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Therapeutic options for intracellular MRSA:

current views and perspectives

Sandrine Lemaire, Paul M. Tulkens and Frangoise Van Bambeke
Louvain Drug Research Institute

Université Catholique de Louvain, Brussels, Belgium

Introduction

Staphylococcus aureus causes a wide variety of diseases, ranging from
relatively superficial wound infections (e.g. furunculosis) to deep-seated, life-
threatening conditions (cardiovascular infections, severe skin infections,
osteomyelitis, or pneumonia). Treatment options are, however, becoming limited due
to resistance issues. In particular, Methicillin-Resistant S. aureus (MRSA) were first
reported in 1961, shortly after introduction of penicillinase-stable B-lactams (such as
methicillin). Confined for about 40 years in health care settings, MRSA have also
been described in the community (e.g. day care center, schools and sport teams) in
various parts of the world. These isolates tend to be highly virulent (7-3), causing
serious infections and even death in healthy children and adults (4,5). Moreover,
large-scale CDC surveillance studies have now revealed that hospital acquired (HA-)
and community-acquired (CA-) MRSA are no more restricted to specific
environments, since strains historically associated with CA-MRSA outbreaks (e.g.

mainly US300 isolates) are now recovered in nosocomial infections as well (6).

Beyond this high capacity to adapt to environment and to develop resistance,
the ability of S. aureus to survive within host cells can also contribute to the difficulty
of eradicating infection with antibiotics. Although primarily known as extracellular,

S. aureus is now recognized as an opportunistic intracellular pathogen that easily
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adheres to and invades mammalian cells (7-70). This intracellular niche may play an
important role in the pathogenesis of several staphylococcal infections, by protecting
the bacterium from the lethal action of antibiotics (intracellular forms tend to be poorly
susceptible to most available antibiotics) and immune defenses. It may probably
explain (i) the recurrent or persistent character of several staphylococcal infections
(namely endocarditis, osteomyelitis, complicated skin and soft-tissue infections, or
bovine chronic mastitis) even after apparently successful therapy; (ii) the difficulty to
eradicate nasal carriage since S. aureus can persist in nasal epithelial cells (77); and
(i) the selection or spreading of resistant mutants due to the poor efficacy of most
available antimicrobials. This stresses, therefore, the importance of understanding (i)
the intracellular lifestyle and fate of this bacterium, and (ii) whether and to what
extent antibiotics may or may not act against intracellular S. aureus, with a particular
emphasis on multi-drug resistant MRSA. We know, indeed, that -cellular
accumulation and activity in broth are not, per se, predictive factors of intracellular
efficacy (12,13). This chapter summarized our current knowledge of the intracellular

fate of MRSA and its intracellular susceptibility to antibiotics.

1. Intracellular survival of S. aureus

1.1. Intracellular life-style

Over the past decades, it has been shown that S. aureus invades both
phagocytic (macrophages [(74-716)], polymorphonuclear neutrophils [PMN, (7;16)])
and non phagocytic cells (endothelial cells (77), osteoblasts (78;79), skin
keratinocytes (20), fibroblasts (27), and bovine mammary epithelial cells (22)) (the
intracellular fate of S. aureus is illustrated in Fig.1). In non phagocytic cells, host cell
invasion depends on the fibronectin-mediated bridging between staphylococcal
fibronectin-binding proteins (FnBPs, a family of adhesins expressed at the cell

surface of the bacteria) and host cell integrins (23), which induces actin cytoskeleton
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rearrangements though zipper-type mechanism (24). In PMN and macrophages,
which constitute a first line of defense in the clearance of microorganisms,
internalization process seems to involve both phagocytosis and FnBPs-mediated
internalization since fibronectin-bound S. aureus are more efficiently ingested than

non opsonized S. aureus (25;26).

After internalization, the fate of the bacterium varies depending on cell type
or on the strain. In macrophages and PMN (7,;27,;28), electron microscopy studies
have shown that S. aureus remains confined in membrane-limited vacuoles,
suggesting that this organism can resist to bactericidal mechanisms within
phagolysosomes. In contrast, a few organisms are found entirely free in the cytosol

of infected endothelial cells (29) or epithelial cells (30).

1.2. Post-phagocytosis changes in response to the intracellular

environment

In order to survive intracellularly, bacteria have to cope with the eukaryotic
environment.  Using a microarray procedure, Garzoni and colleagues have
demonstrated that, following internalization by human lung epithelial cells (37),
S. aureus extensively reprograms its transcriptome to maintain a metabolically
dormant state (instead of the active bacterial replication observed in broth [see figure
2]) until the intracellular environment becomes suitable for escape. Hence, the
expression of genes involved in bacterial metabolism, nutrient transport and cell-wall
synthesis is markedly down-regulated. This is noticeably different from what is
observed with intracellular Salmonella (32) or Shigella (33), which show up-regulation
of genes involved in division processes. In contrast, there is an increased expression
of genes involved in host cell invasion (e.g. gene coding for FnBPs proteins),

neutralization of free radicals and iron scavenging. Of particular importance also, the
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expression of virulence factors that damage the host (such as hla [haemolysin alpha]
(317)) is reduced in intracellular S. aureus (to preserve host cell integrity (27)) while
expression of genes involved in resistance to host defense appears critical. In
particular, it has been shown recently that bacteria expressing high levels of
staphyloxanthin (a carotenoid pigment blocking attack by host reactive oxygen
species (34,;35)) shows increased tolerance to H,O,, which is reflected intracellularly

by an increased bacterial growth (36).

1.3. Intracellular persistence of small colony variants of

S. aureus

First described in the earlier 1900’s, Small Colony Variants (SCVs)
represent naturally occurring subpopulations of S. aureus that are often associated
with persistent and recurrent illnesses, namely pulmonary infections associated with
cystic fibrosis, chronic osteomyelitis or keratosis follicularis [Darier-White
disease])(37;38). These variants are characterized by a slow growth due to
auxotrophism by defects in hemin/menadione (39) or thymidine biosynthesis (40).
These metabolic alterations make also them respectively more resistant to
aminoglycosides (decreased antibiotic uptake) or sulfonamides (bypass of the
pathway inhibited by trimethoprim-sulfamethoxazole due to the thymidine
dependence of this process). Being relatively unstable, SCVs can also revert to a
highly virulent phenotype. Combined with their increased ability to invade eukaryotic
cells (due to enhanced expression of FnBPs (417)), all these characteristics make

SCV-related infections difficult to diagnose and to treat.

