Abstract

Objectives: We have shown recently that meropenem and cloxacillin recover activity against MRSA

when these are thriving in macrophages owing to the acid pH prevailing in phagolysosomes (AAC 2007,

51:1627-1632). Our objective was to determine the susceptibility of MSSA and MRSA to ceftobiprole (a

new cephalosporin active against MRSA) in broth (at acid and neutral pH) and after phagocytosis by
in with ional of different

Methods: MICs were determined in pH-adjusted MHB by micro-dilution. Intracellular activities were
determined in human THP-1 macrophages (24 h change in post-phagocytosis inoculum [delta log CFU])
incubated with an extracellular drug ing to the reported human Cmax (see
details in AAC 2006; 50:841-851).

Results:

Drugs Cmax MSSA ATCC 25923 MRSA ATCC 33591
(mal) MICs (mg/L) Delta log MICs (mglL) Delta log
74 Y cfu (24 h) 74 P cfu (24 h)
None +17£0.1 +2220.1
Ceftobiprole 58 05 0.25 1.0£0.1 2 05 09401
Cephalexin 18 01 05 08+0.1 128 8 +1.820.1
Cefuroxime 80 05 0125 08201 >256 1 40201
Ceftazidime 180 816 4 40601 128 48 +0.8+0.1
Cefepime 130 2 1 -0.80.1 256 4 +0.420.1

Acid pH only partially restored the activity of conventional cephalosporins towards MRSA, the
intraphagocytic growth of which was not efficiently controlled by these drugs. In contrast, ceftobiprole
showed similar activities against MSSA and MRSA at acid pH in broth and intracellularly.

Conclusions : Ceftobiprole shows intraphagocytic activity against MRSA due to its large activity at acid
pH.

Background

Intracellular survival is often considered as an important
determinant in the recurrent and relapsing character of
staphylococcal infections. The selection of appropriate
agents to eradicate intracellullar S. aureus remains, however,
challenging, since antibiotic activity is usually evaluated
against extracellular bacteria only.

We recently showed that p-lactams (meropenem and
cloxacillin) recover activity against MRSA when tested
towards bacteria phagocytozed by human THP-1
macrophages, and ascribed this unanticipated effect to the
acidic pH prevailing in the phagolysosomes containing viable
bacteria.’ This prompted us to evaluate the activity of
ceftobiprole (BPR), a new anti-MRSA cephalosporin with tight
binding to PBP2a,® towards MRSA in acid broth as well as
after phagogytosis, in comparison registered cephalosporins
of different generations.
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Results

1 Influence of pH on the cephalosporins susceptibilities

] B - MICs were determined in broth against MSSA
12 " n ATCC 25923 and MRSA ATCC 33591. Antibiotics
644 used under this study are the following :
A cephalexin (LEX), cefuroxime (CXM), ceftazidime
N . .o (CAZ), cefepime (FEP) and ceftobiprole (BPR).
2 4 o o
B oare '--: . For registered cephalosporins, acid pH only
hE I o o partially restored activity towards MRSA
ot T . (compared to MSSA [for cephalexin (LEX), activity
01251 : - o was even lower at acid pH]). In contrast,
P L — — — ceftobiprole (BPR) showed low MICs against both
: é é’ : é ‘é 2 g 2 % 2 é MSSA and MRSA at neutral pH, with further
| BRP | LEX XM cAz FEP decrease of 1 to 2 dilutions at acid pH.

2 Intraphagocytic activities of antibiotics

L) L L L
NONE LEX CXM CAZ

2.5 Intracellular activity, expressed as a change of cfu
204 per mg of cell protein after 24 h, was determined
) against MSSA ATCC 25923 and MRSA ATCC
— 1.54 33591 phagocytosed by human THP-1
= macrophages and using a fixed concentration of
= 1.09 drugs (corresponding to their human C,,,; in mg/L:
S 0.5 LEX, 18; CXM, 80; CAZ, 180; FEP, 130; BPR, 58).
=
g 0.04 : . Ceftobiprole (BPR) caused a marked decrease of
o ! | cfus of both intraphagocytic MRSA and MSSA. In
< -0.54 E E contrast, the other cephalosporins tested were
0- E E unable to prevent the intracellular growth of MRSA
) ! | while LEX and FEP showed similar activities to
15 : : BPR for MSSA.
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Methods

Susceptibility testing :

MICs were determined by micro-dilution method in Mueller-Hinton
broth.

Determination of the intracellular antibiotic activity'-2:
Cells were infected with preopsonized bacteria (1 h incub. with
normal serum at 37°C), washed with phosphate-buffered saline, and
incubated for 45 minutes with gentamicin (50 mg/Liter) to eliminate
non-adherent and non-internalized bacteria. Infected cells were then
exposed for 24 h to antibiotics at a concentration corresponding to
the plasma C,, reached in patients treated with conventional
dosages (control cells were maintained in the continuous presence
of gentamicin [0.5 x MIC] to prevent the extracellular growth of
bacteria released from dead cells).

Conclusions

Ceftobiprole, at the concentration tested,
proved effective towards intraphagocytic MRSA
in this model, probably in relation with its low
MIC due to intrinsic activity against PBP2a and
a favorable effect of acid pH.
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