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Antibiotic Resistance

Ramanan Laxminarayan

Antibiotics have transformed the practice of
medicine. However, a massive scale-up in
their use has resulted in an increase in
drug-resistant strains of disease-causing
bacteria and a global decline in antibiotic
effectiveness. Rising incomes in low- and
middle-income countries have generated
huge demand for antibiotics, but high
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Main microbial pathogens for humans

Gram negatives
Gram positives

Erniterobacteriaceae (E. coli, K.pneumoniae...)
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Emerging resistance threats, CDC-USA-2014

Multi-resistant
1 Staphylococcus aureus ]
Enterobacteriaceae producing e
extended-spectrum 3 -lactamases
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Extended-spectrum B-lactamases (ESBL)

Penicillin/Amino-penicillins Ureido-penicilling 1/2nd generation 3 rd generation 4/5th generation cephalosporins
= — — — e cephalosporins | cephalosporins _ _

. éef-epirx{e -
e Penicillin G eTicarcillin e Cefazolin o Ceftriaxone
* Ampicillin o Ceftaroline
e Amoxicillin *Piperacillin e Cefuroxime e Ceftazidime
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ESBL: increasing resistance towards beta-lactam antibiotics
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Multidrug resistance of ESBL-producing Escherichia coli

Non- B-lactams




ESBLs in Enterobacteriaceae
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Resistance to expanded-spectrum cephalosporins. Infections.
Enterobacteriaceae in Europe
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ESBL prevalence in E. coli and K. pneumoniae

Low prevalence Intermediate prevalence High prevalence

337
276
ME coli WK pheumoniae
11,8
51
-
Am. du Nord Europe Afrique Am. du Sud Asie Pacifique

Hawser et al. 2008 ; Rhomberg et al. 2009 ; Bell et al. 2002 ; Gagliotti et al. 2011
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roeywd  Enterobactericeae ESBL (+) in France in 2012 (n=50,378)

ANTIBIOTIQUES

ESBL Prevalence (%)
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E. coli from bloodstream infections: turning nasty

Ciprofloxacin
Cephalosporin
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Treatment of infections due to ESBL producers

Activity spectrum + in-vitro activity spectrum+ co-resistances

Urinary infections (per os) Sepsis )IV)

Amino, ureidopencillins

Amoxicillin/clav

Piperacilline/Tazobactam

Cephalosporines 3/4 th generations

Carbapenem

Aminoglycosides

Quinolones/Fluoroquinolones

Trimethoprim/Sulfamethoxazole

Colistin

Tigecycline

Fosfomycin/Nitrofuarantoine
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Day 14 mortality per antibiotic class for bloostream infections due to

ESBL producers
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Broad-spectrum B-lactamases in gram negatives

Penicillins Cephalosporins Carbapenems

Extended-spectrum B-lactamases (ESBL); CTX-M

Carbapenemases: NDM, KPC, OXA-48
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Emergence of carbapenemases in Enterobacteriaceae
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KPCs: Klebsiella Pneumoniae Carbapenemase
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C,2009; 53 5046-5054
Characterization of a New Metallo-pB-Lactamase Gene, %?HNDM 1, and a

Novel Erythromycin Esterase Gene Carried on a Unique Genetic
Structure in Klebsiella pnfurnon.t'ﬁ*f SEC]UE[‘ICE Type 14 from India”
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Emergence of Oxacillinase-Mediated Resistance to Imipenem in
Klebsiella preurmoniae
Laurent Poirel,' Claire Héritier," Venus Toltn.” and Patrice Mordmann®*




The importance of £.coli

= 1st human bacterial pathogen

= 1st community-acquired pathogen

= 1st cause of urinary tract infections
and diarrhea
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Incidence rates of carbapenemase-producing Enterobacteriaceae
clinical isolates in France: a prospective nationwide study in 2011-12

Jérome Robertl-3* Alix Pantels5, Audrey Mérenst, Jean-Philippe Lovigne®S
and Marie-Héléne Micolas-Chanoine™® on behalf of OMERBA's Carbapenem Resistonce Study Groupt
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France; “ZINSERM, L1135, Centre o Immunaidogie el des Mol adies Infectisuses (CIMI), Eg 13, F-75013 Paiis, Franaos; * Bactaniol ogie-Hyaidne,
aux Lindversitoines Pitié Salpétngre—Charles Foix, APHF, F-7501 3 Paris, France; *INSERM L1047, UFR de Médadne, Linfversité
Montpallier 1, Nimes, France; *Service de Microbiologie, CHU Cordmeay, Nimes, France; Lobonataine de Biologis, Hapital d'Trstrretion des
Armdes Bégin, Saint-Mandé, France; T Sarvice de Microbiologie, Hapital Beaujon AP-HP, Qichy Fraomce; “Foculté de Madedmne
D Didarot—Paris 7, Paris, Framce; ® INSERM UME 1149, Uniwersité Paris 7, Paris, France
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Received 7 March 201 4; retumed 9 April 2014 revised 8 May 2014 accepled 19 May 2014

Objectives: To determine proportions and incidence rates of Enterobacteriacege producing carbapenemasea
among those non-cuscaptible (MS) to carbapenams in France.

