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wide - notably methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant

Enterococci (VRE). The 1990s also saw the first reports of vancomycin-intermediate MRSA and many
more of teicoplanin-resistant S. aureus. More recently there have been 2 reports of vancomycin-resistant S
aureus, these having acquired VanA from Enterococci. The answer to these resistance problems partly liesin bet-
ter infection control but, whilst severd countries (e.g. the Netherlands, Denmark, Sweden and Norway) have kept
MRSA rates impressively low by such measures, there few examples (except perhaps Denmark in the 1960s)
when established MRSA rates have been reduced dramatically. So, development of new therapies againgt gram-
positive pathogens remains critical. Those newly launched include linezolid and quinupristin/dalfoprigtin; thosein
advanced development include daptomycin, oritavancin, tigecycline, and ramoplanin. Others, less advanced,
include cepha osporinsthat bind to PBP-2 of MRSA.

T he 1980s and 1990s saw accumulation of multi-resistant gram-positive cocci in many hospitals world-

Linezolid Linezolid binds the 50S ribosoma sub-unit, preventing formation of a functiond initiation complex
for protein synthesis. It has near-universd activity vs. gram-positive bacteriaat 1-4 mg/L but gram-negetive bac-
teria are resigtant owing to endogenous efflux. Full activity is retained vs. MRSA and VRE. Excellent bioavail-
ability allows oral administration, permitting early discharge of some patients. Linezolid is as effective as estab-
lished thergpies in skin and soft tissue infections and community-acquired and nosocomia pneumonias. Toxicity
is limited but prolonged use (>2 weeks) may cause haematological effects, principaly thromobocytopaenia.
Resistance is difficult to select in vitro but can be obtained by stepwise passage; it may aso be selected invivo in
prolonged therapy, if the drug is under-dosed, or the infection is sequestered. Most reports of emergent resistance
concern enterococci, but two relate to S aureus; one describes nosocomia spread of linezolid-resistant VRE.2 The
mechanism entails mutation of Domain V of the 23S rRNA, with a G2576U substitution. The difficulty of select-
ing resistance is because multiple gene copies (4-7 according to the species) must be atered. Experimental oxazo-
lidinones show small improvementsin MIC ranges over linezolid; noneisin advanced development.

Streptogramins Quinupristin/dafopristin comprises two unrelated components that act synergisticaly to block
peptide elongation. Activity a 0.5-2 mg/L is near universd vs. Saphylococci, Streptococci and Enteroccocus fae
cium; E. faecalisis resstant (MICs 16-32 mg/L) owing to efflux. Administration is parenteral and, to minimise
loca venous disturbance, should be via a centrd line. Even then, the compound has 10% rates of arthralgia and
myalgia. Clinica trids showed equivalence to vancomycin in skin and soft tissue infections, and an extensive
compassionate-use programme gave impressive results, notably in bone and joint infections due to MRSA 2
Unlike linezolid, quinupristin/dalfoprigtin is bactericidd, though this activity islost (without any risein MIC) vs.
grains with condtitutive expression of erm, a transposon-mediated gene determining an rRNA methylase that
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modifies the 23S rRNA to block binding of B streptogramins (e.g. quinupristin), macrolides and lincosamides.
Frank resstance arisesif the streptogramin A component (dalfopristin) isinactivated by plasmid-mediated acetyl-
transferases, or removed by acquired efflux determinants. These mechanisms are rare in human isolates.

Daptomycin Daptomycin, a lipopeptide, was investigated by Eli Lilly in the late 1980s, using a bds regimen,
but was discarded owing to causing muscle weskness. It has since been reformulated by Cubist as once daily,
without recurrence of this side effect. It islikely to be licensed during the next year. MICs for gram-positive bacte-
riaare 0.12-2 mg/L, but vary with the divalent cation content. Daptomycin causes cytoplasmic membrane disor-
ganisation and depolarisation, preventing membrane transport and energy generation. The moleculeistoo large to
enter gram-negative bacteria. Equivalence to vancomycin was found in a trid against skin and soft tissue infec-
tions but - for unclear reasons - daptomycin proved inferior to ceftriaxone in some (but not other) countriesin a
trid for community-acquired pneumonia Bacteraemia and endocarditis trials are in progress and will provide rig-
orous assessment. Resistance is difficult to select in vitro but was selected in vivo in experimenta S. aureus endo-
carditis*

