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Staphylococcus aureus : Proportion of Invasive
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The symbols & and D indicate a significant increasing or decreasing trend for the period 2006-2009, respectively. These trends were calculated on
laboratories that consistently reported during 2006-2009.

Source: EARSNet, 2010.




MRSA in Belgian acute care hospitals:
prnpurh‘un of S.aureus clinical isolates and incidence ofnosocomial acquisiﬁun

1994 - 2009
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Counts of MRSA Bacteraemia
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Target to halve MRSA cases is met
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A. Pearson and colleagues (HPA, Sept 2009)




Estimated Average Procurement of Alcohol Hand Rub and

Liquid Soap in ml/bed-day, 2004-2007 in 148 acute NHS Trusts
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Problems with Resistance
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The Gram-Negatives ... are Back!
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Multiple Mechanisms of Resistance Iin

Gram-Negative Bacteria

Antibiotic Gram-Negative Bacterium

Overexpression of
transmembrane efflux pump
B-lactams (meropenem), quinolones,
. aminoglycosides, tetracycline antibiotics,

Loss of porins
carbapenems (imipenem)

B-lactamases in periplasmic space
B-lactams (including carbapenems
for some B-lactamases)
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Peleg AY & Hooper DC, N Engl J Med 2010; 362 (19): 1804-13



Classification of b-Lactamases

!PC

ASHV-1, TEM-1, 2

ASHV->1

ATEM->2 AAmpC AOXA-1, 10,
ACTX-M ACMY AOXA-11, 15
APER AACT

AVEB ADHA

ACARB AACC

ARTG AFOX

ACepA

ESBL

Bush & Jacoby, Antimicrob Agents Chemother 2010; 54: 9691 76

Patel & Bonomo, Expert Rev Anti Infect Ther 2011; 9: 555 - 70




Resistance to Carbapenems among

K. pneumoniae, EARS-net 2009
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Resistance to Carbapenems amokg pneumoniaen
Tzanelo General Hospital of Piraeus, Athens, Greece




Treatments of last resort for
iInfections with ESBL and
carbapenemase-producing
Gram-negatives




Tigecycline

A The first marketed member of glycylcyclines
A 9-t-butylglycylamido derivative of minocycline

A Evades common tetracycline efflux pumps and ribosomal
protection mechanisms

BUT:

A Bacteriostatic mode of activity
A Many small observational studies
A Not good levels in blood

A Active against Enterobacteriaceae and Acinetobacter, but not
against Pseudomonas

A Variable clinical effectiveness against Acinetobacter
A Emergence of resistance during treatment



A Old (1950ies) bactericidal drugs, used as a prodrug (Colistin
methanesulfonate, CMS)

A About 10 x more active against Gram-negative than Gram-
positive bacteria

BUT:

A Inherent resistance: Burkholderia cepacia, Serratia, Proteus,
Bacteroides fragilis € and mo snegat$e cacc

A CMS is a very inefficient prodrug (57 15% converted to colistin)
A Insufficient plasma concentrations, even at steady state
A Renal toxicity in up to 20% of patients

A Emergence of resistance during treatment



Resistance among KH&oducingK. pneumoniaan Tzaneio

General Hospital of Piraeus, Athens, Greece

Colistin Resistance (%) among KPC-KP (2 years), Tzaneio Hosp
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Colistin resistance May 08- Oct 10: 27.8 % (41/180)
Non susceptibility to tigecycline: 2.8% (5/180)



Emergence of High Levels ESBL Producing Gram-

negative Bacilli in the Asia-Pacific Region
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Hawser et al, Antimicrob Agents Chemother 2009; 53: 3280 - 4



New Delhi Metallo-

The Mother of all b-Lactamases?
A blaygy., (New Delhi Metallo-1):

I Swedish patient of Indian origin who traveled to New Delhi

I Acquired UTI in India

I New Metallo-b-Lactamase (MBL) gene

i Can hydrolyze all b-lactams except aztreonam

I Located on a 180-kb (K. pneumoniae) & 140-kb plasmid (E. coli):
A CMY-4 broadspectrum beta-lactamase

A Genes inactivating ciprofloxacin, erythromycin, rifampicin, chloramphenicol, and
aminoglycosides

A Efflux pump genes

A Growth promotors genes that increase transcription
I Potential for fast (global) spread
N T h eapid dissemination
of the Dblayy,,; carrying
plasmids among clinical
bacteria would be a
nightmarescenari 00

