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Abstract
Empirical treatment of hospital-acquired pneumonia (HAP) has increas-
ingly been threatened by methicillin-resistant Staphylococcus aureus
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empirical treatment of community-acquired pneumonia (CAP) is primarily
Franziska Layer4impeded by antimicrobial-resistant pneumococci. Ceftobiprole, recently

approved for the treatment of HAP and CAP in Europe, is active against Yvonne Pfeifer4
a broad-spectrum of Gram-positive and Gram-negative pathogens, in-

Guido Werner4cludingMRSA and Pseudomonas aeruginosa. The objective of this study
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Streptococcus pneumoniae, Enterobacteriaceae species and P. aeru-
ginosa isolated from respiratory tract and blood.
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18.5% showed reduced susceptibility to penicillin. An extended-spectrum
β-lactamase (ESBL) phenotype was confirmed for 18.4% of the Escheri-
chia coli and 16.7% of the Klebsiella pneumoniae isolates. Of the
P. aeruginosa isolates, 20.7% were ceftazidime-resistant.
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Introduction
Community-acquired pneumonia (CAP) represents a fre-
quent infectious condition, with an incidence of 3–5 cases
per 1,000 persons per year [1]. Mortality of CAP is around
13–14% in hospitalized patients, as opposed to 1% in
ambulatory patients withmild CAP [2]. Themost common
microbial aetiology among hospitalized patients with CAP
is Streptococcus pneumoniae followed by atypical
pathogens, mixed aetiology and viruses [3]. Hospital-ac-
quired pneumonia (HAP) has been reported to be the
secondmost frequent healthcare-associated infection in
European acute-care hospitals [4]. Mortality associated
with HAP is limited in patients with reasonably good un-
derlying status when an appropriate therapy is started
immediately, but can be very high if initial antibiotic
therapy is inappropriate [5], [6]. Most common pathogens
in HAP are Staphylococcus aureus, Pseudomonas aeru-
ginosa, Acinetobacter baumannii and Enterobacteriaceae
(predominantly Klebsiella species, Escherichia coli, and
Enterobacter species), but S. pneumoniae may also be
a causative agent [4], [7].
Empirical treatment of HAP has increasingly been
threatened by the emergence and dissemination of
methicillin-resistant S. aureus (MRSA) and multidrug
resistant Gram-negative pathogens, while empirical
treatment of CAP should take the prevalence of antimi-
crobial resistance in pneumococci into account [7].
Ceftobiprole medocaril (Zevtera®), a new generation β-
lactam classified as group-5-cephalosporin by the Paul
Ehrlich Society for Chemotherapy [8], has recently been
approved in adults for the treatment of HAP, excluding
ventilator-associated pneumonia (VAP), and CAP in various
European countries, including Germany, Switzerland and
Austria. Ceftobiprole, which is the active moiety of the
pro-drug ceftobiprole medocaril, has been shown to have
a broad-spectrum of in vitro activity against Gram-positive
and Gram-negative pathogens, including MRSA, P. aeru-
ginosa and Enterobacteriaceae (except Proteus vulgaris)
[9], [10]. The antibacterial spectrum of ceftobiprole is
based on its high affinity for essential penicillin-binding
proteins, including PBP2’ of MRSA, and its stability to-
wards many β-lactamases [10]. Isolates of Acinetobacter
spp., Stenotrophomonas maltophilia and extended-
spectrum β-lactamase-producing (ESBL) Enterobacteri-
aceae, however, are poor targets for therapy with the
drug, like othermarketed broad-spectrum cephalosporins
[9].
The objective of this study was to evaluate the compara-
tive in vitro activity of ceftobiprole against key pathogens
associated with HAP and CAP, i.e. S. aureus, S. pneumo-
niae, Enterobacteriaceae species and P. aeruginosa,
collected during a resistance surveillance study conducted
by the Paul Ehrlich Society in 2010.

Material and methods

Bacterial strains

Data of clinical isolates prospectively collected in 25 la-
boratories across Germany (n=21), Switzerland (n=3)
and Austria (n=1) was analysed. Only first isolates from
hospitalized patients recovered from respiratory tract and
blood were included.
Demographic data requested from each participating
laboratory included patients’ age and gender, the location
of the patient (i.e. medical department), type of ward
(intensive care unit [ICU] or non-ICU), specimen type, and
the collection date. Identification of the bacterial isolates
at the study site was performed using routine laboratory
procedures. Strains were shipped to a reference labora-
tory (Antiinfectives Intelligence, Rheinbach, Germany) for
organism identification confirmation and susceptibility
testing.

Identification and susceptibility testing

Identification of isolates sent to the reference laboratory
was confirmed to the species level by standard laboratory
methods and by matrix-assisted laser desorption ioniza-
tion-time of flight (MALDI-TOF) mass spectrometry (MALDI
Biotyper, Microflex, Bruker Daltonik GmbH, Bremen,
Germany).

