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ABSTRACT Extended-spectrum b-lactamases (ESBLs) represent a major threat among resistant bacterial isolates. The first types described were derivatives of the TEM-1, TEM-2 and SHV-1 enzymes during the 1980s in Europe, mainly in Klebsiella pneumoniae associated with nosocomial outbreaks. Nowadays, they are mostly found among Escherichia coli isolates in community-acquired infections, with an increasing occurrence of CTX-M enzymes. The prevalence of ESBLs in Europe is higher than in the USA but lower than in Asia and South America. However, important differences among European countries have been observed. Spread of mobile genetic elements, mainly epidemic plasmids, and the dispersion of specific clones have been responsible for the increase in ESBL-producing isolates, such as those with TEM-4, TEM-24, TEM-52, SHV-12, CTX-M-9, CTX-M-14, CTX-M-3, CTX-M-15 and CTX-M-32 enzymes. Keywords
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INTRODUCTION Extended-spectrum b-lactamases (ESBLs) represent a major threat among multidrug-resistant bacterial isolates. They have been increasingly described worldwide since their description in the early 1980s and have risen to prominence among Enterobacteriaceae isolates in nearly all European countries, now not only in the nosocomial but also in the community setting [1–3]. This review focuses on current European ESBL epidemiology. The population structure of ESBL-producing isolates and the nature of mobile genetic elements carrying blaESBL genes are analysed. ESBLS HAVE MAINLY EMERGED IN EUROPE ESBLs are enzymes inhibited by clavulanic acid and other inhibitors of class A b-lactamases, such as sulbactam and tazobactam. They confer resistance or decrease susceptibility to narrow- and Corresponding author and reprint requests: R. Canto´n, Servicio de Microbiologı´a, Hospital Universitario Ramo´n y Cajal, Madrid-28034, Spain E-mail: [email protected]



expanded-spectrum cephalosporins, but do not affect cephamycin and carbapenem compounds [4]. Different groups of ESBLs, classified according to their amino-acid sequences, have been described, and most of them were first recognised in Europe (Table 1) [5–21]. The first ESBL was detected in Germany in 1983, among different enterobacterial isolates recovered from inpatients at intensive care units (ICUs). It was recognised by the producer strains abnormal resistance to cefotaxime and ceftazidime, which was transferable by conjugation to Escherichia coli [5]. These isolates had a variant of the classic SHV-1 with a single amino-acid change, and this was named SHV-2. Very soon afterwards in France, in 1984, Klebsiella pneumoniae isolates with an identical phenotype were detected in different hospitals and, in this case, a variant of the broad-spectrum TEM-2 b-lactamase was identified. This enzyme was first named CTX-1 and later TEM-3. It has two amino-acid substitutions when compared with the parental enzyme. As with SHV-2, the corresponding phenotype associated with this enzyme was also transferable by conjugation [6]. Different epidemics have since been reported, and new ESBL variants of both groups have been identified in Europe and other geographical areas
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Table 1. Different extended-spectrum b-lactamase (ESBL) families and groups, and type of ESBL and country of emergence



ESBL High prevalence SHV TEM CTX-M-1 group CTX-M-2 group CTX-M-8 group CTX-M-9 group CTX-M-25 group OXA PER VEB Low prevalence SFO TLA



Progenitor b-lactamase



Country of emergence



Bacterial species in which these enzymes were first detected



SHV-1 ⁄ LEN (>90%)a TEM-1, -2 (>90%)a KLUC Kluyvera cryocrencens (85%)a KLUA Kluyvera ascorbata (80–100%)a KLUG Kluyvera georgiana (95%)a



Germany (1983)b France (1985)b Germany (1989)c



Enterobacteriaceae Enterobacteriaceae Escherichia coli



[5] [6] [7]



Japan (1986)c ⁄ Argentina (1989)c Brazil (1996–1997)c



E. coli, Salmonella spp.



[8,9] [10]



KLUG K. georgiana (80%)a ND OXA-10 (PSE-2) (>90%)a



Spain (1994)c Canada (2000)c Turkey (1991)c France (1991)c France (Vietnamd) (1996)c



Citrobacter amalonaticus, Enterobacter spp. E. coli E. coli Pseudomonas aeruginosa P. aeruginosa E. coli



Japan (1988)c Mexico (1991)c



Enterobacter cloacae E. coli



[16] [17]



Brazil (1996)c France (French Guyanad) (1998)c Greece (1999)c Belgium (2004)c



Serratia marcescens Klebsiella pneumoniae



[18] [19]



E. cloacae P. aeruginosa



[20] [21]



PER (39%)a



BES GES-1



AmpA Serratia fonticola (96%)a CME-1 (50%)a Chryseobacterium meningosepticum YENT (51%)a Yersinia enterocolitica YENT (36%)a Y. enterocolitica



IBC BEL



YENT (40%)a Y. enterocolitica GES-1 (50%)a



Reference



[11] [12] [13] [14] [15]



ND, not determined. Amino-acid sequence homology (%). b Date of publication. c Isolation date. d Origin of the patient in whom the corresponding enzyme was first detected. a