1.4. Clinical relevance of S. aureus intracellular persistence

Despite clear evidences of in vitro persistence, the ability of S. aureus to

reside and multiply intracellularly in vivo is still an ongoing debate. Yet, intracellular
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foci were documented in patients suffering from recurrent rhinosinusitis (77,42), and
seem to constitute a significant risk factor for antibiotic failure. Likewise, intracellular
bacteria were evidenced in fibroblasts of biopsy specimens from periprosthetic
tissues (43), or surrounded by glycocalyx in osteoblasts from surgical bone
specimens (44). The ability of S. aureus to secrete glycocalyx further contributes to
difficulty in eradication, since this extracellular polymeric material offers significant
advantage for the bacteria (increased bacterial adherence to bone matrix, tissues
and biomaterials (45;46); protection from the lethal action of antibiotics (47)). Similar
evidences of in vivo intracellular persistence are, however, still lacking for life-
threatening cardiovascular infections, severe skin and soft-tissues diseases and
pulmonary infections associated with cystic fibrosis, probably due to technical

difficulties in localizing such reservoirs.

2. Intracellular activity of antibiotics

Over the past decades, cellular accumulation of antibiotics has been the subject
of a large number of studies (see (712;13;48) for detailed description of mechanisms
of antibiotics uptake, distribution and efflux in eukaryotic cells), but its importance for
activity against intracellular bacteria remains largely controversial. Studies
examining a series of antibiotics belonging to the main pharmacological classes have
convincingly shown that accumulation per se is not a predictive factor of antibiotic
efficacy. Interestingly, antibiotics belonging to pharmacological classes known for
their low cellular accumulation (such as B-lactams) are not necessarily inactive
against intracellular forms of susceptible bacteria (as demonstrated for S. aureus or
L. monocytogenes).  Conversely, and contrary to most original assumptions,
macrolides failed to show activity towards intraphagocytic S. aureus despite their
massive cellular accumulation. In order to be effective intracellularly, it is therefore

critical to select antibiotics reaching the infected subcellular compartment
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(phagolysosomes and cytosol) in some cell types at concentration levels far above
the minimal inhibitory concentration (MIC) for a reasonable period of time, but also

being able to express activity therein.

Routine evaluation of antibiotic activity is performed on extracellular bacteria,
ignoring cellular pharmacokinetics (PK) and the modulation of pharmacodynamics
(PD) by host cell environment. In this context, a complete evaluation of
antistaphylococcal antibiotics should include an assessment of their ability to control
intracellular infections. While animal models are currently being developed (49),
models of cultured cells remain valuable tools because they offer the possibility to
explore in details the pharmacological parameters governing the response of
intracellular bacteria to the drug in the absence of host factors. Figure 3 shows a
summarized view of the intracellular activity of antibiotics representative of the main
pharmacological classes compared at their respective human Cmax (see Table 1,
with a full description of their intrinsic activity at both neutral and acidic pH) against a
MSSA and a MRSA (MLSg). As a whole, activity is grossly similar against both
strains for all antibiotics tested except for azithromycin to which the MRSA is
resistant. Interestingly, activity of cloxacillin (as a representative of p-lactams) is not
affected, suggesting that the MRSA phenotype does not express it-self intracellularly
(see 2.5 for more details). Figure 4 shows the effect reached in the same conditions
against a series of MRSA with variable MICs to these agents. With most antibiotics,
activity decreases gradually when MICs increases, corroborating a concentration-
dependent profile of activity. The B-lactam cloxacillin makes exception, with a similar
effect obtained whatever the MIC of the strain. This is in accordance with the non-
concentration pharmacodynamic profile of this class of drug. Linezolid, also known
as a poorly concentration-dependent antibiotic, becomes inactive as soon as the

bacteria show elevated MICs.
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2.1. Trimethoprim-sulfamethoxazole

Along with clindamycin, trimethoprim-sulfamethoxazole is the most commonly
used antimicrobial agents for outpatient treatment of CA-MRSA infections. Despite
its marked activity towards both extracellular HA-MRSA and CA-MRSA, this
combination of antibiotics is not effective for the treatment of experimental
intracellular S. aureus, even when using high extracellular concentrations (up to 100

mg/L).

2.2. Azithromycin

A large activity of azitromycin towards intracellular S. aureus is expected based
on its massive cellular accumulation (50) and its co-localization with the bacteria in
acidic vacuoles (57). However, azithromycin never yields a truly intracellular effect
towards intraphagocytic S. aureus (28;52), probably in relation with the deleterious
effect of acidic pH on its antibacterial efficacy, and its bacteriostatic character.
Improved potency (lower static concentrations) can, however, be obtained in the
presence of verapamil (53), which blocks azithromycin efflux by P-glycoprotein

(54;55).

2.3. Tetracyclines

For a long time, tetracyclines were considered as the drugs of choice for the
treatment of several intracellular infections. Despite their apparent cellular
accumulation (10- to 60-fold [(56;57)]), these antibiotics reduces only modestly the
intracellular inoculum of S. aureus (28), again probably in relation with their

bacteriostatic character.

2.4. Vancomycin
Vancomycin often remains the treatment of choice against MRSA infections.

Unfortunately, it only shows a modest effect on intracellular S. aureus (28;58).
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Moreover, a further loss of intracellular efficacy (Emax) is obtained when cells are
infected by less susceptible strains, such as heteroresistant subpopulations of
vancomycin-intermediate S. aureus [hVISA] or VISA isolates (569). Poorer outcome
in patients treated with vancomycin for staphylococcal infections implicating less
susceptible isolates may thus result from insufficient eradication of both extracellular
and intracellular bacteria. An illustrative case was reported by Julian and colleagues
(60), who described a chronic infective endocarditis that did not respond to
vancomycin. Bacteriemia was documented over a 33-day period with isolates
showing progressive elevated MIC values to vancomycin. Resolution was finally
obtained by surgical procedures, indicating that persistent foci were the cause of the

therapeutic failure.

2.5. Glycylcyclines
Tigecycline achieves quickly high intracellular accumulation within PMN but
shows only a modest effect towards intracellular S. aureus, probably again in relation

with its bacteriostatic character (671,62).

2.6. p-lactam antibiotics

For a long time, it has been stated that p-lactams would not be active against
intracellular organisms because they do not accumulate within eukaryotic cells.
Clinical data tend to prove the contrary, since B-lactams are highly effective in the
treatment of listeriosis (63), an infection caused by the intracellular organism Listeria
monocytogenes. Cellular models have now rationalized this observation by showing
that appropriate doses (i.e. high concentrations such as serum levels) and prolonged
time of exposure (imposed by the time-dependent activity of these agents in

extracellular models of infection) allow to obtain sustained cellular concentrations of
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the same order of magnitude as those reached in the serum. This explains a certain

degree of intracellular activity, including against S. aureus (28;64).

