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MDR in 6ram negatives 2010-2020 = carbapenem-
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The carbapenemases in Enterobacteriaceae
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- plasmid encoded (50-kb)

v'Imipenem resistance or
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ORIGINAL INVESTIGATION

Rapid Spread of Carbapenem-Resistant
Klebsiella pneumoniae in New York City

A New Threat to Our Antibiotic Armamentarivm

Straema Bratw, MD; Davad Landmany, MD, Robtn Hazg, RN, Rese Recee, MD,

Anconclia Eraneo, BN, Magiood Alane. MDD, Johe Quarle. MD
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K. pneumoniae

IMP-4 Metallo-carbapenemses

FM

r,

® | T— @

P @ @
P

- Ve - coune

K. pneumoniae

NET C SSS NET c SSS
Q = & B & o & &
TET RA TET RA LVX
2 e & & &
CIP  TGC OFX e
P ——— - - —
@ @ & ' - ) o
MOX MOX  CXM
FER o, ATM
@ =] @ @ 9 & &
CTX CTX AMC IPM FOX
B & ] P & 0] i
CF CAZ CF CAZ  TCC . CPO
AMX  TIC PIP




Europe @
Belgium

— UK =3 i!q';*-!: — Hungary _

o
France *l""" e Greece
- = T
Tunisia Spain m:ﬁ*#‘
Algeria \ " oy 1‘?'"‘"'!; India

Portugal #. (? e .5 *— \.ﬁ" Turkey
: L Lebanon
! E‘_-I i / / Em:}h Korea

iy

‘ | [Gamen
, =

0= ﬁ

o

S ] E Japan

=t % 7 g | e
% i 58 ,H_.-/. ‘ ) | China

o T o e ’ |
! Taiwan

Fuerto Rico —

Venezuela
Colombia -

| #.g“; : w'\ ol a —  Singapore

ggf é? —-— Australia

() VIM-preducing isolates/cutbreaks & VIM Interhospital spread @ VIM High prevalence
@ IMP High prevalence

Brazil =

Argentina -

() IMP-producing isclates/outbreaks

EID, Nordmann et al. 2011



ITHE l/’\N(‘l_ I Intectious Disease




Locsi C,2009; 53 5046-5054
Characterization of a New Metallo-B-Lactamase Gene, ﬁaNDM-l, and a

Novel Erythromycin Esterase Gene Carried on a Unique Genetic
Structure in Klebsiella pneumoniae Sequence Type 14 from India’
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Emergence of a new antibiotic resistance mechanism in India, Pakistan, and the UK: a
molecular, biclogical, and epidemiological study.

Department of Microbiology, Dr ALM PG IBMS, Unikversity of Madras, Chennai, India.

Abstract

BACKGROUND: Gram-negative Enterobacteriaceae with resistance to carbapenem conferred by New Delhi metallo-beta-
lactamase 1 (NDM-1) are potentially & major glabal health prablem. We investigated the prevalence of NDM-1, in multidrug-
resistant Enterobacteriaceae in India, Pakistan, and the UK.

METHODS: Enterobacieriaceae isolates were studied from two major centres in India-Chennai (south India), Haryana (naorth
India}-and those referred to the UK's national reference laboratory. Antibiotic susceptibilities were assessed, and the presence of
the carbapenem resistance gene bla(MDM-1) was established by PCR. Isolates were typed by pulsed-field gel electrophoresis of
Xbal-restricted genomic DNA. Plasmids were analysed by S1 nuclease digestion and PCR typing. Case data for UK patients were
reviewed for evidence of travel and recent admission to hospitals in India or Pakistan.

FINDINGS: We identified 44 isolates with NDM-1 in Chennai, 26 in Haryana, 37 in the UK, and 73 in other sites in India and
Pakistan. NDM-1 was mastly found among Escherichia coli (36) and Klebsiella pneumoniae (111), which were highly resistant to
all antibiotics except to tigecycline and colistin. K pneumoniae isolates from Haryana were clonal but NDM-1 producers from the
UK and Chennai were clonally diverse. Most isolates carried the NDM-1 gene on plasmids: those from UK and Chennai were
readily transferable whereas those from Haryana were not conjugative. Many of the UK NDM-1 positive patients had travelled to
India or Pakistan within the past year, or had links with these countries.

