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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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Antibiorésistance -
un objectif, une stratégie

Maintenir I'efficacité des antibiotiques

NATIONAL STRATEGY
FOR COMBATING ANTIBIOTIC-
RESISTANT
BACTERIA

Stratégie Antibiorésistance
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Most « dangerous bacteria... »
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Proglortlon (7o) of multidrug resistant n

pathogens in invasive isolates, 2004-2015
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Novel antibiotics:
ceftaroline/ceftopibrole

Broad spectrum cephalosporins with anti-MRSA activity

Spectrum:

« MRSA, VISA, VRSA

e Multidrug-resistant Streptococcus pneumoniae
Mechanism of action: cell wall synthesis inhibition

* Inhibition of transpeptidation (high affinity for PBP2a)
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ctul modificat B-lactam: ics in order to methi tal
to lospor (wi ceftobiprole and ceftaroline as exam| )
N NH,
=
7\ 7\
N N N
——————— R s
= Ny N
J’ 4 N J)Et N /<
= i = \GNH \ S = | \
I
B )
\ N ’
=
o o o o .  F TcHy S
-
ftobiprole eftaroline
ig. 130.4 uctural modifi f B-la otics in come methicillin istan ppl d ph | p s (with ceftobiprole
nd ceftarol as example ) h b Iky hyd ph b mole (d d I d ellipse) added t h mol I nal change in PBP2a
esulting in the opening of tl nd II WI g cyl ( activ. )bythe antlb t AI h gh y I g Iy red towards methicillin-
esistant ol isms, MIC main s II typ ally o f dI s hi: gh h n fo eptible increa n lipophilic ty also makes it necessary
o adminis he molecules as prodrugs med I for ceftol bp ole and fo: samylf fta olin ( hown)



Resistance mostly under control
- Decreased ATB R prevalence
Novel antlbIOtICS avallable







Main microbial pathogens in humans

egative
Gram positives Gram n gatives

_~Enterobacteriaceae (E. coli, K.pneumeniae...)
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Pouvoir pathogene de E. coli

1nfections urinaires

nfections intra-abdominales

.entérites

. méningites néonatales

. pneumopathies....



Résistance aux antibiotiques des souches
invasives de Escherichia coli,

Suisse, 2004-2015

Ampacilin
- == Amoxicillin-clavulanic add
------- Piperacillin-tazobactam

- = = = Cephalosporin, 2, gen.
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- s Carbapenem

Aminoglycosides

« Trimethoprim-sulfamethoxazole

Fluoroguinolones

e Nitroturantoin
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Proportion (%) de souches invasives
de E. coli résistantes aux fluoroquinolones

Suisse, 2004-2015
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Emerging Resistance threats, CDC — USA-2015

Multi-resistant

Staphylococcus
Enterobacteriaceae aureus

producing extended-
spectrum [-lactamases
(ESBL)

Carbapenem-
resistant
Enterobacteriaceae



Extended-spectrum B-lactamases (ESBLs)

4/5 generation

nd . .
Penicillin/Amino-penicillins ] Ureido-penicillins 1/2 HEAEIELE 3 rd generation
e cephalosnarins i

cephalosporins
e Penicillin G e Ticarcillin ¢ Cefazolin o Ceftriaxone ¢ Cefepime
e Ampicillin
* Amoxicillin * Piperacillin e Cefuroxime e Ceftazidime e Ceftaroline



Multidrug resistance of ESBL-producing Escherichia coli




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

Kluyvera sp. (CTX-M K. pneumoniae (CTX-M



% resistant

Proportion (%) of extended-spectrum [:
cephalosporin resistant 1n invasive 1solates,
2004-2015 1n Switzerland
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Résistance aux céphalosporines a large spectre
2005 Souches invasives de E. coli
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Percentages of travellers that acquired B-lactamase-producing
Enterbobacteriaceae

/

Maris S Arcilla, et al.
Lancet Infectious Diseases
2017




Adjusted probability of survival

Probability of survival
of patients with ESBL bacteremia
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Broad-spectrum f3-lactamases in gram negatives

Penicillins Cephalosporins Carbapenems

Extended-spectrum B-lactamases (ESBL)

Carbapenemases



KPCs; Klebsiella Pneumonice Carbapenemase
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| Suede

Finlande
Allemagne
Pologne
Suisse
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KPC, 2016
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, S vold . : C. 2009, 53 5046-5054
Charactenzation of a New Metallo-B-Lactamase Gene, Ma\-.m , and a