A still more unanticipated observation is that MRSA regain almost full
susceptibility to cloxacillin or meropenem after phagocytosis by human THP-1
macrophages (Fig. 5) or upon internalization by keratinocytes (65;66). This is clearly
due to the acidic pH (67) prevailing in the phagolysosomes, since neutralization of
these organelles (using lysosomotropic agent such as ammonium chloride) renders
intraphagocytic MRSA again insensitive to the action of pB-lactams. These findings
have been rationalized by the observation that acidic pH caused a conformational
change of the Penicillin-Binding Protein 2a (PBP2a, a unique transpeptidase poorly
inhibited by B-lactams and responsible for the MRSA phenotype (68-70)), improving
the access of penicillins to the active site and the subsequent acylation of the protein
required for antibiotic activity (77). Lack of effective inhibition of PBP2a at neutral pH

has indeed been ascribed to the closed conformation of its active site (69;72).

2.7. Oxazolidinones

It has been shown previously that linezolid kills more efficiently MRSA compared
to vancomycin (73). In the intracellular environment, however, this bacteriostatic
agent (28;59) kills only modestly intracellular S. aureus with a maximal effect similar

to that of vancomycin.

2.8. Ansamycins

Rifampicin accumulates from 2- to 5-fold in cells (74), and demonstrates potent
intracellular killing of rifampicin-susceptible S. aureus (28;59), yielding even truly
intracellular bactericidal effect towards SCVs (< 3 log CFU decrease, as described by

the CLSI criteria) for prolonged time exposure (72 h) (62).
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2.9. Daptomycin

This last resort drug for MRSA infections is characterized by (i) extremely fast
killing effects towards MRSA at all growth phases (which may be particularly useful
for the treatment of indolent, deep-seated infections such as endocarditis or
osteomyelitis in which bacteria reach stationary phase (75)); and (i) marked
intraphagocytic killing of both MSSA (76) and MRSA (77). As demonstrated for
vancomycin, daptomycin is however less efficient against intracellular VISA isolates
due to reduced intrinsic activity (569;77). This intracellular effect is obtained in spite of
a low cellular accumulation (Cc/Ce < 1 [(76)]) and is further increased in the
presence of P-glycoprotein inhibitors (verapamil or elacridar) since this antibiotic is
substrate of these transporters, as demonstrated in THP-1 macrophages and MDCK

(Madin-Darby Canine Kidney) cells (76).

2.10. Fluoroquinolones

These antibiotics accumulate to variable levels in eukaryotic cells (5- to 20-fold
(78)) and are suspected to easily diffuse in all subcellular compartments, as they
show activity against cytosolic (L. monocytogenes [(79-81)]), phagosomal
(L. pneumophila [(82;83)]) or phagolysosomal (S. aureus [(28,52;84)) bacteria.
Within this class, molecules with higher level of accumulation but also higher intrinsic
activity like moxifloxacin are more active intracellularly than derivatives with lower
cellular accumulation and intrinsic activities (such as ciprofloxacin)(28). These
properties, combined with a bactericidal character, make of moxifloxacin one of the
most effective antibiotics against intracellular S. aureus, yielding potent intracellular
killing in a concentration- and time-dependent fashion (-2 and -3 log cfu after 24 h
and 48 h, respectively) against both MSSA (28;52;85) and CA-MRSA isolates

(86:87).
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Cellular accumulation of fluoroquinolones is highly modulable but surprinsingly,
changes in accumulation do not necessarily translate in improved efficacy. In J774
macrophages, ciprofloxacin, but not moxifloxacin, is substrate of the multidrug
transporter MRP4 (88). Inhibition of this transporter increases ciprofloxacin cellular
content to values close to those reached by moxifloxacin (563;89;90). However, this is
not accompagnied by an improved activity against intracellular S. aureus but well on
L. monocytogenes (53;89), because the additional amount of drug accumulates in
the cytosol. In human THP-1 macrophages, differentiation by PMA specifically
increases the accumulation of moxifloxacin but not of levofloxacin by a still unknown
mechanism (84). Again, this specifically increases the intracellular activity against

L. monocytogenes but not on S. aureus, presumably for the same reason.

2.11. Quinupristin-dalfopristin

This combination of streptogramins accumulates within cells (97), and
demonstrate potent intraphagocytic killing of S. aureus causing typically a 2 — 2.5 log
decrease in intracellular inoculum (97). This effect is also observed for MRSA
isolates of current clinical and epidemiological interest, including VISA and

Vancomycin Resistant S. aureus (VRSA) strains (59;92).

2.11. Novel investigational antibiotics
2.11.1. Novel glycopeptides

Loss of susceptibility to vancomycin in MRSA stimulated the search for
alternative therapy. In this context, novel glycopeptides have been successfully
designed to keep activity against Vancomycin-resistant S. aureus (VRSA) isolates
and Vancomycin-intermediate S. aureus (VISA) to a lower extent (see for review:
(93-95), because of a dual mode of action implying both inhibition of cell-wall
synthesis and membrane destabilization (96;97). Telavancin (98;99) and oritavancin

(700;101) accumulate to high levels (~ 50- and 200-fold after 24 hours, respectively)
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in the lysosomes of murine macrophages (702;103), show superior in vitro activity in
broth, and are highly bactericidal towards both extracellular and intracellular forms of
vancomycin-susceptible and vancomycin-resistant S. aureus (Fig.2, Fig.4)
(58;59;104) compared to vancomycin. Oritavancin is also highly efficient against
intracellular SCV (62), and this activity is still reinforced when combined with other

bactericidal agents such as rifampicin or moxifloxacin (7105).

2.11.2. Anti-MRSA cephalosporins

Ceftobiprole and ceftaroline are two cephalosporins under development that
show similar activity against both MSSA and MRSA (706-108). This is due to the fact
that they strongly bind to PBP2a, being able to induce the conformational change of
the protein required for antibiotic activity (709), as did acidic pH for conventional -
lactams. Ceftobiprole shows similar intrinsic activities against MSSA and MRSA
(HA- or CA-MRSA) at neutral and acidic pH, as well as a similar potency against
intracellular MSSA or MRSA in models of human macrophages or keratinocytes

(110).

2.11.3. Macrolide / ketolide

CEM-101 is a novel ketolide that, in contrast to azithromycin, keeps activity
under acidic conditions and is not substrate for P-glycoprotein. Accordingly, it is
considerably more active against intracellular forms of S. aureus (111), as well

against intraphagocytic Listeria monocytogenes and Legionella pneumophila.