INTERPRETATION: The potential of NDM-1 to be a worldwide public health problem is great, and co-ordinated international
surveillance is needed.




Spread of NDM-1 from India/Pakistan to the UK

blaNDM-1 "pOSitive
bacterial clones?

plasmids?

Courtesy N. Woodford
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C. freundii NDM-1, France

Resistance genes including

-9 B-lactamase genes including -3
carbapenemase gene and 1 ESBL gene
-16S RNA methylase gene
-Rifampicin ribosylation gene
-Chloramphenicol acetylase
-Point mutation in gyrases
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Poirel L, , cajo A Berthelot , Pozetto B, , Bernabeu S,,Nordmann P
Extremely drug-resistant C. freundii in a patient returning from India and producing NDM-1 and other
Carbapenemases. Antimicrob. Agents Chemother, 2010,
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The 6/aNDM-1 and b/eMBL gene
in £. coli

E. coli+blaypy.1 +ble

Stabilization effect of bleomycin resistance protein



Infections with NDM producers

E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

Asymptomatic colonisation

Wound infection / Diabetic foot

Lower urinary tract infection

SEVERITY
Upper urinary tract infection

\ Nosocomial pneumonia / VAP

Intra-abdominal / pelvic infection

Bacteraemia / septicaemia

Neurosurgical meningitis



Infections with NDM producers

E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

- No difference between
NDM and non-NDM

Asymptomatic colonisation prodicers

) . . ) - Mo known virulence
Wound infection / Diabetic foot factors for NDM

producers

Lower urinary tract infection * NDM producers will not
respond to conventional

antibiotics Illi
Upper urinary tract infection

Nosocomial pneumonia / VAP

Intra-abdominal / pelvic infection

Bacteraemia / septicaemia

Neurosurgical meningitis



Escherichia coli

» 1st human bacterial pathogen
* 1st community-acquired pathogen

» 1st cause of urinary tract infections
and diarrhea
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Spread of NDM-1 producers
in E. coli, K. pneumoniae...

..and then higher mortality rate and length of hospitalization, overuse of
broad-spectrum of antibiotics....



World map according to land size




World map according to population size




World map according to diarrhea

Children deaths below 10 years old
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Prevalence of faecal carriage of Enterobacteriaceae with NDM-1
carbapenemase at military hospitals in Pakistan, and evaluation
of two chromogenic media

John D. Perry**, Sakeench Hussain Noqvi?, Irfan Ali Mirza?, Shehlo Ambreen Alizoi®, Aamir Hussain?,
Sandrine Ghirordi?, Sylvain Orengo?, Kathryn Wilkinson?, Neil Woodford®, Jioncheng Zhang®, David M. Livermore*,
Shahid Ahmad Abbas? and Muhammad W. Raza®

Microbiclogy Department, Freeman Hospital, Newcastie upon Tyne NE7 7DN, LK; “Micobiology Department, Arned Forces Institute of
Pathalogy (AFIP), Rowd pindi, Rukis oy hioMérieux, 38390 Lo Balme-des Grottes, France; “Antibiotic Resistance Monitoring & Reference
Laboratory (ARMRL), HPA Micobiology Senices—{olindale, 61 Colindale Avenue London NW9 58Q, LK

‘Cornepanding outfor. Tet 444-191-2231226; Raxc 4 84-191-2231224; E-mak phnperyBnuthnhack
Receved 21 Aprl 2011; returned 8 June 2011; revised 14 June 2011; occepted 23 June 2011

Objectives: To determine the prvalence and antimicrobic! susceptibiity of carbopenemase producng Entero-
boctenocens among hospitolzed patients ond outpatients ottending two miitary hospitals in Rowal pind,
Polistan, and to compare the performance of two chromogenic adture media for the solotion of these argan-
sms.

