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Evolution de la résistance  

aux antibiotiques  

chez les entérobactéries 



Les entérobactéries 

Ø  Flores commensales digestives (humaines et animales) 
Ø  Causes fréquentes d’infections 

ü  communautaires (I. urinaires, diarrhées, …) 

ü  nosocomiales (I. urinaires, bactériémies, PAVM, ISO, …) 

Répartition des germes dans les prélèvements  à visée diagnostique au CHU de Nancy 
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Répartition des entérobactéries  
selon le type de prélèvements 
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Répartition selon les espèces des entérobactéries  
isolées dans les prélèvements à visée diagnostique 
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Évolution de la résistance chez les entérobactéries 
dans les prélèvements à visée diagnostique et consommation 
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Évolution de la résistance chez les entérobactéries 
dans les prélèvements à visée diagnostique et consommation 
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N = nombre total d’entérobactéries isolées / an 

Entérobactéries C3G-I/R : évolution des EBLSE/EB HPCases 
dans les prélèvements à visée diagnostique 

%
 d

e 
so

uc
he

s 
I/

R 

0	
  

2	
  

4	
  

6	
  

8	
  

10	
  

12	
  

2009	
   2010	
   2011	
   2012	
   2013	
  

C3G	
  I/R	
  

BLSE	
  

HPCase	
  

N = 6433 N = 7093 N = 6927 N = 6648 N = 6471 

Années 



Répartition des entérobactéries productrices de BLSE et HPCases 
selon les espèces 

 dans les prélèvements à visée diagnostique 
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Entérobactéries K. pneumoniae E. cloacae E. coli 
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Les entérobactéries 
productrices de BLSE 

  
‘’EBLSE’’ 



Emergence de la résistance aux C3G chez les entérobactéries 

E. coli ‘’de mon enfance’’ E. coli ‘’des temps modernes’’ 

AMX TIC PIP KF 

CTX AMC CAZ TZP 

TIM FOX ATM 

CFX IMP ETP DOR 

FEP 



BLSE : définition 

Ø  ß-lactamase le plus souvent d’origine plasmidique   

Ø  Hydrolyse les pénicillines, céphalosporines et aztréonam, mais pas les 

céphamycines ni les carbapénèmes 

MERCI  !

Ø  Activité habituellement inhibée in vitro par les inhibiteurs de ß-lactamases  

Ø  Lecture interprétative de l’antibiogramme 
     (jusqu’à ce jour !) :  
    tout résultat brut ‘’S’’ pour C3G/C4G et aztréonam 

   doit être interprété ‘’I’’ : S  ð I 

Ø  (idem pénicillines + inhibiteurs de ß-lactamases) 

BLSE = BMR 
Surveillance 
Dépistage  

Stratégie de lutte, 
Alerte EOHH 

 

AMX TIC PIP KF 

CTX AMC CAZ TZP 

TIM FOX ATM 

CFX IMP ETP DOR 

FEP 



Historique et épidémiologie des entérobactéries BLSE 

v  Avant 1995 
ü  type TEM / SHV 

ü  Épidémie hospitalières 
 (USI+++) 

 
 
ü  K. pneumoniae +++ 
 puis diffusion aux autres EB, 
E. aerogenes ++ 

ü  Diffusion de souches ð 
programme de lutte ðææ 

ü  Facteurs de risque : admission en 
USI, hospit. prolongée et/ou 
répétée, chir. abdo, dispositifs 
invasifs, sondage urinaire, ventilation 
assistée, hémodialyse,ttt par C3G/
AG, vie en maison de retraite … 

v  Après 1995 
ü  type CTX-M 

ü  Infections communautaires 
 (urinaires +++) 
 hors USI (SSR – SLD) 

 
 
ü  E. coli 

 
 
ü  Diffusion de plasmides 
Problématique communautaire/ 

mondiale  
ü  Facteurs de risque 

 idem + ttt par FQ 



Résistance de E. coli  
et céphalosporines de 3ième génération 

Source:  European Antimicrobial Resistance Surveillance Network (EARS-Net).  
 http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/Database.aspx 

2003 : < 1% 2011 : 8,2% 2012 : 10 % 



 Plus forte prévalence des BLSEs chez E. coli que chez K. pneumoniae                                    
dans le nosocomial 

Epidémiologie des BLSE – Données françaises 



Évolution de la répartition des espèces EBLSE 
au sein de l’ensemble de EB 
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Évolution de la répartition des espèces au sein des EBLSE 
%
 d

e 
l’e

sp
èc

e 
pa

rm
i 
l’e

ns
em

bl
e 

de
s 

EB
LS

E 

0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

60	
  

70	
  

80	
  

90	
  

E.	
  coli	
  BLSE	
  

E.	
  cloacae	
  BLSE	
  

E.	
  aerogenes	
  BLSE	
  

K.	
  pneumoniae	
  BLSE	
  

PM	
  BLSE	
  

Autres	
  BLSE	
  

Trimestres / années 

N = 62 
(53-71) 

N = 96 
(84-115) 

N = 82 
(76-91) 

N = 60 
(57-67) 

N = 106 
(96-121) 
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Traitement ‘’classique’’  

des infections à EBLSE  



•  Longtemps considérés comme LE traitement de référence des 

infections documentées à EBLSE 

•  Pb des infections sévères vs « moins » graves (IU basses) 

•  Pb pratique pour le traitement des infections ambulatoires 

•  Solution efficace à l’échelle individuelle  

•  Délétère à l’échelon collectif en terme de pression de sélection 

Les	
  carbapénèmes	
  



Klebsiella	
  pneumoniae	
  	
  
et	
  résistance	
  aux	
  carbapénèmes	
  

2010 

France  
0,2% 

Italie 
 15,2% Grèce 

49,1% 

Grèce 
60,5% Italie 

 28,8% 

France  
0,5 % 

Source:  European Antimicrobial Resistance Surveillance Network (EARS-Net).  
 http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/Pages/Database.aspx 

2012 



Episodes	
  de	
  carbapénémases	
  
en	
  France	
  de	
  2004	
  à	
  sept	
  2013	
  

Episodes d’EPC, France, 2004 – 2013, par mois de signalement 
Bilan au 16 septembre 2013 (N= 627 épisodes)

627 épisodes au total
2009 : 10     2010 : 28 2011 : 113 2012 : 236 2013 : 231  

N=627 épisodes 
1131 cas identifiés 

28% d’infection 
55% en lien avec l’étranger (en î) 



Nombre d’épisodes d’EPC par département, 
2004-2013 

Nombre d’épisodes d’EPC, 2004 – 2013, par département
Taille des épisodes les plus importants (N = 5)
Bilan au 16 septembre 2013 (N= 627 épisodes)

L’analyse par taille présente uniquement les épisodes les plus importants (� 15 cas) 
avec une évolution récente (nouveaux cas < 6 mois)

Potentiel évolutif 
Diffusion régionale voir interrégionale 

Bilan au 16 sept 
2013 (n=627 
épisodes) 



Evolu>on	
  de	
  la	
  consomma>on	
  de	
  carbapénèmes	
  
en	
  France	
  entre	
  1999	
  et	
  2009	
  



Evolu>on	
  de	
  la	
  consomma>on	
  trimestrielle	
  de	
  
carbapénèmes	
  au	
  CHU	
  de	
  Nancy	
  entre	
  2009	
  et	
  2013	
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16 



Consomma>on	
  de	
  carbapénèmes	
  :	
  
comparaison	
  avec	
  les	
  autres	
  établissements	
  

Année 2013 



Consomma>on	
  de	
  carbapénèmes	
  :	
  comparaison	
  avec	
  
les	
  autres	
  établissements	
  de	
  plus	
  de	
  300	
  lits	
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Évolution des entérobactéries productrices de BLSE, HPCases et 
carbapénémases dans les prélèvements à visée diagnostique 
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Il faut sauver les carbapénèmes !!! 

Carbapénèmes ð antibiotiques de dernière ligne contre les BMR !! 



•  Presque	
  aucune	
  nouvelle	
  molécule	
  sur	
  les	
  BGN	
  mul4-­‐résistants	
  

•  Les	
  ATB	
  n’intéressent	
  plus	
  les	
  firmes	
  pharmaceu4ques	
  

•  Maladies	
  infec4euses	
  =	
  aigues,	
  durée	
  de	
  traitement	
  limitée	
  

•  Nouvelles	
  résistances	
  inéluctables	
  

	
  

Peut-­‐on	
  compter	
  sur	
  de	
  nouveaux	
  
an>bio>ques	
  dans	
  un	
  avenir	
  proche	
  ?	
  

(Boucher. Clin Inf Dis 2013)  

=> Il faut donc trouver 
d’autres alternatives 

existantes… 

 

  
FACTS ON ANTIBIOTIC RESISTANCE 

 
The discovery of antibiotics in the 1930s fundamentally transformed the way physicians care for patients, shifting their 
approach from a focus on diagnoses without means to help into a treatment-focused approach that saves lives. More than 
70 years later, we’re at a critical point in treating infectious diseases: the natural ability of bacteria to evolve and defend 
themselves against antibiotics is occurring at a frightening pace, threatening patient care, public health and national 
security. At the same time, new antibiotic research and development (R&D) is in steep decline (see chart below).  
Antibiotic R&D has slowed to a standstill due to market failure, lack of clear regulatory guidance for drug companies, and 
economic disincentives. Antibiotics aren’t as profitable as other drugs, such as those for chronic diseases, because 
antibiotics are taken for a short course (not for years).  
 
