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AlternaIves	
  thérapeuIques	
  
dans	
  le	
  traitement	
  des	
  bactéries	
  mulIrésistantes	
  	
  

AlternaIves	
  aux	
  carbapénèmes	
  pour	
  le	
  traitement	
  
des	
  infecIons	
  à	
  

entérobactéries	
  productrices	
  de	
  BLSE	
  



β-­‐lactamases	
  à	
  spectre	
  étendu:	
  enzymes	
  hydrolysant	
  la	
  majorité	
  des	
  
β-­‐lactamines,	
  incluant	
  les	
  C3G 	
  (à	
  un	
  niveau	
  variable)	
  

Restent	
  sensibles	
  
aux	
  carbapénèmes	
  

«	
  BLSE	
  »	
  



E. coli BLSE 



X5	
  à	
  l’AP-­‐HP	
  entre	
  2002	
  et	
  2010	
  

www.onerba.org	
  

Nosocomial,	
  disséminaIon	
  clonale	
  
K.	
  pneumoniae,	
  E.	
  aerogenes	
  
Dérivées	
  de	
  TEM	
  et	
  SHV	
  

Communautaire,	
  polyclonal	
  
E.	
  coli	
  
CTX-­‐M	
  	
  

Entérobactéries	
  productrices	
  de	
  BLSE	
  



Explosion de la résistance aux AB 

EARS-­‐NET	
  

2005	
   2014	
  

E. Coli I/R aux C3G: 

Propor<on	
  de	
  Escherichia	
  coli	
  R.	
  aux	
  C3G	
  2005/2012	
  	
  



Propor<on	
  de	
  Escherichia	
  coli	
  R.	
  aux	
  C3G	
  

A	
  l’hôpital,	
  méningites	
  et	
  bactériémies,	
  2012:	
  

Communautaire,	
  2011	
  (consult.	
  centre	
  de	
  santé	
  SS):	
  

Portage	
  digesIf	
  d’entérobactéries	
  BLSE	
  :	
  6%	
  
Nicolas-­‐Chanoine,	
  JAC	
  2012	
  



Ruppé,	
  CID	
  2015	
  

Facteurs	
  de	
  risque	
  d’infec<on/colonisa<on	
  à	
  EBLSE	
  
en	
  communautaire:	
  voyage	
  à	
  l’étranger	
  

MRE = entérobactéries multi-résistantes (91,8%: BLSE) 
FdR d’acquisition (multivariée):  Région visitée 

    β-lactamine pendant voyage 
    Diarrhée pendant voyage 
    Type de voyage (pas all-inclusive) 



●	
  Avantages:	
  
	
  

	
  -­‐	
  très	
  stables	
  à	
  l’hydrolyse	
  par	
  les	
  BLSE	
  
	
  -­‐	
  bonnes	
  concentra<ons	
  <ssulaires	
  
	
  -­‐	
  pas	
  d’effet	
  inoculum	
  	
  

Infec<ons	
  à	
  E-­‐BLSE:	
  carbapénèmes	
  la	
  référence	
  
car	
  non	
  hydrolysés	
  par	
  les	
  BLSE	
  



Infec<ons	
  à	
  E-­‐BLSE:	
  carbapénèmes	
  la	
  référence	
  
car	
  non	
  hydrolysés	
  par	
  les	
  BLSE	
  

1980	
  
	
  
1990	
  
	
  
2000	
  
	
  
2008	
  
	
  

●	
  Imipénème/cilasta<ne	
  =	
  Tiénam*	
  

	
  
●	
  Méropénème	
  =	
  Méronem*	
  

	
  
●	
  Ertapénème	
  =	
  Invanz*	
  
	
  
●	
  Doripénème	
  =	
  Doribax*	
  



Gram	
  +	
  
SARM	
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Carbapénèmes:	
  spectre	
  d’ac<vité	
  



Infec<ons	
  à	
  E-­‐BLSE:	
  carbapénèmes	
  la	
  référence	
  
car	
  non	
  hydrolysés	
  par	
  les	
  BLSE	
  

	
  1.	
  ne	
  font	
  pas	
  des	
  miracles…	
  

Bactériémies	
  à	
  E.	
  coli	
  BLSE+	
  traitées	
  par	
  carbapénèmes	
  :	
  
	
  

Mortalité	
  J30	
  	
  	
  	
  	
  	
  	
  16,7%	
  (20/120)	
  

Rodriguez-­‐Bano,	
  Clin	
  Infect	
  Dis	
  2011	
  

	
  2.	
  associés	
  à	
  l’émergence	
  de	
  la	
  résistance	
  aux	
  carbapénèmes	
  
	
  	
  	
  	
  	
  (pression	
  de	
  sélec<on)	
  

Mais….	
  



Infec<ons	
  à	
  E-­‐BLSE:	
  carbapénèmes	
  la	
  référence	
  
car	
  non	
  hydrolysés	
  par	
  les	
  BLSE	
  

Entérobactéries	
  productrices	
  de	
  carbapénémases,	
  Mai	
  2015	
  

hIp://www.eurosurveillance.org	
  



Emergence	
  de	
  la	
  R.	
  aux	
  carbapénèmes	
  

Tumbarello,	
  CID	
  2012	
  



Emergence	
  favorisée	
  par	
  l’u<lisa<on	
  des	
  carbapénèmes	
  

Emergence	
  de	
  la	
  résistance….	
  

Armand-­‐Lefèvre,	
  AAC	
  2013	
  

Cas-­‐témoin,	
  
RéanimaIon	
  Bichat,	
  
FdR	
  acquisiIon	
  
BGN	
  I/R	
  pénèmes	
  



Infec<ons	
  à	
  E-­‐BLSE:	
  privilégier	
  les	
  alterna<ves	
  

«l’usage	
  des	
  carbapénèmes,	
  loin	
  d’être	
  idéal,	
  doit	
  être	
  regardé	
  comme	
  
une	
  «	
  fausse	
  bonne	
  soluIon	
  »	
  :	
  il	
  s’agit	
  d’une	
  soluIon	
  efficace	
  sur	
  le	
  plan	
  
thérapeuIque	
  à	
  l’échelle	
  individuelle,	
  mais	
  d’une	
  soluIon	
  à	
  haut	
  risque	
  

car	
  favorisant	
  le	
  développement	
  de	
  carbapénémases	
  ».	
  

«	
  Il	
  est	
  recommandé	
  d’uIliser	
  chaque	
  fois	
  que	
  possible	
  une	
  des	
  
alternaIves	
  thérapeuIques	
  pour	
  le	
  traitement	
  des	
  infecIons	
  
dues	
  à	
  des	
  entérobactéries	
  BLSE	
  ».	
  

COMAI,	
  APHP,	
  2010	
  



Infec<ons	
  urinaires	
  basses:	
  
	
  
-­‐ 	
  EssenIellement	
  E.	
  coli	
  
-­‐ 	
  Peu	
  graves	
  
-­‐ 	
  Faible	
  inoculum	
  
-­‐ 	
  Ambulatoire,	
  voie	
  orale	
  ou	
  traitement	
  IV/IM	
  court	
  

Infec<ons	
  invasives:	
  	
  
	
  
-­‐	
  Entérobactéries	
  diverses	
  
-­‐	
  Graves	
  
-­‐ 	
  Inoculum	
  plus	
  important	
  
-­‐ 	
  ConcentraIons	
  suffisantes	
  dans	
  le	
  foyer	
  infecIeux	
  
-­‐ 	
  Milieu	
  hospitalier	
  

Deux	
  situa<ons	
  différentes	
  



-­‐ 	
  Molécules	
  orales	
  envisageables:	
  

-­‐ Fosfomycine	
  >98%	
  S	
  
-­‐ Pivmécillinam	
  70-­‐90%	
  
-­‐ Fluoroquinolones	
  40%	
  S	
  
-­‐ Nitrofurantoïne	
  >90%	
  S	
  
	
  
-­‐ Amoxicilline/clavulanate	
  40%	
  S	
  
-­‐ TMP/SMX	
  35-­‐40%	
  S	
  

Infec<ons	
  urinaires	
  basses	
  

Algorythme	
  cysIte	
  «	
  tout-­‐venant	
  »	
  

RecommandaTons	
  SPILF	
  2014	
  



Référence Design et type 
d’infection 

Nombre de 
patients, 
traitement 

Evolution: 
Guérison clinique 

Rodriguez-Bano, 
Arch Intern Med 
2008 
Espagne 

Prospectif non 
randomisé, cystites 
communautaires 
E. coli BLSE 

28 patients: Fos/T 3g 
dose unique 
 
37 patients Amx/clav: 
625 mgx3/j 5-7j 

Fos/T: 26/28 (93%) 
 
 
Amx/clav: 26/28 
(93%) si isolat S 

Pullukcu, 
Int J Antimicrob 
Agents 2007 
Turquie 

Rétrospectif, 
infections urinaires 
basses, y compris 
compliquées, 
nosocomiales et 
communautaires 
E. coli BLSE 