Yong D. et al, Antimicrob Agents Chemother 2009; 53 (12): 5046-54



NDM-1 among Outpatients

A Obijective: to study the prevalence of carbapenemase-
producing Enterobacteriaceae in Pakistan

A Stool samples from 200 distinct patients in Rawalpindi,
Pakistan

A 64 carbapenemase-positive isolates; only NDM-1 found

A Species:

I E. coli: 30/64 isolates

I Enterobacter cloacae: 21/64 isolates
A Prevalence:

I Inpatients: 19/70 (27.1%)
I Outpatients: 18/130 (13.8%)

Perry et al, J Antimicrob Chemother epub July 2011



Carbapenemase-Producing

Enterobacteriaceae in the UK

Fig. 1. Carbapenemase-producing Enterobacteriaceae isolated in the UK (ARMRL referrals)
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Why Are the Gram-negatives Worse?
Because They Have More Sex...




Pandemic Spread of bla 1y .15-ST131

A blacryyis:
I Located on multiple plasmids belonging to the incompatibility group
IncFII
I blacry.1s Mostly downstream ISEcpl
I Multidrug co-resistance:

I blagya4

I blargy.,

I a a c¢lIb-&r (aminoglycoside acetyltransferase)

itetft A) (tetracycline efflux prot

A MLST clone ST131

I Disseminated by a widespread, successful clone: Serotype 0O25:H4-
MLST profile ST131

I Causing urinary tract infections
I O25:H4-ST131 not exclusively associated with bla ry .15



Plasmids Belonging to O25:H4-ST131

ANTIMICROIIAL AGENTS AND CHEMOTHERAPY, Oct, 2000, P 472482
O0OO-ASDLUSIN 0040 doi: 1L T2RAAC 0GRS0
Copynght @ 2000, American Society for Microbiology, All Rights Reseeved.

Val, 53, Mo 1k

Complete Nucleotide Sequences of Plasmids pEK204, pEK499. and
pEKS516, Encoding CTX-M Enzymes in Three Major Escherichia coli
Lineages from the United Kingdom, All Belonging to the
International 025:H4-ST131 Clone’

Neil Woodford,"* Alessandra Carattoli,” Edi Karisik,' Anthony Underwood,'
Matthew J. Ellington.' and David M. Livermore’
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Spread of MLST Clone ST131 in Canada
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Pitout J. et al, Antimicrob Agents Chemother 2009; 53 (6): 2539-43



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Aug. 2009, p. 3365-3370 Vol. 53, No. 8
0066-4804/09/$08.00+0  doi:10.1128/AAC.00126-09
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Molecular Epidemiology of KPC-Producing Klebsiella pneumoniae
Isolates in the United States: Clonal Expansion of Multilocus
Sequence Type 2587

Brandon Kitchel,** J. Kamile Rasheed,! Jean B. Patel, Arjun Srinivasan,® Shiri Navon-Venezia,”
Yehuda Carmeli,> Alma Brolund,? and Christian G. Giske?

Worldwide Diversity of
Klebsiella pneumoniae That

Produces B-Lactamase bl/a ., Gene'

Gaélle Cuzon Thierry Naas, HaVy Truong, Maria-Virginia Villegas, Karin T. Wisell, Yehuda Carmell,
Ana. C. Gales, Shirl Navon-Venezia, John P, Quinn, and Patrice Nordmann

In Greece: spreading of
ESBL and Carbapenemasgs
in same clone

Detection of the new metallo-B-lactamase VIM-19 along with KPC-2,
CMY-2 and CTX-M-15 in Klebsiella pneumoniae

Spyros Pournaras!*, Aggeliki Poulou?3, Evangelia Voulgari®, Georgia Vrioni3, Ioulia Kristo?!

and Athanassios Tsakris3
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Intrafamilial Transmission of ESBL-Producing E. coli and S.

enterica among Families of Adopted Children

A High prevalence of multidrug-resistant (MDR) bacteria in developing
countries A High risk for carriage and infection

A French study: 24/25 adoptees (Mali) positive for ESBL-producing
Enterobacteriaceae (E-ESBL)

A Transmission of E-ESBL demonstrated for 5/22 (22%) families in which at
least one family member other than the adoptee was found positive for E-
ESBL