In 2004, the Infectious Diseases Society of America (IDSA) raised the alarm about the dramatic increase in drug-resistant 
bacteria and the diminishing supply of new antibiotics in its landmark “Bad Bugs, No Drugs” report. The Society has 
pursued multiple approaches, including legislation1, to strengthen federal leadership, public health efforts, research, data 
collection, surveillance, antimicrobial stewardship (i.e. appropriate use strategies) and efforts to fix the anemic drug 
pipeline. IDSA has published reports and policy recommendations, including an April 2013 update on the status of 
antibiotic R&D. In 2010, IDSA launched its 10 x ‘20 Initiative, calling for political leaders, regulators, manufacturers, etc. to 
work together to create an R&D infrastructure capable of developing 10 new systemic antibiotics by 2020. Only one 10 x 
’20 antibiotic has been approved to date and that was 30 months ago (see pill bottle image below). 
 
Recognized by the World Health Organization and the U.S. 
Centers for Disease Control and Prevention (CDC) as one of 
the greatest threats to human health worldwide, antimicrobial 
resistance takes a staggering toll in the United States and 
across the globe: 

x Just one organism, methicillin-resistant Staphylococcus 
aureus (MRSA), kills more Americans every year than 
emphysema, HIV/AIDS, Parkinson’s disease, and 
homicide combined.  

x Nearly 2 million Americans per year develop hospital-
acquired infections (HAIs), resulting in nearly 100,000 
deaths – the vast majority of which are due to pathogens 
that are at least partially resistant to antibiotics. 

x In March 2013, CDC alerted the public about a four-fold 
increase in one group of “nightmare bacteria,” 
carbapenem-resistant Enterobacteriaceae (CRE), which 
kills up to 50 percent of the people infected – and is on the 
rise nationwide. Enterobacteriaceae is a large class of 
bacteria that includes E. coli, Klebsiella, and others.  

x According to CDC, the annual domestic impact to the U.S. 
health care system of antibiotic-resistant infections is $20 
billion in excess health care costs and more than 8 million 
additional hospital days. 

 
If we do not act immediately to preserve existing antibiotics 
and to produce new drugs, we face a future that may 
resemble the days before these “miracle” drugs were 
developed; where people die of common infections and many 
medical interventions we take for granted – including surgery, 
chemotherapy, organ transplantation and care for premature 
infants – become impossible. In particular, Congress must 
enact additional legislation supporting antibiotic development, 
as well as the STAAR Act (see footnote).  

1 Generating Antibiotics Incentives Now (GAIN; enacted in 2012) as part of the FDA Safety and Innovation Act (FDASIA); and 
Strategies to Address Antimicrobial Resistance (STAAR) Act (awaiting reintroduction in the U.S. Senate and House).  
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Entérobactéries (EB) vs Entérobactéries BLSE 

% d’EB BLSE isolés dans les prélèvements à visée diagnostique en 2013 : 
- 6 % (Nb d’EB = 7093) 
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E. coli vs E. coli BLSE 

E. coli BLSE isolés dans les prélèvements à visée diagnostique en 2013 : 
- 6,3 % de l’ensemble des E. coli 
- 3,8 % de l’ensemble des entérobactéries   

E. coli BLSE : ̴ 95% des souches fosfomycine ‘’S’’ 
     ̴ 90% furanes ‘’S’’ 



EBLSE : co-résistances associées 
%
 d

e 
so

uc
he

s 
I/

R 

K. pneumoniae vs K. pneumoniae BLSE 

K. pneumoniae BLSE isolés dans les prélèvements à visée diagnostique en 2013 : 
- 10,4 % de l’ensemble des K. pneumoniae 
- 0,9 % de l’ensemble des entérobactéries   
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E. cloacae vs E. cloacae BLSE 

E. cloacae BLSE isolés dans les prélèvements à visée diagnostique en 2013 : 
- 16,9 % de l’ensemble des E. cloacae  
- 1,2 % de l’ensemble des entérobactéries   
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Fig. 1. Distribution of genes encoding extended-spectrum-!-lactamase (ESBL) among 100 clinical isolates of ESBL producing Escherichia coli at the Besançon
teaching hospital.
Distribution des gènes codant les bétalactamase à spectre étendu (BLSE) parmi 100 isolats cliniques de Escherichia coli producteurs de BLSE au CHU de Besançon.

susceptibility rate in our series did not differ from that of non-
ESBL producers [4]. The rate of resistance to nitrofurantoin
(based on specific urinary breakpoints) we found was similar
to the one reported in a Canadian study (7%) but much lower
than the one reported in a Spanish study (29%) [15,16]. There-
fore, fosfomycin and nitrofurantoin remain a valuable alternative
for the empirical treatment of uncomplicated acute cystitis in
women, despite the greater frequency of ESBL-Ec. Tigecycline
has proven an excellent activity against ESBL-Ec [17]. Ninety-
nine percent of the strains we tested were susceptible to this
agent. Tigecycline is an alternative to carbapenems for ESBL-
Ec documented intra-abdominal infections or prostatitis. The
pharmacokinetic and pharmacodynamic characteristics of this
drug, along with the limited relevant clinical data available, do
not support its use for bloodstream or UTIs [18,19].

!-lactams, penicillins such as pivmecillinam (the prodrug of
mecillinam) and temocillin, are active in vitro against ESBL-Ec.
The susceptibility to pivmecillinam in this study (90%) was
high and comparable to the one reported in a Swedish study
(91%) [9]. This drug, moderately stable to many ESBLs [20],
is recommended in France for the treatment of complicated
cystitis after bacteriological documentation. Pivmecillinam
could be considered as an alternative for ESBL-Ec UTIs
in ambulatory patients, since nearly 70% of ESBL-Ec was
co-resistant to other per os drugs such as fluoroquinolones and
trimethoprim-sulfamethoxazole.

Almost all (99%) ESBL-Ec of our series were suscepti-
ble to temocillin, according to the BSAC urinary breakpoints
(32 "g/mL) (http://bsac.org.uk). Although for administration,
Temocillin, even though parenteral also remains an alternative
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Fig. 2. Susceptibility (%) of extended-spectrum-!-lactamase (ESBL)-producing Escherichia coli to various antibiotics. IPM: imipenem; ETP: ertapenem; TMO:
temocillin; TGC: tigecycline; FOF: fosfomycin; NIT: nitrofurantoin; MEC: mecillinam; FOX: cefoxitin; AMK: amikacin; TZP: piperacillin/tazobactam; GEN:
gentamicin; TOB: tobramycin; AMC: amoxicillin/clavulanic acid; SXT: trimethoprim/sulfamethoxazole; CIP: ciprofloxacin, CAZ: ceftazidime; FEP: cefepime;
ATM: aztreonam; CTX: cefotaxime; U: urinary breakpoints; S: systemic breakpoints.
Sensibilité (%) de Escherichia coli producteur de bétalactamase à spectre étendu (BLSE) vis-à-vis de différents antibiotiques.

D’autres	
  alterna>ves	
  que	
  les	
  carbapénèmes	
  
in	
  vitro…	
  

D. Fournier et al. Med Mal Infect. 2013 
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Des alternatives aux carbapénèmes existent  IN VITRO 



Mais	
  in	
  vivo…	
  
•  En	
  plus	
  des	
  mul4-­‐résistances	
  souvent	
  
associées	
  (FQ,	
  cotrimoxazole,	
  
aminosides…),	
  inefficacité	
  des	
  
an4bio4ques	
  u4lisés	
  de	
  manière	
  
empirique	
  

•  Discordance	
  entre	
  le	
  résultat	
  in	
  vitro	
  et	
  le	
  résultat	
  
clinique	
  car	
  :	
  	
  
•  Degré	
  d’hydrolyse	
  variable	
  sur	
  les	
  C3G	
  selon	
  le	
  type	
  de	
  BLSE	
  
•  Effet	
  inoculum	
  



Les nouvelles recommandations  

du CA-SFM 



Antibiotiques Bactéries 2007 2008 2013 

CMI 
mg/L 

Diamètre 
mm 

CMI 
mg/L 

Diamètre 
mm 

CMI 
mg/L 

Diamètre 
mm 

Céfotaxime 
Ceftriaxone Entérobactéries 4-32 15-21 1-2 23-26 1-2 15-21 

Ceftazidime 
Céfépime  Entérobactéries 4-32 15-21 1-8 19-26 

17-24 1-4 21-26 
21-24 

Aztréonam Entérobactéries 4-32 15-21 1-8 21-27 1-8 21-27 

 2008 : Modifications des ‘’break points’’ (CMI et diamètres) 
 des C3G/C4G et  Aztréonam (AZT) 

 

Alignement sur les propositions de l’EUCAST   

Caractériser S les souches d’EB avec des CMI aux C3G et à l’AZT ≤ 1 mg/l  
(et non plus 4) 



2011 : Abandon du principe de lecture interprétative de l’antibiogramme  
   



A. Andremont, RICAI 2012 (220/54s) 

¨  Abandonner le principe de précaution (rendre S et non I) 

¨  Expliquer au clinicien l’enjeu écologique de cet abandon (sauver les 
carbapénèmes) 

¨  Question légitime du clinicien : « êtes-vous sûr(e) que le traitement 
par cette C3G sera efficace chez mon patient ? » 

¨  Déterminer la CMI exacte de la C3G utilisée 

Que doit faire le microbiologiste devant  
une souche EBLSE sensible à une C3G ? 