Table 1: Minimum inhibitory concentration breakpoints for
ceftobiprole [12]

Minimum inhibitory concentrations (MICs) of ceftobiprole
and comparators were determined by the microdilution
method, using commerciallymanufactured panels (Merlin
Diagnostika GmbH, Bornheim-Hersel, Germany) with
geometric two-fold serial dilutions of each antimicrobial
agent and cation-adjusted Mueller-Hinton broth as nutri-
ent medium, according to the standard ISO 20776-
1:2006 [11]. MICs were interpreted by the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) species-related clinical breakpoints, if applicable
[12]. Breakpoints of ceftobiprole are displayed in Table 1.
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E. coli ATCC 25922, P. aeruginosa ATCC 27853, and
S. aureus ATCC 29213 were used as quality control (QC)
strains. The QC ranges of the MICs were those listed in
the document ISO 20776-1:2006 [11]. Inoculum density
was verified by manual counting of colony forming units
(CFUs) for all QC strains and 10% of the clinical isolates.
Gram-positive isolates which showed ceftobiprole MICs
above the respective EUCAST resistance breakpoint
(2 mg/L for S. aureus and 0.5 mg/L for S. pneumoniae)
were also tested for ceftobiprole susceptibility by an agar
gradient diffusion test (Etest®) according to themanufac-
turer’s instructions (bioMérieux, Marcy-L’Etoile, France).

Phenotypic and molecular detection of
extended-spectrum β-lactamases

Isolates of E. coli, Klebsiella pneumoniae, Klebsiella
oxytoca, and Proteus mirabilis with resistance to cefo-
taxime and/or ceftazidime (MIC >1mg/L) were screened
for ESBL production. The Clinical and Laboratory Stand-
ards Institute (CLSI) ESBL phenotypic confirmatory test
with cefotaxime ± clavulanic acid and ceftazidime ±
clavulanic acid was performed on all isolates of these
four speciesmeeting the screening criterion [13]. Isolates
with a confirmed ESBL phenotype were further character-
ized by PCR amplification and sequencing of β-lactamase
genes (blaTEM-like, blaSHV-like and blaCTX-M-1-2-8-9-25group) as described
previously [14].

Molecular detection of carbapenemases

Isolates showing MICs of meropenem >8 mg/L were
tested for the presence of carbapenemases. For car-
bapenemase detection in Enterobacteriaceae, amodified
Hodge test [13] and combined disk tests with EDTA and
boronic acid were performed in addition to PCRs for blaKPC,
blaOXA-48, blaVIM, blaIMP and blaNDM [15]. In P. aeruginosa, a
modified Hodge test on MacConkey agar, a combined
disk test with EDTA and PCRs for blaKPC, blaVIM, blaIMP and
blaNDM as well as for blaGES [16] were performed. All ampli-
cons were sequenced. If the phenotypic tests suggested
the presence of a carbapenemase, further PCRs for rarely
occurring carbapenemase genes such as GIM were per-
formed [17]. If negative, a microbiological bioassay was
performed similarly as described previously [18].

Typing of MRSA strains

MRSA isolates were characterized by amplifying and se-
quencing of the polymorphic X-region of the protein A
gene (spa) as described previously [19]. The resulting
spa types were assigned by using the Ridom StaphType
software (Ridom GmbH, Würzburg, Germany).

Data processing and statistical
evaluation

Data were processed using Microsoft Excel. Statistical
significance of differences in resistance rates was judged
by comparing 95% confidence intervals (95%CI). Intervals
were constructed using the Newcombe-Wilson method
without continuity correction. If a calculated resistance
rate did not fall within the CI of the comparator, a signifi-
cance of p<0.05 was assumed. No further statistical
analysis was performed, considering the descriptive
nature of the study.

Results
A total of 1,246 clinical isolates were analysed. Of these,
813 (65.2%) were recovered from respiratory specimens
and 433 (34.8%) from blood. 544 (43.7%) and 702
(56.3%) isolates were obtained from intensive care pa-
tients and patients on general wards, respectively. There
were 254 S. pneumoniae, 241 P. aeruginosa, 188
S. aureus, 179 E. coli, 108 K. pneumoniae, 71 Serratia
marcescens, 65 Enterobacter cloacae, 44 K. oxytoca,
29 P. mirabilis, 19 Enterobacter aerogenes, 13 Citrobac-
ter freundii, 11 Citrobacter koseri and 24 isolates of
other Enterobacteriaceae species. 588 (47.2%) isolates
were recovered from patients with hospital-acquired in-
fections and 283 (22.7%) isolates from patients with
community-acquired infections (unknown source for the
remaining patients). Almost two thirds of the isolates were
recovered from male patients. Isolates were predomi-
nantly obtained from patients aged 60–79 years (n=616,
49.4%), followed by those aged 40–59 years (n=267,
21.4%) and then those aged ≥80 years (n=167, 13.4%).
The median age was 66 years (range <1–100 years).
The MIC frequency distributions of ceftobiprole for the
organism groups tested are presented in Table 2. Data
on the antimicrobial activities of ceftobiprole in compar-
ison to other antimicrobial agents, as well as the percent-
age of susceptible, intermediate and resistant strains,
are displayed in Table 3.