52 patients: Fos/T 3g 
toutes les 48h, 9g au 
total 

Fos/T: 49/52 (94%) 
Pas de rechute à J28 

Senol, 
J Chemother 2010 
Turquie 

Prospectif 
observationnel, 
infections urinaires 
basses, y compris 
compliquées, 
nosocomiales et 
communautaires 
E. coli BLSE 

27 patients: Fos/T 3g 
toutes les 48h, 9g au 
total 
 
20 patients: IMP (500 
mgx4/j) ou 
méropénème (1gx3/j), 
14j 

Fos/T: 19/20 (95%) 
 
 
 
Carbapénème: 16/20 
(80%) 

Infec<ons	
  urinaires	
  basses:	
  fosfomycine,	
  amx/clav	
  



O’Kelly,	
  BMC	
  Infect	
  Dis	
  2016	
  

Infec<ons	
  urinaires	
  basses:	
  pivmécillinam	
  

95	
  souches	
  d’entérobactéries	
  BLSE	
  d’origine	
  urinaire,	
  Dublin	
  (Irlande)	
  

Conc.	
  criIque	
  CASFM:	
  
8	
  µg/ml	
  



Jansaker,	
  JAC	
  2014	
  

Danemark	
  +	
  Suède:	
  
39	
  paIents	
  (32	
  femmes),	
  infecIons	
  urinaires	
  basses	
  
34	
  E.	
  coli,	
  5	
  K.	
  pneumoniae	
  BLSE	
  
200	
  (n=5)	
  ou	
  400	
  (n=34)	
  mgx3/j,	
  3-­‐>10j	
  
	
  
Fin	
  de	
  traitement:	
  
-­‐	
  Guérison	
  clinique	
  84%	
  
-­‐ 	
  Guérison	
  bactériologique	
  79%	
  

Rechute	
  bactériologique	
  	
  (10-­‐20j	
  après	
  arrêt	
  Tp):	
  5	
  paIents	
  

Amidinopénicilline,	
  
Sélexid*	
  200	
  mg,	
  3-­‐6	
  cp/j	
  

Infec<ons	
  urinaires	
  basses:	
  pivmécillinam	
  



Tasbakan,	
  Int	
  J	
  AnTmicrob	
  Agents	
  2012	
  

RétrospecIf	
  
	
  
Nitrofurantoïne	
  50	
  mgx4/j	
  PO	
  14	
  Jours	
  
	
  
75	
  paIents:	
  45	
  femmes,	
  30	
  hommes	
  

Succès	
  clinique	
  69%	
  

Succès	
  microbiologique	
  (J7-­‐9)	
  68%	
  

Rechutes	
  (J28-­‐31)	
  3,2%	
  

Infec<ons	
  urinaires	
  basses:	
  nitrofurantoïnes	
  



β-­‐lactamines	
  :	
  
β-­‐lactamines	
  +	
  inhibiteurs?	
  

	
  Tazo	
  80%S	
  (E.	
  coli)	
  
	
  Amx/clav	
  40%S	
  (E.	
  coli)	
  

C3G/Aztréonam?	
  31%S	
  (E.	
  coli)	
  
Céphamycines	
  90%S*(E.	
  coli)	
  
Témocilline	
  99%S	
  (CC	
  32)	
  (E.	
  coli)	
  

Les	
  alterna<ves	
  

Fluoroquinolones	
  
40%S	
  (E.	
  coli)	
  
	
  

Infec<ons	
  invasives	
  

AMK	
  90%S	
  (E.	
  coli)	
  

Cotrimoxazole	
  35-­‐40%S	
  
(E.	
  coli)	
  

Hydrolyse	
  à	
  un	
  niveau	
  variable	
  

Pas	
  d’hydrolyse	
  

Tigécycline	
  

Colimycine	
  

Fosfomycine	
  (assoc.)	
  >98%S	
  
RecommandaTons	
  SPILF	
  2014	
  
*Fournier,	
  MMI	
  2013	
  



Bert,	
  RICAI	
  2012	
  
Fournier,	
  MMI	
  2013	
  

Bert	
  et	
  al.:	
  400	
  souches	
  de	
  E-­‐BLSE,	
  Hôpital	
  Beaujon,	
  Nov	
  11-­‐Août	
  12	
  
215	
  E.	
  coli,	
  104	
  K.	
  pneumoniae,	
  67	
  E.	
  cloacae,	
  14	
  autres	
  

27%	
  
21,7%	
  
70,5%	
  
65,3%	
  
87%	
  
33,7%	
  
23,7%	
  
37,3%	
  

≥	
  1	
  C3G/ATM	
  
AMX/Clav	
  
PIP/TAZ	
  
CéfoxiIne	
  
Amikacine	
  
Tétracycline	
  
Ciprofloxacine	
  
Cotrimoxazole	
  
Fosfomycine	
  

*CTX,	
  CAZ,	
  FEP,	
  conc.	
  criIques	
  CASFM	
  2013	
  

Bert	
  
400	
  E-­‐BLSE	
  

E-­‐BLSE	
  françaises	
  :	
  sensibilité	
  aux	
  alterna<ves	
  

Fournier	
  et	
  al.:	
  100	
  E.	
  coli	
  BLSE,	
  inf	
  urinaires,	
  CHU	
  Besançon,	
  Juin	
  09-­‐Sept	
  100	
  

Fournier	
  
100	
  E.	
  coli	
  BLSE	
  

CAZ	
  27%	
  
40%	
  
80%	
  
90%	
  
90%	
  

Tigé	
  99%	
  
28%	
  
28%	
  
99%	
  



-­‐ 	
  Effet	
  inoculum	
  versus	
  EBLSE	
  in	
  vitro:	
  

C3G	
  +++	
  

Amoxicilline/clavulanate	
  +/-­‐	
  
Aztréonam	
  +/-­‐	
  
Témocilline	
  +/-­‐	
  

Céfotétan,	
  flomoxef	
  (céphamycines)	
  -­‐	
  

Pipéracilline/tazobactam	
  ++	
  

Bolivar,	
  AnTmicrob	
  Agents	
  Chemother	
  1982	
  
Thomson,	
  AnTmicrob	
  Agents	
  Chemother	
  2001	
  
Lopez-­‐Ferrero,	
  Clin	
  Microbiol	
  Infect	
  2010	
  
Lee,	
  J	
  AnTmicrob	
  Chemother,	
  2006	
  

β-­‐lactamines	
  



C3G vs K. pneumoniae TEM-26 : effet inoculum in 
vitro (1) 

K. pneumoniae 5657, BLSE TEM-26, isolat clinique crachat 

Rice, Antimicrob Agents Chemother 1991 



Traitement IV continu 3 jours, céfotaxime ou cefpirome 400 mg/kg/j  

Rice, Antimicrob Agents Chemother 1991 

C3G vs K. pneumoniae TEM-26 : effet inoculum in 
vitro (1) 



Docobo-­‐Perez,	
  AAC	
  2013	
  

β-­‐lactamines	
  +	
  inhibiteurs:	
  effet	
  inoculum?	
  

Modèle	
  de	
  sepsis	
  murin,	
  impact	
  de	
  l’inoculum	
  sur	
  l’efficacité	
  de	
  
amox/clav,	
  pip/taz,	
  imipénème	
  versus	
  E.	
  coli	
  CTX-­‐M-­‐14:	
  

Effet	
  inoculum	
  pour	
  les	
  3	
  molécules	
  mais	
  moins	
  bonne	
  efficacité	
  de	
  PIP/TAZ	
  

Non	
  BLSE	
  

BLSE	
  



Harada,	
  CMI	
  2014	
  

β-­‐lactamines	
  +	
  inhibiteurs:	
  effet	
  inoculum?	
  

Modèle	
  murin	
  de	
  pneumopathie,	
  impact	
  de	
  l’inoculum	
  sur	
  l’efficacité	
  
de	
  méropénème	
  et	
  pip/taz	
  versus	
  K.	
  pneumoniae	
  CTX-­‐M-­‐9:	
  

Méropénème	
  moins	
  touché	
  
par	
  l’effet	
  inoculum	
  



β-­‐lactamines	
  +	
  inhibiteurs	
  

Rodriguez-­‐Bano,	
  Clin	
  Infect	
  Dis	
  2011	
  



Rodriguez-­‐Bano,	
  Clin	
  Infect	
  Dis	
  2011	
  

-­‐ 	
  6	
  études	
  de	
  cohorte	
  prospecIve	
  (2001-­‐2007),	
  Espagne,	
  publiées:	
  
-­‐ 	
  Carbapénème:	
  IMP	
  500x4/j,	
  MERO	
  1gx3/j,	
  ERTA	
  1g/j	
  
-­‐ 	
  ou	
  β-­‐lactamine+inh	
  par	
  voie	
  IV:	
  PIP/TAZ	
  4,5gx4/j,	
  AMX/CLAV	
  1,2gx3/j	
  
-­‐ 	
  Bactériémie,	
  isolat	
  sensible	
  à	
  l’anIbiothérapie	
  empirique	
  uIlisée	
  

