
It must be noted that NO in SNP also has a nitrosonium (NOþ)
character9 and is capable of reacting with cysteine residues
according to:

½FeII
ðCNÞ5NOþ�2� þ RS� $ ½FeðCNÞ5NðOÞSR�3� ð2Þ

followed by the release of free NO and the formation of a dimer
(RSSR) according to:

½FeII
ðCNÞ5NðOÞSR�3� þ H2O! ½FeII

ðCNÞ5H2O�3� þ NO

þ 1=2 RSSR ð3Þ

However, these reactions are very slow at a physiological pH,
where the thiol groups are mainly protonated. Evidently, the
direct exchange of NO from SNP by a proton of an SH group is
impossible in such a coordination complex. Therefore, SNP can
be considered unable to promote the direct inactivation of a
cysteine residue through a transnitrosation reaction and this
characteristic may be the cause for its non-significant amoebici-
dal action. It is, thus, possible that GSNO and SNAC may react
directly with Acanthamoeba cysteine proteases, like caspases,
leading to their effective inactivation. Of course, other molecular
targets can also be involved in the actions of GSNO and SNAC.

These results suggest that S-nitrosothiols are potential thera-
peutic drugs for the treatment of Acanthamoeba infections.
Further studies aimed at understanding the molecular mechan-
isms involved in the amoebicidal actions of GSNO and SNAC, their
pharmacokinetic and pharmacodynamic parameters, and their
ocular toxicity in animal models of Acanthamoeba keratitis are
necessary.
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Sir,
Ceftobiprole, formerly designated BAL9141/Ro63-9141, is a
pyrrolidinone-3-ylidene-methyl cephalosporin with activity
against methicillin-resistant Staphylococcus aureus (MRSA),
Enterobacteriaceae and Pseudomonas aeruginosa. This anti-
MRSA characteristic represents a remarkable evolution of the
cephalosporin class of antimicrobial agents that have good cov-
erage of Gram-negative bacteria but have hitherto lacked activity
against MRSA.1,2 The efficacy of ceftobiprole was assessed in
clinical trials of treatment of complicated skin and skin structure
infections (cSSSIs) and it was recently approved in Canada for
this indication including non-limb-threatening diabetic foot
infections without osteomyelitis.3 Further Phase III clinical trials
of cSSSIs have recently been completed and are under review
by the US FDA and the European Medicines Agency.

The objective of this investigation was to evaluate the anti-
bacterial and bactericidal activity of ceftobiprole, compared
with those of other drugs, against a group of clinically relevant
and molecularly characterized healthcare-associated (HA) and
community-associated (CA) MRSA strains isolated in Italy. The
strains are representative of MRSA currently circulating in hospi-
tals and the community in Italy.4
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One hundred HA-MRSA and 16 CA-MRSA, isolated during 2007–
8, were molecularly characterized by PFGE, staphylococcal cas-
sette chromosome (SCC)mec and multilocus sequence typing
(MLST) (http://mlst.zoo.ox.ac.uk) methods, and the presence of
the pvl gene was detected, following protocols previously pub-
lished.4,5 In vitro susceptibility testing for ceftobiprole (Johnson &
Johnson Pharmaceutical Research & Development, Raritan, NJ,
USA) and other major anti-Gram-positive drugs was performed
by the broth microdilution method to determine MICs, following
CLSI guidelines.6 Ceftobiprole was prepared by the addition of
99 mL of DMSO and 10 mL of glacial acetic acid to 1.5 mg of
powder and then diluted with 891 mL of distilled water. MBCs,
as well as time–kill experiments (1�, 2� and 4� the MIC), were
performed only for ceftobiprole, using standard procedures.7,8

Sixteen strains were randomly selected for time–kill analysis,
and experiments were performed in triplicate using a standard
inoculum of �106 cfu/mL. The lowest limit of detection for

colony counts was 2 log10 cfu/mL and bactericidal activity was
defined as a �3 log10 cfu/mL (99.9%) reduction from the starting
inoculum. Population analysis was performed as previously
reported,9 and adapted for ceftobiprole.

