis.ch, www.anresis.ch 
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E. coli and Klebsiella spp. with resistance to carbapenems, year 2014  

This map summarizes the annual number of patients with isolation of E. coli or Klebsiella spp. with resistance to any carbapenem identified by 
Swiss clinical microbiology laboratories. The geographic distribution indicates the location of the microbiological laboratory and, for reasons of data 
protection, not the patient’s residence. The number represents data collected in the ANRESIS database.  

© anresis.ch, www.anresis.ch 

109 

37 

5 

2 

3 

24 

13 

1 

4 17 

7 

0 
0 

0 

1 

1 

1 

2 

8 

11 

0 0 

13 

153 

1 

6 

Total: 417 



E. coli and Klebsiella spp. with resistance to carbapenems, year 2014  

This map summarizes the annual number of patients with isolation of E. coli or Klebsiella spp. with resistance to any carbapenem identified by 
Swiss clinical microbiology laboratories. The geographic distribution indicates the location of the microbiological laboratory and, for reasons of data 
protection, not the patient’s residence. The number represents data collected in the ANRESIS database.  

© anresis.ch, www.anresis.ch 
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Carbapenemase-producing Enterobacteriaceae in Switzerland from 2013 to 2016 

None of the authors has a conflict of interest to disclose. 

Fig. 4 Regional and temporal distribution of CPE genotypes in Switzerland from 2013 to 2016. 

Ramette A1, Zbinden R2, Schrenzel J3, Nordmann P4, Kronenberg A1 and the Swiss Centre for Antibiotic Resistance (ANRESIS) 
1Institute for Infectious Diseases, University of Bern, Bern; 2Institute for Medical Microbiology, University of Zurich, Zurich 
3Laboratory of Bacteriology, Geneva University Hospitals, Geneva; 4Molecular and Medical Microbiology, Department of Medicine, University Fribourg 

Results 
After exclusion of duplicate entries, a total of 416 isolates originating from 361 patients were  characterized, 
with 69, 89, 121, and 142 isolates reported from 2013, 2014, 2015 and 2016,  respectively (Fig. 1). The 
species most frequently isolated were Klebsiella pneumoniae (n=240,  60%), Escherichia coli (n=95, 24%), 
and Enterobacter spp. (n=25, 6%) (Fig.  2). 
Out of 418 carbapenemase genotypes, the most frequently found were OXA (n=193, 46%, mostly  OXA-48 
with n=181, 43%), KPC (n=105, 25%) and NDM (n=71, 17%) (Fig.  3). 

From 2013 to 2016, the number of KPC-harboring isolates was relatively stable (about 25 per year in  total), 
whereas both numbers of NDM and OXA harboring isolates increased, from 9 to 25, and from  30 to 60 cases, 
respectively, in this time period. At the regional level, highest number of CPE isolates  were identified in the 
Geneva and North East regions (Fig. 4; Table  1). 

Introduction and purpose 
Increasing rates of carbapenem-producing Enterobacteriaceae  
(CPE) in Europe and all over the world are of great concern  because 
of the broad resistance to multiple antibiotics, which  reduces 
considerably therapeutic options. So far no data was  available for 
Switzerland and the aim of this study was to  analyse CPE data 
available for Switzerland from 2013 to 2016. 

Methods 
In 2013 the Swiss Society for Microbiology defined a network of  8 
Swiss expert laboratories, capable of identifying and  characterizing 
CPE according to EUCAST guidelines. All Swiss  microbiology 
laboratories were asked to send all suspected  human CPE cases to 
one of the expert laboratories for  characterizing the isolates. Data 
was then collated by the Swiss  Antibiotic Resistance Centre 
ANRESIS for epidemiological  analysis. In 2016 CPE was defined as 
notifiable disease by the  Federal Office of Public Health, and data are 
from the  mandatory reports to the FOPH. 