β-­‐lactamines	
  +	
  inhibiteurs	
  



Rodriguez-­‐Bano,	
  Clin	
  Infect	
  Dis	
  2011	
  

β-­‐lactamines	
  +	
  inhibiteurs	
  



Rodriguez-­‐Bano,	
  Clin	
  Infect	
  Dis	
  2011	
  

β-­‐lactamines	
  +	
  inhibiteurs	
  

• 	
  Limites	
  de	
  l’étude:	
  
• 	
  non	
  randomisée	
  
• 	
  porte	
  d’entrée	
  urinaire	
  ou	
  biliaire	
  chez	
  2/3	
  des	
  paIents	
  



Low:	
  ≤2	
  µg/ml	
  
Intermediate:	
  4-­‐8	
  µg/ml	
  
High:	
  ≥16	
  µg/ml	
   Retamar,	
  AAC	
  2013	
  

β-­‐lactamines	
  +	
  inhibiteurs:	
  importance	
  de	
  la	
  CMI	
  

Sous-­‐étude	
  de	
  Rodriguez-­‐Bano,	
  
paIents	
  traités	
  par	
  pip/taz	
  



β-­‐lactamines	
  +	
  inhibiteurs:	
  la	
  méta-­‐analyse	
  

Vardakas,	
  JAC	
  2012	
  

Métaanalyse,	
  bactériémies	
  à	
  E-­‐BLSE,	
  
comparaison	
  carbapénèmes	
  vs	
  BL/BLIs	
  en	
  traitement	
  empirique	
  

Pas	
  de	
  différence	
  de	
  mortalité	
  
Alors	
  que	
  anIbiothérapie	
  parfois	
  inadaptée	
  (R	
  BL/BLI)	
  



Vardakas,	
  JAC	
  2012	
  

Bactériémies	
  à	
  E-­‐BLSE,	
  comparaison	
  carbapénèmes	
  vs	
  BL/BLI	
  
en	
  traitement	
  défini<f	
  

En	
  traitement	
  définiIf:	
  pas	
  de	
  différence	
  mais	
  tendance	
  

β-­‐lactamines	
  +	
  inhibiteurs	
  :	
  la	
  méta-­‐analyse	
  



Bactériémies	
  à	
  EBLSE,	
  PIP/TAZ	
  ou	
  carbapénème	
  en	
  probabiliste,	
  puis	
  carbapénème,	
  
Exclusion	
  souches	
  TAZO-­‐R	
  (CMI	
  >16	
  µg/ml).	
  Rétrospec<f	
  

CID	
  2015	
  

CMI	
  PIP/TAZ:	
  
-­‐	
  2	
  µg/ml:	
  1%	
  
-­‐	
  4	
  µg/ml:	
  39%	
  
-­‐	
  8	
  µg/ml:	
  46%	
  
-­‐	
  16	
  µg/ml:	
  14%	
  



Tamma,	
  CID	
  2015	
  

PIP/TAZ	
  

Carbapénème	
  

Survie	
  à	
  J14	
  

Conclusion:	
  PIP/TAZ	
  moins	
  efficace	
  



MAIS…..alen<on	
  au	
  <tre…	
  

Cepe	
  étude	
  ne	
  s’intéresse	
  
	
  
qu’à	
  l’an<biothérapie	
  probabiliste	
  
	
  
(tous	
  les	
  paIents	
  mis	
  ensuite	
  sous	
  carbapénèmes)	
  



Low:	
  ≤2	
  µg/ml	
  
Intermediate:	
  4-­‐8	
  µg/ml	
  
High:	
  >8	
  µg/ml	
  

Retamar,	
  AAC	
  2013	
  

Sous-­‐étude	
  de	
  Rodriguez-­‐Bano,	
  
pa<ents	
  traités	
  par	
  pip/taz	
  

Mais….souches	
  résistantes	
  incluses	
  

-­‐ 	
  Concentra<ons	
  cri<ques	
  PIP/TAZ	
  différentes	
  en	
  France	
  
CASFM	
  S	
  ≤	
  8	
  µg/ml	
   	
   	
  Tamma:	
  14%	
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The spread of extended-spectrum-!-lactamase (ESBL)-producing Enterobacteriaceae (ESBL-E) is leading to increased carbap-
enem consumption. Alternatives to carbapenems need to be investigated. We investigated whether !-lactam/!-lactamase inhibi-
tor (BLBLI) combinations are as effective as carbapenems in the treatment of bloodstream infections (BSI) due to ESBL-E. A
multinational, retrospective cohort study was performed. Patients with monomicrobial BSI due to ESBL-E were studied; specific
criteria were applied for inclusion of patients in the empirical-therapy (ET) cohort (ETC; 365 patients), targeted-therapy (TT)
cohort (TTC; 601 patients), and global cohort (GC; 627 patients). The main outcome variables were cure/improvement rate at
day 14 and all-cause 30-day mortality. Multivariate analysis, propensity scores (PS), and sensitivity analyses were used to control
for confounding. The cure/improvement rates with BLBLIs and carbapenems were 80.0% and 78.9% in the ETC and 90.2% and
85.5% in the TTC, respectively. The 30-day mortality rates were 17.6% and 20% in the ETC and 9.8% and 13.9% in the TTC, re-
spectively. The adjusted odds ratio (OR) (95% confidence interval [CI]) values for cure/improvement rate with ET with BLBLIs
were 1.37 (0.69 to 2.76); for TT, they were 1.61 (0.58 to 4.86). Regarding 30-day mortality, the adjusted OR (95% CI) values were
0.55 (0.25 to 1.18) for ET and 0.59 (0.19 to 1.71) for TT. The results were consistent in all subgroups studied, in a stratified analy-
sis according to quartiles of PS, in PS-matched cases, and in the GC. BLBLIs, if active in vitro, appear to be as effective as carbap-
enems for ET and TT of BSI due to ESLB-E regardless of the source and specific species. These data may help to avoid the overuse
of carbapenems. (This study has been registered at ClinicalTrials.gov under registration no. NCT01764490.)

The spread of extended-spectrum !-lactamases (ESBLs) in En-
terobacteriaceae (ESBL-E) has become a serious public health

problem worldwide (1–3). Carbapenems are considered the drugs
of choice for treating severe infections caused by ESBL producers
according to observational studies (1–3). This is leading to an
increased consumption of carbapenems, which is particularly
worrisome in a scenario where carbapenemase-producing organ-
isms are spreading rapidly (4, 5). The search for alternatives to
carbapenems for infections caused by ESBL producers is therefore
a clinical priority.

ESBLs are inhibited by !-lactamase inhibitors (1). Although
hyperproduction of !-lactamases or additional resistance
mechanisms may hamper the activity of these compounds,

!-lactam/!-lactamase inhibitor combinations (BLBLIs) such
as amoxicillin-clavulanate (AMC) or piperacillin-tazobactam
(PTZ) remain active against a considerable proportion of
ESBL-E in many areas of the world (6–11). However, the effi-
cacy of BLBLIs for treating serious infections caused by ESBL-E
is controversial (11–13).

Designing and executing observational studies comparing the
efficacy of different antimicrobials for infections caused by mul-
tidrug-resistant bacteria presents specific challenges. In fact, most
studies published to date in this field have important drawbacks
that seriously challenge their validity; some recommendations for
improving the quality of observational studies in this field have
been published (14).
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enems for ET and TT of BSI due to ESLB-E regardless of the source and specific species. These data may help to avoid the overuse
of carbapenems. (This study has been registered at ClinicalTrials.gov under registration no. NCT01764490.)

The spread of extended-spectrum !-lactamases (ESBLs) in En-
terobacteriaceae (ESBL-E) has become a serious public health

problem worldwide (1–3). Carbapenems are considered the drugs
of choice for treating severe infections caused by ESBL producers
according to observational studies (1–3). This is leading to an
increased consumption of carbapenems, which is particularly
worrisome in a scenario where carbapenemase-producing organ-
isms are spreading rapidly (4, 5). The search for alternatives to
carbapenems for infections caused by ESBL producers is therefore
a clinical priority.

ESBLs are inhibited by !-lactamase inhibitors (1). Although
hyperproduction of !-lactamases or additional resistance
mechanisms may hamper the activity of these compounds,

!-lactam/!-lactamase inhibitor combinations (BLBLIs) such
as amoxicillin-clavulanate (AMC) or piperacillin-tazobactam
(PTZ) remain active against a considerable proportion of
ESBL-E in many areas of the world (6–11). However, the effi-
cacy of BLBLIs for treating serious infections caused by ESBL-E
is controversial (11–13).