ESBL-producing Enterobacteriaceae:

p-iactam Salmonella s
resistance genes E. coli, n (%) n (%) P
CTX-M-15 6 (12.2) -
CTX-M-15/TEM-1 36 (73.5) -
SHV-12/TEM-1 4 (8.2) 4 (100.0)
SHV-2/TEM1 1(2.0) -
Unknown" 2(4.1) -
TOTAL 49 (100.0) 4 (100.0)

": Isolates could not be recultured
Tandé D. et al, J Antimicrob Chemother 2010; 65: 859-65



International Travel (to India...) Is a Risk

Factor for Colonization with ESBL

Travel destinations of travelers who were negative for ESBL-
producing strains before the trip and rate of fecal colonization with
ESBL-producing E. coli strains upon return*

No. (%) of travelers

Continent or region No. of positive for ESBL-
travelers producing isolates

Africa 25 1(4)

Asia (India excluded) 31 10 (32)

Central America 6 0 (0)

India 8 7 (88)

Middle East 14 4 (29)

North America 2 0 (0)

South America 1 0 (0)

Southern Europe 16 2 (13)

*: The rate of acquisition of ESBL-producing strains was highest
for travelers visiting India (P < 0,001)

Tangdeén T et al, Antimicrob Agents Chemother 2010; 54: 3564-8



Dutch patients, retail chiclken meat and poultry share the same ESBL

senes, plasmids and strains

TABLE |. Distributions of extended-spectrum beta-lactam-
ase (ES5BL) genes in Escherichia coli and Salmonella spp.

isolates from poultry, poultry retail meat samples and from

human origin based on array results combined with

sequence results

Powd try et
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The mumber of isolates aralysed by ormy among met and human isobhtes was
8l and 413 respectively. The rumber of isdates aralysed by sequencing among
poudloy, meat and buman isohtes was 35 (100, 81 (100%K) and 208 [51%).

respedively

Poroonmges are extapobtons based on oy resuls and sequence results
For @louation of the peroeniages see also Fg . For exemple percemmge of
bbsrps ) In Farman isolotes = 084 « 085 = 034 = 745

Leverstein et al, Clin Microbiol Infect 2011; 17: 873-80



Conclusions

A Resistance due to ESBLs and carbapenemases among Gram-
negative bacilli is increasing worldwide

A This emergence is due to the global spread of highly
transferable genes and successful clones,

A These genes are on mobile elements with resistance
determinants to other classes of antibiotics

A ESBL and carbapenemases genes and strains are found in:
I Animals
I Food
I Healthcare settings and outpatients

A Hence, control of this pandemic spead is challenging and
therapeutic options are very limited



Does resistance matter?




Mortality in ESBL vs. non-ESBL Enterobacteriaceae

Bacteraemia

First author,
year of study

Schwaber, 2006 —
Tumbarello, 2006 —
Marra, 2005 —
Endimiani, 2005 —
Zaoutis, 2005 —
Blomberg, 2005 —
Panhotra, 2004 —
Kang, 2004 —
Kim BN, 2002 —
Du, 2002 —

Kim YK, 2002 —
Borer, 2002 —

Ho, 2002 —
Menashe, 2001 —
Pena, 2001 —
Ariffin, 2000 —

Pooled —

oGS

|

£

55}

£

Ef

0.55

1 1
1.00 2.00

Relative risk

6.59

Schwaber MJ & Carmeli Y, J Antimicrob Chemother 2007; 60: 903-20



What about new antibiotics?




New drugs Under Development

ANew beta-lactamase inhibitors
ANew beta-lactams
ANew aminoglycosides

ABoron based small molecules



New Beta-Lactamase Inhibitor:

NXL-104

A Cerexa/Novoxel/AstraZeneca

A Activity against carbapenem resistant

Enterobacteriaceae
I Most KPC producers (not if large amounts of AmpC

as well)
I Acinetobacter strains with OXA-48

| Strains which are carbapenem resistant due to
porin loss plus production of an ESBL or AmpC

A In phase 3 development
A BUT: No activity against MBL producers




Neoglycosides:
ACHN-490

A Targeted against MDR Enterobacteriaceae
A In Phase 2 development

A BUT: Producers of 16S ribosomal RNA
methylases are typically resistant to ACHN-490

A HENCE: Most MBL producers (including NDM
producers) will be resistant to ACHN-490
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