Methods: S1o0i sompies from 200 distinct patient s were cultured on MocConikey 0gar and subsaquantly on two
chromogenic medio—Colorex KPC and o peototype chromogenic medum, ID Carbo—designed for the isolation
of carbapenemase-peoducing Entercbactenoceoe. All Grom-Negative SoIoNes Qrowing on &ther Chromogenic
medium wae investigoted for corbopenemases by phenotypic ond molecular methods, Producers were
subjected to susceptidiity testing with 40 ontimicrobials by VITEK 2 or ogar diution

Results: [n total, 64 NDM-1-positive isolates of Enteroboctenaceos, DEoNgng 10 seven dstingt speces, were
recovared from 37 (185%) of the siool samples. No other carbapenemase types were confirmed Nineteen
postive samples were identified among 70 from inpatients (prevalence 27.19%) and there were 18 positive
somples among 130 from outpatients (prevolence 13.8%). Ffty-six isolates (87.5%) harbouning the NDM-1
enzyme were recovered on [D Carbo compomd with 41 olates (64.1%) on Colorex KPC (P 0.012). Muitidrug
resistance wos prevolent, but no pan-resistant solates were found, with most isolotes susceptible i vito to
colistin (97%), meclinam (95%), fosfornycin (9%, tigecydine (39%) and nitrofurontoin (78%).
Condusions: This study shows o high prevalence of muitidrug resistiont Entesobocternioceoe with the NDM-1
enzyme in Rowalpindi. The new dhwomogenic medum, [0 Carba, was more sensitive than Coiorex KPC ond
hos potential as @ sceening medium for solotion of Enterobocteniaceoe harbouring the NDM-1 enzyme.

Keywords: fidoctomases, antimicrobial resistonce mechanismis, Escherichio coli
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The plasmid-meoediated bla.. .
gene  that encodes &  powerful
carbapenemase was first identihed
in Fscherichia coli and n Klebsiolla
poeumoniae  In Sweden from a
patient who was transferred from
India’ It was then dentified from
maryy patients in the UK ndia, and
Pakistan in different enterobacterial
spocies * Hore we teport a worman
agod 60 yoarns who was admitted to
hospital in April, 2009, for treatrment
Of a breast cances

The patient came fromnm Darjeeling.,
India, where she had Iived for several
years and had never been hospitalised
Upon  her  admission  in France,
bacterial coltures fraom the surface of
her breast turmour were grown. The
cultures were of the £ coli isolate GUE
that was resistant to most (5 lactams
(remaining susceptible 10 a2 treonam)
and that had recduced suscepuibility to
Carbapenens  (minkmum  inhibsitory
concentrations of inupenemn 3 pg/mi,
ertapenern 3 gl and moeropenesnn
2 /i) This bolate was aho
roadstant to gentamicin,  kanasmycin
tobranmycin, sulfonamicdos, totra
cycline, and fluoroquinolones,  but
remained susceptibile
chioramphenscol, tampicin, arsd
colisuin. PCR and sequencing revealed
that ¢ coll GUL harboured the Bla,
gene.  Mating-out  msays*  allowed
the blo.. . gorw to be identified on
@ 110 kb plasimid, with markers for
kananmwcoin, gentamicin  tobramycin,
trimethoprim, and suMonamikde
resdstance Multiloors sequence ty peng®
identified F coll GUE as an 5T131 type
strain, which corresponds 1o a genetic
Dackground that s abo responsible for
the worldwide diffusion of another

e thadnnet comyinlectan Ved 10 Decesviiar 2000

E. coli NDM-1: community-acquired |

COMMWYYOnN resistance
CIX-M-15

This case in the first entification
of an NDM 1. producing F coli holate
in France, and corresponds  again
o an imported case from  India
This example confirms the recent
data suggesting that the Indian
subkontinent might represent  an
Important resorvolr, and therefore a
source, of NDM - producing isolates
The patient had not been hospitalised
in India, theretfore, the multicdneg
resistant  solate had  Nkely been
comumunity acqguired,. Waorringly, this
resistance gene has been identufied
here i an £ coll strain belonging
1O & genotype that has proved its
ability to disseminate widely in the
cormmuanity
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Emergence of an
Autochthonous and
Community-Acquired NDM-
1-Producing Klebsiella
pneumoniae in Ewrope

To TH: Eorroa—The recently identi-
tified carbapenemase New Dehli metsllo-
Plxctamase (NDM-1)  insctivakes o
Placams exaept antreonam [1]. The cor-
responding gene that is wsually plasmid-
bome has spread mcsdy in Exhendua ali
and Kietsiela preromone |1, 2], NDM-1
producers ase pultdrug resistant or even
resstant 1o all antibiotics [1, 2]. Whereas
contamnation with NDM-1 p roducers is
mastly hospital associated, rare cuses of
community acquisiton are known and
have been traced to the Indian sub-
contineat [2],

Here, we report a woman aged 83 yars
who had cystitis due to a multidnag-
resstant K pramonae n June 2011. She
had 2 history of multiple and recument
qpisodes of urinary traa inkctions caused
by diverse Emterobacteriscese that were
always treated with narrow-spectrum an-
tibiotics. Becauce the patient’s symploms
ended to © disppear spontanecudy and
rapidly, the Iatest cystitis qpisode had not
been treated.

