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Prevalence of resistance to MLS antibiotics in 20 European university hospitals participating in the European SENTRY surveillance programme Franz-Josef Schmitz*, Jan Verhoef, Ad C. Fluit and The Sentry Participants Group† Eijkman–Winkler Institute for Clinical Microbiology, Utrecht University, Utrecht, The Netherlands Macrolide, lincosamide and streptogramin (MLS) antibiotics are chemically distinct inhibitors of bacterial protein synthesis. Resistance to MLS antibiotics may be constitutive or inducible. The purpose of this study is to update our understanding of the prevalence of different forms of MLS resistance in Europe. The analysis of 3653 clinical pneumococcal, staphylococcal and enterococcal isolates exhibited an average percentage of 21.3% and 6.2% intermediate and high-level penicillin-resistant Streptococcus pneumoniae, 21.8% methicillin-resistant Staphylococcus aureus and 11% vancomycin-resistant Enterococcus faecium. Geographical differences in erythromycin and clindamycin resistance in isolates of S. pneumoniae and S. aureus strongly reflect geographical variations in susceptibility to penicillin and methicillin, respectively. A very narrow range of MICs was obtained with quinupristin/dalfopristin, with no S. pneumoniae, S. aureus and E. faecium isolate having an MIC of >4 mg/L, indicating a possible role of quinupristin/dalfopristin in the treatment of infections by multi-resistant Gram-positive bacteria.



Introduction Macrolide, lincosamide and streptogramin (MLS) antibiotics are chemically distinct inhibitors of bacterial protein synthesis. Macrolides can be divided into 14-, 15- and 16-membered lactone ring macrolides. Lincosamides are alkyl derivatives of proline and are devoid of a lactone ring. Streptogramin antibiotics are mixtures of naturally occurring cyclic peptide compounds. They are composed of two factors, A and B, with synergic inhibitory and bactericidal activity.1 In 1956, a few years after introduction of erythromycin, resistance of staphylococci to this drug emerged. Since then, resistance to macrolides in staphylococci, pneumococci and enterococci has been reported world-wide. Three different mechanisms of macrolide resistance have been described.



First, target modification is mediated by an rRNA erm methylase that alters a site in 23S rRNA common to the binding of macrolides, lincosamides and streptogramin B antibiotics. Modification of the ribosomal target confers cross-resistance to macrolides, lincosamides and streptogramin B antibiotics (MLSB resistant phenotype) and remains a frequent mechanism of resistance, although enzymatic modification and active efflux appears to be increasingly prevalent.1 Enzymes (EreA and EreB) that hydrolyse the lactone ring of the macrocyclic nucleus and phosphotransferases, which inactivate macrolides by introducing a phosphate on the 29-hydroxyl group of the amino sugar, have been reported in Staphylococcus aureus. The presence of multicomponent macrolide efflux pumps in staphylococci (msrA, msrB) as well as an efflux system in streptococci (mefA, mef E) have also been documented.1–3



*Correspondence address. Institute for Medical Microbiology and Virology, Heinrich-Heine-Universität Düsseldorf, Universitätsstrasse 1, Geb. 22.21, 40225 Düsseldorf, Germany. Tel and Fax: 149-2132-72040. †The SENTRY participants group consists of: Professor Helmut Mittermayer, Professor Marc Struelens, Professor Jacques Acar, Professor Vincent Jarlier, Professor Jerome Etienne, Professor Rene Courcol, Professor Franz Daschner, Professor Ulrich Hadding, Professor Nikos Legakis, Professor Gian-Carlo Schito, Professor Carlo Mancini, Professor Piotr Heczko, Professor Waleria Hyrniewicz, Professor Dario Costa, Professor Evilio Perea, Professor Fernando Baquero, Dr Rogelio Martin Alvarez, Professor Jacques Bille and Professor Gary French.
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F.-J. Schmitz et al. Expression of MLS resistance in staphylococci may be constitutive or inducible. When expression is constitutive, the isolates are resistant to all macrolides, lincosamides and streptogramin B-type antibiotics. Streptogramin A-type antibiotics escape resistance, and synergism with streptogramin B-type antibiotics is retained. When expression is inducible, the isolates are resistant to 14- and 15-membered macrolides only. The 16-membered macrolides, the commercially available lincosamides, and the streptogramin antibiotics remain active. This dissociated resistance is due to differences in the inducing abilities of MLS antibiotics; only 14- and 15-membered macrolides are effective inducers of methylase synthesis. MLS resistance in streptococci and enterococci can also be expressed constitutively or inducibly. However, unlike the case in staphylococci, various macrolides or lincosamides may act as inducers. Thus, in streptococci, whether inducible or constitutive, resistance by ribosomal methylation is crossed among macrolides, lincosamides and streptogramin B antibiotics.1–3 Recent epidemiological surveys have shown that some erythromycin-resistant isolates of pneumococci and group A streptococci are not co-resistant to lincosamide and streptogramin antibiotics. Rather, clinical isolates have been shown to have the M-phenotype, namely, resistance to macrolides but susceptibility to lincosamide and streptogramin B antibiotics. These isolates contain the mefA or mefE gene coding for an efflux pump for 14- and 15membered macrolides.2, 3 The purpose of this study is to update our understanding of the prevalence of different forms of MLS resistance in Europe and to compare the in-vitro activities of the macrolides azithromycin, clarithromycin, erythromycin, the lincosamide clindamycin and the streptogramin compound quinupristin/dalfopristin against 3653 routine clinical pneumococcal, staphylococcal and enterococcal bacterial isolates from 20 university hospitals participating in the European SENTRY programme.