2.11.4. Oxazolidinones

Novel investigational oxazolidinones (such as radezolid [RX-1741] (112;113)
or torezolid [TR-700] (774;115)) have been designed to keep activity against
linezolid-resistant S. aureus strains. As compared to linezolid, they show increased

intrinsic activities against linezolid-resistant S. aureus (lower MIC values), and higher
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intracellular accumulation accompanied by an increased potency towards both

linezolid-susceptible and linezolid-resistant S. aureus (116-118).

2.11.5. Iclaprim

Iclaprim is a diaminopyrimidine dihydrofolate reductase inhibitor that has
completed clinical development for the treatment of skin and skin structure infections
(cSSSI). This compound demonstrates potent intraphagocytic activity against
different intracellular organisms, including L. monocytogenes (119) and
L. pneumophila (120), compared to trimethoprim-sulfamethoxazole. Data are

however still lacking for intracellular S. aureus.

2.11.6. Linopristin-flopristin

Linopristin-flopristin (NXL103, formerly XRP2868) is a novel semi-synthetic
combination of streptogramins (vol/vol, 30/70). Compared to quinupristin-dalfopristin,
it demonstrates slightly lower MICs values against MRSA (7217), but similar activity

against intracellular S. aureus (approx. -2 log CFU (7122)).
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Conclusions

Gaining an intracellular niche, even briefly, may afford several opportunities to
S. aureus to survive and promote disease. Because antibiotics are considerably less
effective intracellularly than extracellularly, treatment of relapsing and persistent
S. aureus infections is particularly challenging. In this context, the possibility that
conventional anti-MRSA antibiotics (vancomycin, tetracyclines, linezolid,
azithromycin, trimethoprim-sulfamethoxazole) may have limited intracellular activity
should be borne in mind when selecting appropriate treatment for infections in which
intracellular foci are suspected. In this respect, cellular models may help in selecting
for further development molecules with low MICs values and high efficacy (Emax)

against both extracellular and intracellular MRSA.
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BOX.1. Intraphagocytic model of infection

Gentamicin protection assays are widely used for the determination of antibiotic
intracellular activities. Briefly, phagocytes are incubated in the presence of pre-
opsonized S. aureus (e.g. multiplicity of infection [MOI] equivalent to 4 bacteria per
cells) during 1-2 h (28;52) before extensive washing in pre-warmed phosphate
buffered saline (PBS) and incubation in the presence of gentamicin during 45 min-1
h. Cells are then incubated in the presence of increasing concentrations of
antibiotics (28;64,123) and, after different time intervals, cells are washed free from
antibiotics, lysed by resuspension in water, and the corresponding samples then
processed for CFU counting and protein content determination. In order to prevent
the development of extracellular bacteria, control cells systematically include
exposition to gentamicin (1/2- to 1-fold the MIC, avoiding marked acidification and
subsequent cell death)(28;52). Complete sterilization of the extracellular medium
has been also reported in lysostaphin protection assay, but a significant amount of
lysostaphin is able to enter the cells, which may interfere with the expression of

antibiotic activity or CFU counting (52).
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Table 1. Comparative susceptibilities of antibiotics at neutral and acidic pH

Human MICs (mgl/L)
Antibiotics Cmax MSSA (ATCC 25923) MRSA (ATCC 33591)

(mg/L) pH7.4 pH 5.5 pPH7.4 pH 5.5
Cell-
wall/membrane
Oxacillin (OXA) 8 0.25 0.03 256 0.25
Cloxacillin (CLX) 10 0.125 0.06 16 0.125
Meropenem (MEM) 50 0.125 0.06 16-32 0.125
Daptomycin (DAP) 77 0.125 0.25 0.125-0.25 0.5
Vancomycin (VAN) 50 1 1 2
Telavancin (TLV) 90 1 1 1
Oritavancin (ORI) 50 0.06 0.125 0.25 0.5
Nucleic acid synthesis
Ciprofloxacin (CIP) 4 0.125 0.5 0.25 0.5-1
Moxifloxacin (MXF) 4 0.06 0.125-0.25 0.125 0.25
Rifampicin (RIF) 4 0.03 0.01 0.06 0.03
Metabolism
Trimethoprim-
sulfamethoxazole 25 1 4 1 2
(STX)
Protein synthesis
Gentamicin (GEN) 18 0.25 16 2 16
Tetracycline (TET) 5 0.5 0.25 256 64
Tigecycline (TGC) 1 0.125-0.25 1-2 0.5 2
Azithromycin (AZI) 0.5 0.5 256 > 256 > 256
Clindamycin (CLI) 20 0.125 8-16 > 256 16
Quinupristin-

10 0.25 0.5 0.5 0.5

dalfopristin (Q-D)
Linezolid (LZD) 20 1-2 2 1-2 2
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Figure 1. Pictorial description of the infectious cycle of S. aureus within eukaryotic

cells, illustrating adhesion to host cells,

residence and multiplication within

phagolysosomal apparatus, and the possible escape into the cytosic compartment in

endothelial and epithelial cells.
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Figure 2. Kinetics of MRSA (strain ATCC 33591) bacterial growth in Mueller Hinton

broth (extracellular bacteria) or THP-1 cells (intracellular bacteria).
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Figure 3. Comparison of the intracellular activities of antibiotics against MSSA and
MRSA. The graphs show the activity of a series of antibiotics against MSSA strain
ATCC 25923 (fully susceptible) and MRSA strain ATCC 33591 (resistance in broth to
B-lactams, azithromycin and clindamycin) phagocytized by human THP-1
macrophages. Activity is expressed as the change in bacterial counts following 24 h
of exposure to each of the selected antibiotics using an extracellular concentration
corresponding to their respective human Cmax. The limit of detection is set at — 5
logio cfu. The dotted lines represent the extracellular activities of each antibiotic
(broth), while the gray zone represents the bacterial growth.

