Resistance to polymyxins in

Eiterobacteriaceae
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Most dangerous bacteria...
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NEISSERIA ACINETOBACTER STAPXTLOCOCCUS BURKHOLDERIA PSEUR-DMONAS
GONORRHOEAE BAUMANNII AISREUS (MRSA) CEPACIA AF2UGINOSA
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CLOSTRIDIUM ESCHERICHIA MYCOBACTERIUM KLEBSIELLA STREPTOCOCCUS
PDIFFICILE COLI (E.COLY TUBERCULOSIS PNEUMONIAE PYOGENES




Those emerging antibiotic resistance problems...
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Cephalosporings”
Carbapenerps

16s RNA methylases



NDM-1 producers in Enterobacteriaceae
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ANTIBIOTIC VINTAGE
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Synthesis by Ba%{ius polymyxa spp colistinus
Discovered in the 1950’ s



Spectrum of Activity
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Susceptible bacterlaa“‘
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» E. coli, Klebsq‘%lla spp. Enterobacter
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> P. aerug?nosa A. baumannii H. mfluenzae ‘Bordetella pertussis &
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Non-susceptible bacteria

» All gram positives >

» Gram-negative Q@(E\ci: N. gonorrhoeae; N. meningitidis
» Proteus group, Serratia spp; Burkholderia spp; Brucella spp
» Anaerobes



Mechanism of action
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Q,,;@Colistin

Colistin is a cationic antlblotlc I;hat IS Llpopolysacharlg@"‘(LPS) of Gram- negative
composed of a cyclic heptacgébtlde bacteria is cor@posed by :
covalently attached to a fatty acyl chain - LipidA  ©

© - Core

- Oligosaccharide O
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Polymyxins interact with lipopolysaccharide
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Mares et al. (2009) J. Biol. Chem.
284, 11498

Lipopolysaccharide

22



outer membeans -

Nnes membeans

NAD+

NADH

1. Fixation

et MgZ+)

o
<O
O
&
<
,-\Qa 2

&

Mechanlsm of action

;«;« "Destabilisation of the outere*membrane
& ‘of Gram negatives 0\;,8"

4. Penetration throughout the inner

membrane and inhibition of the respiratory

enzymes NDH2

Falagas et al, Clin Infect Dis. 2005
Deris et al, J Antibiot. 2013
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Joxicity
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Colistin use : hospltal acquired pneumonia (HAP) &
Ventllator assomated pneumonia (VAP)

Rationale for inhaled g@hstm delivery of antibiotic d©|¢6§ctly to the
infection site with ga%‘ Intention of achieving selective targeting
minimizing systemic exposure & potential adverse effects



Pglymyxins.. now
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Calistin use

2
&
&
Q"b
<

reé\

Mostly | Laab“vetermary medlcme (prophyIaX|s
and me‘faphylams)




Multiple and combined chromosomal
mechanismas of colistin resistance
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Role of LPS In polymyxin resistance
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% Loss of LPS :

Inactivation Otb\‘hpld A biosynthesis genes (IpxA, IpxC and IpxD) cause o
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loss of LPSQénd prevent the interactions of polymyxms with its binding
sites ongéhe LPS, described in A. baumarmu @@\‘
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qstPS modifications : the mgm mechanism of reastaﬁce to
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colistin - &
Addition of 4-amino-4- deoxy~ sarabinose (LAra4N) and og
phosphoethanolamine (pEtN) to lipid A =» Increase of Qbsmve charges =»
decreased affinity for LE<§ Q}d?*

Synthesis of L- Ara4M°%1nd PEIN mediated by PmrA’ PmrB, PhoP / PhoQ,
and mgrB gene




Target of colistin : LPS
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Modification of the chemical structure of the LPS

\
?}b
%8
&

Modifications :
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-Addition of phosphoethanolamine (PEtN)

&

&
Q‘.« e\\e
(0

-Addlgwn of 4-amino-4-deoxyl-L- arablngse

'Q";\oo .ca"ép
\ ("2"96@ ‘-:8\0\
o, é’\@
(& => Lower affinity fg:6 cationic molecules such as
©
G @@d?* colistin