In vitro activity of ceftobiprole against
Gram-positive isolates

Of the S. aureus isolates, 158 (84%) were methicillin-
susceptible S. aureus (MSSA) and 30 (16%) were MRSA.
spa typing revealed, that 16 of the 30 MRSA isolates
belonged to either spa type t003 (EMRSA-3; New York
clone; German designation, Rhine HesseMRSA [n=9]) or
t032 (EMRSA-15; German designation, Barnim MRSA
[n=7]). Ceftobiprole demonstrated good activity against
S. aureus, with MIC50/90 values of 0.5/0.5 mg/L and
2/2 mg/L for MSSA and MRSA isolates, respectively. All
MSSA isolates, and 27/30 (90.0%) of MRSA isolates,
were considered ceftobiprole-susceptible. MICs of the
three ceftobiprole-resistantMRSAwere 4mg/L, one dilu-
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Table 2: Distributions of ceftobiprole MICs for bacterial isolates collected from the respiratory tract or blood of hospitalized
patients
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Table 3: In vitro activity of ceftobiprole and comparators against clinical isolates of most frequent bacterial species collected
from the respiratory tract or blood of hospitalized patients
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(Continued)
Table 3: In vitro activity of ceftobiprole and comparators against clinical isolates of most frequent bacterial species collected

from the respiratory tract or blood of hospitalized patients
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Table 3: In vitro activity of ceftobiprole and comparators against clinical isolates of most frequent bacterial species collected

from the respiratory tract or blood of hospitalized patients
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tion step above the breakpoint of 2 mg/L, two and one
of which were associated with spa type t032 and t001
(ST228; Southern GermanMRSA), respectively. The three
ceftobiprole-resistant isolates, as well as two randomly
selected ceftobiprole-susceptible MRSA of t032 (MICs
2mg/L), were re-tested by an agar gradient diffusion test
(Etest®). Etest® MICs were 3 mg/L for the t001 isolate
and 1–1.5 mg/L for the t032 isolates. Resistance rates
to levofloxacin and erythromycin were 7.6% and 13.3%,
respectively, for MSSA isolates and 100% and 80%, re-
spectively, for MRSA isolates. All S. aureus isolates were
susceptible to vancomycin, linezolid and daptomycin.
Of the 254 S. pneumoniae isolates, 47 (18.5%) exhibited
reduced susceptibility to penicillin (PNSP, MIC
>0,063mg/L), however, none were found to be penicillin-
resistant. Ceftobiprole inhibited all isolates at 1 mg/L,
though three blood isolates (1.2%) exhibiting penicillin
MICs of 1–2mg/L were categorized as ceftobiprole-resis-
tant. When the Etest® was applied, however, the ceftobi-
prole MIC for each of the three blood isolates was
0.5 mg/L (susceptible category). The highest MIC of
ceftriaxone for PNSP was also 1 mg/L. Resistance to
erythromycin and levofloxacin was observed in 51 (20.1%)
and 5 (2%) isolates, respectively. All S. pneumoniae iso-
lates were susceptible to vancomycin and linezolid (data
not shown).

In vitro activity of ceftobiprole against
Gram-negative isolates

Fifty-nine (16.3%) of the tested Enterobacteriaceae iso-
lates showed an ESBL phenotype, which included
33 E. coli, 18 K. pneumoniae, 6 K. oxytoca and
2 P. mirabilis. Proportions of isolates showing the ESBL
phenotype were 18.4% (E. coli), 16.7% (K. pneumoniae),
13.6% (K. oxytoca) and 6.9% (P. mirabilis).
Among the 563 Enterobacteriaceae isolates, 432 (76.7%)
were considered ceftobiprole-susceptible. MIC50/90 values
of ceftobiprole for E. coli and K. pneumoniae isolates
were comparable to those of ceftriaxone, but ceftobiprole
was more active than ceftriaxone against isolates of En-
terobacteriaceae species known to produce chromo-
somally encoded AmpC-β-lactamases. The higher in vitro
activity of ceftobiprole against C. freundii, E. cloacae and
S. marcescens, however, did not result in a greater pro-
portion of ceftobiprole-susceptible isolates. MIC50/90 values
of ceftobiprole for 19 E. cloacae isolates exhibiting high-
level resistance to ceftriaxone (MICs ≥16 mg/L) were
4/>32 mg/L, as compared to 4/16 mg/L for cefepime,
but none of these isolates was classified as ceftobiprole-
susceptible. Like other broad-spectrum cephalosporins,
ceftobiprole showed poor activity against isolates with
an ESBL phenotype. Two out of the 59 E. coli isolates
with an ESBL phenotype, however, were ceftobiprole-
susceptible. One isolate was inhibited by 2 mg/L cefo-
taxime, whichwas lowered to ≤0.25mg/Lwhen clavulanic
acid was added; the other had a ceftazidime MIC of
16mg/L, which was lowered to 0.5mg/L in the presence
of clavulanic acid. Neither isolate harboured an enzyme