The overall MIC90 value for ceftobiprole was 2 mg/L, the MICs
ranging from 0.5 mg/L [for sequence type (ST) 22 and CA-MRSA]
to 4 mg/L (ST247); the MIC90 for the multidrug-resistant (MDR)
hVISA (heteroresistant vancomycin-intermediate S. aureus)
strains was 4 mg/L. HA- or CA-MRSA were fully susceptible to
daptomycin (MIC90 1 mg/L for all HA-MRSA strains including
hVISA and one dilution less for the CA-MRSA isolates), linezolid
(MIC90 of 2 mg/L) and tigecycline (the same MIC90 for all
HA-MRSA including hVISA and one dilution less for the
CA-MRSA strains) (Table 1). Following the recent EUCAST
(European Committee on Antibiotic Susceptibility Testing) clinical
MIC breakpoints revised in September 2009,10 18% of HA-MRSA
strains were resistant to teicoplanin, while all CA-MRSA strains

Table 1. Cumulative susceptibility results for 100 HA-MRSA and 16 CA-MRSA

No. of isolates with the indicated MIC
(mg/L)

Drugs Strain type ST-SCCmec PFGE No. MIC range (mg/L) MIC50 (mg/L) MIC90/MBC90 0.06 0.12 0.25 0.5 1 2 4 8

CBP all strains 116 0.25–4 1 2/4 1 33 30 26 26
HA-MRSA ST8-I A1 8 0.5–1 0.5 1/1 4 4
HA-MRSA ST247-IA A2 16 1–4 2 4/4 2 10 4
HA-MRSA ST247-I/IA C 12 1–4 4 4/4 4 8
HA-MRSA ST239-IIIA B 8 1–2 2 2/4 2 6
HA-MRSA ST228-I E 24 2–4 4 4/4 10 14
HA-MRSA ST22-IV G 32 0.5–1 0.5 1/1 18 14
hVISA ST8/247/239/228 12 1–4 4 4/4 2 1 9
CA-MRSA ST5/8/30/80-IV

ST88-V
16 0.25–1 0.5 0.5/2 1 11 4

VAN HA-MRSA 100 0.5–2 1 2 16 34 50
CA-MRSA 16 1–2 1 2 9 9 2

TEC HA-MRSA 100 0.06–8 0.5 4 2 4 6 40 14 16 16 2
CA-MRSA 16 0.5–2 1 1 5 8 3

DAP HA-MRSA 100 0.12–1 0.5 1 4 22 28 46
hVISA 12 0.25–1 0.5 1 1 6 5
CA-MRSA 16 0.12–1 0.25 0.5 2 9 3 2

LZD HA-MRSA 100 0.5–4 2 4 12 34 34 20
hVISA 12 0.5–4 1 2 1 5 5 1
CA-MRSA 16 0.25–4 1 2 1 2 6 6 1

Q/D HA-MRSA 100 0.06–2 0.5 1 2 10 70 14 4
hVISA 12 0.25–1 0.5 1 2 8 2
CA-MRSA 16 0.25–4 1 2 3 2 5 4 2

TGC HA-MRSA 100 0.06–1 0.25 0.5 2 8 44 44 2
hVISA 12 0.12–5 0.5 0.5 2 2 8
CA-MRSA 16 0.12–0.5 0.25 0.25 5 9 2

CBP, ceftobiprole; VAN, vancomycin; TEC, teicoplanin; DAP, daptomycin; LZD, linezolid; Q/D, quinupristin/dalfopristin; TGC, tigecycline.
MBCs were only determined for ceftobiprole.
hVISA strains emerged from HA-MRSA clones.
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were in the susceptible range. Six of the 16 CA-MRSA strains
possess a reduced susceptibility to quinupristin/dalfopristin, fol-
lowing the EUCAST guidelines,10 and they showed a correlation
with higher linezolid MICs, but still in the susceptible range.

Ceftobiprole was bactericidal at 1� or 2� the MIC, against all
strains tested. It should be noted that a paradoxical killing
effect was observed in 90% of strains. Briefly, after an initial
killing (represented by the MBC values described above) the
population underwent increased growth at higher concen-
trations of the b-lactam, followed by further killing. Population
analyses performed on a representative sample of these
strains failed to demonstrate the presence of heteroresistant
subpopulations induced by increased concentrations of
ceftobiprole.

Table 2 shows the time–kill curves performed on 16 strains;
only results using ceftobiprole at 1� MIC are reported as all
results obtained at other MICs were similar. The bactericidal
activity of ceftobiprole was evident at 3 h against the CA-MRSA
tested, at 6 h against ST8-HA-MRSA-I and at 8 h against
ST228-HA-MRSA-I; bactericidal activity was obtained after 8 h
also against ST22-HA-MRSA-IV. The drug was bacteriostatic
(detection limit of 2 log10 cfu/mL) against the MDR (ST247,
ST228, ST239) strains, including the hVISA strains, after 8 h.