PagP

Nature Reviews | Microbiclogy



Modification of the LPS structure
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Acquired resistance to colistin in K. pneumoniae
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Resistance to Colistin Associated with a Singlg®Amino Acid Change in
Protein PmrB among Klebsiella pneumonigé Isolates of Worldwide
Origin 5-\00
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The mgrB gene as a key target for acquired resistance to colistin
in Klebsiella pneumoniae
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High rate of CD|I§<ﬁI"I resistance among patients wlg:h carbapenem-resistant

Klebsiella pneuhmnme infection accounts for amie-.xcess of mortality
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RAPID COMMUNICATIONS

Colistin resistance superimposed to endemic

carbapenem-resistant Klebsiella pneumoniae: a rapidly

evolving problem in Italy, November 2013 to April 2014
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Consecutive non-replicate clinical isolates (n=191) .ea,‘.k
of carbapenem non-susceptible Enterobacteriaceae "QS“ 8‘6
were collected from 21 hospital laboratories across ,,{‘z’ &

Italy from MNovember 2013 to April 2014 as part nf&é"“

the European Survey on Carbapenemase-produci
Enterobacteriaceae (EuSCAPE) project. Klebsiella @lku-
moniae carbapenemase-producing K. pneu\rﬁ:ﬂme
(KPC-KP) represented 178 (93%) isolates withGF6 (439%)
respectively resistant to colistin, a2 key d®g for treat-
ing carbapenamase-producing Enterobacteriaceae.
KPC-KP colistin-resistant isolates were detected in
all participating laboratories. This underscores a con-
cerning evolution of colistin resistance in a setting of
high KPC-KP endemicity.

| Maddalena Grazzini ® Fabrizio Niccolinl,® Patrizia Pecile,® Glan Maria Rossolini™2=F

- Y

Large Nosocomial Outbreak of Coﬁﬁn-[{esistant, Carbapenemase-
Producing Klebsiella pn'eumaﬂia(&\@ raced to Clonal Expansion of an
mgrB Deletion Mutant ©

Tommaso Glani,® Fablo Arena,® Guendalina Vaggelll,® Viola Conte,® Adriana Chiarelll,® Luda Henrid De Angelis,® Rossella Fornainl,®

Department of Medical Biotechnologies, University of Siena, Siena, iaty*; Clinical Microbiology and Virology Unit™ Hospital Pharmacy Unit” and Hospital Medical
Direction,” Florence Caregai University Hospital, Florence, Italy: Department of Experimental and Clinical Medicine, University of Florenee, Florence, Italy®: Don Carlg
Gnocchi Foundation, Forence, tahy?!

‘We describe a large hospital outbreak (93 bloodstream infections) of collstin-resistant Klebsiella pneumoniae carbapenemase
(KPC)-producing K. pnewmoniae isolates which was mirrored by increased colistin consumption. The outbreak was mostly
traced to the clonal expansion of an mgrB deletion mutant of an ST512 strain that produced KPC-3.




SURVEILLANCE AND OUTBREAK REPORT

National survey of colistin resistance among
carbapenemase-producing Enterobacteriaceae and

outbreak caused by colistin-resistzat OXA-48-producing

Klebsiella pneumoniae, France, 2014

AJayolt, L Poirel*, L Dortet >+, P Nordmann ***
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From a@ary 2014 to December 2014, 972 con-
sec tl& non-replicate carbapenemase-produc-
lng__&nterobacteriaceae isolates from colonised or
cted patients were collected at the Associated
©French National Reference Centre as part of the
French national survey on antimicrobial resistance. It
included 577 Klebsiella spp. (59%), 236 Escherichia
coli (24%), 108 Enterobacter spp. (11%), 50 Citrobacter
spp. (5%), and a single Salmonella spp. isolate (0.1%).
Of 561 K. pneumoniae isolates, 35 were found to be
resistant to colistin (6.2%). PFGE analysis revealed a
clonal outbreak involving 15 K. pneumoniae isolates
belonging to sequence type ST11, recovered in a sin-
gle hospital in the Picardie region in northern France.
Those clonally related isolates showed variable levelg)¥

of resistance to colistin, ranging from 4 to 64 4
They harboured the bla,, . carbapenemas ne
and the bla_, , . extended-spectrum beta-lgytamase

gene. Among the 91 Enterobacter cloacae isolates,
seven were resistant to colistin and produced different
types of carbapenemases. Surprisingly, none of the E.
coli and Citrobacter spp. isolates showed resistance
to colistin. This national survey including carbapene-
mase-producing isolates recovered in 2014 reported a
high rate of colistin resistance in K. pneumoniae and
E. cloacae (6.2% and 7.7%, respectively) in France.