Novel Erythromycin Esterase Gene Carnied on a Unique Genetic
Structure in Klebsiella prevmoniae Sequence Type 14 from India®

Doageun Yoog'~ Mark A. Toleman,” Chratian G. Geke,” Hyun S Oho* Kristina Sendman,’
Kvengwoa Lee,” and Timothy R. Walsh*
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Wordwide spread of
NDM carbapenemases in Enterobacteriaceae

2

&‘ > [ Outeeass and irsemegional spread of NDM procucess
5 Cpomdc desarption of NDM producens (endemicity|
=& Man Nux of population migraticn

Nordmann et al EID 2015




Compartmentalization of sectors is not valid anymore




BIG PHARMA'S POLLUTION IS CREATING
DEADLY SUPERBUGS WHILE THE WORLD
LOOKS THE OTHER WAY

Environmental standards do not feature ininternational
regulations governing drug production

Iafection
DOL 10,1007/515010-017-1007-2

@ CrossMark

ORIGINAL PAPER

Environmental pollution with antimicrobial agents from bulk
drug manufacturing industries in Hyderabad, South India,

is associated with dissemination of extended-spectrum
beta-lactamase and carbapenemase-producing pathogens

Christoph Liibbert' - Christian Baars® - Anil Dayakar® - Norman Lippmann®* «
Ame C. Rodlolf™ + Martina Kinzig® - Fritz Sérgd®™’

Received: 27 February 2017 / Accepted: § March 2017
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OXA-48 + CTX-M-15

Axtivacrosial, AGENTS asD Cimmoniarary, Jan 2004, p 15-22 Vol. 4§ No. 1
0066-4504/04/808.004+0 DO 101128/ AACAS 1.15-22.204
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Emergence of Oxacillinase-Mediated Resistance to Imipenem in
Klebsiella pneumoniae
Laurent Poirel,' Claire Héritier,' Venus Toliin,? and Patrice Nordmann'*




OXA-48-like producers- Enterobacteriaceae, 2017

- Variable resistance levelgarbapenems ]

Main known reservoirs; North Africa, Middle=
East, Turkey and India

Community aquisition(+++) High frequency [ ]
transfer

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

Unknown distribution of OXA-48-like producer‘.:
Sporadic spread of OXA-48-like producers
Outbreaks due to OXA-48-like producers
Endemicity of OXA-48-like producers

Nordmann & Poirel, 2016 Clin Microb Infect,



Carbapenemase producers are spreading
now in the community




Carbapenem-resistant K. pneumoniae
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E. coli and Klebsiella spp. being resistant to carbapenems, year 2009

Total: 38

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



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

Total: 417

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



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

Total: 417

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



«; Carbapenemase-producing Enterobacteriaceae in Switzerland from 2013 to 2016 ub

Ramette A', Zbinden R?, Schrenzel J3, Nordmann P4, Kronenberg A’ and the Swiss Centre for Antibiotic Resistance (ANRESIS)
Tinstitute for Infectious Diseases, University of Bern, Bern; 2Institute for Medical Microbiology, University of Zurich, Zurich
3Laboratory of Bacteriology, Geneva University Hospitals, Geneva; “Molecular and Medical Microbiology, Department of Medicine, University Fribourg

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.

Fig. 1. Total number of
100 - CPE isolates.

' ' ' '
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Fig. 2. Temporal
60 distribution of the most
.2013 prevalent CPE genera.
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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.

‘Ganjact: Abag Rametle, alan ramette@ifik unibe.ch
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Fig. 4 Regional and temporal distribution of CPE genotypes in Switzerland from 2013 to 2016.

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 (=240, 60%), Escherichia coli (=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).
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Fig. 3. Distribution of CPE genotypes over time.

Sl

—  IRR  95%C] Pvalue
Year Region 1.14 (1.04,1.26) 0.008 *
Centre West East

GE

North East  North 0.68 (0.43,1.06) 0.087

0.90 (0.44,1.87)0.783
West I 165 (1.02,2.68)0.041 *
et 117 (0.76,1.80) 0.482
T:;érgfa:;ecime" 0.71 (0.44,1.16) 0.174
Blood Respiratory 0.85 (0.55,1.32) 0.462
tract Stool 116 (0.74,1.83) 0523
Urine Wound 145 (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 *
143 (0.94,2.16)0.095

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

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.