AZI, azithromycin; CIP, ciprofloxacin; CLI, clindamycin; CLX, cloxacillin; DAP,
daptomycin; LZD, linezolid; MXF, moxifloxacin; N.D., Not determined; ORI,
oritavancin; Q-D, quinupristin-dalfopristin (vol/vol, 30/70); RIF, rifampicin; TET,
tetracycline; TGC, tigecycline; TLV, telavancin; STX, trimethoprim-sulfamethoxazole;

VAN, vancomycin.
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Figure 4A. Correlation between intrinsic and intracellular activities of a series of
antibiotics (vancomycin, cloxacillin, rifampicin and linezolid) against S. aureus
isolates (including MRSA strains of clinical epidemiological interest). The abscissas
show antibacterial intrinsic activities, as determined by standard MIC assays. The
ordinates show intraphagocytic activities (human THP-1 macrophages) expressed as
the change in bacterial counts following 24 h of exposure to each of the selected
antibiotics (using an extracellular concentration corresponding to their respective
human Cmax [as represented by the vertical dotted line]). The gray zone

corresponds to the bacterial growth.
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Figure 4B. Correlation between intrinsic and intracellular activities of a series of
antibiotics  (moxifloxacin, daptomycin, quinupristin-dalfopristin, and novel
glycopeptides antibiotics [namely oritavancin and telavancin]) against S. aureus
isolates (including MRSA strains of clinical epidemiological interest). The abscissas
show antibacterial intrinsic activities, as determined by standard MIC assays. The
ordinates show intraphagocytic activities (human THP-1 macrophages) expressed as
the change in bacterial counts following 24 h of exposure to each of the selected
antibiotics (using an extracellular concentration corresponding to their respective
human Cmax [as represented by the vertical dotted line]). The gray zone

corresponds to the bacterial growth.
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Figure 5. Influence of concentration on the extracellular (Mueller Hinton Broth
adjusted to pH 7.4 and pH 5.5) and intracellular activities of cloxacillin against MSSA
strain ATCC 25923 and MRSA strain ATCC 33591. The graph shows antibiotic
activity over a 24 h period against bacteria in broth (pH 7.4 vs. pH 5.5) or post-
phagocytized by human THP-1 macrophages. Activity is expressed as the change
in bacterial counts from time 0 h. The gray zone corresponds to the bacterial growth.

Adapted from data presented in reference (65).




Lemaire et al. Intracellular MRSA -- Page 24 of 33

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

. Amador-Miranda, R., Bertran-Pasarell, J., Gonzalez, M., and Conde, A.

(2008) Bol. Asoc. Med. P. R. 100, 21-23.

Boyle-Vavra, S. and Daum, R. S. (2007) Lab Invest 87, 3-9.

Diep, B. A., Palazzolo-Ballance, A. M., Tattevin, P., Basuino, L., Braughton,
K. R., Whitney, A. R., Chen, L., Kreiswirth, B. N., Otto, M., DeLeo, F. R., and
Chambers, H. F. (2008) PLoS. ONE. 3, €3198.

Corriere, M. D. and Decker, C. F. (2008) Dis. Mon. 54, 751-755.

Nourse, C., Starr, M., and Munckhof, W. (2007) J. Paediatr. Child Health 43,
656-661.

Klevens, R. M., Morrison, M. A., Nadle, J., Petit, S., Gershman, K., Ray, S.,
Harrison, L. H., Lynfield, R., Dumyati, G., Townes, J. M., Craig, A. S., Zell, E.
R., Fosheim, G. E., McDougal, L. K., Carey, R. B., and Fridkin, S. K. (2007)
JAMA 298, 1763-1771.

Gresham, H. D., Lowrance, J. H., Caver, T. E., Wilson, B. S., Cheung, A. L.,
and Lindberg, F. P. (2000) J. Immunol. 164, 3713-3722.

Lowy, F. D. (2000) Trends Microbiol. 8, 341-343.

Ellington, J. K., Harris, M., Webb, L., Smith, B., Smith, T., Tan, K., and
Hudson, M. (2003) J. Bone Joint Surg. Br. 85, 918-921.

Garzoni, C. and Kelley, W. L. (2009) Trends Microbiol. 17, 59-65.

Clement, S., Vaudaux, P., Francois, P., Schrenzel, J., Huggler, E., Kampf, S.,
Chaponnier, C., Lew, D., and Lacroix, J. S. (2005) J. Infect. Dis. 192, 1023-
1028.

Carryn, S., Chanteux, H., Seral, C., Mingeot-Leclercq, M. P., Van Bambeke,
F., and Tulkens, P. M. (2003) Infect. Dis. Clin. North Am. 17, 615-634.

Van Bambeke, F., Barcia-Macay, M., Lemaire, S., and Tulkens, P. M. (2006)
Curr. Opin. Drug Discov. Devel. 9, 218-230.

Whaley, K. and Singh, H. (1973) Immunology 24, 25-35.
Baughn, R. and Bonventre, P. F. (1975) Infect. Immun. 12, 346-352.

Hof, D. G., Repine, J. E., Peterson, P. K., and Hoidal, J. R. (1980) Am. Rev.
Respir. Dis. 121, 65-71.

Hamill, R. J., Vann, J. M., and Proctor, R. A. (1986) Infect. Immun. 54, 833-
836.

Hudson, M. C., Ramp, W. K., Nicholson, N. C., Williams, A. S., and
Nousiainen, M. T. (1995) Microb. Pathog. 19, 409-419.



Lemaire et al. Intracellular MRSA -- Page 25 of 33

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Jevon, M., Guo, C., Ma, B., Mordan, N., Nair, S. P., Harris, M., Henderson, B.,
Bentley, G., and Meghji, S. (1999) Infect. Immun. 67, 2677-2681.

Mempel, M., Schnopp, C., Hojka, M., Fesq, H., Weidinger, S., Schaller, M.,
Korting, H. C., Ring, J., and Abeck, D. (2002) Br. J. Dermatol. 146, 943-951.

Usui, A., Murai, M., Seki, K., Sakurada, J., and Masuda, S. (1992) Microbiol.
Immunol. 36, 545-550.

Hebert, A., Sayasith, K., Senechal, S., Dubreuil, P., and Lagace, J. (2000)
FEMS Microbiol. Lett. 193, 57-62.

Sinha, B., Francois, P. P., Nusse, O., Foti, M., Hartford, O. M., Vaudaux, P.,
Foster, T. J., Lew, D. P., Herrmann, M., and Krause, K. H. (1999) Cell
Microbiol. 1, 101-117.

Schwarz-Linek, U., Werner, J. M., Pickford, A. R., Gurusiddappa, S., Kim, J.
H., Pilka, E. S., Briggs, J. A., Gough, T. S., Hook, M., Campbell, I. D., and
Potts, J. R. (2003) Nature 423, 177-181.

Shinji, H., Kamada, M., Seki, K., Tajima, A., lwase, T., and Masuda, S. (2007)
Microbiol. Immunol. 51, 63-71.

Yonemasu, K., Sasaki, T., Hashimoto, H., and Kashiba, S. (1988) Microbiol.
Immunol. 32, 795-805.