stance, Le Kremlin-Bicétre, France

BicBtre, France

4. Bacteriology-Hygiene unit, Hospital Bictre, Assigfince Publique /Hdpitaux de Paris, Le Kremlin-Bicétre, France
5. University of Lausanne and University Nospita@nter. Lausanne, Switzerland

rvey of colistin resistance among carbagenemase-producing Enterobacteriace2e and outbreak caused by

/\0

parts of the world.
penemase-producing

currently almost unknown in
In Italy, an increase in

Geographic distelbution of collstin-reslstant Enterobacteriacens Isolates, France, Janwary-December 2004 (n » 43)

Enterobacteriaceae has bgdi noted in the past years, | [

but the situation remair® unknown in France [1]. The
lack of information «%out the prevalence of colistin
resistance amongifhultidrug-resistant enterobacterial
isolates derive€@rom several reasons: (i) so far, there
has beer:gli'piled interest in that field, (i) methods
used for ¢itermination of colistin susceptibility are not

N et o ol rovatant

adequa"&"’, and (iii) the lack of well-defined breakpoints
doegShot allow precise determination of prevalence.
ever, the recent identification of a plasmid-borne
e'aolymyxin resistance determinant (MCR-1) raised a
very serious concern in that resistance to colistin might
widely disseminate [2].

The aim of this study was to evaluate retrospectively
the prevalence of colistin resistance among a collec-
tion of CPE strains recovered in France during a period
of one year and to analyse the phenotypic, genotypic
features and clonality of the colistin-resistant isolates.

Methods
Carbapenemase-producing Enterobacteriaceae

isolates
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Plasmid-mediatedsresistance to colistin
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Emergence of plasﬁ'ud mediated colistin resistance
mechanism NL@ﬁ 1in animals and human beings in China:
a mlcrobloLe‘glcaI and molecular biological study

\
Yi-Yun Liu* Yang\&ang Timothy R Walsh, Ling-Xian Yi, Rong Zhang, James Spencer, Yohei Doi, Guobao Tian, Bu ong, Xianhui Huang,
Lin-Feng Yu, Dg(éua Gu, Hongwei Ren, Xiaojie Chen, Luchao Lv, Dandan He, Hongwei Zhou, Zisen Liang, Jian- H&}L:u Jianzhong Shen

L .
Sl S
Provinces of high pig production L\,‘j-'w T -
Provinces of high chicken production jong Kong
® Area of retail meat sampling for mor- 1 screeniing
® Areaof live animal sampling for mo-1 screening
® Area of inpatients for ma-1 screening [
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] 0 Q
NS «e§‘
'\‘o (\6\ :
\q’Q 59 Year Positive isolates (%)/number of isolates
N 2
\(-? ob‘ Escherichia coli &
©Q‘ 54000 I <
Q’-‘\Qf Pigs at slaughter Al 166 (20-6%)/804 o
% 12000 «0& Pigs at slaughter 2012 31 (14-4%)/216 ' c,e.é
éef” Pigs at slaughter 2013 68 (25-4%)/268 c,;\e'
tmL: ‘ef’e' Pigs at slaughter 2014 67 (20:9%)/320 g\o
400D i Retail meat All 78 (14 9%)/@)
iB 566 Chicken 2011 10 (4- 9@&)6
< Pork 2011 0)/48
“ » \,]'Q'\' 1SApll 2 I Other protein Chicken 2013 &5.0%)/16
: v mer-1 B Formation of type IV y
RN Q}(F‘ I Bl Transfer associated Pork 2013 11(22:9%)/48
24000 Plasmid stability Chicken 2014 21 (28-0%)/75
I Plasmid replication
B Insertion sequence Pork 2014 29 (22:3%)/130
B Antimicrobial resistan . 5
30000 = Hypothetlcal protein Inpatient 2014 13 (1-4%)/902
— | Klebsiella pneumoniae
Inpatient 2014 3(0-7%)/420
Table 2: Prevalence of colistin resistance gene mcr-1 by origin




The MCR-1 pr;\gtein IS a phosphoethanolamine
< transferase
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Structure of the catalytic g@'?\am of the
colistin resistance enzyge MCR-1