[22]. Both TEM and SHV ESBL enzymes are now distributed worldwide, with more than 160 and 100 variants, respectively, recognised (http:// www.lahey.org/studies/webt.htm). They have been associated with Enterobacteriaceae species, mostly K. pneumoniae and Enterobacter spp. isolates recovered from ICU patients, and more recently with Pseudomonas aeruginosa and Acinetobacter baumannii [23]. In 1989, almost simultaneously in Germany and Argentina and then in France and Italy, a new ESBL family was recognised. It was named CTX-M, because most of the enzymes within this family confer resistance predominantly to cefotaxime rather than ceftazidime [7,9]. The CTX-M ESBLs have since been detected in many species of Enterobacteriaceae. Previously, in 1986, a b-lactamase (FEC-1) with a similar phenotype was identified in Japan in an E. coli isolate recovered from a research laboratory animal [8].



Now, at least 65 CTX-M variants have been recorded, and are clustered in five different groups according to their amino-acid sequences, typified by CTX-M-1, CTX-M-2, CTX-M-8, CTXM-9 and CTX-M-25 (http://www.lahey.org/ studies/webt.htm). Some representatives of these groups were first recognised in Europe (Table 1). A close relationship between CTX-M enzymes and different chromosomal b-lactamases from Kluyvera spp. has been recognised, and mobilisation of these chromosomal genes to plasmids might involve specific sequences such as insertion sequences (ISs) (ISCR1 and ISEcp1) or phages [2,24–26]. In 1991 in Ankara (Turkey), and later in France, oxacillinases conferring a phenotype similar to that of ESBLs, but with little inhibition by clavulanate, were found [13]. They were recognised as mutants of broad-extended-spectrum OXA-type b-lactamases (most of them OXA-10). These vari-
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ants have since been found worldwide, including in Europe, and are mainly associated with P. aeruginosa and, to a lesser extent, with A. baumannii or Enterobacteriaceae [27,28]. Other, lessprevalent, ESBL groups include PER enzymes, mainly found in P. aeruginosa and Acinetobacter spp., and VEB and GES in P. aeruginosa and Enterobacteriaceae (Table 1) [1,14,15,19,28]. These are often transferable and are inhibited by clavulanate. Even rarer types include SFO, TLA, BEL, BES and IBC enzymes [1,16–18,20,21,29]. CHANGING EPIDEMIOLOGY OF ESBLS Until the end of the 1990s: (i) most of the ESBLs detected were SHV and TEM types; (ii) isolates expressing these enzymes were almost associated with nosocomial outbreaks, mainly in ICUs, and it was very unusual for them to be associated with community-acquired infections; and (iii) the prevalence of ESBL producers was higher among K. pneumoniae than among E. coli isolates [30]. Identified risk-factors included admittance to ICUs, recent surgical procedures, use of catheters, bladder catheterisation, long-term hospitalisation and previous use of cephalosporins and ⁄ or aminoglycosides [1,31]. This situation has changed dramatically in the last few years, and most ESBL-producing isolates are now E. coli expressing CTX-M b-lactamases. The majority of these isolates are now recovered from community patients, most of them with urinary tract infections, and the number of isolates expressing ESBLs has increased in non-ICU areas at the hospital [32–34]. In addition, new risk-factors, including prior fluoroquinolone use, have also been identified [33]. Unlike that of TEM or SHV ESBLs, the population structure of CTX-M-producing isolates is complex and is associated with the spread of specific plasmids and ⁄ or other mobile genetic elements rather than clonal epidemics [35–38]. Nevertheless, recent studies, most of them European, have identified epidemics in the community due to E. coli isolates with plasmids harbouring blaCTX-M genes [2]. In addition, and resembling the scenario described with methicillin-resistant Staphylococcus aureus isolates, an increase in ESBL-producing isolates has been detected in nursing homes and healthcare-associated facilities in the community, with the



potential influx of ESBLs from the community to the hospital [34]. COMPLEX EPIDEMIOLOGY OF ESBLS IN EUROPE Increasing prevalence, including faecal carriers of isolates producing ESBLs Different surveillance studies performed in Europe and other geographical areas have shown an increased prevalence and dispersion of ESBLproducing isolates. The latest available EARSS data reflect the increase in invasive E. coli isolates, recovered from blood cultures, that are resistant to extended-spectrum cephalosporins. The proportion of such isolates that may express ESBLs are as high as 28% in Bulgaria, 16% in Cyprus and Romania and 12% in Portugal [39] (http:// www.rivm.nl/earss/result/). Similarly, the MYSTIC surveillance programme (Meropenem Yearly Susceptibility Test Information Collection) showed an increase in ESBL-producing E. coli isolates from 1997 (2.1%) to 2004 (10.8%). Corresponding figures for other Enterobacteriaceae indicated an increase in the prevalence among K. pneumoniae isolates (from 9.0% to 13.6%) and, to a lesser extent, among Enterobacter spp., Citrobacter spp. and Proteus mirabilis isolates ( 
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