K pnacwroniae EDU was resistant 10 2l

Pflacams, ncluding catbapenans, as de-
P g ) . . r - AN ALY [

Polynerase chain readion, sequencing,
and plumid analnic, pefomal 2
duaibed chewbere [5], revealed that
K preumeniac EDU harbored the
Hayy,s, catbapenemase gene and
the blicraov.s  extended spectrum
B-hctamase gene, which were located
on 2 different plasmids (both being
spproxdmately 150 kb in size). The
Bolate coexprened the CMY-2 cepha-
lsporinase gene, which was located on
the Nay,y, plasmid. In additon, @t
pssessed the gnrS gene encoding re-
sistance to quinolones and the blagy, ,
gene encoding 2 retrictedspectrum ox-
acllEnase, both genes being located on the
By y ai o plasmid. Both plasmids were
seli-transferable by conjagation, and the
Blayyyye; plsmid was Hund 1 be of
the IncA/C broad-host mange type [6).
Multilocus sequence typing [7] reslts
showed that K pnawmonise FDU be-
longed 10 the sequence type 1, wheress
previously reported NDM-1-postive
K prewmomiae isolates were of other se-
quence types (eg, ST and STIUY) [6].

Neither this patient nor her lusthend had
taveled to any country in the previoas 3
yan, including countres with a hgh
prevalmu of NDM-1 puxhoen (India,

0 MONTH

of NDM-1 producers cutside its nmin
reservoir  (Indian  subcontment).  The
source of cntamination remans un-
known but may be difficult © find, be-
catse pervistence of NDM-1  producers
in human flora has bem evidenced to
be =1 year [9].

This present report may indicate the
ongping sprad of NDM peoducens in
the community workiwide, A nightmare
perspective could be its spread simdlar to
that reported for extended-spectrum
B-lactamases of the CTX-M-type, which
are now uncontrolled.

Notes

Fmancel sppert  This work sas supported
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The carbapenemases in Enterobacteriaceae

Penicillins Cephalosporins  Cephalosporins R-lactams/ Carbapenems
Enzyme 1st et 2d_ 3r4/4 th Inhibitors of
ganera“n.n gEﬂEl’Htlﬂ'“ R-lactamases
Ambler class cefepime
cefpirome
Penicillinases: KPC, IMI|, GES..
A [ ]

Metallo-enzymes: VIM, IMP, NDM-1

°

Oxacillinases =0XA-48, OXA-181
D S o D

*Cephamyc for most class As




OXA-48

Emergence of oxacillinase-mediated resistance to
Imipenem in Klebsiella pneumoniae
Poirel L, Héritier , Nordmann P. Tolin, AAC 2004




OXA-48 + CTX-M-15
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Senegal
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K. pneumoniae

o = | @) E.coli

" 'f E.coli OXA-48 : 7
® K.pneumoniae OXA-48 : 20




Carbapenemases/Enterobactericeae
reservoirs
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MDR Gram negatives: transfer
962 millions -2010

Globalization




Susceptibilitiy testing

K. pneumoniae NDM-1 E. coli NDM-1




Heterogeneous expression of metallo-
carbapenemases in Enterobacteriaceae

S. marcescens

K. pneumoniae

Enterobacter
Citrobacter
E. coli

S. flexneri

MIC (mg/L)
imipenem meropenem

IMP-type
ViM-type

IMP-type
ViM-type
NDM-type

IMP-type
ViM-type
NDM-type

32->128 128->128

64 64
0.25->128 0.25-64
2 0.5

0.75->32 2->32

0.25-8 0.25-8
1-8 0.5-4

1.5->32 2->32

CLSI
EUCAST

=1/24 =1/ 24
=2/ >8 =2/ >8



Hodge test

1 : K pneumoniae NDM-1
2 : K pneumoniae NDM-1
3 : K pneumoniae NDM-1
4 : K pneumoniae KPC-2
5: E. coli CTX-M-15

® .
/
\n X g/ / Enterobacter sp...