Oritavancin Oritavancin (LY 333328), a glycopeptide with a biphenyl side chain, was ancther Lilly discovery,
now licensed to InterMune, and in phase |11 development for skin and soft tissue infections. Unlike other gly-
copeptides, oritavancin retains activity vs. enterococci with VanA and B. This may be owing to the formation of
dimersthat bind to D-Ala-D-Lac or to a secondary mode of action; most probably inhibition of fatty acid synthe-
Sis by the side chain but possibly inhibition of peptidoglycan transglycosylase activity. Whatever its precise
nature, this second target can be lost by mutation and VRE -unlike their vancomycin-susceptible counterparts-
yield oritavancin-resistant mutants. Perhaps dso owing to its second target, oritavancin is rapidly bactericida and
is active vs. Sreptococci, including pneumococci a concentrations (. 0.06 mg/L) 16-32 fold below its MICs for
other gram-positive cocci. It has aserum haf-life of 144h, contingent on protein binding. This may fecilitate early
discharge, or home i.v. therapy, but would create serious problems if any toxic side effect was to be identified.
Another developmentd glycopeptide, dalbavancin, has similar pharmacokinetics to oritavancin, but does not
shareitsactivity vs. VRE.

Tigecycline Tigecycline (GAR-936 Wyeth) is a glycylcycline, related to tetracycline. Unlike the agents so far
discussed it has broad-spectrum activity, encompassing Enterobacteriaceae, Bacteroides and Acinetobacter spp.
(but not Pseudomonas spp.), as well as gram-positive cocci. It remains active vs. isolates with efflux-mediated
(eg. tetA-E and tetk) determinants, also those with tetM, which modifies the ribosome so as to block binding of
other tetracyclines. MICs for Staphylococci, Streptococci and Enterococci, including MRSA and VRE, are 0.06
to 0.5 mg/L and resemble those of minocycline vs. susceptible isolates. Aswith any tetracycline, activity is bacte-
riostatic. Phase Il trids are in progress in intra-abdomina sepsis and community acouired pneumonia. Emergent
resistance has not been recorded in gram-positive pathogens, but has been associated with mutation of tetB efflux
in E. coli. Although adoption of tetracyclines in severe infections would required a major shift in perceptions of
the drug class for many clinicians, it should be noted that minocycline was widely and successfully used in infec-
tions caused by MRSA with tetK efflux (which minocycline escapes) in Japan.

Ramaplanin Owing to systemic toxicity ramoplanin is suitable for topicd use only, and is being developed for
clearance of VRE colonisation of the gut, on the rationale that this colonisation may presage invasion and infec-
tion. It might reasonably also beinvestigated as an dternative to mupirocin asfor nasal clearance of MRSA.

Anti-PBP-2 cephalosporins Gonzalez et al.® showed mortdity of 47% among patients treated with van-
comycin for bacteraemic pneumonia caused by methicillin-susceptible S aureus (MSSA), compared with 0% for
cloxacillin. No nearly developed anti-gram-positive agent shows such a differentia over vancomycin; so a great
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potential is seem for any S-lactam that is tailored to bind PBP-2 and thereby can inhibit MRSA. Anti-PBP-2
activity has repeatedly been found since BRL-44154 -an oxyimino-penicillin- was investigated by Beecham in
the 1980s. Unfortunately, none of these agents has yet proved suitable for development. Anaogues still under
investigation include the cephalosporins RWJ 54428, (Microcide/Johnson & Johnson), BAL5788 and 9141
(Basilea) and BMS-247243 (Brigtol). These have MICs of <4 mg/L for MRSA - vaues no more than 4-fold
above those for MSSA, even under conditions where induction of PBP-2' islikely.® It remainsto be seen whether
these drugs are pharmacol ogically and commercially suitable for development.

Summar. Severd agents directed vs. VRE and MRSA have been launched recently and clinicians no longer
face the dearth of treatment option that confronted them when VRE first began to spread. Linezolid and quin-
uprigtin/dalfopristin are as active as vancomycin in infections caused by susceptible strains and linezalid, a least
may be more active in some settings, moreover, the facility for oral administration may dlow for earlier dis-
charge. Thus, the situation vs. multi-resistant gram-positive isolaes is improving, wheress that vs. multi-resistant
gram-negative is deteriorating, with no new antipseudomonal agents, in particular.
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