Methods: From Novernber 2011 te April 201 2, 71 lobomtories recorded non-duplicate Enterobacteriaceae clinical
isclates M5 o ot least one carbapenam and the total number of isolates of the different species. Carbapenenm
MICs were determined by broth microdilution and the p-lactonmase content by DMNA milcroamay.

Results: During the study perod, the 71 loboratories identified 133 244 Enterobacteriocece isolates, of which 846
(0.63%) were NS to ot least one corbapenen. Corbapenen-hNS isolotes accounted for 0.07% (61/90 148) amaong
Escherichia aoliisolotes, 1.1% (111/10436) among Klebsialla pnewmoniae, B.2% (492557 1) among Entencbacher
doocaeond & .09 (B4 2104) amang Enfenchacter gerogones. Among the 541 ovailable carbopenam-hs isolates,
222 (including 63 randomiy selected E. cloacae) were furthar analysed after confirmation of carbapenam
non-susceplibility. Mone of the Enterobacter spp. solotes produced carbapenemase. Among the other speades,
28 bolates produced aorbaopenemases (22 OXA-58, & KPCand 2 NODM), accownting foran estimated proportion of
carboapenemase-producing solates of 0U08% for all species, 0.01% for E. coli and 0.2 7% for K. preumonioe. The
incidence-density rate in the participating hospitals was 0.0041 per 1000 hospital-days aond the incidence rate
was OUD027 per 100 admissions.

Conclusions The incidence-density rate of carbapenamase-producing isolates per 1000 hospital-days was low

and 30-fold kowser than thot of carbopernem-NS Bolotes (00125) and almost 300-fold kewsar than that of ESBL-
producing solates (1.104) in these French hospitols.




Carbapenemase producers in France

Estimaoted propoert ion

Spedies Totol isolates . NS to ESC [n (%) ESBL+ [0 (%)] NStoCARS [0 k)] CARBase+/no.tested (%] of isciotes CARBase+ (%)
E_ ooli QOILHE 660 (63} HE3I2 (51) 61 [QOF} HIZE (143}
K pnegmonioe 10435 i561 (15.0) 1566 (1500 TEE (L1} I7/6E (25000 a3

P misnhilis B&h1 111 {13} 7O (DB} 1 D01} 1M (100 001

E. dooope® Lo7Fl 1847 (I0E) 13 {11.9) O3 B2} 0M63 1) =

K oupboca F4HB2 ZEL (B.1) 9 {2.6) & (L2} 204 (5000 LE ]

. hoseri F LA T7F(31) 70 (2 E) 1 0O a —_

M. mongana 2573 4GB {166} 31 {E:2}) o o) i —

E_ pesmgenes 20 650 (309} 164 [FB) B4 (4.0} o —
Serratio spp. 1BRE 193 (0.2} 2 {13} 16 [0S} i/8 (125} 01t

T el 1451 G55 (FGE] &4 {5.B} 52 (3.6} 110 (100 036
P.vadgaris 1050 I8 [T} T 07} 1 DOLED afs oy =
Eodmonala spp. Gy 6 (10 6 (1.0} 1 o2y 1A (20O} 0.7
Pronddencha spp. 523 17 (23} & [1.5} a oy a —_
Shigeda spp. &0 1 {17} 1 (L7} a (o o —
Others 1821 173 [9.5) 26 (1.4]) 20 (1L} 110 [(10.00 011
Tl 133 Jdpdy 11471 [B.E) THOT [56) B4e (LE) 28 (116} 008

Selection criteria ; ertapenem 21 mg/L
imipenem

meropenem 2 4mg/
ertapenem
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Episodes d’EPC, France, 2004 — 2014, par mois de signalement Bilan

au 04 septembre 2014 (N= 1210 épisodes)

Sowurce : InVS. Raisin

Nombre d'épisodes d'EPC

Mois

*données au 04 septembre 2014
m Episodes sans lien rapports avec I'étranger O Episodes avec lien avec un pays étranger

1210 episodes au total
9:10 , 2010:28 , 2011:113 , 2012:233 , 2013:405 , 2014 :412
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Carbapenemase producers in Enterobacteriaceae- France-

Antibiotic Resistance Reference Center- 2013

K. pneumoniae

Species n ,
E. coli
E. cloacae
i Enterobacter spp.
K pneumoniae 410 Citrobacter spp.
. Aut
E. coli 116 5 89 g Autres
14% <57 46%
E. cloacae 51 7.7%
Enterobacter spp. 9
Citrobacter spp. 24
Autres 26
18.2% 64.5%

Total 636

X 3 in 2 years of time
P. Nordmann, personal and unpublished data
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Carbapenemases in the community




Falling Dominoes: Carbapenem-Resistant K. pneumoniae

2008 2010 2012

I Liechtenstein 1 Liechtenstein 1 Liechtenstein
I Luxembourg =3 Luxembourg Luxembourg
= Malta = Malta == Malta

Percentage Resistance

Bl <1% @ 5% to <10% Bl 25% to <50% No data reported or <10 isolates
1% to <5% B 10% to <25% B =50% [] MNotincluded