En pratique, peu de souches seront classées ‘’S’’ … 

Proportion de souches de KP BLSE avec 
CMI ≤  1 mg/L. 

¨  Poster 567- Ricai 2012 (MH Nicolas et al. ) 
¨  400 EBLSE testées  
¨  Diamètre / CMI 

¤  CTX : 2,5% - 2,25% 
¤  CAZ : 13,5% - 12,75% 
¤  FEP : 24% - 18,5% 
¤  ATM : 14,25% - 6,75% 

¨  Poster 237- Ricai 2012 (Prots et al. ) 
¨  1490 EBLSE testées (70% E. coli) 
¨  Diamètre / Vitek / Phoenix 

¤  CTX : 5,9% 
¤  CAZ : 24% - 34,5% - 16,1% 
¤  FEP : 24,4% 
¤  ATM : 13,7% -/- 14,9% 

 
 

285 souches urinaires de E. coli BLSE 
(2013) :  

21,6% CAZ-S 
21,8%  FEP-S 
0,4% CRO-S 



Simulation de Monté-Carlo 
10 000 patients traités par ceftriaxone 

2g q24h 

CMI % T  > CMI 

 
0.5 
1 
2 
4 
8 

40% 
100 
100 
100 
87 
8 

50% 
100 
100 
99 
58 
1 

60% 
100 
100 
93 
25 
0 

70% 
100 
99 
74 
6 
0 

Arguments PK/PD 
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Although extended-spectrum beta-lactamases (ESBLs) hydrolyze cephalosporin antibiotics, some ESBL-
producing organisms are not resistant to all cephalosporins when tested in vitro. Some authors have suggested
that screening klebsiellae or Escherichia coli for ESBL production is not clinically necessary, and when most
recently surveyed the majority of American clinical microbiology laboratories did not make efforts to detect
ESBLs. We performed a prospective, multinational study of Klebsiella pneumoniae bacteremia and identified 10
patients who were treated for ESBL-producing K. pneumoniae bacteremia with cephalosporins and whose
infecting organisms were not resistant in vitro to the utilized cephalosporin. In addition, we reviewed 26 similar
cases of severe infections which had previously been reported. Of these 36 patients, 4 had to be excluded from
analysis. Of the remaining 32 patients, 100% (4 of 4) patients experienced clinical failure when MICs of the
cephalosporin used for treatment were in the intermediate range and 54% (15 of 28) experienced failure when
MICs of the cephalosporin used for treatment were in the susceptible range. Thus, it is clinically important to
detect ESBL production by klebsiellae or E. coli even when cephalosporin MICs are in the susceptible range
(< 8 !g/ml) and to report ESBL-producing organisms as resistant to aztreonam and all cephalosporins (with
the exception of cephamycins).

Over the last 15 years, numerous outbreaks of infection with
organisms producing extended-spectrum beta-lactamases
(ESBLs) have been observed worldwide (16). The advent of
ESBL producers has represented a great threat to the use of
many classes of antibiotics, particularly cephalosporins. It has
been well recognized that poor outcome occurs when patients
with serious infections due to ESBL-producing organisms are
treated with antibiotics to which the organism is frankly resis-
tant. The mortality rate in such patients is significantly higher
than in patients treated with antibiotics to which the organism
is susceptible (21) and has ranged from 42 to 100% (11, 14, 21).
In the majority of instances in which “inappropriate” therapy
was given, the therapy was ceftazidime for an ESBL-producing
organism for which MICs of ceftazidime were elevated (often
#256 $g/ml).

Much more controversy exists as to whether cephalosporin
therapy is appropriate for ESBL-producing organisms for
which cephalosporin MICs are in the susceptible range (4).
Such a scenario is relatively common—of 141 American iso-
lates of ESBL-producing Klebsiella pneumoniae examined by
Jacoby et al. (7), only 23% would have been reported as cefo-
taxime resistant when examined using the NCCLS breakpoints

existing at that time. In a recent study from Europe, of 91
ESBL-producing klebsiellae, just 36% were reported by their
referring clinical laboratories as cefotaxime resistant (1).

In a 1998 survey of 369 American clinical microbiology lab-
oratories, only 32% (117 of 369) reported performing tests to
detect ESBL production by Enterobacteriaceae (3). It was not
reported why these laboratories did not make efforts to detect
ESBLs. However, some authors have suggested that ESBL
screening is not likely to affect patient outcome and hence is
neither clinically necessary nor cost-effective for the laboratory
(4). The purpose of this study was to examine the outcome of
serious infections due to ESBL-producing organisms in pa-
tients who were treated with cephalosporins to which the or-
ganism was “susceptible” or “intermediate” in vitro.

MATERIALS AND METHODS

Patients. A prospective, observational study of consecutive patients with
K. pneumoniae bacteremia was performed in 12 hospitals in the United States,
Taiwan, Australia, South Africa, Turkey, Belgium, and Argentina. The study
period was 1 January 1996 to 31 December 1997. Patients older than 16 years of
age with blood cultures positive for K. pneumoniae were enrolled, and a 188-item
study form was completed. Patients were monitored for 1 month after the onset
of bacteremia to assess clinical outcome, including mortality. The study was
observational in that administration of antimicrobial agents, and other therapeu-
tic management, was controlled by the patient’s physician, not the investigators.

The infection leading to bacteremia was identified as pneumonia, urinary tract
infection, meningitis, peritonitis, or a primary bloodstream infection using Cen-
ters for Disease Control and Prevention definitions (6).

* Corresponding author. Mailing address: Infectious Disease Divi-
sion, VA Medical Center, University Dr. C, Pittsburgh, PA 15240.
Phone: (412) 688-6179. Fax: (412) 688-6950. E-mail: vly!@pitt.edu.

2206

Paterson. J Clin Microbiol 2001 



Arguments cliniques 

Impact of changes in CLSI and EUCAST breakpoints for susceptibility

in bloodstream infections due to extended-spectrum b-lactamase-

producing Escherichia coli
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Abstract

The impact of recent changes in and discrepancies between the breakpoints for cephalosporins and other antimicrobials, as determined

by CLSI and European Committee on Antimicrobial Susceptibility Testing (EUCAST), was analysed in patients with bloodstream infec-

tions caused by extended-spectrum b-lactamase (ESBL) producing Escherichia coli in Spain, was analysed. We studied a cohort of 191

episodes of bloodstream infection caused by ESBL-producing E. coli in 13 Spanish hospitals; the susceptibility of isolates to different anti-

microbials was investigated by microdilution and interpreted according to recommendations established in 2009 and 2010 by CLSI, and

in 2011 by EUCAST. Overall, 58.6% and 14.7% of isolates were susceptible to ceftazidime, and 35.1% and 14.7% to cefepime using the

CLSI-2010 and EUCAST-2009/2011 recommendations, respectively (all isolates would have been considered resistant using the previous

guidelines). Discrepancies between the CLSI-2010 and the EUCAST-2011 recommendations were statistically significant for other anti-

microbials only in the case of amikacin (98.4% versus 75.9% of susceptible isolates; p <0.01). The results varied depending on the ESBL

produced. No significant differences were found in the percentage of patients classified as receiving appropriate therapy, following the

different recommendations. Four out of 11 patients treated with active cephalosporins according to CLSI-2010 guidelines died (all had

severe sepsis or shock); these cases would have been considered resistant according to EUCAST-2011. In conclusion, by using current

breakpoints, extended-spectrum cephalosporins would be regarded as active agents for treating a significant proportion of patients with

bloodstream infections caused by ESBL-producing E. coli.
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Introduction

The breakpoints for classifying organisms as susceptible or

resistant to different antimicrobial agents, as determined by

the CLSI and European Committee on Antimicrobial Suscep-

tibility Testing (EUCAST), have an extraordinary influence on

the surveillance of antimicrobial resistance as well as on the

treatment of infections worldwide. Hence, it is important

to analyse the impact of discrepancies and changes in

breakpoints recommended by these organizations because

any change or discrepancy could be significant for bacteria

producing specific mechanisms of resistance, such as

extended-spectrum b-lactamases (ESBLs), as the therapeutic

options for infections caused by these isolates are limited.

In 2010, the CLSI changed the susceptibility breakpoints

for the Enterobacteriaceae from £8 mg/L to £1 in the case

of cefotaxime, and from £8 mg/L to £4 in the case of ceftazi-

dime; in addition, the interpretation of the breakpoint was

to be reported as found, irrespective of whether there was

ª2011 The Authors

Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases

ORIGINAL ARTICLE BACTERIOLOGY

•  Etude de l’impact de l’application des recommandations de 
l’EUCAST et CLSI sur 191 épisodes de bactériémies. 