of the groups CTX-M-, TEM- or SHV-type. In contrast, five
ESBL-negative E. coli and four ESBL-negative K. pneumo-
niae were considered ceftobiprole-resistant (MICs of
0.5–2 mg/L). Of interest, all five ESBL-negative E. coli
and two out of the four ESBL-negative K. pneumoniae
were resistant to amoxicillin-clavulanic acid (MICs
>128 mg/L) and piperacillin-tazobactam (MICs
32–>64 mg/L).
For most Enterobacteriaceae species, susceptibility rates
of ceftobiprole were slightly lower than those of ceftriax-
one (differences not statistically significant), but the
susceptibility rate of ceftobiprole for E. aerogenes was
superior to ceftriaxone (p<0.05). On the contrary, K. oxy-
toca isolates were susceptible to ceftobiprole less often
than ceftriaxone (p<0.05).
Resistance to ciprofloxacin was frequently seen in E. coli
(40.8%) and varied between 2.8% (S. marcescens) and
19.4% (K. pneumoniae) in the other Enterobacteriaceae
species. Meropenem inhibited all Enterobacteriaceae
isolates at 1 mg/L except for two isolates, one isolate
each of E. cloacae (MIC 32 mg/L) and S. marcescens
(MIC 16 mg/L). The E. cloacae isolate produced the
metallo-β-lactamase (MBL) VIM-1, while no car-
bapenemase was detected in the S. marcescens isolate.
MICs of ceftobiprole for both isolates were >16 mg/L, as
expected.
Of the 241 P. aeruginosa isolates, 191 (79.3%) were
susceptible to ceftazidime. Susceptibility rates of cipro-
floxacin (68.0%), meropenem (71.0%), cefepime (74.7%),
and piperacillin-tazobactam (77.2%) were slightly lower
while susceptibility to gentamicin (86.7%) was more
widespread. A carbapenemase was detected in 14
(41.2%) of the 34 meropenem-resistant isolates (VIM-2
[n=7], VIM-1 [n=2], IMP-31 [n=2], GES-5 [n=1], GIM-1
[n=1], and IMP-7 [n=1]). MIC50/90 values of ceftobiprole
for ceftazidime-susceptible P. aeruginosa isolates
(4/16 mg/L) were comparable to those of cefepime
(4/8 mg/L), but both drugs showed poor activity against
ceftazidime-resistant isolates, as expected.