Carbapenemase producers, France: the future

AVGIN=) -
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W AKAOD Plazo Model, reforecast 2014-Q4
Il EcDC, 2014-12

Il ONERBA (Robert), 2014

Il TEST, 2013

Il TEST. 2014-10 (hospital settings only)
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The impact of carbapenemase producers in the USA

GCARBAPENEM-RESISTANT
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Emergence of the 165 rRNA Methylase RmtG in an Extended-
Spectrum-B-Lactamase-Producing and Colistin-Resistant Klebsiella
prneumoniae Isolate in Chile

Laurent Polrel,®® Jaime Labarca,™  Hella Bello,” Maria Lulsa Rloseco,® Sandrine Bermnabeu,® Patrice Nordmann™®
Medicad and Modeouwlar Microblclogy Unilt, Department of Medicine, Faculty of Saence, University of Fribowng, Fribowng, Switzerand™; INSERM U914, Emerging Reslstemce
to Anitihiciics, e Kremiin-Bacétre, Fance™; Department of infectious Diseases, School of Medicine, Ponifficia Uinlversidad Catdiica de Chile, Santtago, Chile™; Department of

Aicrobeckogy, Faoukdad de Oencas Bicloglcas, Universidad de Concepscion, Concepcion, CThile™; Oinkcal Microbicéogy Laboratory, Hospital de Poerto Most, Puemo Montt,
Chile®




RAPID COMMUNICATIONS

Colistin resistance superimposed to endemic

carbapenem-resistant Klebsiella prieurmoniae: a rapidly
evolving problem in Italy, November 2013 to April 2014

M. Monacos, T Glanl=s, M RafTone*+, FArenas, A Garcla-Fernandez*, 5 Pollinl>, Network EuSCAPE-Italy=, H Grundmann®,

A Pamtost] (annallsa. pantostlglss.it):, G M Rossolinizss

1. Department of Infectiows, Parasitic and Immune-mediated Diseases, Istituto Superiore di Sanita, Rome, ltaly

2. MM and Tz hawve egually contributed to this work

3. Department of Medical Biotechnologies, University of Siena. Siena, Italy

& . Federico Il University Hospital, Neaples, Italy

5. The network EuSCAPE-Italy participants are listed at the end of this article
6. Department of Medical Microbiology., University of Groningen, University Medical Center Groningen, the Netherlands
E Department of Experimental and Clinical Medicine. University of Florence. Florence. Ital'ir

. Clinical Microbiology and Wirclogy Unit, Florence Careggi University Hospital. Florence, |taby

Citation style for this article:

Maonaco M, Giani T, Raffone M, Arena F, Garcia-Fernandez &, Pollimi 5, Network Ew5CAPE-Italy, Grundmann H, Pantosti &, Rossolini GM . Colistin resistance

zu p:rir;l:pused o endemic carbapenem-resistant Klebsiella preumonias: a ra pid

FEEE ]

Consecutive non-replicate clinical isolates [(n=1g91)
of carbapenem non-susceptible Enterobacteriaceae
were collected from 21 hospital laboratories across
Italy from MNowember zoi1z to April 2014 as part of
the European Survey on Carbapenemase-producing
Enterobacteriaceae (EuSCAPE) project. Klebsiella pnewu-
monioae carbapenemase-producing K. prmewmoniae
(KPC-KP) represanted 178 (939) isolates with 76 (539)
respectively resistant to colistin,6 a key drug for treat-
ing carbapenamase-producing Enterobacteriaceae.
KPC-KP colistin-resistant isolates were detected inm
all participating laboratories. This underscores a con-
cerming ewolution of colistin resistance in a setting of
high KPC-KP endemicity.
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evwohring prohlem in laly, Mowember 2013 to April ze14. Eure Sureeill.
gzl=pii=z20535. &vailable online: httpe/fwww_surosurveilance_orgd Viewfirticle_aspe B rticleld=20939

MArticle submitted on oB October 2014 ' published on =3 October 201

mortality rates are high due o limited trearment
options, and some strains have the potential for rapid
dissemination in healthcare settings [1,2]. In Europe,
CRE hawve been reported from wirtwally all countries,
but in some countries, mamely Greece and Iltaly, they
have spread rapidly and are presently endemic in
mamny hospitals [3,4]. Resistamce to carbapenems
in Enterbacteriaceae is largely due to productiom of
enzy mes (carbapenemases) inactivating these antibi-
otics, hence the definition of carbapenemase-produc-
ing Enterobacteriaceae (CPE).

In Italy, the dramatic increase of carbapenem-resist-
ant Klebsiglle prneumoniae has been documented by
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Fighting back against antibiotic resistance

Four Core Actions to Prevent
Antibiotic Resistance

Preventing infections,

preventing the spread of

resistance

4.Developing novel
diagnostic tests and
new drugs

2. Tracking

[ High s

[ Outoreaks and interregional spread of NDM producers

[ Sporadic description of NDM producers (endemicity)
ion

= Main flux of population migrati

3. Improving antibiotic
prescription/stewardship
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