•  14,7% des souches étaient sensibles à la ceftazidime et au 
céfépime, avec des différences selon le type de BLSE 

•  le traitement par C3G était efficace dans les cas d’infections 
non graves, avec un faible inoculum bactérien et avec 
l’utilisation de doses élevées de C3G 

Rodriguez-Bano. Clin Microbiol Infect 2011 



•  Seule	
  étude	
  prospec4ve	
  randomisée	
  qui	
  a	
  comparé	
  l’ac4vité	
  de	
  la	
  
cemazidime,	
  de	
  l’imipénème	
  et	
  de	
  l’associa4on	
  cefoperazone-­‐
sulbactam	
  	
  

•  22	
  infec4ons	
  (urinaires,	
  diges4ves)	
  
•  6	
  des	
  7	
  pa4ents	
  traités	
  par	
  cemazidime	
  ont	
  guéri	
  et	
  le	
  7ième	
  a	
  évolué	
  

favorablement	
  après	
  un	
  drainage	
  chirurgical	
  de	
  son	
  abcès	
  

•  Pour	
  les	
  pa4ents	
  traités	
  par	
  C3G,	
  l’importance	
  du	
  drainage	
  des	
  
collec4ons	
  ressort	
  clairement	
  comme	
  facteur	
  de	
  bon	
  pronos4c	
  	
  

Bin et al. Diagnostic Microbiology and Infectious Disease (2006)  
 

Outcome of cephalosporin treatment of bacteremia due to  
CTX-M-type extended-spectrum ß-lactamase-producing E. coli 



Bin et al. Diagnostic Microbiology and Infectious Disease (2006)  
 

2001). From January 1, 1996, to December 31, 1997, only
10 patients with bacteremia positive for ESBL-producing
K. pneumoniae not resistant in vitro to cephalosporins
were enrolled for evaluation of outcomes of cephalo-
sporin treatment. To the best of our knowledge, until now,
no randomized prospective study of the treatment of
infections caused by ESBL-producing organisms has
been conducted.

Currently, the CLSI criteria recommend the exclusive use
of carbapenems for the treatment of serious infections due to
ESBL-producing E. coli and K. pneumoniae (NCCLS,

1999). This has limited clinical experience with the use of
other agents, particularly ESCs. Increased use of carbape-
nems accelerated its antimicrobial resistance. Rahal et al.
(1998) found that this reduction in the use of ESCs resulted
in a dramatic decrease in the incidence of ESBL-producing
strains and was also associated with a 140% increase in the
use of carbapenems and a 70% increase in the incidence of
infection with carbapenem-resistant strains of Pseudomonas
aeruginosa. Therefore, therapeutic options other than
carbapenems would be attractive alternatives for against
ESBL-producing organisms.

APACHE II MSOF Additional treatment MIC (Ag/mL) ESBL genotype Outcome

CAZ CTX IPM CIP

9 0 Drainage of urine by rectal tube 8 N256 0.25 32 CTX-M-14 Cure

11 1 Drainage of abdominal abscess 1 N256 0.25 32 CTX-M-14 Failure due to 7-day fever; cured after

CT-guided drainage of abdominal abscess

8 0 No 2 N256 0.5 32 CTX-M-3 Fever came down slowly after

3 days of ceftazidime treatment and

returned to normal after 12 days

9 2 Bile drainage 2 128 0.25 N64 CTX-M-3 Cure

22 1 No 2 32 0.064 N64 CTX-M-14 Cure

6 0 Mucolytics; physiotherapy 8 128 0.064 64 CTX-M-27 Cure

7 0 No 0.5 32 0.064 64 CTX-M-14 Cure

24 1 No 0.5 32 0.064 N64 CTX-M-14 Cure

13 1 No 2 64 0.125 4 CTX-M-14 Cure

14 0 No

4

64 0.125 N64 CTX-M-14 Cure

12 0 No 2 64 0.125 4 CTX-M-14 Cure

8 0 Drainage of abdomnal abscess 4 256 0.5 16 CTX-M-14 Failure due to 7-day fever;

improvement after CT-guided drainage

of abdominal abscess

9 1 PTCD 4 128 0.125 4 CTX-M-14 Cure

10 0 Drainage of hepatic abscess 4 N256 0.5 N64 CTX-M-14 Cure after drainage of hepatic abscess

18 1 No 1 32 0.125 0.004 CTX-M-14 Cure

13 0 No 2 256 0.5 16 CTX-M-14 Failure due to 3-day fever

8 0 PTCD 2 128 0.125 4 CTX-M-14 Cure

11 1 PTCD 2 256 0.5 32 CTX-M-14, -3 Cure

7 0 ERCP +

stent

2 128 0.064 N64 CTX-M-14 Cure

11 1 No 0.5 128 0.064 N64 CTX-M-14 Failure due to 3-day

fever; cured after surgery

8 1 No 2 128 0.064 N64 CTX-M-14 Cure

14 0 No 4 128 0.064 N64
CTX-M-14

Cure

C. Bin et al. / Diagnostic Microbiology and Infectious Disease 56 (2006) 351–357 355
Outcome of cephalosporin treatment of bacteremia due to  

CTX-M-type extended-spectrum ß-lactamase-producing E. coli 



Les tests de routine ne sont pas fiables 

Livermore et al., JAC. 2012.  



Céphalosporines de 3ième génération et EBLSE 

Ø  Variations notables intra- et inter-laboratoires 

Ø  Fondé sur peu de données cliniques 

Ø  Risque de perdre des données épidémiologiques 

Oui, mais… 



Effet inoculum 

Modification parfois très importante des CMI en fonction de l’inoculum 
 Thomson. AAC. 2001.  



En	
  conclusion	
  

•  Changement	
  des	
  recommanda4ons	
  du	
  CA-­‐SFM	
  pour	
  les	
  
céphalosporines	
  et	
  l’aztréonam	
  =>	
  peu	
  de	
  souches	
  (moins	
  de	
  
20%)	
  en	
  pra4que	
  clinique.	
  	
  

•  Le	
  fait	
  de	
  se	
  baser	
  uniquement	
  sur	
  les	
  CMI	
  pour	
  traiter	
  les	
  
infec4ons	
  à	
  EBLSE	
  sensibles	
  in	
  vitro	
  aux	
  C3G	
  a	
  ses	
  limites	
  	
  

•  D’autres	
  facteurs	
  sont	
  également	
  à	
  considérer.	
  
–  importance	
  de	
  l’inoculum	
  
–  posologies	
  des	
  C3G	
  	
  
–  Type	
  d’infec4on	
  (sévère	
  vs	
  non	
  sévère,	
  inf	
  urinaire	
  vs	
  autres	
  infec4ons)	
  

•  Les	
  C3G	
  ne	
  sont	
  donc	
  pas	
  une	
  solu4on	
  à	
  tous	
  les	
  problèmes…	
  



Les autres alternatives aux 

carbapénèmes 



LES	
  ALTERNATIVES	
  AUX	
  
CARBAPENEMES	
  

Associa>ons	
  
	
  β-­‐lactamines/inhibiteurs	
  de	
  β-­‐lactamases	
  	
  



TABLE 9. Interpretive rules for b-lactam agents and Enterobacteriaceae, Pseudomonas spp., and Acinetobacter spp.

Rule
no.

Organisms Agents tested Agents affected Rule Exceptions, scientific basis, and
comments

Evidence
grade

References

9.1 Enterobacteriaceae Cefotaxime, ceftriaxone,
ceftazidime, cefepime,
amoxycillin–clavulanate,
ampicillin–sulbactam, and
piperacillin–tazobactam

Amoxycillin–clavulanate,
ampicillin–sulbactam, and
piperacillin–tazobactam

IF intermediate or resistant to any
third-generation (cefotaxime, ceftriax
one, ceftazidime) or fourth-generation
(cefepime) oxyimino-cephalosporin,
AND susceptible to amoxycillin–
clavulanate, ampicillin–sulbactam or
piperacillin–tazobactam, THEN report
as tested and enclose a warning on
uncertain therapeutic outcome for
infections other than urinary tract
infections

ESBL producers are often categorized
as susceptible to combinations of a
penicillin and a b-lactamase inhibitor.
With the exception of urinary tract
infections and bloodstream infections
secondary to this origin, the use of
these combinations in infections
caused by ESBL producers remains
controversial, and should be
approached with caution. No evidence
for ticarcillin–clavulanate has been
published

B [44,45]

9.2 Enterobacter
spp., Citrobacter
freundii, Serratia
spp., and
Morganella
morganii

Cefotaxime, ceftriaxone,
and ceftazidime

Cefotaxime, ceftriaxone,
and ceftazidime

IF susceptible in vitro to cefotaxime,
ceftriaxone or ceftazidime, THEN note
that the use in monotherapy of
cefotaxime, ceftriaxone or ceftazidime
should be discouraged, owing to the
risk of selecting resistance, or suppress
the susceptibility testing results for
these agents