False positive; A. baumanniii




Hodge test
e —

MIC (ug/m) ' Hodgetest
ETP
OXA-48
E. col n=4) 05- 6 +
K. pneumonia@=4) 2@ 16 +
KPC
E. col n=3) 05- 16 +
K. pneumonia@=2) 4 - 12 +
ND M1
E. col (n=6) 3-32 + -
mn=1) @=5)
K. pneumonia@=6) 6® 32 + -

m=4) @m=2)




Molecular tests - PCR- Sequencing:
G6old Standard

Multiplex PCR for detection of acquired carbapenemase genes
Laurent Poirel**, Timothy R. Walsh®, Vincent Cuvillier®, Patrice Nordmann®

“Service de Bactériologie-Virologie, INSERM U914 “Emerging Resisiance to Antibiotics ", Hapital de Bicéire, Assistance Publigue/Hdpitaux de Paris,
Faculté de Médecine Paris-Sud, Université Paris XI, 94275 K.-Bicétre, France
" Depariment of Medical Microbiology, School of Medicine, Cardifi’ University, UK
Received 20 September 2010; accepted 1 December 2010
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Detection of carriers: stools

JouprMAL oF ULiMICAL MicropoLocy, May 2004, p, 19131914 Vil 44, Mix 5
CERE-11AT IS0 e 10U D 138 WL T T
Copvnight © 30010, Arnerican Seciery lor Microbsdlogy, All Bighss Paserned

Use of ChromlD Extended-Spectrum B-Lactamase Medium for
Detecting Carbapenemase-Producing Enterobacteriaceae”

Amélie Carrér, Nicolas Fortineau, and Patrice Nordmann®
Serace de Bactfnologie-Virologle, INSERM US4 Ermerping Restsfencs 1o Anfibdoties, Aopial de icére,

Awitence Publoue i de Pars, Facudid de Médlerving Poriy Stel, K-Bicdire, Frarace

Recetved 20 NMevember D0 Retarned for modification 12 Tenuany 20100Accepted 5 March 2010

Chromily extended-spectirum f-lactamase (ESBL) culiure mediom is routinely used for screening ESHL
producers. This mediom was fested for detedtling carbapenemase-prodocing Eafterobacieriaceae isolates fom a
collecion of reference sirains and comparned to the CHROMagar KPC calture medium previously evaluated for
detecling RPU-prolucing iselates. Frodweers of IMP-; VIM-, and KPC-type carbapenemases with high levels
of resistance to cephalos porins and o carbapenems were detected at 1 % 10° CFU/ml The OXA-48 producers
were nil deteched on ChromlD ESBL mediom unless coexpressing ESBLS, whereas carbapenemase-produocing
isolates with MICs af <4 pg'ml were o0l detecied on CHROMagar KPC medium,

JourmaL oF CLIMICAL MEROEIDLEY, Fob. 2011, po TIE-T21 Val 45, No. 2
0SS TI3TALFIZ00  doe:10.1128/PCM. 00 T73- 10
Copyright € 2011, Amcrican Soccty for Microbiclogy. All Rights Bescrved.

How To Detect NDM-1 Producers’

Patrice Nordmann,'* Laurent Poirel," Amélie Carrer,' Mark A. Toleman,” and Timothy R. Walsh®

Earvice de Bocériologie-Virologie, INSERM U214 Emeping Resistance w0 Anibioncs, Hipial de Bickree,
Assisiance Publigue/Hpimur de Paris, Foculté de Médecine Paris Sud, Le Kremlin-Bickere,
France," amd Deporement of Frvmusology, Immumity and Biockemisiry, School of Medicire,
Cardiff University, Cardiff, United Kingdom™




Detection of carbapenemase producers
in stools

ChromID ESBL bioMerieux

CHROMagar KPC Selector : CEPHALOSPORIN

Selector: CARBAPENEM +++
++



Real-Time PCR for detection of
NDM-1-carbapenemase gene from stools

ANTIMIROHLIAL AGENTS AND CHEMOTHERAFY, Sepl. 2001, p. 40084043 Val. 55, No. @
(066-2804/ 1151200 dhod: 101 12EAAC DL T 10
Copyright €& 2011, American Society for Micrabiology. All Righls Reseroed.