Viatko Stojanoski'?, Banumathi Sankaran®, B. V, %Tavam Prasad’, Laurent Poirel*, Patrice Nordmann**
and Timothy Palzkil'**

Abstract

Due to the paucity of novel antibiotics, colistin has become a last resort antibiotic for treating multidrug resistant
bacteria. Colistin acts by binding the lipid A component of lipopolysaccharides ané subsequently disrupting the
bacterial membrane. The recently identified plasmid-encoded MCR-1 enzyme s the first transmissible colistin resistance
determinant and is a cause for concen for the spread of this resistance trait. MCR-1 2 phosphoethanolamine
transferase that catalyzes the addition of phosphoethanolamine 1o lipic A to decrease colistin affinity. The structure of
the catalytic domain of MCR-1 at 1.32 A reveals the active site is similar to that of related phosphoethanciamine
transferases. The putative nucleophile for catalysis, threcnine 285, is phosphorylated in ¢MCR-1 and a zinc is present at
a conserved site in acdition to three zincs more peripherally located in the active site. As noted for catalytic domains of
other phosphoethanolamine transferases, binding sites for the lipid A and phosphatidylethanclamine substrates are
not apparent in the cMCR-1 structure, suggesting that they are present in the membrane domain.
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MCR-1= a one-heglth approach
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OBJE’E ENTEROBACTERIES PORTEUSES DU GENE MCR-1 DE RESISTANCE PLASMIDIQUE A LA COLISTINE

) ﬁaﬂlon

06’ ) Etablissements hospitaliers OJSAMU / Centre 15
d\ob Service(s) concerné(s) :
2
<
\\“55’.‘4 ’ ,,\@
s Pour information )
c\'ef" #0Gos #ARS PéNsP
& & CpGes WIARS de Zone aQEMSM Oautre :
AN
6{‘:’ Des souches d’entdrobactéries porteuses du géne mer-I de ¢ o ph dique A la col émergent dans le monde
‘_’8‘ Décrites Initialement en Chine, de telles souches ont 6té Iwm&&m d'autres pays (dans Menvironnement, la nourniture, che:
’\0\5‘ les animaux, mais aussi chez 'homme) en Europe (Espagne, @um Uni notamment), au Canada et sux Etats-Unis.
o
q,Q'\' En France ultramarine, dans le cadre d'une dtrospective, le Contre national de référence de la résistance aux
& antiblotiques a signalé & Santé publique France emidre détection de deux souches d'Escherichio coll BLSE porteuses du
@Q} gene mer-1, isolées de préfdvements dmlquﬂQ 14 en Nouvelle-Calédonie
&

L'émergence et la diffusion de cette r nce représente un risque pour 1a santé publique. La colistine est l'un ¢n rares (\

antiblotiques encore actifs sur les soq@es d'entérobactéries productrices de carbapénémases (EPC). Le caractire pla

donc hautement transtérable engsobactéries de cette résistance accrolt considérablement le risque de voir apparaitre 3 §lww
des souches de £ colf et uo@bmm d'entérobactiries totalement résistantes A tous les antiblotiques,

impasses lhénmmun ;\'Q:"

\)

O
La détection de ce 5&»5;«\0 de résistance peut poser des difficultés. En routine, |a recherche de 1a tMéQ i la consmc
n‘est général 8’ éalisée en premiére intention et/ou réalisée avec des méthodes d"antib ,? é
détection doﬂ& nouveau mécanisme. De plus, la présence d'un géne mcr doit étre conl aide de ndmm

moléml%&non commercialisées A ce jour, qui sont les seules permettant un diagnostic de oemm@

o«@\ contexte et dans I'attente de recommandations spécifiques 3 venir du Haut consell de |a santé publique, nous vous

dons :
@ de rechercher une résistance p ypique 4 la col pour toute entérobactérie :
1. Résistante aux céphalosp s de troisiéme géndration ou aux carbapénémes, & Mexception des entérobactéries
naturellement résistantes b la colistine comme les souches appartenant aux genres Morganello, Proteus, Serratio et
Providencio ;