The bactericidal and bacteriostatic behaviour was previously
observed in target attainment studies for staphylococci, when
free drug concentrations exceed the MIC for 30% and 50% of
the dosing interval, respectively.11 Ceftobiprole did not show a
99.9% kill activity against the hVISA strains, but was potently
bactericidal against the CA-MRSA isolates. These in vitro data
confirm the results obtained in clinical studies in cSSSI treat-
ment, in which the drug demonstrated a higher cure (93.1%)
than vancomycin (84.6%) in these strains.12

The paradoxical bactericidal result that we observed was
not confirmed by the population analyses results. Although
unclear at present, we exclude the possibility that this
phenomenon could be due to: (i) heteroresistant subpopu-
lations growing in the presence of increased concentrations
of the drug; (ii) tolerance; or (iii) instability of the drug. One
possible explanation could be related to a specific strain
characteristic, in which an impaired autolytic function13 could
be hypothesized.

In conclusion, ceftobiprole is a potent antistaphylococcal
drug, active against CA- and HA-MRSA including hVISA
strains. The bases of its antimicrobial properties, i.e. PBP2a
inhibition and its stability against penicillinases, together
with its broad-spectrum activity against other Gram-positive
and Gram-negative bacteria, may permit its use as a single
drug in human infections in which this antibiotic is
efficacious.
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Sir,
Streptococcus agalactiae [group B Streptococcus (GBS)] colonize
and cause various infections in neonates and adults. GBS are
reported to be universally susceptible to penicillin G.1 Four

recent studies documented amino acid substitutions in penicillin-
binding protein (PBP) in GBS clinical isolates with increased
penicillin MICs.2 – 5 Here we report a case of invasive penicillin
G-non-susceptible GBS infection.

In 2002, a 55-year-old woman with a history of treated
ovarian carcinoma had a right hip prosthesis for a fractured
femoral neck. In 2004, the culture of the articular fluid from
the right hip was positive for GBS. The patient was treated intra-
venously with 12�106 units of penicillin G Na daily for 6 weeks
followed by prolonged oral therapy with 300 mg of penicillin V
every 24 h. In 2007, the culture of the pus, from a para-articular
collection near the right hip, grew GBS, and penicillin V was
increased to 600 mg every 8 h. In 2008, the abscess was
drained without surgical debridement, the culture of the pus
was negative and the patient was treated with 500 mg of cefa-
droxil every 12 h for 14 days. Two months later, the technetium
and gallium scans were negative for infection, the sedimentation
rate and protein electrophoresis were normal and the patient
had a normal right hip exam.

Identification of the two GBS isolates was confirmed at the
provincial reference laboratory LSPQ/INSPQ. The susceptibility of
GBS isolated in 2004 (GBS 2004) and 2007 (GBS 2007) was
tested at Hôpital Saint-Luc (Montréal) by Etest (oxacillin, ampicil-
lin and meropenem), by the CLSI disc diffusion method with line-
zolid 30 mg discs and at LSPQ/INSPQ by the CLSI microdilution
method with penicillin G, ceftriaxone, erythromycin, clindamycin,
levofloxacin, chloramphenicol and vancomycin.1,6 MICs of 11
antimicrobial agents for the two GBS isolates are reported in
Table 1. The GBS 2007 was not susceptible to ceftriaxone with
increased MICs of three dilutions and to penicillin G, ampicillin
and oxacillin with increased MICs of two dilutions. MICs of mer-
openem, even if still susceptible, increased from 0.03 mg/L for
GBS 2004 to 0.25 mg/L for GBS 2007. The two GBS isolates
were susceptible to erythromycin, clindamycin, vancomycin,
levofloxacin, chloramphenicol and linezolid, but were resistant
to tetracycline. b-Lactamase was negative for both GBS isolates
with nitrocefin discs (BD BBL Cefinase discs). PFGE showed that
the two GBS isolates were identical.

Table 1. MICs (mg/L) of antimicrobial agents for GBS isolated in 2004
and 2007

GBS 2004 GBS 2007 CLSI S CLSI R

Penicillin G 0.06 0.25 �0.12 NA
Ceftriaxone 0.12 1 �0.5 NA
Oxacillina 1 4 NA NA
Ampicillin 0.12 0.5 �0.25 NA
Meropenem 0.03 0.25 �0.5 NA
Erythromycin 0.06 0.06 �0.25 �1
Clindamycin 0.06 0.12 �0.25 �1
Tetracycline 32 32 �2 �8
Vancomycin 0.25 0.5 �1 NA
Levofloxacin 0.5 0.5 �2 �8
Chloramphenicol 4 4 �4 �16

GBS, group B Streptococcus; CLSI S and CLSI R, MIC breakpoints for
susceptibility (S) and resistance (R);1 NA, not available.
aNo breakpoints for GBS, but breakpoints for Staphylococcus spp. are:
�4 mg/L, resistant; and �2 mg/L, susceptible.

Research letters

594

 at B
iblioteca M

edicina V
eterinaria on M

ay 28, 2010 
http://jac.oxfordjournals.org

D
ow

nloaded from
 

http://jac.oxfordjournals.org