Designing and executing observational studies comparing the
efficacy of different antimicrobials for infections caused by mul-
tidrug-resistant bacteria presents specific challenges. In fact, most
studies published to date in this field have important drawbacks
that seriously challenge their validity; some recommendations for
improving the quality of observational studies in this field have
been published (14).
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HYPOTHESE:	
  
non-­‐infériorité	
  des	
  BL/BLI	
  versus	
  carbapénèmes	
  pour	
  bactériémies	
  à	
  E-­‐BLSE	
  
Etude	
  observaIonnelle	
  internaIonale	
  

METHODES:	
  
-­‐ Projet	
  INCREMENT	
  
-­‐ Analyse	
  rétrospecIve	
  d’une	
  cohorte	
  internaIonale	
  
-­‐ Janvier	
  2004-­‐Décembre	
  2013,	
  37	
  centres	
  hospitaliers	
  terIaires,	
  12	
  pays	
  
-­‐ Toutes	
  les	
  bactériémies	
  consécuIves	
  à	
  E-­‐BLSE	
  ou	
  E-­‐carbapénémases	
  

-­‐ Cele	
  analyse:	
  tous	
  pa<ents	
  ayant	
  bactériémie	
  à	
  E-­‐BLSE	
  traités	
  par	
  monothérapie	
  
AMX/CLAV,	
  PIP/TAZ,	
  AMPI/SULBACTAM	
  avec	
  souche	
  S/I	
  (CLSI)	
  ou	
  carbapénème	
  
	
  
-­‐ Cohorte	
  de	
  traitement	
  empirique	
  (ETC):	
  début	
  <24h	
  après	
  prélèvement	
  HC,	
  durée	
  ≥48h	
  
-­‐ Cohorte	
  de	
  traitement	
  documenté	
  (TTC):	
  début	
  dans	
  les	
  5j,	
  pendant	
  ≥50%	
  du	
  temps	
  
-­‐ Cohorte	
  globale	
  (GC)	
  

-­‐ Critères	
  de	
  jugement:	
  réponse	
  clinique	
  à	
  J14,	
  mortalité	
  à	
  J30	
  

Objec<fs	
  et	
  méthodes	
  





Résultats	
  

Table S7 in the supplemental material. The PS-adjusted OR of
targeted therapy with BLBLIs for 30-day mortality was 0.65 (95%
CI, 0.23 to 1.65; P ! 0.86). When other potential confounders
were added, it was 0.59 (95% CI, 0.19 to 1.71; P ! 0.35) (Table 3).
Meta-regression analysis considering geographical regions did not
show significant differences (see Table S8 and Fig. S4).

The stratified analysis performed according to the quartiles of
the PS only had a meaningful number of patients for quartiles 3
and 4; in these, no significant differences in cure/improvement or
mortality rate were shown (Table 4). We could only match 55
pairs of patients receiving targeted treatment with BLBLIs or car-
bapenems according to the PS; the matched patients did not show
significant differences in exposure to variables related to therapy
(see Table S9 in the supplemental material); the cure/improve-

ment and mortality rates among patients treated with BLBLIs or
carbapenems were 89.1% and 83.6% (P ! 0.40) and 7.3% and
16.4% (P ! 0.14), respectively; the Kaplan-Meier curves for sur-
vival in propensity score-matched patients are shown in Fig. S5.

Global-therapy cohort. Overall, 627 patients were included in
the GTC; 156 received empirical and targeted therapy with a carbap-
enem, 152 received empirical therapy with a BLBLI and targeted ther-
apy with a carbapenem, 63 received empirical and targeted therapy
with a BLBLI, 225 received empirical therapy with a drug other than a
carbapenem or a BLBLI and targeted therapy with a carbapenem, and
31 received empirical therapy with a drug other than a carbapenem or
a BLBLI and targeted therapy with a BLBLI. The baseline features of
the patients in each group are shown in Table 5. The 14-day cure/
improvement rates were 87.7%, 85.5%, 87.3%, 84.9%, and 90.3%,

TABLE 1 Characteristics of patients with bloodstream infections caused by extended-spectrum-"-lactamase-producing Enterobacteriaceae in the
empirical- and targeted-therapy cohorts

Characteristic

No. (%) of patients (unless otherwise specified) in indicated group

Empirical-therapy cohort Targeted-therapy cohort

BLBLI (n ! 170)
Carbapenem
(n ! 195) P valuea BLBLI (n ! 92)

Carbapenem
(n ! 509) P valuea

Age [median (IQRb)] 71.5 (59–79) 66 (54.5–76) 0.005c 70.5 (56–80) 68 (56–78) 0.22c

Male sex 95 (55.9) 117 (60.0) 0.42 55 (59.8) 295 (58.0) 0.74

Enterobacteriaceae species
E. coli 130 (76.3) 136 (69.7) 0.15 71 (77.2) 368 (72.3) 0.33
K. pneumoniae 29 (17.1) 45 (23.1) 0.15 13 (14.1) 101 (19.8) 0.20
Other 11 (6.5) 14 (7.2) 0.79 8 (8.7) 40 (7.9) 0.78

Nosocomial acquisition 75 (44.1) 91 (46.7) 0.63 38 (41.3) 247 (48.5) 0.2

Source
Urinary tract 77 (45.3) 91 (46.7) 0.79 39 (42.4) 233 (45.8) 0.55
Biliary tract 25 (14.7) 24 (12.3) 0.5 9 (9.8) 62 (12.2) 0.51
Other (high-risk source) 68d (40.0) 80e (41.0) 0.84 44f (47.8) 214g (42.0) 0.30

ICUh admission 13 (7.6) 26 (13.3) 0.071 4 (4.3) 62 (12.2) 0.02
McCabe classification, nonfatal 81 (47.6) 95 (48.7) 0.84 47 (51.1) 263 (51.7) 0.92
Cancer 50 (29.4) 74 (37.9) 0.068 38 (41.3) 208 (40.9) 0.86
Pitt score [median (IQR)] 1 (0–3) 1 (0–3) 0.30c 1 (0–2) 1 (0–2) 0.19c

Severe sepsis or shock 67 (39.4) 72 (36.9) 0.86 31 (33.7) 164 (32.2) 0.94

Targeted therapy with:
Carbapenem 80 (47.1) 169 (86.7) #0.0001
BLBLI 65 (38.2) 8 (4.1) #0.0001
Other drug 25 (14.7) 18 (9.2) 0.11

Empirical therapy with:
Carbapenem 4 (4.3) 141 (27.7) #0.0001
BLBLI 56 (60.9) 140 (27.5) #0.0001
Other drug 32 (34.8) 228 (44.8) 0.07

Active empirical therapy 65 (70.7) 304 (59.7) 0.047
Cure/improvement 136 (80.0) 154 (79.0) 0.81 83 (90.2) 435 (85.5) 0.22
30-day mortality 30 (17.6) 39 (20.0) 0.60 9 (9.8) 71 (13.9) 0.28
a P values were calculated by $2 test, except where otherwise specified.
b IQR, interquartile range.
c Mann-Whitney U test.
d Other sources included unknown, 21; intra-abdominal, 20; pneumonia, 12; skin, 7; vascular, 7; other, 1.
e Other sources included unknown, 27; vascular, 19; intra-abdominal, 16; pneumonia, 10; skin, 5; other, 3.
f Intra-abdominal, 17; unknown, 13; vascular, 6; skin, 3.
g Unknown, 74; intra-abdominal, 51; vascular, 33; pneumonia, 26; skin, 15; other, 15.
h ICU, intensive care unit.
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Les	
  plus	
  fréquents:	
  
PTZ	
  4gx3/j	
  
AMC	
  1gx3/j	
  
IMP	
  0,5gx3/j	
  
MEP	
  1gx3/j	
  
	
  



Traitement	
  empirique:	
  réponse	
  clinique	
  J14	
  

respectively, and the 30-day mortality rates were 10.9%, 12.5%,
12.5%, 15.6%, and 6.5%, respectively.

Kaplan-Meier mortality curves are shown in Fig. 2C. The re-
sults of univariate analysis for cure/improvement and 30-day
mortality are shown in Tables S10 and S11 in the supplemental
material. In the multivariate logistic regression models, and after
controlling for propensity score and other variables, empirical
and targeted therapy with carbapenems showed no significant
effects on cure/improvement rates at day 14 or on mortality
rates compared to the rates in any of the other groups (Tables 2
and 3). Adding individual or grouped centers did not change
the results.

DISCUSSION
Our results strongly support the hypothesis that active BLBLIs
are not inferior to carbapenems for the treatment of BSI due to

ESBL-E in different clinical scenarios. Importantly, these data
not only support previous data on BSI due to E. coli with a
urinary and biliary tract source (11) but also suggest that
BLBLIs may, if active in vitro, be useful alternatives to carbap-
enems for the treatment of BSI due to any ESBL-E from any
source if used at appropriate doses. Our data refer to suscepti-
ble isolates, which is clearly relevant for targeted therapy; how-
ever, it is also relevant for empirical decisions in which an
evaluation of the patient’s individual risk for ESBL producers
and the local epidemiology data on susceptibility of ESBL pro-
ducers to BLBLIs are to be taken into account.