Selection of AmpC-derepressed
cephalosporin-resistant mutants may
occur during therapy. The use of a
third-generation cephalosporin in
combination with an aminoglycoside
may also lead to failure by selection of
resistant mutants. Combination with
quinolones has, however, been found
to be protective. The selection risk is
absent or much diminished for
cefepime and cefpirome

A (Enterobacter),
B (others)

[46,47]

9.3 Enterobacteriaceae
(mostly Klebsiella
spp. and
Escherichia coli)

Ticarcillin, piperacillin Piperacillin IF resistant to ticarcillin but susceptible
to piperacillin, THEN edit piperacillin
to resistant

Ticarcillin-hydrolysing b-lactamases also
attack piperacillin, but resistance may
be less obvious if expression is
low-level. Does not apply to inhibitor
combinations involving these penicillins

C [23,105]

ESBL, extended-spectrum b-lactamase.
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EUCAST expert rules in antimicrobial susceptibility testing

R. Leclercq1,2, R. Cantón2,3,4, D. F. J. Brown4, C. G. Giske2,4,5, P. Heisig2,6, A. P. MacGowan4,7, J. W. Mouton4,8,

P. Nordmann2,9, A. C. Rodloff4,10, G. M. Rossolini2,11, C.-J. Soussy4,12, M. Steinbakk4,13, T. G. Winstanley2,14 and G. Kahlmeter4,15
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Abstract

EUCAST expert rules have been developed to assist clinical microbiologists and describe actions to be taken in response to specific

antimicrobial susceptibility test results. They include recommendations on reporting, such as inferring susceptibility to other agents from

results with one, suppression of results that may be inappropriate, and editing of results from susceptible to intermediate or resistant

or from intermediate to resistant on the basis of an inferred resistance mechanism. They are based on current clinical and/or microbio-

logical evidence. EUCAST expert rules also include intrinsic resistance phenotypes and exceptional resistance phenotypes, which have

not yet been reported or are very rare. The applicability of EUCAST expert rules depends on the MIC breakpoints used to define the

rules. Setting appropriate clinical breakpoints, based on treating patients and not on the detection of resistance mechanisms, may lead

to modification of some expert rules in the future.
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Introduction

Antimicrobial susceptibility testing is a daily task in clinical

microbiology laboratories worldwide. In view of the

increasing complexity and widespread increase in antimi-

crobial resistance mechanisms and the clinical implications

of the resistance, expert knowledge is desirable for inter-

pretation of tests. An expert rule in antimicrobial suscep-

tibility testing describes an action to be taken on the

basis of specific antimicrobial susceptibility test results.

The rules are based on current clinical breakpoints and

knowledge of resistance mechanisms. Expert rules for

antimicrobial susceptibility testing can assist clinical micro-

biologists in the interpretation of antimicrobial susceptibil-

ity tests [1], but, with changes in breakpoints and the

discovery of new resistance mechanisms, rules may

become redundant or require modification. Rules can also

contribute to quality assurance by highlighting anomalous

or unlikely results [2–5]. The EUCAST expert rules in

antimicrobial susceptibility testing, first published in 2008

(http://www.eucast.org), are divided into intrinsic resis-

tance, exceptional phenotypes, and interpretive rules. In

this document, we present the second version of these

rules, which has been updated in line with current EU-

CAST breakpoints.

ª2011 The Authors
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REVIEW BACTERIOLOGY

Intrinsic Resistance

Intrinsic (inherent) resistance, as opposed to acquired and/or

mutational resistance, is a characteristic of all or almost all iso-

lates of the bacterial species. The antimicrobial activity of the

drug is clinically insufficient or antimicrobial resistance is

innate, rendering it clinically useless. Antimicrobial susceptibil-

ity testing is therefore unnecessary, although it may be per-

formed as part of panels of test agents. In these species,

‘susceptible’ results should be viewed with caution, as they

most likely indicate an error in identification or susceptibility

testing. Even if a susceptible result is confirmed, the drug

should preferably not be used or, when no alternative is avail-

able, should be used with caution. In some cases, intrinsic

resistance to an agent may be expressed at a low level, with

MIC values close to the susceptible breakpoint, although the

agent is not considered to be clinically active. There are also

situations where the agent appears to be fully active in vitro

(MIC values cannot be separated from those of the wild type)

but is inactive in vivo. These are generally not mentioned in the

tables, as they are rather a matter of therapeutic recommen-

dations. Examples of intrinsic resistance are Enterobacteriaceae

resistant to glycopeptides or linezolid, Proteus mirabilis resis-

tant to nitrofurantoin and colistin, Serratia marcescens resistant

to colistin, Stenotrophomonas maltophilia resistant to carbapen-

ems, Gram-positive organisms resistant to aztreonam, and

enterococci resistant to fusidic acid (Tables 1–4).

Exceptional Resistance Phenotypes

Exceptional resistance phenotypes are phenotypes of resistance

of some bacterial species to particular antimicrobial agents that

have not yet been reported or are very rare. Exceptional resis-

tance phenotypes should be checked, as they may also indicate

an error in identification or susceptibility testing. If they are

confirmed locally, the isolate should be further studied to con-

firm the exceptional phenotype, and sent to a reference labora-

tory or other laboratory with expertise in resistance

mechanisms for independent confirmation. Exceptional resis-

tance phenotypes may change, as resistance may develop and

increase over time. There may also be local, regional or

national differences, and a very rare resistance phenotype in

one hospital, area or country may be more common in

another. Examples of exceptional phenotypes are Streptococcus

pyogenes resistant to penicillin, Staphylococcus aureus resistant

to vancomycin, Enterococcus faecium susceptible to ampicillin,

Enterobacteriaceae resistant to carbapenems (rare but increas-

ing), and anaerobes resistant to metronidazole (Tables 5–7). T
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Bactériémies communautaires à E. coli BLSE 
95 cas colligés en 2004-2006 en Espagne 

Mortalité des 62 cas traités par une monothérapie en empirique 

Rodriguez-Bano et al, CID 2010;50:40-8 [Espagne] 

Schéma Mortalité 

Carbapénème (SAI) 

Céphalosporine (SAI) 

Amoxicilline-clavulanate 
•  versus souche S (2g-0.125g q8h IV) 
•  versus souche R 

Pipéracilline-tazobactam 
•  versus souche S (4g-0.5g q6h IV 
•  versus souche R 

F-quinolone (SAI) 

1/8 (12%)  

5/21 (24%) 

2/26 (8%) 
0/14 
2/12 
 
1/8 (12%) 
0/4 
1/4 

2/7 (29%) 



	
  Méta-­‐analyse	
  de	
  21	
  études,	
  1584	
  pa4ents	
  entre	
  1996	
  et	
  2010	
  

Pas de différence de mortalité entre carbapénèmes et BL/IBL 
(traitement empirique et documenté), alors que différence entre 

carbapénèmes et autres molécules non BL/IBL 



Importance	
  de	
  
la	
  CMI	
  

particularly intra-abdominal infections, PTZ showed better re-
sults against isolates showing a low MIC.
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TABLE 1 Mortality among patients with bacteremia due to ESBL-
producing E. coli who were treated empirically with piperacillin-
tazobactam, according to MIC and other variables of interest

Variable and group

Mortality in patients in each groupa

All patients
(n " 39)

Low MIC
(!2 mg/liter)
(n " 18)

Intermediate
MIC (4 to 8
mg/liter)
(n " 10)

High MIC
("16 mg/liter)
(n " 11)

All patients 7/39 (17.9) 0/18 (0)b 3/10 (30) 4/7 (57.1)
Age

!65 years 4/20 (20) 0/9 (0) 1/5 (20) 3/6 (50)
#65 years 3/19 (15.8) 0/9 (0) 2/5 (40) 1/5 (20)

Onset
Community 2/21 (9.5) 0/10 (0) 1/5 (20) 1/6 (16.7)
Nosocomial 5/18 (27.8) 0/8 (0) 2/5 (40) 3/5 (60)

Charlson index
!2 4/24 (16.7) 0/12 (0) 3/8 (37.5) 1/4 (25)
#2 3/15 (20) 0/6 (0) 0/2 (0) 3/7 (42.9)

Source
Urinary tract 0/11 (0) 0/7 (0) 0/2 (0) 0/2 (0)
Other 7/28 (25) 0/11 (0)c 3/8 (37.5) 4/9 (44.4)

Severe sepsis or shock
No 4/32 (12.5)d 0/16 (0) 2/8 (25) 2/8 (25)
Yes 3/7 (42.8) 0/2 (0) 1/2 (50) 2/3 (66.7)

Definitive therapye

PTZ 0/10 0/5 (0) 0/4 (0) 0/1 (0)
Carbapenem 5/24 (20.8) 0/10 (0) 1/4 (25) 4/10 (40)
Other 0/3 (0) 0/3 (0)

a Data are expressed as number of patients who died/number of patients in each
category (percentage). PTZ, piperacillin-tazobactam.
b Low MIC versus intermediate MIC, P " 0.08; low MIC versus high MIC, P " 0.005.
P values were obtained by Fisher’s test; only those $0.1 are shown.
c Low MIC versus intermediate MIC, P " 0.05; low MIC versus high MIC, P " 0.02.
P values were obtained by Fisher’s test; only those $0.1 are shown.
d Presentation without versus with severe sepsis or shock, P " 0.09. P values were
obtained by Fisher’s test; only those $0.1 are shown.
e Only patients who survived long enough to receive definitive therapy were included.
Other sources included biliary tract (6), unknown and spontaneous peritonitis (2 each),
and secondary peritonitis (1) for low MIC, biliary tract (4) and respiratory tract, skin
and skin structure, catheter, and unknown (1 each) for intermediate MIC, and biliary
tract (3), spontaneous peritonitis and skin and skin structure (2 each), and respiratory
tract and secondary peritonitis (1 each) for high MIC.