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



Rise of Antimicrobial Resistance

in Gram-negative bacteria

Penillins
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Cepha%)orins
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Polymyxins /&
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The polymyxins; colistin and polymyxin B

Colistin

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



Colistin use, 2017

Mostly 1n veterinary medicine (prophylaxis
and metaphylaxis)




The polymyxins; colistin and polymyxin B

o we] hn 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.



Lancet Infect Dis, Nov 28, 2015

Plasmid-mediated resistance to colistin

I Other protein

@ Formation of type IV pilus
I Transfer associated

[ Plasmid stability

W Plasmid replication

@ Insertion sequence

[ Antimicrobial resistance
3 Hypothetical protein

Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China:
a microbiological and molecular biological study

Yi-Yun Liv®, Yang Wang*, Timothy R Walsh, Ling-Xian Yi, Rong Zhang, James Spencer, Yohei Dov, Guobao Tian, Baolei Dong, Xianhui Huang,
Lin-Feng Yu, Danxia Gu, Hongwei Ren, Xiaojie Chen, Luchao Ly, Dandan He, Hongwei Zhou, Zisen Liang, Jian-Hua Liv, fianzhong Shen

Year Positive isolates (%)/number of isolates
Escherichia coli
Pigsat slaughter Al 166 (20-6%)/804
Pigs at slaughter 2012 31(14-4%)/216
Pigs at slaughter 2013 68 (25-4%)/268
Pigs at slaughter 2014 67 (20-9%)/320
Retail meat All 78 (14-9%)/523
Chicken 2011 10 (4-9%)/206
Pork 2011 3(6:3%)/48
Chicken 2013 4(25-0%)/16
Pork 2013 11(22:9%)/48
Chicken 2014 21(28-0%)/75
Pork 2014 29(22-3%)/130
Inpatient 2014 13 (1-4%)/902
Klebsiella pneumoniae
Inpatient 2014 3(07%)/420

Table 2: Prevalence of colistin resistance gene mcr-1 by origin
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B Reports of MCR-1-producing isolates in humans
B Reports of MCR-1-producing Isolates in animals
B Reports of MCR-1-producing isolates in both humans and animals

| 2017

Polymyxins: Antibacterial Activity,
Susceptibility Testing, and Resistance
Mechanisms Encoded by Plasmids or
Chromosomes
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Emergence of plasmid-mediated carbapenem and
colistin resistance in E. coli in Europe

- Patient from Switzerland, December 2015 i
- No history of travel abroad
- No colistin-based treatment

- Urinary tract infection-Community-acquired

- E. coli isolate being resistant to carbapenems, : P L L)
fluoroquinolones, aminoglycosides (except amikacin), Imipenem Colistin
chloramphenicol, trimethoprim-sulfamethoxazole,

and colistin

- Metallo-B-lactamase VIM-1 + phosphoethanolamine transferase MCR-1

L. Poirel, N.Kieffer, N Liassine, P. Nordmann; Lancet, 2016
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A One-health world; plasmid-mediated colistin resistance




natwre LETTERS
n‘l leOblOlOgy PUBLISHED: 6 FEBRUARY 2017 | VOLUME: 2 | ARTICLE NUMBER: 16260

Comprehensive resistome analysis reveals the
prevalence of NDM and MCR-1 in Chinese
poultry production

Yang Wang', Rongmin Zhang", Jiyun Li', Zuowei Wu?, Wenjuan Yin', Stefan Schwarz®4,
Jonathan M. Tyrrellt, Yongjun Zheng?, Shaolin Wang', Zhangqi Shen', Zhihai Liv’, Jianye Liv’,
Lei Lei?, Mei Li7, Qidi Zhang?®, Congming Wu', Qijing Zhang?, Yongning Wu°®,

Timothy R. Walsh®* and Jianzhong Shen'™

Figure 1| Sampling diagram and transmission routes of blo,,,, and merd. Black ciecles represent diflerent sactions in the poultry-producing chain. The



Classical scheme for diagnostic
in microbiology

Phenotypic
1dentification
Culture
Direct examination 18h (E. coly)
Gram Staining to three weeks ’;,‘?_!_.!Ej! A s
(Mycobacteria)




Rapid Polymyxin NP test

RIESLARCH

Rapid Detection of Polymyxin
Resistance in Enterobacteriaceae

Patrice Nordmann, Aurlie Jayol, Laurent Polrel
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1.Results: <2 h, currently 24 h a48 h

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

patients

3.Sensibility 99%, specificity 99%
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@ WHO's 'priority pathogens' list
highlights urgent need for new drugs

Priority 1: Critical Feb27, 2017
*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.
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