BLBLIs have been shown to be as effective as carbapenems for
the treatment of diverse severe infections in randomized trials
(21). The reasons for raising doubts about the efficacy of BLBLIs in
the treatment of severe infections caused by ESBL-E include the fol-

TABLE 2 Multivariate analysis for cure/improvement in the empirical-therapy, targeted-therapy, and global cohorts

Variable Adjusted OR (95% CI) P value

Empirical-therapy cohort
Age (per unita) 0.98 (0.96–1.00) 0.07
Source

Urinary Reference for comparison
Biliary tract 0.69 (0.24–2.15) 0.51
Other (high-risk source) 0.30 (0.15–0.59) 0.0006

McCabe classification, nonfatal 2.64 (1.40–5.16) 0.003
Pitt score (per unit) 0.79 (0.69–0.90) 0.0003
Severe sepsis or shock 0.25 (0.12–0.50) !0.0001
Empirical therapy with a BLBLI 1.37 (0.69–2.76) 0.37
Propensity score 0.77 (0.19–3.15) 0.71

Targeted-therapy cohort
Source

Urinary tract Reference
Biliary tract 0.88 (0.34–2.48) 0.80
Other (high-risk source) 0.40 (0.22–0.71) 0.002

McCabe classification, nonfatal 3.56 (2.00–6.61) !0.0001
Pitt score (per unit) 0.80 (0.71–0.89) !0.0001
Severe sepsis or shock 0.34 (0.19–0.61) 0.0004
Empirical therapy

Activeb Reference
Inactivec/no drugd 0.64 (0.37–1.11) 0.11

Targeted therapy with a BLBLI 1.61 (0.58–4.86) 0.38
Propensity score 0.98 (0.23–4.53) 0.98

Global cohort
Source

Urinary tract Reference
Biliary tract 0.55 (0.24–1.30) 0.16
Other (high-risk source) 0.38 (0.20–0.70) 0.002

McCabe classification, nonfatal 3.23 (1.83–5.93) !0.0001
Pitt score (per unit) 0.83 (0.74–0.94) 0.002
Severe sepsis or shock 0.32 (0.17–0.58) 0.0002
Drug used for empirical therapy-drug used for targeted therapy

Carbapenem-carbapenem Reference
BLBLI-carbapenem 0.86 (0.28–2.53) 0.78
BLBLI-BLBLI 1.33 (0.43–4.46) 0.63
Other drug-carbapenem 0.83 (0.28–2.40) 0.74
Other drug-BLBLI 1.37 (0.26–8.85) 0.72

Propensity score 0.99 (0.23–4.21) 0.99
a Per unit of the score.
b Carbapenems, 145; BLBLIs, 134; combined therapy, 69; other, 21.
c Cephalosporin, 93; BLBLIs, 62; ciprofloxacin, 25; combined therapy, 20; other, 17.
d Fifteen cases received no drug.
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mortality, which has the advantage of being a “hard” outcome but
may underestimate differences between drugs; we therefore also
used clinical response, a “softer” but probably more sensitive out-
come measure. Finally, we used advanced methods to control for
confounding and center effects (14). Other strengths of our study
are the inclusion of cases from diverse geographical locations, with
infections caused by non-E. coli species, and with non-urinary
tract sources. A randomized controlled trial would be the best way
to demonstrate that BLBLIs are noninferior to carbapenems; the
MERINO trial, now recruiting in Australia, Singapore, and New

Zealand, will compare PTZ and meropenem in the treatment of
BSI due to ESBL-E (Australian New Zealand Clinical Trials Reg-
istry no. ACTRN12613000532707; https://www.anzctr.org.au
/Trial/Registration/TrialReview.aspx?id!363706).

The rates of susceptibility of ESBL-E to BLBLIs are heteroge-
neous, depending on the species and geographical location (6–11,
30, 31). Therefore, local susceptibility patterns of ESBL-E must be
considered. However, ESBL-E are frequently susceptible to PTZ in
many areas of the world. Our data among the patients treated
empirically with PTZ and AMC are similar to the rates of suscep-

FIG 2 Kaplan-Meier curves for mortality in the empirical-therapy cohort (A), the targeted-therapy cohort (B), and the global cohort (C) according to treatment
regimens.
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respectively, and the 30-day mortality rates were 10.9%, 12.5%,
12.5%, 15.6%, and 6.5%, respectively.

Kaplan-Meier mortality curves are shown in Fig. 2C. The re-
sults of univariate analysis for cure/improvement and 30-day
mortality are shown in Tables S10 and S11 in the supplemental
material. In the multivariate logistic regression models, and after
controlling for propensity score and other variables, empirical
and targeted therapy with carbapenems showed no significant
effects on cure/improvement rates at day 14 or on mortality
rates compared to the rates in any of the other groups (Tables 2
and 3). Adding individual or grouped centers did not change
the results.

DISCUSSION
Our results strongly support the hypothesis that active BLBLIs
are not inferior to carbapenems for the treatment of BSI due to

ESBL-E in different clinical scenarios. Importantly, these data
not only support previous data on BSI due to E. coli with a
urinary and biliary tract source (11) but also suggest that
BLBLIs may, if active in vitro, be useful alternatives to carbap-
enems for the treatment of BSI due to any ESBL-E from any
source if used at appropriate doses. Our data refer to suscepti-
ble isolates, which is clearly relevant for targeted therapy; how-
ever, it is also relevant for empirical decisions in which an
evaluation of the patient’s individual risk for ESBL producers
and the local epidemiology data on susceptibility of ESBL pro-
ducers to BLBLIs are to be taken into account.

BLBLIs have been shown to be as effective as carbapenems for
the treatment of diverse severe infections in randomized trials
(21). The reasons for raising doubts about the efficacy of BLBLIs in
the treatment of severe infections caused by ESBL-E include the fol-

TABLE 2 Multivariate analysis for cure/improvement in the empirical-therapy, targeted-therapy, and global cohorts

Variable Adjusted OR (95% CI) P value

Empirical-therapy cohort
Age (per unita) 0.98 (0.96–1.00) 0.07
Source

Urinary Reference for comparison
Biliary tract 0.69 (0.24–2.15) 0.51
Other (high-risk source) 0.30 (0.15–0.59) 0.0006

McCabe classification, nonfatal 2.64 (1.40–5.16) 0.003
Pitt score (per unit) 0.79 (0.69–0.90) 0.0003
Severe sepsis or shock 0.25 (0.12–0.50) !0.0001
Empirical therapy with a BLBLI 1.37 (0.69–2.76) 0.37
Propensity score 0.77 (0.19–3.15) 0.71

Targeted-therapy cohort
Source

Urinary tract Reference
Biliary tract 0.88 (0.34–2.48) 0.80
Other (high-risk source) 0.40 (0.22–0.71) 0.002

McCabe classification, nonfatal 3.56 (2.00–6.61) !0.0001
Pitt score (per unit) 0.80 (0.71–0.89) !0.0001
Severe sepsis or shock 0.34 (0.19–0.61) 0.0004
Empirical therapy

Activeb Reference
Inactivec/no drugd 0.64 (0.37–1.11) 0.11

Targeted therapy with a BLBLI 1.61 (0.58–4.86) 0.38
Propensity score 0.98 (0.23–4.53) 0.98

Global cohort
Source

Urinary tract Reference
Biliary tract 0.55 (0.24–1.30) 0.16
Other (high-risk source) 0.38 (0.20–0.70) 0.002

McCabe classification, nonfatal 3.23 (1.83–5.93) !0.0001
Pitt score (per unit) 0.83 (0.74–0.94) 0.002
Severe sepsis or shock 0.32 (0.17–0.58) 0.0002
Drug used for empirical therapy-drug used for targeted therapy

Carbapenem-carbapenem Reference
BLBLI-carbapenem 0.86 (0.28–2.53) 0.78
BLBLI-BLBLI 1.33 (0.43–4.46) 0.63
Other drug-carbapenem 0.83 (0.28–2.40) 0.74
Other drug-BLBLI 1.37 (0.26–8.85) 0.72

Propensity score 0.99 (0.23–4.21) 0.99
a Per unit of the score.
b Carbapenems, 145; BLBLIs, 134; combined therapy, 69; other, 21.
c Cephalosporin, 93; BLBLIs, 62; ciprofloxacin, 25; combined therapy, 20; other, 17.
d Fifteen cases received no drug.
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mortality, which has the advantage of being a “hard” outcome but
may underestimate differences between drugs; we therefore also
used clinical response, a “softer” but probably more sensitive out-
come measure. Finally, we used advanced methods to control for
confounding and center effects (14). Other strengths of our study
are the inclusion of cases from diverse geographical locations, with
infections caused by non-E. coli species, and with non-urinary
tract sources. A randomized controlled trial would be the best way
to demonstrate that BLBLIs are noninferior to carbapenems; the
MERINO trial, now recruiting in Australia, Singapore, and New

Zealand, will compare PTZ and meropenem in the treatment of
BSI due to ESBL-E (Australian New Zealand Clinical Trials Reg-
istry no. ACTRN12613000532707; https://www.anzctr.org.au
/Trial/Registration/TrialReview.aspx?id!363706).