2. Et isolée chez un patient rapatrié ou ayant des antécédents récents d'hospitalisation 3 I'étranger ou dans les
départements et territoires d'Outre-Mer |
» d'adresser ces souches rési es & la colistine au Centre r i de 13 résistance aux antibiotiques (site de Clermont-
Ferrand) pour recherche du mécanisme de résistance 3 'aide de méthodes moléculaires.
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MCR-1 worldwide

2 .. \J
Species Plasmid(s) IncGro Origin { Country
pram | sgges | Plaroils) | G, 2

Stoesser E. coli \\Jf‘ll plasmid IncA Feces, human
(UK) £ -IsApl1+

b&e“? -151294 +
Suzuki (Jp) \&Tégoli, -5 plasmids Incl2 Animal

De,é Salmonell -Ca 60kb
& a
& T
Hermgh E. coli -9 plasmids ND Rectal s*\:gébs pigs
Gg¥sens -ISApI1 + o8
) e
e) .Q}\Q‘a
@
Petrillo (It) E. coli -6 plasmids ND e,Q'?Zhicken/water/food
ISAPIL +/- &
Q&OQ pig feces
&
Madec/Nord E. coli -1 plasmid e@‘?cHIZ Animal
mann (Fr, -60-200kb ?\5@“
CH)) <2
&
Goosens E. coli -1 p@émid IncX1 Animal
(Be) -Ca“80kb
SFrAL tetA,
Q;\O Aph3",
S aadAl <
‘?Q' aa ©

@

N
Nordmann L@%oli ISApll +, ND Human (urine)
(CH) 60kb
Falgenhauer E. coli -1 plasmid IncX4, Swine, human

-ISApl1 + IncHI2

-blaKPC +

UK, 2012

Japan

. X
Viet-nam &

Malaysia

Switzerland

Denmark



The mcr-1 gene: genetic features
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Genetic Features of MCR-1-Producing Colistin-Resistant Escherichia

coli Isolates in South Africa

Adrian Brink,® Jennifer Coetze,” Aurélie Jayol,” Patrice Nordmann,**

Laurent Poirel, Nicolas Kieffer,




The mcr-1 gene: the origin, Moraxella spp.
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- Moraxella sp ara&:ommensal for animals and humans
- Amino acid |de<n‘h‘ry among the MCR-like proteins
- MCR-1 I|ke pﬁoteuns confercolistin resistance

T MCR- | % MCR- MICR-
| MCR-1 MCR-2 | MCR-porci & T |
ﬁ’ DSJ'DEHSI& Im.::ﬂ.fnu catarrhalis
‘2’% \\2' 3
SMCR-2 81% & &
0 -'\O AQ:Q‘B ‘bo{\é\
fox\ é@ b\}("
A | MCRporci | 64% 63% < &
Q&(.Y \c&) O\i@
© MCR- & <
| 63% 64% <59% &
osloensis <9 &
MCR- ST &
59% 60% & 60% 59% &
lincolnii {;ﬁf@ ’;u,\o&
MCR- © 3
otarhafis | 5P L o< 60% 99% 59% 9% \or
@
| (F.

- The mobile elemenT ISAp/l was found in M. porci
- The IncX4 replicon marker was found in M. lacunata




Plasmid-mediated cqlistin resistance; a nightmare ?
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MCR-1: an°opt|m|st|c point of view

@
MCR-1 still, pgl far, mostly located in animal isolates

MCR-1 |s l@cated in E. coli; very few MCR- producmg K. pneumoniae
MCR- ;e |solates still susceptible to many othér antibiotics &
Plagf‘md conjugation rate of mcr-1 plasmlds low S

J@revalence of MCR- producing |sola%‘és still low; not a true emerglg}g
> resistance gene: identified alreadyb as early as in 2005. &

\}

Very low amount of colistin ,gsze In humans (600-fold less th@h In animals);
a very light driving force fg’? selecting resistance to polyrwxms In humans

Low level resistance mcéy Indicate a possibility to treai*"patlents with
polymyxin- contamuaﬁ antibiotics

d?‘
XD
©

&

Nordmann P, Poirel L. CMI, 2016, 22:398-400
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Screening of plg&‘mld -mediated MCR-1
colistin- resmtzzvmce from bacteremia
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257 Enterobacteriaceae, léolates-
bacteremia, CHUV, Leausanne 2015
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MCR-1: a ue‘smmlstlc point of V|ew '