Material and methods Bacterial isolates The present study includes European clinical isolates from the initiation of the European SENTRY programme (April 1997–April 1998). The SENTRY programme is a longitudinal surveillance programme designed to monitor the predominant pathogens and antimicrobial resistance patterns of nosocomial and community acquired infections nationally and internationally. The monitored infections include bacteraemia (objective A), community acquired respiratory tract infections caused by fastidious organisms (objective B), nosocomial pneumonia (objective C), wound infections (objective D) and urinary tract infections (objective E).4 Isolates were referred to a regional reference laboratory



located at the Eijkman–Winkler Institute for Clinical Microbiology, University Hospital Utrecht, from 20 hospitals in 12 European countries. As part of the SENTRY programme, participating centres were instructed to refer only the first 20 consecutive blood isolates of any species per month, and only 50 consecutive isolates from pneumonia, wound and urinary tract infections, respectively. Only one isolate per patient, which was considered clinically significant according to local criteria, was sent in. Each laboratory was encouraged to critically analyse coagulasenegative staphylococci (CNS) in the context of their clinical significance. Upon receipt, isolates were subcultured onto blood agar to ensure purity. Isolate identity was confirmed if necessary using a Vitek system (bioMerieux, Lyon, France). All isolates received were immediately stored at –70°C until studied further. The staphylococcal, enterococcal and Streptococcus pneumoniae isolates tested had the following origin: S. aureus: 60% objective A, 15% objective C, 23% objective D, 2% objective E; CNS: 92% objective A, 6% objective D, 2% objective E; S. pneumoniae: 19% objective A, 70% objective B, 11% objective C 8%; Enterococcus faecalis: 66% objective A, 6% objective C, 12% objective D, 16% objective E; Enterococcus faecium: 82% objective A, 3% objective C, 7% objective D, 8% objective E.



Participating hospitals These included Austria (Krankenhaus der Elisabethinen, Linz), Belgium (Hôpital Erasme, Brussels), France (Hôpital St Joseph, Paris; Hôpital de la Pitié-Salpêtrière, Paris; Hôpital Eduard Herriot, Lyon; A. Calmette Hôpital, Lille), Germany (University Hospital Freiburg, Freiburg; University Hospital Düsseldorf, Düsseldorf), Greece (National University of Athens, Athens), Italy (University Hospital of Genoa, Genoa; University Hospital of Rome, Rome), The Netherlands (University Hospital Utrecht, Utrecht), Poland (Jagiellonian University Hospital, Cracow; University Hospital Warsaw, Warsaw), Portugal (University Hospital of Coimbra, Coimbra), Spain (University Hospital of Sevilla, Sevilla; Hospital Ramon y Cajal, Madrid; Hospital de Bellvitge, Barcelona), Switzerland (CHUV, Lausanne) and the UK (St Thomas’s Hospital Medical School, London).



Susceptibility testing Antimicrobial susceptibility testing of isolates was performed by reference broth microdilution methods according to NCCLS recommended guidelines.5 Azithromycin, clarithromycin, erythromycin, clindamycin and quinupristin/ dalfopristin were obtained from the respective manufacturers.
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Prevalence of MLA resistance in Europe Cation-adjusted Mueller–Hinton broth was used as the growth medium throughout the study (Dade International, Sacramento, CA, USA). The final bacterial inoculum concentration was approximately 5 3 105 cfu/mL. Trays were incubated for 20–24 h at 35°C in ambient air before determining MIC values. Microdilution trays were purchased from MicroScan (Sacramento, CA, USA). Quality control was performed by testing S. aureus ATCC 29213, S. pneumoniae ATCC 49619 and E. faecalis ATCC 29212. The quality control organisms were tested on each day of testing. NCCLS-defined breakpoints were used to interpret MIC data in subsequent analyses.5



relationship between the prevalence of penicillin resistance and macrolide–lincosamide resistance remains (Table II). The so-called M-phenotype (macrolide-resistant, clindamycin-susceptible) was observed in 2.3% of penicillinsusceptible, 4.1% of penicillin-intermediate and 6.2% of penicillin-resistant S. pneumoniae isolates. A very narrow range of MICs was obtained with the quinupristin/dalfopristin combination, with no organism having an MIC of .4 mg/L. MIC50 and MIC90 values were 0.5 and 1.0 mg/L, respectively, irrespective of penicillin susceptibility of organisms tested.