Discussion
S. aureus, P. aeruginosa and Enterobacteriaceae are
considered the most common causative agents of HAP
[4], [7], while S. pneumoniae is the leading aetiological
agent among hospitalized patients with CAP [3]. Ceftobi-
prole is a broad-spectrum cephalosporin which demon-
strated in vitro and in vivo activity against S. aureus (in-
cludingMRSA), S. pneumoniae, Enterobacteriaceae (non-
ESBL phenotype) and P. aeruginosa [9], [10], [20], [21],
[22], [23]. The current study examined the in vitro activity
of ceftobiprole against a collection of 1,246 respiratory
and blood isolates of S. aureus, S. pneumoniae, P. aeru-
ginosa and Enterobacteriaceae that were collected from
hospitalized patients in Germany, Switzerland and Austria
in 2010.
According to data of the Paul Ehrlich Society, the preva-
lence of MRSA rose from below 2% in 1990 to 17.9% in
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2001. Subsequently, the rate of MRSA showed only
marginal variations until 2010 (16.7%) [24]. ARS (Antibio-
tika-Resistenz-Surveillance) is a laboratory-based surveil-
lance system that continuously collects resistance data
from routine medical samples (currently 28 in-patient
and out-patient care laboratories) on clinically relevant
bacteria in Germany. The ARS data on MRSA prevalence
indicates a downward trend after 2010 (2008: 20.6%;
2009: 20.1%; 2010: 22.4%; 2011: 17.4%; 2012: 17.0%;
2013: 13.9% for blood isolates) [25].
More than 98% of the S. aureus isolates (including 90%
of MRSA isolates) in the current study were considered
ceftobiprole-susceptible. However, based on MIC50/90 val-
ues, MRSA isolates were four times less susceptible to
ceftobiprole thanMSSA (wild type) isolates, as previously
observed by others [9], [10], [20].
The SENTRY Antibiotic Surveillance Program in Europe,
comprisingmore than 60,000 clinical bacterial pathogens
isolated in Europe, Turkey, and Israel from 2005 to 2010,
observed susceptibility to ceftobiprole in >4,000 MRSA
isolates (98.3%) [9], while 100% susceptibility to ceftobi-
prole was observed for a collection of 232MRSA isolates
from hospital-associated patients across Canada [20].
In both studies, MIC50/90 values of ceftobiprole were
1/2 mg/L for MRSA, as compared to 2/2 mg/L in the
present study. In contrast, Hebeisen et al. reported
MIC50/90 values of 2/4 mg/L for MRSA isolates [10]. The
trend towards slightly elevated ceftobiprole MICs in the
present study may have facilitated the finding of three
ceftobiprole-resistantMRSA. All threeMRSA isolates were
inhibited at 4 mg/L ceftobiprole, two of which turned out
to be susceptible when the Etest® was used, leaving one
“true” ceftobiprole-resistantMRSA isolate remaining. The
mechanism of ceftobiprole resistance was not investi-
gated. The resistant isolate belonged to spa type t001
(ST228), harbouring the staphylococcal chromosomal
cassette mec (SCCmec) type I [26]. Farrell et al. found
SCCmec type I strains to be less susceptible to ceftobi-
prole (MIC50/90, 2/4 mg/L) than SCCmec type II–IV strains
(MIC50/90, 1/1–2/2 mg/L) [27]. All MRSA isolates in the
current study were considered ceftobiprole-susceptible
at the pharmacokinetic/pharmacodynamic (PK/PD)
breakpoint of 4mg/L, which corresponds to a ceftobiprole
dosage of 500mg as a 2-hour intravenous infusion every
8 h.
Ceftobiprole also demonstrated high potency against
S. pneumoniae, with 98.8% testing susceptible. Two
penicillin-intermediate isolates (MICs 1 mg/L) and one
penicillin-resistant isolate were considered ceftobiprole-
resistant (MIC 1 mg/L), though Etest® results revealed
MICs of 0.5 mg/L (susceptible category). Ceftobiprole
also demonstrated high potency against S. pneumoniae
isolates collected during the European SENTRY Antibiotic
Surveillance Program, with 99.3% of 4,443 S. pneu-
moniae isolates testing susceptible [9].
Based on MIC50/90 values, the activity of ceftobiprole
against Enterobacteriaceae was comparable to those of
ceftriaxone or cefepime and susceptibility rates ranged
between 75% and 90% for most species. K. oxytoca

isolates, however, were less often susceptible to ceftobi-
prole than ceftriaxone. We speculate that ceftobiprole is
a stronger substrate than ceftriaxone for the chromo-
somally encoded class A OXY β-lactamases of K. oxytoca
[28]. Furthermore, like other broad-spectrumcephalospor-
ins, ceftobiprole showed poor activity against ESBL-posi-
tive Enterobacteriaceae isolates. Based onMIC50/90 values,
the activity of ceftobiprole against Enterobacteriaceae
species known to produce chromosomally encoded AmpC-
producing β-lactamases resembled that of cefepime, but
because of the comparatively low breakpoint of resistance
set for ceftobiprole (>0.25mg/L as compared to >2mg/L
for cefepime) the resistance rates of ceftobiprole found
for E. cloacae, C. freundii, and S. marcescens were con-
siderably higher than those of cefepime.
The potency of ceftobiprole against P. aeruginosa was
comparable to ceftazidime and cefepime, as shown in
previous in vitro studies [9], [10], [20]; however, as
EUCAST has not set a species-related clinical breakpoint
for P. aeruginosa, we were not able to assess the rate of
ceftobiprole-susceptible isolates. At the target concentra-
tion of 4mg/L, susceptibility to ceftobiprole was achieved
in 58% of the P. aeruginosa isolates tested, which was
similar to the susceptibility rate (64.6%) found for 3,434
P. aeruginosa isolates in the European SENTRY Antibiotic
Surveillance Program [9].
Based on the spectrum of pathogens recovered from the
patients enrolled in the Phase 3 clinical trial of ceftobi-
prole medocaril versus ceftazidime plus linezolid for the
treatment of HAP [29], and the susceptibility data found
in this surveillance study, we predict that 80% of the mi-
crobiological aetiologies associated with HAP (excluding
VAP) would be ceftobiprole-susceptible (Table 4).
Identical coverage rates are predicted for piperacil-
lin/tazobactam and cefepime, while imipenem and
meropenem would cover almost 90% of the pathogen
spectrum.
In conclusion, the results of this surveillance study
demonstrate that ceftobiprole is active against key
pathogens associated with HAP and CAP in hospitalized
patients. Hence, ceftobiprole may represent a suitable
option for the empirical treatment of HAP and CAP, espe-
cially for cases in which both MRSA and Gram-negative
pathogens are suspected. One should be aware, however,
of the lack of activity of ceftobiprole against ESBL-produ-
cing strains. Furthermore, the addition of a combination
partner can be considered if the patient is at risk for a
P. aeruginosa infection as susceptibilities of this species
are difficult to predict [29].
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Table 4: Projection of the proportion of ceftobiprole-susceptible isolates among microbiological aetiologies associated with
HAP (excluding VAP)