Conclusions and outlook 
Molecular data indicate a high diversity of different  
carbapenemases, with OXA-48, KPC- and NDM-type  
carbapenemases being the most prevalent in  Switzerland. 
Overall OXA-48 and NDM producers are  increasing as 
observed in other European countries  such as in France. 

Significant temporal and regional trends were found  and 
the ongoing mandatory reporting scheme will  provide 
further epidemiological data that will help  define possible 
interventions in the future. 

Contact: Alban Ramette, alban.ramette@ifik.unibe.ch www.ifik.unibe.ch 

  IRR  95% CI   Pvalue 
1.14   (1.04,1.26) 0.008 * Year  Region 

Centre West  East 
GE 
North East  North 
West  TI 
West 
Sex (male) 
Type of specimen  
Blood  Respiratory 
tract  Stool 
Urine  Wound 

0.68   (0.43,1.06) 0.087 
0.90   (0.44,1.87) 0.783 
1.65   (1.02,2.68) 0.041 * 
1.17   (0.76,1.80) 0.482 
0.71   (0.44,1.16) 0.174 
0.85   (0.55,1.32) 0.462 
1.16   (0.74,1.83) 0.523 
1.45   (1.16,1.81) 0.001 * 
 
2.64   (1.80,3.88) 0.000 * 
1.98   (1.34,2.92) 0.001 * 
3.70   (2.60,5.27) 0.000 * 
2.18   (1.58,3.00) 0.000 * 
1.43   (0.94,2.16) 0.095 

Fig. 1. Total number  of 
CPE isolates. 

Table 1. Factors affecting the number of CPE  isolates 
per canton per year. IRR: incident rate  ratio; 
multivariable Poisson regression. 

Fig. 2. Temporal  
distribution of the  most 
prevalent CPE  genera. 
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Fig. 3. Distribution of CPE genotypes over time. 



Rise of Antimicrobial Resistance 
 in Gram-negative bacteria 

Penicillins 

Cephalosporins 

Quinolones 

Tetracyclines 

Carbapenems 

Polymyxins 

1950 

1960 

1970 

1980 

1990 

2000 
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Colistin 
 

-  Synthesis by Bacillus polymyxa spp colistinus 
-  Discovered in the 1940�s 
-  High rates of toxicity (mainly nephrotoxicity)  

The polymyxins; colistin and polymyxin B 



 
  Mostly in veterinary medicine (prophylaxis 

and metaphylaxis) 

Colistin use, 2017 



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 



Plasmid-mediated resistance to colistin 

Lancet Infect Dis, Nov 28, 2015 



2017 





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, 2016 

Imipenem Colistin 





A One-health world; plasmid-mediated colistin resistance  





Classical scheme for diagnostic  
in microbiology 

  Culture 
18h (E. coli) 
to three weeks 
(Mycobacteria) 

AMX TIC PIP CF 

 CAZ    AMC  
MOX   ATM 

CTX  
IPM 

MA  
FOX 

FOS TET TZP CXM 

Direct examination 
Gram staining 

Phenotypic     
identification 

 
 
 
 
 
       Antibiogram 



NaCl 
alone 

Susceptible 
strain 

Resistant 
strain 

Rapid Polymyxin NP test 
 

Colistin - 

Colistin +  

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

2. Useful for antibiotic stewardship, isolation of colonized/infected 
patients 

3. Sensibility 99%, specificity 99% 



Rapid Polymyxin NP test 
 

Patented on behalf of the 
University of Fribourg, 
Marketed in Europe 
since Nov 15, 2016 



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

                      Feb27, 2017 Priority 1: Critical 
• Acinetobacter baumannii, carbapenem-
resistant. 
•  Pseudomonas aeruginosa, carbapenem-
resistant. 
•   Enterobacteriaceae, carbapenem-resistant, 
ESBL-producing. 

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. 
• Shigella spp., fluoroquinolone-resistant. 



Long'term'solu*ons'to'
drug9resistant'infec*ons'
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