Kubica, M., Guzik, K., Koziel, J., Zarebski, M., Richter, W., Gajkowska, B.,
Golda, A., Maciag-Gudowska, A., Brix, K., Shaw, L., Foster, T., and Potempa,
J. (2008) PLoS. ONE. 3, e1409.

Barcia-Macay, M., Seral, C., Mingeot-Leclercq, M. P., Tulkens, P. M., and
Van Bambeke, F. (2006) Antimicrob. Agents Chemother. 50, 841-851.

Menzies, B. E. and Kourteva, |. (2000) FEMS Immunol. Med. Microbiol. 29,
39-45.

Qazi, S. N., Counil, E., Morrissey, J., Rees, C. E., Cockayne, A., Winzer, K.,
Chan, W. C., Williams, P., and Hill, P. J. (2001) Infect. Immun. 69, 7074-7082.

Garzoni, C., Francois, P., Huyghe, A., Couzinet, S., Tapparel, C.,
Charbonnier, Y., Renzoni, A., Lucchini, S., Lew, D. P., Vaudaux, P., Kelley,
W. L., and Schrenzel, J. (2007) BMC. Genomics 8, 171.

Eriksson, S., Lucchini, S., Thompson, A., Rhen, M., and Hinton, J. C. (2003)
Mol. Microbiol. 47, 103-118.

Lucchini, S., Liu, H., Jin, Q., Hinton, J. C., and Yu, J. (2005) Infect. Immun.
73, 88-102.

Pelz, A., Wieland, K. P., Putzbach, K., Hentschel, P., Albert, K., and Gotz, F.
(2005) J. Biol. Chem. 280, 32493-32498.

Liu, C. I, Liu, G. Y., Song, Y., Yin, F., Hensler, M. E., Jeng, W. Y., Nizet, V.,
Wang, A. H., and Oldfield, E. (2008) Science 319, 1391-1394.



Lemaire et al. Intracellular MRSA -- Page 26 of 33

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Olivier, A., Lemaire, S., Van Bambeke, F., Tulkens, P. M., and Oldfield, E.
Role of rsbU and staphyloxanthin in phagocytosis and intracellular growth of
Staphylococcus aureus in human macrophages and endothelial cells.
J.Infect.Dis. In press. 2009.

Von Eiff, C., Peters, G., and Becker, K. (2006) Injury 37 Suppl 2, S26-S33.

Von Eiff, C., Proctor, R. A., and Peters, G. (2000) Berl Munch. Tierarztl.
Wochenschr. 113, 321-325.

Von Eiff, C., McNamara, P., Becker, K., Bates, D., Lei, X. H., Ziman, M.,
Bochner, B. R,, Peters, G., and Proctor, R. A. (2006) J. Bacteriol. 188, 687-
693.

Chatterjee, 1., Kriegeskorte, A., Fischer, A., Deiwick, S., Theimann, N.,
Proctor, R. A., Peters, G., Herrmann, M., and Kahl, B. C. (2008) J. Bacteriol.
190, 834-842.

Vaudaux, P., Francois, P., Bisognano, C., Kelley, W. L., Lew, D. P.,
Schrenzel, J., Proctor, R. A., McNamara, P. J., Peters, G., and Von Eiff, C.
(2002) Infect. Immun. 70, 5428-5437.

Plouin-Gaudon, I., Clement, S., Huggler, E., Chaponnier, C., Francois, P.,
Lew, D., Schrenzel, J., Vaudaux, P., and Lacroix, J. S. (2006) Rhinology 44,
249-254.

Sendi, P., Rohrbach, M., Graber, P., Frei, R., Ochsner, P. E., and Zimmerli,
W. (2006) Clin. Infect. Dis. 43, 961-967.

Bosse, M. J., Gruber, H. E., and Ramp, W. K. (2005) J. Bone Joint Surg. Am.
87, 1343-1347.

Gristina, A. G. and Costerton, J. W. (1985) J. Bone Joint Surg. Am. 67, 264-
273.

Gristina, A. G., Shibata, Y., Giridhar, G., Kreger, A., and Myrvik, Q. N. (1994)
Semin. Arthroplasty 5, 160-170.

Naylor, P. T., Myrvik, Q. N., and Gristina, A. (1990) Clin. Orthop. Relat Res.
126-133.

Tulkens, P. M. (1991) Eur. J. Clin. Microbiol. Infect. Dis. 10, 100-106.

Sandberg, A., Hessler, J. H., Skov, R. L., Blom, J., and Frimodt-Moller, N.
(2009) Antimicrob. Agents Chemother. 53, 1874-1883.

McDonald, P. J. and Pruul, H. (1991) Eur. J. Clin. Microbiol. Infect. Dis. 10,
828-833.

Carlier, M. B., Garcia-Luque, |., Montenez, J. P., Tulkens, P. M., and Piret, J.
(1994) Int. J. Tissue React. 16, 211-220.

Seral, C., Van Bambeke, F., and Tulkens, P. M. (2003) Antimicrob. Agents
Chemother. 47, 2283-2292.



Lemaire et al. Intracellular MRSA -- Page 27 of 33

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Seral, C., Carryn, S., Tulkens, P. M., and Van Bambeke, F. (2003) J.
Antimicrob. Chemother. 51, 1167-1173.

Seral, C., Michot, J. M., Chanteux, H., Mingeot-Leclercq, M. P., Tulkens, P.
M., and Van Bambeke, F. (2003) Antimicrob. Agents Chemother. 47, 1047-
1051.

Vazifeh, D., Abdelghaffar, H., and Labro, M. T. (1997) Antimicrob. Agents
Chemother. 41, 2099-2107.

Forsgren, A. and Bellahsene, A. (1985) Scand. J. Infect. Dis. Suppl 44, 16-23.
Yang, Q., Nakkula, R. J., and Walters, J. D. (2002) J. Dent. Res. 81, 836-840.

Barcia-Macay, M., Lemaire, S., Mingeot-Leclercq, M. P., Tulkens, P. M., and
Van Bambeke, F. (2006) J. Antimicrob. Chemother. 58, 1177-1184.

Lemaire, S., Kosowska-Shick, K., Julian, K., Tulkens, P. M., Van Bambeke,
F., and Appelbaum, P. C. (2008) Clin. Microbiol. Infect. 14, 766-777.

Julian, K., Kosowska-Shick, K., Whitener, C., Roos, M., Labischinski, H.,
Rubio, A., Parent, L., Ednie, L., Koeth, L., Bogdanovich, T., and Appelbaum,
P. C. (2007) Antimicrob. Agents Chemother. 51, 3445-3448.