Notes

Acknowledgment

The authors are grateful to the following members of the
study group (in alphabetical order) who also contributed
to the study: T. Adam (Berlin), A. Becker (Karlsruhe),
K. Becker (Münster), M. Donat (Rostock), U. Eigner
(Heidelberg), H. Fankhauser (Aarau), M. Fille (Innsbruck),
P. Finzer (Moers, now Meerbusch), U. Frank (Freiburg,
now Heidelberg), R. Frei (Basle), G. Funke (Ravensburg),
U. Göbel (Berlin), A. Haas (Fulda), A. Hörauf (Bonn),
M. Holfelder (Heidelberg), D. Jonas (Freiburg), E. Kniehl
(Karlsruhe), C. Lass-Flörl (Innsbruck), S. Lukas (Regens-
burg), C. MacKenzie (Düsseldorf), R. Mutters (Marburg),
G. Peters (Münster), S. Petersdorf (Bonn, nowDüsseldorf),
W. Pfister (Jena), A. Podbielski (Rostock), H. Rüssmann
(Berlin), W. Schneider (Regensburg), S. Schubert (Kiel),
S. Schubert (Munich), H. Seifert (Cologne), E. Siegel
(Mainz), H. H. Siegrist (La Chaux-de-Fonds), E. Straube
(Jena), H. Weißer (Fulda), T. A. Wichelhaus (Frankfurt am
Main), B. Würstl (Munich), S. Ziesing (Hannover).

Funding

In 2010, the PEG study was funded by grants from
ACTAVIS Deutschland GmbH & Co. KG, AstraZeneca
GmbH, Bayer Vital GmbH, B. BraunMelsungen AG, Bristol
Myers Squibb GmbH, Dr. R. Pfleger Chemische Fabrik
GmbH, Fresenius Kabi Deutschland GmbH, Grünenthal
GmbH, GlaxoSmithKline GmbH&Co. KG, hameln pharma
plus GmbH, Hikma Pharma GmbH, InfectoPharm Arznei-
mittel und Consilium GmbH, Janssen Cilag GmbH, MSD
Sharp & Dohme GmbH, Novartis Pharma GmbH, Pfizer
Pharma GmbH, Roche Pharma AG and Sanofi-Aventis
Deutschland GmbH.

The present work was funded by a grant from Basilea
Pharmaceutica International Ltd to the Antiinfectives In-
telligence GmbH.
The Department ofMedical Microbiology, Ruhr-University
Bochum, was supported by the Robert Koch-Institute with
funds provided by the German Ministry of Health (grant
no. 1369-402).

Competing interests

M. Kresken is a partner and CEO of Antiinfectives Intelli-
gence GmbH, a research organization providing services
to pharmaceutical companies; B. Körber-Irrgang is an
employee of Antiinfectives Intelligence GmbH; M. Kaase
has received speaker or consultancy fees or research
grants from Amplex, AstraZeneca, Bayer Vital, Becton
Dickinson, BioMérieux, Bio-Rad, Bruker Daltonics,
Cepheid, Infectopharm, MSD, Pfizer, Roche Diagnostics
and Siemens Healthcare. All other authors declare no
competing interests.

Ethical approval

Not required.

References
1. Ewig S, Torres A. Community-acquired pneumonia as an

emergency: time for an aggressive intervention to lowermortality.
Eur Respir J. 2011 Aug;38(2):253-60. DOI:
10.1183/09031936.00199810

10/12GMS Infectious Diseases 2015, Vol. 3, ISSN 2195-8831

Kresken et al.: In vitro activity of ceftobiprole against key pathogens ...