The rates of susceptibility of ESBL-E to BLBLIs are heteroge-
neous, depending on the species and geographical location (6–11,
30, 31). Therefore, local susceptibility patterns of ESBL-E must be
considered. However, ESBL-E are frequently susceptible to PTZ in
many areas of the world. Our data among the patients treated
empirically with PTZ and AMC are similar to the rates of suscep-

FIG 2 Kaplan-Meier curves for mortality in the empirical-therapy cohort (A), the targeted-therapy cohort (B), and the global cohort (C) according to treatment
regimens.
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respectively, and the 30-day mortality rates were 10.9%, 12.5%,
12.5%, 15.6%, and 6.5%, respectively.

Kaplan-Meier mortality curves are shown in Fig. 2C. The re-
sults of univariate analysis for cure/improvement and 30-day
mortality are shown in Tables S10 and S11 in the supplemental
material. In the multivariate logistic regression models, and after
controlling for propensity score and other variables, empirical
and targeted therapy with carbapenems showed no significant
effects on cure/improvement rates at day 14 or on mortality
rates compared to the rates in any of the other groups (Tables 2
and 3). Adding individual or grouped centers did not change
the results.

DISCUSSION
Our results strongly support the hypothesis that active BLBLIs
are not inferior to carbapenems for the treatment of BSI due to

ESBL-E in different clinical scenarios. Importantly, these data
not only support previous data on BSI due to E. coli with a
urinary and biliary tract source (11) but also suggest that
BLBLIs may, if active in vitro, be useful alternatives to carbap-
enems for the treatment of BSI due to any ESBL-E from any
source if used at appropriate doses. Our data refer to suscepti-
ble isolates, which is clearly relevant for targeted therapy; how-
ever, it is also relevant for empirical decisions in which an
evaluation of the patient’s individual risk for ESBL producers
and the local epidemiology data on susceptibility of ESBL pro-
ducers to BLBLIs are to be taken into account.

BLBLIs have been shown to be as effective as carbapenems for
the treatment of diverse severe infections in randomized trials
(21). The reasons for raising doubts about the efficacy of BLBLIs in
the treatment of severe infections caused by ESBL-E include the fol-

TABLE 2 Multivariate analysis for cure/improvement in the empirical-therapy, targeted-therapy, and global cohorts

Variable Adjusted OR (95% CI) P value

Empirical-therapy cohort
Age (per unita) 0.98 (0.96–1.00) 0.07
Source

Urinary Reference for comparison
Biliary tract 0.69 (0.24–2.15) 0.51
Other (high-risk source) 0.30 (0.15–0.59) 0.0006

McCabe classification, nonfatal 2.64 (1.40–5.16) 0.003
Pitt score (per unit) 0.79 (0.69–0.90) 0.0003
Severe sepsis or shock 0.25 (0.12–0.50) !0.0001
Empirical therapy with a BLBLI 1.37 (0.69–2.76) 0.37
Propensity score 0.77 (0.19–3.15) 0.71

Targeted-therapy cohort
Source

Urinary tract Reference
Biliary tract 0.88 (0.34–2.48) 0.80
Other (high-risk source) 0.40 (0.22–0.71) 0.002

McCabe classification, nonfatal 3.56 (2.00–6.61) !0.0001
Pitt score (per unit) 0.80 (0.71–0.89) !0.0001
Severe sepsis or shock 0.34 (0.19–0.61) 0.0004
Empirical therapy

Activeb Reference
Inactivec/no drugd 0.64 (0.37–1.11) 0.11

Targeted therapy with a BLBLI 1.61 (0.58–4.86) 0.38
Propensity score 0.98 (0.23–4.53) 0.98

Global cohort
Source

Urinary tract Reference
Biliary tract 0.55 (0.24–1.30) 0.16
Other (high-risk source) 0.38 (0.20–0.70) 0.002

McCabe classification, nonfatal 3.23 (1.83–5.93) !0.0001
Pitt score (per unit) 0.83 (0.74–0.94) 0.002
Severe sepsis or shock 0.32 (0.17–0.58) 0.0002
Drug used for empirical therapy-drug used for targeted therapy

Carbapenem-carbapenem Reference
BLBLI-carbapenem 0.86 (0.28–2.53) 0.78
BLBLI-BLBLI 1.33 (0.43–4.46) 0.63
Other drug-carbapenem 0.83 (0.28–2.40) 0.74
Other drug-BLBLI 1.37 (0.26–8.85) 0.72

Propensity score 0.99 (0.23–4.21) 0.99
a Per unit of the score.
b Carbapenems, 145; BLBLIs, 134; combined therapy, 69; other, 21.
c Cephalosporin, 93; BLBLIs, 62; ciprofloxacin, 25; combined therapy, 20; other, 17.
d Fifteen cases received no drug.
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mortality, which has the advantage of being a “hard” outcome but
may underestimate differences between drugs; we therefore also
used clinical response, a “softer” but probably more sensitive out-
come measure. Finally, we used advanced methods to control for
confounding and center effects (14). Other strengths of our study
are the inclusion of cases from diverse geographical locations, with
infections caused by non-E. coli species, and with non-urinary
tract sources. A randomized controlled trial would be the best way
to demonstrate that BLBLIs are noninferior to carbapenems; the
MERINO trial, now recruiting in Australia, Singapore, and New

Zealand, will compare PTZ and meropenem in the treatment of
BSI due to ESBL-E (Australian New Zealand Clinical Trials Reg-
istry no. ACTRN12613000532707; https://www.anzctr.org.au
/Trial/Registration/TrialReview.aspx?id!363706).

The rates of susceptibility of ESBL-E to BLBLIs are heteroge-
neous, depending on the species and geographical location (6–11,
30, 31). Therefore, local susceptibility patterns of ESBL-E must be
considered. However, ESBL-E are frequently susceptible to PTZ in
many areas of the world. Our data among the patients treated
empirically with PTZ and AMC are similar to the rates of suscep-

FIG 2 Kaplan-Meier curves for mortality in the empirical-therapy cohort (A), the targeted-therapy cohort (B), and the global cohort (C) according to treatment
regimens.
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Cohorte	
  globale:	
  Mortalité	
  J30	
  



Influence	
  de:	
  
	
  
-­‐ 	
  CMI	
  
-­‐ 	
  type	
  d’infecIon	
  (inoculum)	
  

C3G	
  et	
  BLSE	
  



Andes,	
  Clin	
  Microbiol	
  Infect	
  2005	
  

Analyse	
  de	
  5	
  études	
  publiées	
  :	
  

C3G	
  versus	
  nouvelles	
  valeurs	
  cri<ques	
  



Lee,	
  Clin	
  Infect	
  Dis	
  2013	
  

Etude	
  rétrospecIve,	
  bactériémies	
  à	
  E-­‐BLSE,	
  comparaison	
  
céfépime	
  vs	
  carbapénèmes	
  
33	
  paIents	
  traités	
  par	
  céfépime	
  (18	
  E.	
  cloacae,	
  8	
  E.	
  coli,	
  7	
  K.	
  pneumoniae)	
  

10	
  pts	
  

16	
  pts	
  

7	
  pts	
  

Céfépime	
  versus	
  nouvelles	
  valeurs	
  cri<ques	
  



CASFM	
  <2008:	
  

CASFM	
  2008:	
  

C3G/Aztréonam:	
  nouvelles	
  valeurs	
  cri<ques	
  CASFM	
  



Bin,	
  Diagn	
  Microbiol	
  Infect	
  Dis	
  2006	
  

+	
  drainage	
  u	
  (tube	
  rectal)	
  

+	
  drainage	
  abdo	
  

+	
  drainage	
  bile	
  

+	
  mucolyIques,	
  kiné	
  

Pas	
  de	
  différence	
  de	
  pronos<c	
  entre	
  les	
  3	
  groupes	
  

Groupe	
  cexazidime:	
  

Infec<ons	
  «	
  draînées	
  »	
  =	
  bon	
  pronos<c	
  

*-­‐	
  Persistance	
  fièvre	
  à	
  48h	
  
-­‐	
  HC+	
  à	
  72h	
  
-­‐	
  Choc	
  sepIque	
  à	
  72h	
  
-­‐	
  Décès	
  ≤	
  14j	
  

E.	
  coli	
  CTX-­‐M,	
  Chine,	
  22	
  bactériémies,	
  non	
  épidémiques:	
  
Etude	
  prospec<ve	
  randomisée	
  (céfopérazone/sulbactam	
  vs	
  ce~azidime	
  vs	
  IMP/cilastaIne	
  

C3G	
  :	
  type	
  d’infec<on	
  (draînage)	
  



C3G	
  +	
  inhibiteurs	
  

Principe: Coexistence fréquente de OXA-1 et CTX-M sur le même plasmide 
 
 
OXA-1:  - résistantes à l’amox/clav car non inhibées par l’ac clavulanique 
 

 - sensibles aux C3G (n’hydrolysent pas les C3G) 
 
 
CTX-M:  - résistantes à l’amoxicilline et la plupart du temps aux C3G 
 

 - inhibées par l’ac clavulanique 

Efficacité	
  de	
  C3G	
  +	
  ac	
  clavulanique?	
  