Ong, C. T., Babalola, C. P., Nightingale, C. H., and Nicolau, D. P. (2005) J.
Antimicrob. Chemother. 56, 498-501.

Nguyen, H. A., Denis, O., Vergison, A., Theunis, A., Tulkens, P. M.,
Struelens, M. J., and Van Bambeke, F. (2009) Antimicrob. Agents
Chemother.

Crum, N. F. (2002) Curr. Gastroenterol. Rep. 4, 287-296.

Lemaire, S., Van Bambeke, F., Mingeot-Leclercq, M. P., and Tulkens, P. M.
(2005) J. Antimicrob. Chemother. 55, 897-904.

Lemaire, S., Van Bambeke, F., Mingeot-Leclercq, M. P., Glupczynski, Y., and
Tulkens, P. M. (2007) Antimicrob. Agents Chemother. 51, 1627-1632.

Lemaire, S., Olivier, A., Van Bambeke, F., Tulkens, P. M., Appelbaum, P. C.,
and Glupczynski, Y. (2008) Antimicrob. Agents Chemother. 52, 2797-2805.

Sabath, L. D., Wallace, S. J., and Gerstein, D. A. (1972) Antimicrob. Agents
Chemother. 2, 350-355.

Hartman, B. J. and Tomasz, A. (1984) J. Bacteriol. 1568, 513-516.

Fuda, C., Suvorov, M., Vakulenko, S. B., and Mobashery, S. (2004) J. Biol.
Chem. 279, 40802-40806.

Roychoudhury, S., Dotzlaf, J. E., Ghag, S., and Yeh, W. K. (1994) J. Biol.
Chem. 269, 12067-12073.

Lemaire, S., Fuda, C., Van Bambeke, F., Tulkens, P. M., and Mobashery, S.
(2008) J. Biol. Chem. 283, 12769-12776.



Lemaire et al. Intracellular MRSA -- Page 28 of 33

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lim, D. and Strynadka, N. C. (2002) Nat. Struct. Biol. 9, 870-876.

Weigelt, J., Kaafarani, H. M., Itani, K. M., and Swanson, R. N. (2004) Am. J.
Surg. 188, 760-766.

Mor, N., Simon, B., Mezo, N., and Heifets, L. (1995) Antimicrob. Agents
Chemother. 39, 2073-2077.

Mascio, C. T., Alder, J. D., and Silverman, J. A. (2007) Antimicrob. Agents
Chemother. 51, 4255-4260.

Lemaire, S., Van Bambeke, F., Mingeot-Leclercq, M. P., and Tulkens, P. M.
(2007) Antimicrob. Agents Chemother. 51, 2748-2757.

Lemaire, S., Van Bambeke, F., and Tulkens, P. M. Intracellular activity of
daptomycin against methicillin-sensitive, methicillin-resistant, and
vancomycin-intermediate S. aureus. 17th European Congress of Clinical
Microbiology and Infectious Diseases Poster 829. 2007.

Ballesta, S., Pascual, A., Garcia, I., and Perea, E. J. (1996) Enferm. Infecc.
Microbiol. Clin. 14, 470-473.

Carryn, S., Van Bambeke, F., Mingeot-Leclercq, M. P., and Tulkens, P. M.
(2003) J. Antimicrob. Chemother. 51, 1051-1052.

Carryn, S., Van Bambeke, F., Mingeot-Leclercq, M. P., and Tulkens, P. M.
(2002) Antimicrob. Agents Chemother. 46, 2095-2103.

Grayo, S., Join-Lambert, O., Desroches, M. C., and Le Monnier, A. (2008)
Antimicrob. Agents Chemother. 52, 1697-1702.

Carlier, M. B., Scorneaux, B., Zenebergh, A., Desnottes, J. F., and Tulkens,
P. M. (1990) J. Antimicrob. Chemother. 26 Suppl B, 27-39.

Baltch, A. L., Bopp, L. H., Smith, R. P., Michelsen, P. B., and Ritz, W. J.
(2005) J. Antimicrob. Chemother. 56, 104-109.

Van, d., V, Nguyen, H. A., Van Bambeke, F., Tulkens, P. M., Grellet, J.,
Dubois, V., Quentin, C., and Saux, M. C. (2008) J. Antimicrob. Chemother.
62, 518-521.

Ulrich, M., Berger, J., Moller, J. G., and Doring, G. (2005) Infection 33 Suppl!
2, 50-54.

Lemaire, S., Van Bambeke, F., Glupczynski, Y., and Tulkens, P. M.
Intracellular activity of moxifloxacin against European, American and Asian
clinical isolates of community-acquired methicillin-resistant S. aureus (CA-
MRSA). 27éme Réunion Interdisciplinaire de Chimiothérapie Anti-Infectieuse
Poster 487. 2009.

Lemaire, S., Van Bambeke, F., Tulkens, P. M., and Glupczynski, Y.
Comparative activity of moxifloxacin, linezolid, cloxacillin, clindamycin,
trimethoprim-sulfamethoxazole, and ciprofloxacin against intracellular
Methicillin-sensitive and Community-Acquired Methicillin-Resistant S. aureus.



Lemaire et al. Intracellular MRSA -- Page 29 of 33

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

17th European Congress of Clinical Microbiology and Infectious Diseases
Poster 703. 2007.

Marquez, B., Caceres, N. E., Mingeot-Leclercq, M. P., Tulkens, P. M., and
Van Bambeke, F. (2009) Antimicrob. Agents Chemother. 53, 2410-2416.

Lismond, A., Tulkens, P. M., Mingeot-Leclercq, M. P., Courvalin, P., and Van
Bambeke, F. (2008) Antimicrob. Agents Chemother. 52, 3040-3046.

Michot, J. M., Van Bambeke, F., Mingeot-Leclercq, M. P., and Tulkens, P. M.
(2004) Antimicrob. Agents Chemother. 48, 2673-2682.

Bebear, C. and Bouanchaud, D. H. (1997) J. Antimicrob. Chemother. 39
Suppl A, 59-62.

Baudoux, P., Glupczynski, Y., Tulkens, P. M., and Van Bambeke, F.
Extracellular and intracellular activities of Quinupristin-Dalfopristin (Synercid)
against S. aureus, with different resistant phenotypes (MSSA, MRSA, VISA).
17th European Congress of Clinical Microbiology and Infectious Diseases
Poster 2058. 2007.