2. Höffken G, Lorenz J, KernW, Welte T, Bauer T, Dalhoff K, Dietrich
E, Ewig S, Gastmeier P, Grabein B, Halle E, Kolditz M, Marre R,
Sitter H; Paul-Ehrlich-Gesellschaft für Chemotherapie; Deutsche
Gesellschaft für Pneumologie und Beatmungsmedizin; Deutsche
Gesellschaft für Infektiologie; Kompetenznetzwerk CAPNETZ.
Epidemiologie, Diagnostik, antimikrobielle Therapie und
Management von erwachsenen Patienten mit ambulant
erworbenen unteren Atemwegsinfektionen sowie ambulant
erworbener Pneumonie – Update 2009. S3-Leitlinie der Paul-
Ehrlich-Gesellschaft für Chemotherapie, der Deutschen
Gesellschaft für Pneumologie und Beatmungsmedizin, der
Deutschen Gesellschaft für Infektiologie und vom
Kompetenznetzwerk CAPNETZ [Epidemiology, diagnosis,
antimicrobial therapy and management of community-acquired
pneumonia and lower respiratory tract infections in adults.
Guidelines of the Paul-Ehrlich-Society for Chemotherapy, the
German Respiratory Society, the German Society for Infectiology
and the Competence Network CAPNETZ Germany]. Pneumologie.
2009 Oct;63(10):e1-68. DOI: 10.1055/s-0029-1215037

3. Cillóniz C, Ewig S, Polverino E, Marcos MA, Esquinas C, Gabarrús
A, Mensa J, Torres A. Microbial aetiology of community-acquired
pneumonia and its relation to severity. Thorax. 2011
Apr;66(4):340-6. DOI: 10.1136/thx.2010.143982

4. European Centre for Disease Prevention and Control. Point
prevalence survey of healthcare-associated infections and
antimicrobial use in European acute care hospitals. 2011–2012.
Stockholm: ECDC; 2013. DOI: 10.2900/86011

5. Torres A, Ewig S, Lode H, Carlet J; European HAP working group.
Defining, treating and preventing hospital acquired pneumonia:
European perspective. Intensive Care Med. 2009 Jan;35(1):9-
29. DOI: 10.1007/s00134-008-1336-9

6. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate
antimicrobial treatment of infections: a risk factor for hospital
mortality among critically ill patients. Chest. 1999
Feb;115(2):462-74. DOI: 10.1378/chest.115.2.462

7. Jones RN. Microbial etiologies of hospital-acquired bacterial
pneumonia and ventilator-associated bacterial pneumonia. Clin
Infect Dis. 2010 Aug;51 Suppl 1:S81-7. DOI: 10.1086/653053

8. Shah PM, Kresken M, Höffken G. Einteilung der parenteralen
Cephalosporine. Chemother J. 2009;18(6):252-3.

9. Farrell DJ, Flamm RK, Sader HS, Jones RN. Ceftobiprole activity
against over 60,000 clinical bacterial pathogens isolated in
Europe, Turkey, and Israel from 2005 to 2010. Antimicrob Agents
Chemother. 2014 Jul;58(7):3882-8. DOI: 10.1128/AAC.02465-
14

10. Hebeisen P, Heinze-Krauss I, Angehrn P, Hohl P, Page MG, Then
RL. In vitro and in vivo properties of Ro 63-9141, a novel broad-
spectrum cephalosporin with activity against methicillin-resistant
staphylococci. Antimicrob Agents Chemother. 2001
Mar;45(3):825-36. DOI: 10.1128/AAC.45.3.825-836.2001

11. ISO 20776-1:2006. Labormedizinische Untersuchungen und In-
vitro-Diagnostika-Systeme – Empfindlichkeitsprüfung von
Infektionserregern und Evaluation von Geräten zur
antimikrobiellen Empfindlichkeitsprüfung – Teil 1:
Referenzmethode zur Testung der In-vitro-Aktivität von
antimikrobiellen Substanzen gegen schnell wachsende aerobe
Bakterien, die Infektionskrankheiten verursachen [ISO 20776-
1:2006. Clinical laboratory testing and in vitro diagnostic test
systems – Susceptibility testing of infectious agents and
evaluation of performance of antimicrobial susceptibility test
devices – Part 1: Referencemethod for testing the in vitro activity
of antimicrobial agents against rapidly growing aerobic bacteria
involved in infectious diseases]. Berlin: Beuth-Verlag; 2006.

12. The European Committee on Antimicrobial Susceptibility Testing
(EUCAST). Breakpoint tables for interpretation of MICs and zone
diameters. Version 5.0. 2015 Jan 1. Available from: http://
www.eucast.org/clinical_breakpoints/ [accessed 2015 Jan 7].

13. Clinical Laboratory Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing; Twenty-second
Informational Supplement. CLSI document M100-S22. Wayne,
PA: Clinical and Laboratory Standards Institute (CLSI); 2012.