Retamar et al.
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•  39	
  bactériémies	
  à	
  E.coli	
  BLSE	
  
•  Les	
  11	
  pa4ents	
  avec	
  une	
  

infec4on	
  urinaire	
  ont	
  
survécu,	
  indépendamment	
  
de	
  la	
  CMI	
  

•  Pour	
  les	
  autres,	
  la	
  mortalité	
  

était	
  plus	
  faible	
  lorsque	
  la	
  
CMI	
  était	
  ≤	
  2	
  mg/l.	
  

Retamar, AAC, 2013 



Effet inoculum 

Modification parfois très importante des CMI en fonction de l’inoculum 
 Thomson. AAC. 2001.  



•  Les	
  associa4ons	
  BL/IBL	
  pourraient	
  être	
  efficaces,	
  
pour	
  le	
  traitement	
  des	
  infec4ons	
  urinaires	
  à	
  EBLSE	
  
(cf	
  EUCAST	
  et	
  étude	
  de	
  Retamar)	
  	
  

•  Sous	
  réserve	
  d’une	
  sensibilité	
  des	
  isolats	
  aux	
  
molécules	
  u4lisées	
  (CMI	
  basses),	
  de	
  l’u4lisa4on	
  de	
  
doses	
  suffisantes	
  (	
  effet	
  inoculum).	
  

•  La	
  prudence	
  est	
  cependant	
  de	
  mise	
  et	
  des	
  études	
  
contrôlées	
  randomisées	
  sont	
  nécessaires	
  afin	
  
d’évaluer	
  de	
  manière	
  incontestable	
  l’efficacité	
  
clinique	
  des	
  BL/IBL.	
  

En	
  conclusion	
  :	
  BL/IBL	
  



LES	
  ALTERNATIVES	
  AUX	
  
CARBAPENEMES	
  

Céphamycines	
  



Céphamycines	
  

•  Sous-­‐famille	
  des	
  céphalosporines	
  proche	
  des	
  C2G	
  
•  Seul	
  commercialisé	
  en	
  France	
  :	
  Céfoxi4ne	
  (Mefoxin®)	
  	
  

•  Administra4on	
  de	
  la	
  Cefoxi4ne	
  sur	
  une	
  durée	
  de	
  4	
  heures	
  3	
  fois	
  par	
  
jour	
  permet	
  d’obtenir	
  un	
  taux	
  de	
  succès	
  de	
  100%	
  (simula4on)	
  Guet-­‐
Reviller.	
  RICAI	
  2012.	
  Communica9on	
  115/28o	
  

•  Forme	
  parentérale	
  uniquement	
  
•  U4lisa4on	
  principalement	
  en	
  prophylaxie	
  chirurgicale	
  diges4ve	
  

•  Agit	
  sur	
  certains	
  Gram+,	
  entérobactéries,	
  et	
  anaérobies	
  
•  Groupement	
  α-­‐methoxy	
  en	
  posi4on	
  7=	
  inhibe	
  l’ac4on	
  des	
  BLSE	
  

Lepeule. J Anti-Infectieux. 2012 



Efficacité	
  in	
  vivo…	
  

 ■ Flomoxef versus carbapenème 
 dans le traitement de 27 
 bactériémies à K. pneumoniae 
 BLSE (21 CTX-M)  

 
Flomoxef  

Carbapénème  
(14 méropénèmes, 6 

imipénèmes) 

Décès à 
J14  

2/7 (29%) 5/20 (20%) NS 

Lee et al., JAC 2006;58:1074-7 

■  Prostatite à K. pneumoniae BLSE sur sonde avec bactériémie 
traitée efficacement par céfoxitine  Boyer et al. MMI. 2012 mars;42(3):126-8  

■ Etude rétrospective sur 10 patients cefmetazole vs 12 patients carbapénème 
=> Pas de différence en terme de guérison clinique ou bactériologique 

Doi et al., Int J Infect Diseases 2013 

Katsuta. Pediatr Infect Dis J. 2013  

■  11 cas de pyélonéphrite à EBLSE d’évolution favorable chez des 
enfants traités par cefmetazole  
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Discrepancy between effects of carbapenems
and flomoxef in treating nosocomial hemodialysis
access-related bacteremia secondary to extended
spectrum beta-lactamase producing klebsiella
pneumoniae in patients on maintenance
hemodialysis
Chih-Chao Yang1, Shau-Hsuan Li2, Feng-Rong Chuang1, Chih-Hung Chen3, Chih-Hsiung Lee3, Jin-Bor Chen1,
Chien-Hsing Wu1*† and Chien-Te Lee1*†

Abstract
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•  Flomoxef	
  

•  Etude	
  rétrospec4ve	
  
•  Bactériémies	
  chez	
  pa4ents	
  hémodialysés	
  

•  Effec4fs	
  faibles	
  :	
  19	
  pa4ents	
  flomoxef	
  vs	
  23	
  méropéneme	
  

•  Mortalité	
  plus	
  importante	
  dans	
  le	
  groupe	
  flomoxef	
  (OR	
  3,52;	
  p=0,009)	
  

Echec	
  in	
  vivo…	
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Céphamycines	
  et	
  EBLSE	
  

•  Apparition de mutants résistants sous traitement : 
 

–  description en 1989 d’un cas d’échec de céfoxitine dans le traitement 
d’une infection à K. pneumoniae TEM-3 par mutation de porine 
             Pangon et al., JID 1989;159:1005-6 

 

–  un cas d’échec de flomoxef dans le traitement d’une bactériémie à K. 
pneumoniae, avec résistance croisée à l’ertapénème (déficience en 
porine OmpK36 + Amp plasmidique) 
   

•  A ce jour, aucun mutant devenu résistant chez E. coli 

Lee et al., JAC 2007;60:410-3 



•  Céphamycines	
  :	
  peu	
  évaluées	
  dans	
  le	
  traitement	
  des	
  infec4ons	
  à	
  
EBLSE,	
  difficile	
  de	
  conclure	
  en	
  termes	
  d’efficacité	
  thérapeu4que	
  du	
  
fait	
  des	
  effec4fs	
  faibles	
  et	
  des	
  résultats	
  discordants.	
  

•  Problème	
  de	
  l’émergence	
  de	
  souches	
  devenant	
  résistantes	
  en	
  
cours	
  de	
  traitement,	
  mais	
  phénomène	
  observé	
  que	
  pour	
  des	
  
souches	
  de	
  K.	
  pneumoniae	
  de	
  type	
  SHV	
  ou	
  TEM.	
  

•  L’intérêt	
  des	
  céphamycines	
  reste	
  donc	
  à	
  démontrer,	
  notamment	
  à	
  
des	
  posologies	
  plus	
  élevées	
  et	
  avec	
  des	
  durées	
  de	
  traitement	
  plus	
  
courtes	
  pour	
  éviter	
  l’appari4on	
  de	
  mutants	
  résistants.	
  	
  

•  Cewe	
  émergence	
  pourrait	
  être	
  prévenue	
  par	
  l’u4lisa4on	
  combinée	
  
d’une	
  céphamycine	
  et	
  du	
  céfépime	
  en	
  cas	
  de	
  sensibilité	
  à	
  ces	
  deux	
  
molécules	
  

En	
  conclusion	
  :	
  céphamycines	
  



LES	
  AUTRES	
  ALTERNATIVES	
  AUX	
  
CARBAPENEMES	
  

Fosfomycine	
  
Pivmécillinam	
  
Témocilline	
  

Nitrofurantoïne	
  
Tigécycline	
  

	
  



209 E.coli BLSE  
(ECBU 2013) 

% de souches ‘’S’’ 

Fosfomycine : 97 
Furanes: 93 

actifs sur  
> 90% des souches 

 
Amox-ac clav  

15,8 
 

 

 

Céfoxitine : 71  
Tigécycline : 99,5 

Bactrim : 34,5 

 

 

Alternatives aux C3G et aux carbapénèmes 

-  % Pivmécillinam –S : 71% de E. coli BLSE (Réseau REUSSIR, P346A Brieu et al.) 
-  % Témocilline-S : 69% EBLSE isolées plvts de dépistage (données CHUN 2013) 



¨  Fosfomycine-­‐trométamol	
  3g	
  pdt	
  3j	
  et	
  cys4te	
  compliquée	
  à	
  E.	
  coli	
  BLSE	
  

¨  Eradica4on	
  clinique	
  à	
  1	
  mois	
  :	
  26/28	
  (93%)	
  