Real-Time PCR for Detection of NDM-1 Carbapenemase Genes

from Spiked Stool Samples”

Thierry Naas,t* Ayla Ergani,t Amélie Carrér, and Patrice Nordmann

Service de Bacérinlogie-Varnlogie, INSERM U914 Emerging Resinance o Amibious, Hipaal de Riclere, M275 e Knemlin-Bicre,
and Asrissmnce Pulbligue-Hpiau de Poris, Foould de Médeciee Paris-Sead, Powis, Fanmce

Highly specific and sensitive gPCR (limit of detection +/-10! bacteria / 100 mg of
stool
=> use of enrichment culture (increased detection?)

Useful tool for outbreak management (rapid cohorting of patients, infection control
measure evaluation, ....)

At least as sensitive as culture on stool samples,
but 4h turn around time vs 48h-72h for culture

Needs to be evaluated on rectal swabs &/ in outbreak situation. Extraction can be
automated



Nombre d’épisodes impliquant des EPC par mois de
signalement —
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01-2004
05-2004
09-2004
01-2005
05-2005
01-2006
05-2006
09-2006
01-2007
05-2007
01-2008
05-2008
09-2008
09-2009
09-2010
01-2011
05-2011

* autre carbapénémase (KPC, VIM, IMP, NDM-1)

67 épisodes au total
R
N 12009 - 6 2010 - 26 2011 : 27 W
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Espéces impliquées dans les épisodes signalés

Especes et mecanismes

(N=67)
Bactérie Nombre d'épisodes
K. pneumoniae 43
E. coli 18
E. cloacae 8
E. aerogenes 3
C. freundii 2
P. mirabilis 1
S. marcescens 1
Total 67*

* 2 ou 3 entérobactéries présentant le méme mécanisme de résistance

impliquées dans 8 épisodes

nregistrer une copie

écanismes impliqués dans les épisodes signalés

(N=67)
Mécanisme de résistance Nombre d'épisodes
OXA-48 33
KPC 19
VIM 9
NDM-1 8
IMP 1
Total 67*

* 2 mécanismes de résistance associés dans 3 épisodes

p

B micen

1 episode = 1 ou plusieurs cas
67 episodes = 193 cas (infectés ou colonisés)



- Lien avec un pays etranger pour 53 épisodes

Contexte

Nombre d'épisodes

()

Rapatriement sanitaire (transfert)
Hospitalisation pendant le séjour
Délai avant hospitalisation en France
Quelques jours
Quelques semaines
Dans les 1a 6 mois
Dans lannée

Résident en France, voyage a[‘tranger

Résident a [atranger sans hospitalisation rapportée

(64%)
(01%)

Total

s

oo o cTion
i WA, TR
30 FNAA S BITRG

14 épisodes sans lien avec un pays étranger, OXA-48 pour 12

Pays

Total —

Gréce
Maroc
Inde
Italie
Algérie
Tunisie
Egypte
Sénégal
Turquie
Irak
Etats-Unis
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—
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Tle de France :
32/52 (62%




Ci enemases in Enterobacter uaa,:.



Rise of Antimicrobial Resistance in Gram-negatives

P I
EM ins 1950
Tetrawllnes Fosfomycin
' : : 1960
Amln:}%usldes Polymyxins /&
Cephalggporins 1970
Quin*nes 1980
1880
Carbagenems
w 2000

Tigecycline v




Take home message

Increase prevalence of carbapenemase producers worldwide

Carbapenemase producers; multiplicity of clones and of
genetic vectors

Multidrug resistance and pandrug resistance

Reversion of multidrug resistance in Gram negatives;
uncommon

Difficult detection; a need for rapid identification
techniques

Nosocomial outbreaks are reported worldwide with all types
of carbapenemase producers

Spread of carbapenemase producers (NDM, OXA-48) in the
community is an important source of concern

An urgent need for new drugs for this next decade



Carbapenemases. a nightmare |