Staphylococcus aureus



Results Streptococcus pneumoniae Among the 697 isolates of S. pneumoniae tested in the present study, 72.6% were susceptible to penicillin, 21.2 were intermediate and 6.2% were highly penicillin resistant (MICs >2 mg/L) (Tables I and II). Individual rates of resistance among the university hospitals are listed in Table II. The combined percentages of intermediate and resistant isolates varied between 7% and 55%. For this analysis, hospitals 11 and 1 have been excluded, as these two contributed only one and two isolates, respectively. In general, high percentages of intermediate and resistant isolates were observed in Portugal (31%), France (41–55%), Spain (45–55%) and Greece (50%). In contrast, low combined resistant rates were observed in Austria (0%), Germany (12–13%), Switzerland (12%) and the UK (14%). Although there were subtle differences in the activity of the three macrolides tested against S. pneumoniae when results were based on MIC results (Table I), comparisons based on calculations of percentages of susceptible, intermediate and resistant isolates indicated essential equivalence among these compounds. As seen in Tables I and II, there was a clear relationship between penicillin activity and the activity of macrolides and clindamycin. In all cases, resistance to these agents was more common among penicillin-intermediate isolates than among penicillin-susceptible isolates, and most common among high-level penicillin-resistant organisms. Overall, the rate of erythromycin resistance in penicillin-susceptible isolates was around 8%, but the rate increases to 31% in intermediately resistant pneumococci and to 56% in highlevel penicillin-resistant isolates. Geographical differences in erythromycin and clindamycin susceptibility in isolates of S. pneumoniae reflect geographical variations in susceptibility to penicillin. Those countries with a higher prevalence of penicillin-intermediate and -resistant isolates, such as France and Spain, show higher levels of erythromycin and clindamycin resistance, although intra-country variations in the prevalence of such resistance phenotypes occur. Nevertheless, the



A total of 1554 S. aureus isolates were referred during the study period. Of these S. aureus isolates 1212/1554 (78%) were methicillin susceptible; 380/909 (42%) of all CNS isolates were susceptible to methicillin (Table I). Predictable geographical variation in the rates of methicillin susceptibility occurred amongst S. aureus isolates between the 20 hospitals studied (Table III). Of the S. aureus isolates, 61% were susceptible to erythromycin, and 73% to clindamycin (Tables I and III). The percentage of methicillin-susceptible S. aureus (MSSA) which showed susceptibility to erythromycin was 19.7 times higher compared with methicillin-resistant S. aureus (MRSA) isolates (Tables I and III). Whereas 90.3% of the MSSA were susceptible to clindamycin, only 10.6% of the MRSA exhibited susceptibility. Ninety-three per cent of the macrolide-resistant MRSA isolates and 44% of the macrolide-resistant MSSA isolates displayed a constitutive MLSB resistance phenotype. The rest of the macrolide-resistant S. aureus isolates had an inducible MLSB resistance phenotype Of the CNS isolates, 37% were susceptible to erythromycin and 59% to clindamycin (Table I). In contrast to S. aureus, the differences in the percentage of macrolide and lincosamide susceptibility between methicillinresistant CNS (MRCNS) and methicillin-susceptible CNS (MSCNS) were less pronounced. The percentage of MSCNS showing susceptibility to erythromycin was 2.5 times higher, and for clindamycin susceptibility 1.8 times higher compared with MRCNS isolates. Overall MSCNS are more resistant to erythromycin and clindamycin than MSSA, whereas MRCNS show less resistance compared with MRSA isolates (Table I). Unlike S. aureus in CNS the association between methicillin resistance and erythromycin and clindamycin resistance is not as pronounced as for S. aureus. Geographical differences in erythromycin and clindamycin resistance in isolates of S. aureus strongly reflect geographical variations in susceptibility to methicillin. Those countries with a higher prevalence of MRSA, such as Belgium, France, Italy, Portugal and Spain, show higher levels of resistance, although intra-country variations in
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F.-J. Schmitz et al. Table I. Antibacterial activities of macrolides, clindamycin and quinupristin/dalfopristin against 3649 pneumococcal, staphylococcal and enterococcal isolates from 20 European university hospitals participating in the European SENTRY surveillance programme MIC values (mg/L) Organism (number of isolates) and antimicrobial agent
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S. pneumoniae (PEN S; 506) Azithromycin 
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