¨  Pas	
  de	
  données	
  d’éradica4on	
  bactériologique	
  

Rodriguez-Baňo. Arch. Intern. Med. 2008 

Pullukcu. Inter J Antimicrob Agents 2007 

             Eradication (J10-12) 
 clinique          bactériologique  

IU simple                       16/16             12/16 
IU compliquée  30/33             29/36 
Total  46/49 (94%)          41/52 (79%) 

¨  Méta-­‐analyse	
  17	
  études	
  évaluant	
  succès	
  clinique	
  ou	
  microbiologique	
  
¨  11/17	
  études	
  ð	
  >	
  90%	
  des	
  4448	
  souches	
  d’ESBL	
  ‘S’	
  à	
  la	
  fosfomycine	
  
¨  93,8%	
  de	
  succès	
  clinique	
  pour	
  cys4te	
  

Fosfomycine	
  et	
  BLSE	
  

Falagas. Lancet Infect Dis. 2010 



Fosfomycine	
  
•  Reste	
  ac4ve	
  sur	
  la	
  plupart	
  des	
  souches	
  d’EBLSE	
  isolées	
  en	
  France	
  	
  
•  Concentra4on	
  élevée	
  dans	
  les	
  urines	
  
•  Existe	
  sous	
  forme	
  orale	
  (fosfomycine-­‐trométamol)	
  =>	
  alterna4ve	
  

intéressante,	
  pour	
  les	
  traitements	
  des	
  cys4tes	
  à	
  EBLSE	
  en	
  ville.	
  	
  
•  	
  !!!	
  Evolu4on	
  de	
  la	
  résistance	
  à	
  suivre	
  

Oteo. JAC. 2009 



Pivmecillinam	
  

•  ß-­‐lactamine	
  an4-­‐BGN,	
  largement	
  u4lisée	
  dans	
  les	
  pays	
  nordiques	
  
•  Nombreuses	
  études	
  dans	
  les	
  années	
  1980s	
  montrant	
  son	
  

efficacité	
  et	
  son	
  innocuité	
  dans	
  les	
  cys4tes,	
  y	
  compris	
  chez	
  la	
  
femme	
  enceinte	
  

•  Remboursé	
  :	
  

•  En	
  2ième	
  ligne	
  dans	
  les	
  futures	
  recos	
  sur	
  les	
  inf	
  urinaires	
  ?	
  

¨  8 patients, IU basses compliquées  
¨  E. coli ou K. pneumoniae BLSE 
¨  Guérison clinique pour tous les patients 
¨  Guérison microbiologique  : 2 patients/8 

Efficacy of pivmecillinam for treatment of 
lower urinary tract infection caused by 

extended-spectrum β-lactamase-producing 
Escherichia coli and Klebsiella pneumoniae. 

Titelman. Microb Drug Resist., 2012 
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B/ 12 (CIP : 34009 379 930 5 0) 
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Code ATC (année) J01CA08 (antibiotique apparenté à la famille des bêtalactamines) 
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Indication(s) 
concernée(s) 

« Elles procèdent de l'activité antibactérienne et des caractéristiques 
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Elles sont limitées aux infections urinaires dues aux germes définis ci-
dessus comme sensibles. 
Il convient de tenir compte des recommandations officielles concernant 
l'utilisation appropriée des antibactériens ». 
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Témocilline	
  

•  Pénicilline	
  dérivée	
  de	
  la	
  4carcilline.	
  	
  
•  Ac4ve	
  principalement	
  sur	
  les	
  entérobactéries,	
  conserve	
  une	
  grande	
  

stabilité	
  par	
  rapport	
  à	
  la	
  plupart	
  des	
  β-­‐lactamases,	
  incluant	
  les	
  BLSE	
  
et	
  les	
  HPCase.	
  	
  

•  Disponible	
  seulement	
  en	
  Belgique	
  et	
  GB	
  (Negaban®),	
  et	
  en	
  France	
  
que	
  dans	
  le	
  cadre	
  d’une	
  ATU	
  de	
  cohorte	
  depuis	
  2006	
  (traitement	
  
des	
  infec4ons	
  à	
  Burkholderia	
  cepacia	
  chez	
  les	
  pa4ents	
  aweints	
  de	
  
mucoviscidose).	
  	
  

•  Etude	
  prévue	
  courant	
  2014	
  pour	
  demande	
  d’AMM	
  en	
  France,	
  avec	
  
procédure	
  inhabituelle	
  (médicament	
  orphelin)	
  

Soubirou. Journal des Anti-Infectieux, 2013 



Taux de guérison clinique et microbiologique élevé 



Nitrofurantoïne	
  
-­‐  Alterna4ve	
  intéressante	
  pour	
  le	
  traitement	
  des	
  cys4tes	
  à	
  EBLSE	
  
-­‐  Durée	
  de	
  traitement	
  prolongée	
  ne	
  favorisant	
  pas	
  l’observance.	
  	
  
-­‐  Restric4on	
  d’u4lisa4on	
  par	
  l’ANSM	
  en	
  2011	
  limitant	
  son	
  u4lisa4on	
  aux	
  infec4ons	
  
urinaires	
  dues	
  à	
  des	
  germes	
  sensibles,	
  en	
  l’absence	
  d’une	
  autre	
  alterna4ve.	
  	
  

-­‐  L’applica4on	
  de	
  cewe	
  restric4on	
  est	
  controversée,	
  notamment	
  en	
  cas	
  de	
  
traitement	
  court,	
  car	
  elle	
  conduit	
  à	
  une	
  augmenta4on	
  de	
  l’u4lisa4on	
  des	
  FQ.	
  

J Antimicrob Chemother
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Sir,
In 2008, the alarming level of antibiotic resistance in France led us
to release regional guidelines for the treatment of urinary tract
infections (UTIs).1 Briefly, we recommended (i) the avoidance of
fluoroquinolones for uncomplicated UTIs and (ii) the use of fosfo-
mycin (single 3 g dose) or nitrofurantoin (100 mg three times a
day, 5 days) as first-line treatment. Accordingly, fosfomycin and
nitrofurantoin prescriptions increased, while fluoroquinolone pre-
scriptions declined.2 In February 2011, the French Agency for the
Safety of Medicine and Health Products (ANSM) published a drug
monitoring alert concerning nitrofurantoin.3 This letter reported
new cases of severe hepatic and pulmonary toxicity after pro-
longed treatments with nitrofurantoin. National guidelines were
suspended, while nitrofurantoin’s use as prophylaxis for UTIs was
strongly discouraged. One year later the ANSM issued its new
guidelines, stating that: (i) nitrofurantoin is responsible for severe
pulmonary and hepatic toxicity; (ii) nitrofurantoin should be used
for documented cystitis due to susceptible microorganisms only
when no other antimicrobial presenting a better benefit/risk ratio
can be used orally; (iii) nitrofurantoin can nevertheless be consid-
ered for empirical treatment in cases of urgency or in the setting
of a previous history of multidrug-resistant bacteria; and (iv) nitro-
furantoin must not be used as prophylaxis.

We assessed the impact of the ANSM guidelines on drugs pre-
scribed for UTIs in our region using antibiotic prescription data
(nitrofurantoin, fosfomycin and fluoroquinolones with the excep-
tion of anti-pneumococcal fluoroquinolones) extracted from the
region’s health insurance agency (ambulatory care for women
aged 15–65 years). Antibiotic consumption was measured from
May 2007 to August 2012 via monthly totals of daily defined
doses (DDDs) according to WHO recommendations.4

The publication of the drug monitoring alert led to a prompt and
significant (P,0.001) decrease in nitrofurantoin use: the relative
variation was 249.3% 16 months after the release (Figure 1). We
also observed a significant increase in 3 day fluoroquinolone treat-
ment packs (lomefloxacin), single-dose fluoroquinolone packs
(ofloxacin or ciprofloxacin) and multi-dose ofloxacin packs.
Throughout the entire study period, the consumption of fosfomy-
cin increased, that of ciprofloxacin was stable and that of norfloxa-
cin decreased, with no change in trend (Figure 1). Our dataset
did not allow the tracing of indications for nitrofurantoin prescrip-
tions (i.e. short-term use versus prophylaxis or intermittent use).
However, a French global prescription survey suggests that !75%
of nitrofurantoin is prescribed for short-term treatments.5 It is
thus very likely that the two-to-one reduction in nitrofurantoin
use in our region is not only linked to the ban on nitrofurantoin
for UTI prophylaxis but has also impacted short-term use. For the
latter, prescribers largely replaced nitrofurantoin with fluoroquino-
lones.