S.	
  AMX/CLAV	
  
des	
  CTX-­‐M:	
  
	
  
-­‐ 	
  France	
  40%	
  
-­‐ 	
  UK	
  30%	
  
-­‐ 	
  Inde	
  16%	
  



C3G	
  +	
  inhibiteurs	
  

Bingen,	
  J	
  Clin	
  Microbiol	
  2012	
  	
  



Madhi,	
  Pediatr	
  Infect	
  Dis	
  J	
  2013	
  

C3G	
  +	
  inhibiteurs	
  



RecommandaTons	
  GPIP	
  +	
  SPILF	
  2014	
  

C3G	
  +	
  inhibiteurs	
  



C3G	
  +	
  inhibiteurs:	
  in	
  vitro	
  

Rossi,	
  AAC	
  2016	
  

AMX/CLA*	
   CTX	
   CTX/CLA*	
   IMP	
  

CFT073-­‐RR	
   4	
   0,125	
   0,125	
   0,5	
  

CFT073-­‐RR	
  Tc	
  
(CTX-­‐M-­‐15,	
  OXA-­‐1)	
  

256	
   1024	
   0,125	
   0,5	
  

*CLA	
  2	
  µg/ml	
  



C3G	
  +	
  inhibiteurs:	
  in	
  vitro	
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og
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FU

/m
l 

Time (h) 

CFT073-RR Tc blaCTX-M-15 at low inoculum  

control CTX 4µg/ml AMC 4µg/ml 

CTX 1 + AMC 4 (µg/ml)  CTX 4 + AMC 1 (µg/ml) 

Rossi,	
  AAC	
  2016	
  
Synergie	
  in	
  vitro	
  



C3G	
  +	
  inhibiteurs:	
  pyélonéphrite	
  souris	
  

Rossi,	
  AAC	
  2016	
  



Découvertes	
  dans	
  les	
  années	
  
70	
  

Pas	
  d’hydrolyse	
  par	
  les	
  BLSE	
  	
  
(encombrement	
  stérique	
  du	
  groupement	
  

7-­‐α-­‐methoxy)	
  

CéfoxiIne	
  seule	
  disponible	
  
en	
  France	
  

AnIbioprophylaxie	
  per	
  
opératoire	
  	
  

Céphamycines	
  



Céfoxitine: pharmacocinétique chez l’homme 

-­‐	
  FixaIon	
  protéique	
  :	
  65-­‐80%	
  	
  

-­‐	
  Demi-­‐vie	
  d’éliminaIon	
  très	
  courte	
  0,7-­‐1h	
  

-­‐	
  Diffusion	
  Issulaire	
  moyenne	
  

-­‐ EliminaIon	
  urinaire	
  >90%	
  	
  

-­‐ Stabilité	
  24h	
  à	
  temp	
  ambiante	
  (2	
  IVSE/j)	
  

Finch,	
  AnTbioTcs	
  and	
  Chemotherapy,	
  8e	
  ed. 



RétrospecIf,	
  bactériémies	
  à	
  KP-­‐BLSE	
  
flomoxef	
  (n=7)	
  vs	
  carbapénèmes	
  (n=20)	
  

=>	
  pas	
  de	
  différence	
  de	
  mortalité	
  
=>	
  paIents	
  plus	
  graves	
  dans	
  le	
  groupe	
  

carbapénèmes	
  

SélecIon	
  d’une	
  KP-­‐BLSE	
  résistante	
  aux	
  
céphamycines	
  et	
  à	
  l’értapénème	
  au	
  cours	
  d’un	
  

traitement	
  par	
  flomoxef	
  
=>	
  Perte	
  de	
  porines	
  (ompK35	
  et	
  ompK36)	
  +	
  

acquisiIon	
  AmpC	
  plasmidique	
  
=>	
  Décès	
  sous	
  flomoxef.	
  

RétrospecIf,	
  bactériémies	
  à	
  KP-­‐BLSE	
  sur	
  
cathéter/fistule	
  de	
  dialyse	
  

57	
  paIents	
  traités	
  par	
  flomoxef	
  ou	
  
carbapénème	
  

MulIvariée:	
  flomoxef	
  associé	
  à	
  mortalité	
  plus	
  
élevée	
  

Céphamycines	
  vs	
  K.	
  pneumoniae	
  BLSE:	
  
données	
  cliniques	
  



Lepeule,	
  AAC	
  2012	
  

Céfoxi<ne	
   CTX	
   CRO	
   IMP	
  

CFT073-­‐RR	
   4	
   0,06	
   0,125	
   0,5	
  

CFT073-­‐RR	
  Tc	
  
(CTX-­‐M-­‐15,	
  OXA-­‐1)	
  

4	
   512	
   512	
   0,5	
  

Céfoxi<ne	
  vs	
  carbapénèmes	
  /	
  E.	
  coli	
  



Lepeule,	
  AAC	
  2012	
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Céfoxi<ne	
  vs	
  carbapénèmes	
  /	
  E.	
  coli	
  



Comptes	
  bactériens	
  reins:	
  

Lepeule,	
  AAC	
  2012	
  

Céfoxi<ne	
  vs	
  carbapénèmes	
  /	
  E.	
  coli	
  



Emergence	
  de	
  la	
  R.	
  jamais	
  rapportée	
  sous	
  traitement	
  par	
  
céphamycine	
  chez	
  E.	
  coli	
  BLSE	
  

RétrospecIf,	
  Japon,	
  pyélonéphrites	
  à	
  E.	
  coli	
  BLSE	
  
Cefmetazole	
  vs	
  carbapénèmes	
  

Doi,	
  Int	
  J	
  	
  Infect	
  Dis	
  2012	
  

Céphamycines	
  vs	
  E.	
  coli	
  BLSE:	
  données	
  cliniques	
  



Céphamycines	
  vs	
  E-­‐	
  BLSE:	
  données	
  cliniques	
  

Kerneis,	
  Infect	
  Dis	
  2015	
  

Rétrospec<f	
  



Céphamycines	
  vs	
  E-­‐	
  BLSE:	
  données	
  cliniques	
  

Kerneis,	
  Infect	
  Dis	
  2015	
  

Emergence	
  de	
  R.	
  
chez	
  2	
  pa<ents	
  



Céphamycines	
  vs	
  E-­‐	
  BLSE:	
  infec<ons	
  urinaires	
  masculines	
  

Senard,	
  ECCMID	
  2016	
  

RétrospecIf,	
  2010-­‐2015,	
  Hôpital	
  H.	
  Mondor,	
  Créteil	
  
InfecIons	
  urinaires	
  masculines	
  fébriles,	
  E.	
  coli	
  BLSE	
  



Céphamycines	
  vs	
  E-­‐	
  BLSE:	
  infec<ons	
  urinaires	
  masculines	
  

Senard,	
  ECCMID	
  2016	
  

RétrospecIf,	
  2010-­‐2015,	
  Hôpital	
  H.	
  Mondor,	
  Créteil	
  
InfecIons	
  urinaires	
  masculines	
  fébriles	
  

No	
  resistance	
  to	
  cefoxi<n	
  emerged	
  
during	
  treatment	
  and	
  	
  

	
  
583	
  days	
  of	
  carbapenem	
  were	
  

spared.	
  

Durée	
  médiane	
  traitement:	
  
-­‐ céfoxiIne:	
  17	
  jours	
  [5-­‐79]	
  
-­‐ carbapénèmes	
  14,5	
  jours	
  [5-­‐25]	
  

Pas	
  d’émergence	
  de	
  mutant	
  R	
  
à	
  la	
  céfoxiIne	
  

Epargne	
  583j	
  carbapénèmes	
  



145	
  souches	
  de	
  E.	
  coli	
  BLSE	
  urinaires,	
  2	
  hôpitaux	
  français,	
  2008-­‐2012	
  

Céphamycines	
  op<misa<on	
  de	
  l’administra<on	
  

Guet-­‐Revillet,	
  AAC	
  2014	
  

SimulaIons	
  PK/PD	
  sur	
  10	
  000	
  sujets	
  infectés	
  par	
  souche	
  S	
  



ª Négaban*,	
  dérivé	
  6-­‐α-­‐méthoxylé	
  de	
  la	
  Icarcilline	
  
ª Commercialisée	
  en	
  Belgique	
  et	
  au	
  Royaume	
  Uni,	
  
et	
  en	
  France	
  (AMM	
  Décembre	
  2014)	
  
ª Principales	
  caractérisIques	
  :	
  

1.  stabilité	
  à	
  l’hydrolyse	
  par	
  les	
  β-­‐lactamases	
  incluant	
  
AmpC	
  et	
  BLSE	
  	
  