\

.©4.‘|

. "Further extensive spread from E. cg\@*h to K. pneumoniae ? &

Q«‘

Plasmid- medlateﬁ collstln resistance exists
Severe mfeg&i’ons may be due to MCR-1 p05|t|ve Isolates

Identlflcatlon worldwide in the enwronment «ﬁnlmals and humans \

The m%un target is E. coli: the main bacte@fal species exchanged betweerke»
ag&hals and humans; same trend as fOMZTX Ms ? S

|dentification on several plasrry,zd ‘backbones: simulateneous egéents of

translocation worldwide ée?‘ &

Driving force; polymyxms as growth promoters, prophycl’?ixm and
metaphylaxis in anm;gafs Q@

Low level resmta@e difficult detection; silencious diffusion
Plasmid- medlated colistin resistance and carbapenemase may co-exist

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



Transfer gf plamid-mediated colistin
resistance mcrﬁ gene to carbapenamase producers ?
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Emergence of plasmid-mediated carbapenem and
colistin resistance In E. coli in Europe
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- Patient from SW|tzerIand§£3ecember 2015

- No history of trave[,eﬁbroad

e‘i’
- No colistin- bae‘éd treatment

&0

- Urinaré(go’tract infection-Community-acquired

(_?‘
_ E<Coli isolate being resistant to carbapenems &Q = F-
fluoroquinolones, aminoglycosides (exceptaﬂﬁlkacm) Imipenem @c,cé Colistin
chloramphenicol, trimethoprim- sulfametr@)(azole &
and colistin 5 o
S N
0\\? \']9

- Metallo-R-lactamase VIM-1 + p;h*bsphoethanolamme transferase MC%&

&
©Q-

L. Poirel, N.Kieffer, N Liassine, P. Nordmann;
Lancet Infect Dis, 2016, Jan 7



The future
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Cubist CB-182,804

Future; novel colistin —like molecules
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In vitro activity
oy O
> . a2y
Sg\@m n CB-182,804 Polymyxgg:B
3
© MICso | MICso | MICsg< MICso
I&V
E.coli 3049 2 4 Q\'ef’l 1
.,c;"-”
K.pneumoniae | 1155 2 46\@" 1 2
S
P.aeruginosa 679 2 8 1 2
A.baumannii 407 2 ?g?\' 4 1 2

Quale et al. (2012) Microb. Drug Resist. 18, 132.

Improved toxictiy but at the expense of in vitro activity

o
06‘
NH:2 ,60
«'Z‘b\)g
&
Cytotoxicity V%}z{\l(.)c-PKli
Cmpd &  ICso(ug/ml)
PMB ¢ 318
‘?:L
GB%182,804 >1,000
W02010/075416




Novel colistin —like molecules

NAB739 — Northern Aﬁtlblotlcs Wlﬂ Q

Cantab & n |

6\2«

&\0{‘ 0o OH K 0
\)C.r
& NH N
&K NH N &
<@ 0 H 4 o8
<S° N NH2 &

b

@)

é‘e"‘ X &
. . .H’-oe’ HO Q"t’ Q’b
In vitro activity & NH: <
° Qf? o
] )
Microoqgﬁnism n NAB739 PolymyxinB&* ob"é
& g
Q@’”’ MICso | MiCso | MiCso SMICoo &
© & . <9
& Cytotoxicity (HK2):
E.coli 51 1 2 | ©5 2 i Vi ,\Kc‘ ‘)
.\f':
K.pneumoniae 50 2 2 5@?""’ 0.5 1 COmPOU“QO ICs0(pg/mi)
=3 o\O
P.aeruginosa 49 4 0\}8"0 1 2 PMB & 13
A.baumannii 49 16 \q@g’ 16 1 2 NA%‘?%9 337
©¢U Vaara & Vaara (2013) Int. J. Antimicrob. Agents
41., 292.
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Rise of Antimicrobial Resistance
In Gram-negative bacteria
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Rise of Antimicrobial Resistance
In Gram-negative bacteria
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Gonclusion
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. Chromosgfne and plasmid-mediated colistin
resmtame are now |dent|f|ed An particular in ¢

E. Cﬂl and K. pneumonla@
. Novel polymyxin- Ilke molecules are under
" development

* Rapid dlagnostl@“‘fechnlque for |dent1f|cat|on
of colistin reg«rStance Is needed.
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