Van Bambeke, F., Mingeot-Leclercq, M. P., Struelens, M. J., and Tulkens, P.
M. (2008) Trends Pharmacol. Sci. 29, 124-134.

Van Bambeke, F., Van Laethem, Y., Courvalin, P., and Tulkens, P. M. (2004)
Drugs 64, 913-936.

Linden, P. K. (2008) Expert. Rev. Anti. Infect. Ther. 6, 917-928.
Leonard, S. N. and Rybak, M. J. (2008) Pharmacotherapy 28, 458-468.
Belley, A., Neesham-Grenon, E., McKay, G., Arhin, F. F., Harris, R.,
Beveridge, T., Parr, T. R., Jr., and Moeck, G. (2009) Antimicrob. Agents
Chemother. 563, 918-925.

Laohavaleeson, S., Kuti, J. L., and Nicolau, D. P. (2007) Expert. Opin.
Investig. Drugs 16, 347-357.

Nannini, E. C. and Stryjewski, M. E. (2008) Expert. Opin. Pharmacother. 9,
2197-2207.

Mercier, R. C. and Hrebickova, L. (2005) Expert. Rev. Anti. Infect. Ther. 3,
325-332.

Crandon, J. and Nicolau, D. P. (2008) Future. Microbiol. 3, 251-263.

Barcia-Macay, M., Mouaden, F., Mingeot-Leclercq, M. P., Tulkens, P. M., and
Van Bambeke, F. (2008) J. Antimicrob. Chemother. 61, 1288-1294.

Van Bambeke, F., Carryn, S., Seral, C., Chanteux, H., Tyteca, D., Mingeot-
Leclercq, M. P., and Tulkens, P. M. (2004) Antimicrob. Agents Chemother.
48, 2853-2860.



Lemaire et al. Intracellular MRSA -- Page 30 of 33

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Baudoux, P., Tulkens, P. M., and Van Bambeke, F. Intracellular activity of
oritavancin against MSSA, MRSA and VISA strains in a model of human
macrophages. 48th Interscience Conference on Antimicrobial Agents and
Chemotherapy Poster no. A-971. 2008.

Nguyen, H. A., Denis, O., Vergison, A., Tulkens, P. M., Struelens, M. J., and
Van Bambeke, F. (2009) Antimicrob. Agents Chemother. 53, 1443-1449.

Vidaillac, C. and Rybak, M. J. (2009) Pharmacotherapy 29, 511-525.

Jacqueline, C., Caillon, J., Le, M., V, Miegeville, A. F., Hamel, A., Bugnon, D.,
Ge, J. Y., and Potel, G. (2007) Antimicrob. Agents Chemother. 51, 3397-
3400.

Mushtaq, S., Warner, M., Ge, Y., Kaniga, K., and Livermore, D. M. (2007) J.
Antimicrob. Chemother. 60, 300-311.

Lovering, A., Danel, F., Page, M. G. P., and Strynadka, N. J. Mechanism of
action of ceftobiprole: structural basis for the anti-MRSA activity. 17th
European Congress of Clinical Microbiology and Infectious Diseases Program
Abstr. 2006.

Lemaire, S., Glupczynski, Y., Duval, V., Joris, B., Tulkens, P. M., and Van
Bambeke, F. (2009) Antimicrob. Agents Chemother. 53, 2289-2297 .

Lemaire, S., Van Bambeke, F., and Tulkens, P. M. (2009) Antimicrob. Agents
Chemother.

Skripkin, E., McConnell, T. S., DeVito, J., Lawrence, L., Ippolito, J. A., Duffy,
E. M., Sutcliffe, J., and Franceschi, F. (2008) Antimicrob. Agents Chemother.
52, 3550-3557.

Lawrence, L., Danese, P., DeVito, J., Franceschi, F., and Sutcliffe, J. (2008)
Antimicrob. Agents Chemother. 52, 1653-1662.

Shaw, K. J., Poppe, S., Schaadt, R., Brown-Driver, V., Finn, J., Pillar, C. M.,
Shinabarger, D., and Zurenko, G. (2008) Antimicrob. Agents Chemother. 52,
4442-4447.

Jones, R. N., Moet, G. J., Sader, H. S., Mendes, R. E., and Castanheira, M.
(2009) J. Antimicrob. Chemother.

Lemaire, S., Van Bambeke, F., Appelbaum, P. C., and Tulkens, P. M. Cellular
pharmacokinetics and intracellular activity of Torezolid (TR-700) in phagocytic
and non-phagocytic cells. J.Antimicrob.Chemother. 2009.

Lemaire, S., Tulkens, P. M., and Van Bambeke, F. Radezolid (RX-1741), a
novel oxazolidinone, is active against intracellular S. aureus, L.
monocytogenes and L. pneumophila phagocytosed by human THP-1
macrophages. 19th European Congress of Clinical Microbiology and
Infectious Diseases O-30. 2009.



Lemaire et al. Intracellular MRSA -- Page 31 of 33

118.

119.

120.

121.

122.

123.

Lemaire, S., Tulkens, P. M., and Van Bambeke, F. Radezolid (RX-1741), a
novel oxazolidinone, accumulates extensively within human macrophages
and PMNs and shows activity towards intracellular linezolid-sensitive and
linezolid-resistant Staphylococcus aureus. 26th International Conference on
Chemotherapy . 2009.

Fischer, M., Weiss, L., Scheidegger, D., Bernardini, F., and Islam, K. Iclaprim,
a Novel Diaminopyrimidine Antibiotic: In Vitro and Intracellular Activity against
Listeria monocytogenes. 43rd Interscience Conference on Antimicrobial
Agents and Chemotherapy E-2004. 2003.

Morrissey, |. and Hawser, S. (2007) J. Antimicrob. Chemother. 60, 905-906.

McGhee, P., Lin, G., Pankuch, G., Bryskier, A., and Appelbaum, P. Activity of
linopristin-flopristin (NXL103) Against Streptococcus pneumoniae,
Haemophilus influenzae, and Staphylococcus aureus . 19th European
Congress of Clinical Microbiology and Infectious Diseases . 2009.

Pace, J., Levasseur, P., Girard, A., and Lavallade, L. Antibacterial Activity of
NXL103 (linopristin/flopristin), against Intracellular Staphylococcus aureus
and Efficacy Following per oral Administration in Murine Models of Systemic
Infection. 19th European Congress of Clinical Microbiology and Infectious
Diseases. 2009.

Baudoux, P., Bles, N., Lemaire, S., Mingeot-Leclercq, M. P., Tulkens, P. M.,
and Van Bambeke, F. (2007) J. Antimicrob. Chemother. 59, 246-253.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