2.  spectre	
  d’ac<vité	
  réduit	
  aux	
  entérobactéries	
  
3.  Demi-­‐vie	
  4-­‐5h,	
  2	
  injecIons	
  par	
  jour	
  (IM,	
  IV),	
  éliminaIon	
  rénale	
  

	
  IndicaIons:	
  infecIons	
  urinaires,	
  respiratoires,	
  bactériémies	
  
+	
  France:	
  infecIons	
  des	
  plaies	
  

Livermore	
  DM.	
  J	
  AnTmicrob	
  Chemother.	
  2009;	
  63	
  :	
  243-­‐5	
  
Livermore	
  DM.	
  J	
  AnTmicrob	
  Chemother.	
  2006;	
  57	
  :	
  1012-­‐4	
  

Témocilline	
  

Merci	
  au	
  Pr	
  B.	
  FanIn	
  



Soubirou, JAI 2013 

- Spectre:  
Entérobactéries 
Burkholderia cepacia (objet de l’ATU nominative) 
Neisseria, Haemophilus, Pasteurella 
 

- Hors spectre: 
Pseudomonas aeruginosa 
Stenotrophomonas maltophilia 
Acinetobacter  
BGN anaérobies stricts 
Clostridium difficile 
Coques à Gram positif 
 

- Faible impact sur le microbiote; faible incidence de colite à C. 
difficile 

Spectre	
  an<bactérien	
  de	
  la	
  témocilline	
  



A l’exception des OXA-48 

Témocilline:	
  acIvité	
  in	
  vitro	
  en	
  foncIon	
  du	
  
type	
  de	
  béta-­‐lactamase	
  

Cattoir, JAI 2013 
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Témocilline	
  vs	
  BLSE	
  in	
  vitro	
  

Rodriguez-Villalobos, JAC 2006 



Témocilline	
  vs	
  BLSE	
  in	
  vitro	
  

Titelman,	
  APMIS	
  2011	
  

Isolats	
  Suède,	
  2005	
  



Concentrations Critiques 

Adapté	
  de	
  Fuchs,	
  	
  Eur	
  J	
  Clin	
  Microbiol.	
  1985 

Référence	
   Pays	
  
CMI	
  (mg/L)	
  
S	
   R	
  

Fuchs	
  1985	
   Belgique	
   ≤	
  16	
   ≥	
  32	
  
BSAC	
  2007	
  

	
  	
  	
  	
  	
  	
  	
  	
  systémique	
  
UK	
   ≤	
  8	
   >	
  8	
  

BSAC	
  2007	
  
urinaire	
  

UK	
   ≤	
  32	
   >	
  32	
  

CRG	
  2000	
   Pays-­‐Bas	
   ≤	
  8	
   >	
  32	
  
CA-­‐SFM	
  2016	
   France	
   ≤	
  8	
   >	
  8	
  



Temocilline: pharmacocinétique chez l’homme 

-­‐	
  FixaIon	
  protéique	
  importante	
  :	
  85%	
  	
  

-­‐	
  Demi-­‐vie	
  d’éliminaIon	
  prolongée	
  ≃	
  5h	
  

-­‐	
  Diffusion	
  Issulaire	
  #	
  Icarcilline	
  

-­‐	
  EliminaIon	
  urinaire	
  #	
  72-­‐79%	
  	
  

-­‐	
  ConcentraIons	
  urinaires	
  de	
  400	
  à	
  600	
  mg/L  
 

Slocombe,	
  	
  AAC.	
  1981	
  ;	
  Hampel,	
  	
  Drugs.	
  1985	
   



Soubirou, JAI, 2013 

Stabilité de la témocilline en vue d’une perfusion 
continue 



Temocilline:	
  acIvité	
  en	
  foncIon	
  de	
  
l’inoculum	
  et	
  la	
  fixaIon	
  protéique	
  

Minimum	
  Inhibitory	
  Concentra<ons	
  (µg/ml)	
  
103	
  CFU/ml	
   105	
  CFU/ml	
   105	
  CFU/ml	
  +	
  

albumin	
   107	
  CFU/ml	
  
E.	
  coli	
  strains	
   TEMO	
   IMP	
   TEMO	
   IMP	
   TEMO	
   IMP	
   TEMO	
   IMP	
  
CFT073-­‐RR	
   8	
   0.25	
   32	
   0.5	
   128	
   0.5	
   32	
   1	
  
CFT073-­‐RR	
  Tc	
  p89	
   8	
   0.5	
   32	
   0.5	
   128	
   0.5	
   64	
   1	
  
CFT073-­‐RR	
  Tc	
  
pC15-­‐1a	
   8	
   0.5	
   32	
   0.5	
   128	
   0.5	
   64	
   1	
  

Soubirou,	
  JAC,	
  2015	
  



Temocilline:	
  concentraIons	
  Issulaires	
  

RCP	
  ;	
  Baert	
  L,	
  Acta	
  Clinica	
  Belgica	
  1989	
  &	
  Drugs	
  1985	
  	
  	
  



Pas	
  de	
  mutants	
  in	
  vivo	
  

Log10	
  UFC/g	
  de	
  rein	
  (médianes)	
  [no.	
  stériles/total]	
  

Souches 
E. coli 

Contrôles 
Fin Ttt Témocilline q2h Imipénème Céfotaxime 

CFT073-RR 
(CMI témo 8) 
 

5,03 (1,55-6,21) 
[2/18] 

1,66 (1,51-5,22)* 
[2/15] 

1,87 (1,53-5,25)* 
[6/14] 

1,86 (1,52-3,30)* 
[8/15] 

CFT073-RR 
Tc p89 
(CMI témo 8) 

5,02 (1,44-7,19) 
[2/21] 

1,55 (1,46-5,32)* 
[14/22] 

1,60 (1,45-4,66)* 
[12/15] 

4,12 (1,61-6,74) 
[3/15] 

Témocilline	
  vs	
  E.	
  coli	
  CTX-­‐M-­‐15	
  

Modèle	
  de	
  pyélonéphrite	
  ascendante	
  de	
  la	
  souris:	
  

Soubirou,	
  JAC	
  2015	
  

*p<0,05	
  versus	
  contrôles	
  fin	
  Tp	
  



Activité clinique de la témocilline 

-­‐  Etude	
  rétrospecIve	
  mulIcentrique	
  dans	
  6	
  centres	
  en	
  GB	
  (janvier	
  2008-­‐

novembre	
  2010)	
  

-­‐  InfecIons	
  à	
  entérobactéries	
  

-­‐  Traitement	
  par	
  témocilline	
  au	
  moins	
  3	
  jours	
  

-­‐  Guérison	
  clinique	
  et	
  microbiologique	
  analysée	
  en	
  foncIon:	
  

-­‐  Régime	
  thérapeuIque	
  

-­‐  Foyer	
  infecIeux	
  

-­‐  ProducIon	
  BLSE/AmpC	
   

 

Balakrishan, JAC 2011 



1gx2/j	
   2gx2/j	
   2gx2/j	
  1gx2/j	
  

Total	
  
n	
  =	
  90	
  

BLSE/	
  
dAmpC	
  
n	
  =	
  52	
  

-­‐ 	
  Etude	
  rétrospecIve,	
  92	
  paIents,	
  53/92	
  BLSE	
  et/ou	
  dAmpC	
  

Témocilline	
  

Balakrishan, JAC 2011 



Balakrishan, JAC 2011 

Témocilline	
  dans	
  les	
  infecIons	
  systémiques	
  à	
  entérobactéries	
  



De	
  Jongh,	
  JAC	
  2008 

PK/PD de la témocilline chez l’homme en 
réanimation après 2 g x 2 ou 4 g IVSE 

2 gr x 2 (n=6) 
Pic/résiduelle 147/12 mg/L 
f T>CMI = 51% 

4 gr IVSE (n=6) 
Css: 73 mg/L 
f Css: 29 mg/L 
f T>CMI= 100% 



2 gr x 3 iv 
fT>16 mg/L= 76% 

6 gr IVSE 
fT>16 mg/L= 99% 

PK/PD	
  de	
  la	
  témocilline	
  chez	
  l’homme	
  en	
  réanimaIon	
  	
  
après	
  2	
  g	
  x	
  3	
  ou	
  6	
  g	
  IVSE	
  

Laterre,	
  JAC	
  2015 



Activité comparée tazo et avibactam  
Nouvelles	
  C3G	
  +	
  inhibiteurs	
  



Nouvelles	
  C3G	
  +	
  inhibiteurs	
  





-­‐ 	
  TEMO-­‐BLSE:	
  efficacité	
  de	
  la	
  témocilline	
  dans	
  les	
  infecIons	
  urinaires	
  
à	
  Enterobacteriaceae	
  productrices	
  de	
  BLSE	
  ou	
  d’AmpC	
  hyperproduites.	
  
Financement	
  EUMEDICA,	
  JP	
  Stahl	
  

-­‐ 	
  COLIFOX:	
  non-­‐infériorité	
  de	
  la	
  céfoxiIne	
  vs	
  ertapénème	
  dans	
  le	
  
traitement	
  des	
  infecIons	
  urinaires	
  à	
  E.	
  coli	
  BLSE.	
  PHRC	
  2013,	
  S.	
  Hénard	
  
	
  
-­‐	
  RGNOSIS:	
  décolonisaIon	
  BLSE	
  par	
  transplantaIon	
  fécale.	
  
Projet	
  européen,	
  V.	
  de	
  Lastours	
  

	
  

Protocoles	
  en	
  cours	
  