The alert was the consequence of a survey of nitrofurantoin’s
adverse effects: the French Committee on Drug Monitoring
reported severe adverse effects, mainly pulmonary or hepatic,
with a frequency of 12.7 per year (1 per 20551 nitrofurantoin pre-
scriptions).5 This frequency increased with treatment duration:
from 1 case per 24800 short-term prescriptions (,1 month) to
1 case per 7666 long-term prescriptions (.1 month). In addition,
the context of this alert must be taken into account. It was
issued shortly after the French medical community had been
rocked by the Mediator scandal, which appeared to some to
expose the French pharmaceutical oversight apparatus as relative-
ly permissive, if not lax.6

To our knowledge, no other European country has released
similar recommendations, while most of them use more nitrofur-
antoin than France, including for recurrent UTIs.7 According to
most European experts’ analyses, there is no strong scientific evi-
dence to limit the use of nitrofurantoin for both incident and recur-
rent short-term UTI treatment, and its use is now recommended in
numerous guidelines worldwide.8 The incidence of serious adverse
events due to antibiotic classes deserves scrutiny. A survey led by
the CDC estimated nearly identical incidence rates in emergency
department visits triggered by nitrofurantoin and quinolone use
(9.8 versus 9.2 visits per 10000 outpatient prescriptions, respect-
ively); the study aggregated data for short- and long-term nitrofur-
antoin therapy.9
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Tazobactam was the most recent !-lactamase inhibitor to be approved in 1993. Since the approval of piperacillin–
tazobactam, the complexity of !-lactamase–mediated resistance among Gram-negative bacilli has increased enor-
mously. After more than 20 years since the first such combination, amoxicillin–clavulanic acid, was approved, several
new !-lactam–!-lactamase inhibitor combinations have reached late-stage (phase II and beyond) clinical trials.
These include ceftolozane–tazobactam (2:1, ratios of !-lactam to !-lactamase inhibitor in parentheses), ceftazidime–
avibactam (4:1), ceftaroline–avibactam (1:1), and imipenem–cilastatin–MK-7655 (2:2:1 and 4:4:1). Avibactam and
MK-7655 are diazabicyclooctane (DABCO) inhibitors and thus not !-lactams themselves; they include class A car-
bapenemases and class C enzymes within their spectra of activity. Ceftolozane is an antipseudomonal cephalosporin,
and tazobactam is used to protect it against extended spectrum !-lactamases to which it is labile. Additional novel
combinations are in preclinical development. This review will focus on the biochemistry, antimicrobial activity,
pharmacodynamics, and clinical development of these novel combinations.
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Introduction

The last !-lactamase inhibitor to be introduced
to the market was tazobactam, approved in 1993
in combination with piperacillin. That combina-
tion ultimately had peak year sales of over $1 bil-
lion. But the world has changed dramatically in
the last 20 years (Fig. 1).2 Since then, the numbers
of Gram-negative bacilli expressing higher levels of
!-lactamase, multiple enzymes, inhibitor-resistant
enzymes, and enzymes belonging to class C that
are not inhibited by tazobactam and the earlier
inhibitors have increased substantially. Resistance
among Gram-negative bacilli is reaching crisis pro-
portions in certain regions of the world, including
areas of the United States. One strategy to deal with
the rise in resistance is to turn, once again, to com-
binations of !-lactam antibiotics and !-lactamase
inhibitors. Four new combinations are now in the
late stages of clinical development and could reach
the market in the next several years. Three of these
use a new class of non-!-lactam inhibitors. Two

other combinations have not yet reached late-stage
clinical trials but provide additional options for the
future. This review will focus on the biochemistry
of the inhibitors, on the antimicrobial activity of the
new combinations, their in vivo activity, and their
current progress in clinical trials. The review will
also provide a look into the future of even more
recent combinations that may reach the clinical de-
velopment stage soon.

Biochemical activity and mechanism of
inhibition

Tazobactam, one of the early inhibitors, is a !-
lactam sulfone (Fig. 2).3,4 It undergoes the general
reaction with !-lactamase depicted in Figure 3.3,4,6

First, there is acylation of the enzyme. In the reac-
tion leading to irreversible inhibition, tazobactam
undergoes reactive alterations and is usually frag-
mented (Fig. 4).3,6 In fact, the formation of the
Michaelis complex may also be followed by dea-
cylation, which occurs via hydrolysis (not shown).
Hydrolysis results in regeneration of the enzyme and

doi: 10.1111/nyas.12010
Ann. N.Y. Acad. Sci. 1277 (2013) 105–114 c© 2013 New York Academy of Sciences. 105
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FACTS ON ANTIBIOTIC RESISTANCE 

 
The discovery of antibiotics in the 1930s fundamentally transformed the way physicians care for patients, shifting their 
approach from a focus on diagnoses without means to help into a treatment-focused approach that saves lives. More than 
70 years later, we’re at a critical point in treating infectious diseases: the natural ability of bacteria to evolve and defend 
themselves against antibiotics is occurring at a frightening pace, threatening patient care, public health and national 
security. At the same time, new antibiotic research and development (R&D) is in steep decline (see chart below).  
Antibiotic R&D has slowed to a standstill due to market failure, lack of clear regulatory guidance for drug companies, and 
economic disincentives. Antibiotics aren’t as profitable as other drugs, such as those for chronic diseases, because 
antibiotics are taken for a short course (not for years).  
 
In 2004, the Infectious Diseases Society of America (IDSA) raised the alarm about the dramatic increase in drug-resistant 
bacteria and the diminishing supply of new antibiotics in its landmark “Bad Bugs, No Drugs” report. The Society has 
pursued multiple approaches, including legislation1, to strengthen federal leadership, public health efforts, research, data 
collection, surveillance, antimicrobial stewardship (i.e. appropriate use strategies) and efforts to fix the anemic drug 
pipeline. IDSA has published reports and policy recommendations, including an April 2013 update on the status of 
antibiotic R&D. In 2010, IDSA launched its 10 x ‘20 Initiative, calling for political leaders, regulators, manufacturers, etc. to 
work together to create an R&D infrastructure capable of developing 10 new systemic antibiotics by 2020. Only one 10 x 
’20 antibiotic has been approved to date and that was 30 months ago (see pill bottle image below). 
 
Recognized by the World Health Organization and the U.S. 
Centers for Disease Control and Prevention (CDC) as one of 
the greatest threats to human health worldwide, antimicrobial 
resistance takes a staggering toll in the United States and 
across the globe: 

x Just one organism, methicillin-resistant Staphylococcus 
aureus (MRSA), kills more Americans every year than 
emphysema, HIV/AIDS, Parkinson’s disease, and 
homicide combined.  

x Nearly 2 million Americans per year develop hospital-
acquired infections (HAIs), resulting in nearly 100,000 
deaths – the vast majority of which are due to pathogens 
that are at least partially resistant to antibiotics. 

x In March 2013, CDC alerted the public about a four-fold 
increase in one group of “nightmare bacteria,” 
carbapenem-resistant Enterobacteriaceae (CRE), which 
kills up to 50 percent of the people infected – and is on the 
rise nationwide. Enterobacteriaceae is a large class of 
bacteria that includes E. coli, Klebsiella, and others.  

x According to CDC, the annual domestic impact to the U.S. 
health care system of antibiotic-resistant infections is $20 
billion in excess health care costs and more than 8 million 
additional hospital days. 

 
If we do not act immediately to preserve existing antibiotics 
and to produce new drugs, we face a future that may 
resemble the days before these “miracle” drugs were 
developed; where people die of common infections and many 
medical interventions we take for granted – including surgery, 
chemotherapy, organ transplantation and care for premature 
infants – become impossible. In particular, Congress must 
enact additional legislation supporting antibiotic development, 
as well as the STAAR Act (see footnote).  

1 Generating Antibiotics Incentives Now (GAIN; enacted in 2012) as part of the FDA Safety and Innovation Act (FDASIA); and 
Strategies to Address Antimicrobial Resistance (STAAR) Act (awaiting reintroduction in the U.S. Senate and House).  
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Infections caused by antibiotic-resistant bacteria, especially the “ESKAPE” pathogens, continue to increase in
frequency and cause significant morbidity and mortality. New antimicrobial agents are greatly needed to treat
infections caused by gram-negative bacilli (GNB) resistant to currently available agents. The Infectious Diseas-
es Society of America (IDSA) continues to propose legislative, regulatory, and funding solutions to this contin-
uing crisis. The current report updates the status of development and approval of systemic antibiotics in the
United States as of early 2013. Only 2 new antibiotics have been approved since IDSA’s 2009 pipeline status
report, and the number of new antibiotics annually approved for marketing in the United States continues to
decline. We identified 7 drugs in clinical development for treatment of infections caused by resistant GNB.
None of these agents was included in our 2009 list of antibacterial compounds in phase 2 or later development,
but unfortunately none addresses the entire spectrum of clinically relevant GNB resistance. Our survey demon-
strates some progress in development of new antibacterial drugs that target infections caused by resistant GNB,
but progress remains alarmingly elusive. IDSA stresses our conviction that the antibiotic pipeline problem can
be solved by the collaboration of global leaders to develop creative incentives that will stimulate new antibacteri-
al research and development. Our aim is the creation of a sustainable global antibacterial drug research and
development enterprise with the power in the short term to develop 10 new, safe, and efficacious systemically
administered antibiotics by 2020 as called for in IDSA’s “10 × ’20 Initiative.”
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Infections caused by antibiotic-resistant bacteria, espe-
cially the “ESKAPE” pathogens (Enterococcus faecium,

Staphylococcus aureus, Klebsiella pneumoniae, Acineto-
bacter baumannii, Pseudomonas aeruginosa, and En-
terobacter species), cause significant morbidity and
mortality [1, 2]. These and other drug-resistant gram-
negative bacilli (GNB) infections impact not only
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