14. Eller C, Simon S, Miller T, Frick JS, Prager R, Rabsch W, Guerra
B, Werner G, Pfeifer Y. Presence of β-lactamases in extended-
spectrum-cephalosporin-resistant Salmonella enterica of 30
different serovars in Germany 2005-11. J Antimicrob Chemother.
2013 Sep;68(9):1978-81. DOI: 10.1093/jac/dkt163

15. Kaase M, Szabados F, Anders A, Gatermann SG. Fosfomycin
susceptibility in carbapenem-resistant Enterobacteriaceae from
Germany. J Clin Microbiol. 2014 Jun;52(6):1893-7. DOI:
10.1128/JCM.03484-13

16. Maurya AP, Choudhury D, Talukdar AD, Dhar Chanda A,
Chakravarty A, Bhattacharjee A. A report on the presence of GES-
5 extended spectrum beta-lactamase producing Pseudomonas
aeruginosa associated with urinary tract infection from north-
east India. Indian J Med Res. 2014 Oct;140(4):565-7.

17. KaaseM, Szabados F, Pfennigwerth N, Anders A, Geis G, Pranada
AB, Rößler S, Lang U, Gatermann SG. Description of the metallo-
β-lactamase GIM-1 in Acinetobacter pittii. J Antimicrob
Chemother. 2014 Jan;69(1):81-4. DOI: 10.1093/jac/dkt325

18. Marchiaro P, Ballerini V, Spalding T, Cera G, Mussi MA, Morán-
Barrio J, Vila AJ, Viale AM, Limansky AS. A convenient
microbiological assay employing cell-free extracts for the rapid
characterization of Gram-negative carbapenemase producers.
J Antimicrob Chemother. 2008 Aug;62(2):336-44. DOI:
10.1093/jac/dkn185

19. Strommenger B, Braulke C, Heuck D, Schmidt C, Pasemann B,
Nübel U, Witte W. spa Typing of Staphylococcus aureus as a
frontline tool in epidemiological typing. J Clin Microbiol. 2008
Feb;46(2):574-81. DOI: 10.1128/JCM.01599-07

20. Karlowsky JA, Adam HJ, Decorby MR, Lagacé-Wiens PR, Hoban
DJ, Zhanel GG. In vitro activity of ceftaroline against gram-positive
and gram-negative pathogens isolated from patients in Canadian
hospitals in 2009. Antimicrob Agents Chemother. 2011
Jun;55(6):2837-46. DOI: 10.1128/AAC.01787-10

21. Fernandez J, Hilliard JJ, Abbanat D, Zhang W, Melton JL, Santoro
CM, Flamm RK, Bush K. In vivo activity of ceftobiprole in murine
skin infections due to Staphylococcus aureus and Pseudomonas
aeruginosa. Antimicrob Agents Chemother. 2010 Jan;54(1):116-
25. DOI: 10.1128/AAC.00642-09

22. Stucki A, Cottagnoud M, Acosta F, Egerman U, Läuffer J,
Cottagnoud P. Evaluation of ceftobiprole activity against a variety
of gram-negative pathogens, including Escherichia coli,
Haemophilus influenzae (β-lactamase positive and β-lactamase
negative), and Klebsiella pneumoniae, in a rabbit meningitis
model. Antimicrob Agents Chemother. 2012 Feb;56(2):921-5.
DOI: 10.1128/AAC.01537-10

23. Lee DG, Murakami Y, Andes DR, Craig WA. Inoculum effects of
ceftobiprole, daptomycin, linezolid, and vancomycin with
Staphylococcus aureus andStreptococcus pneumoniae at inocula
of 10(5) and 10(7) CFU injected into opposite thighs of
neutropenic mice. Antimicrob Agents Chemother. 2013
Mar;57(3):1434-41. DOI: 10.1128/AAC.00362-12

24. Kresken M, Hafner D, Körber-Irrgang B. Epidemiologie und
Resistenzsituation bei klinisch wichtigen Infektionserregern aus
dem Hospitalbereich gegenüber Antibiotika. Bericht über die
Ergebnisse einer multizentrischen Studie der Paul-Ehrlich-
Gesellschaft für Chemotherapie e.V. aus dem Jahre 2010.
Abschlussbericht Teilprojekt N der PEG-Resistenzstudie 2010.
Rheinbach: Antiinfectives Intelligence; 2013. Available from:
http://www.p-e-g.org/econtext/Berichte%20der%20Studien

25. Robert Koch-Institut. ARS – Antibiotika-Resistenz-Surveillance.
Available from: https://ars.rki.de [data status 2014 Dec 17]

11/12GMS Infectious Diseases 2015, Vol. 3, ISSN 2195-8831

Kresken et al.: In vitro activity of ceftobiprole against key pathogens ...

http://www.eucast.org/clinical_breakpoints/
http://www.eucast.org/clinical_breakpoints/
http://www.p-e-g.org/econtext/Berichte%20der%20Studien


26. Deurenberg RH, Vink C, Kalenic S, Friedrich AW, Bruggeman CA,
Stobberingh EE. The molecular evolution of methicillin-resistant
Staphylococcus aureus. Clin Microbiol Infect. 2007
Mar;13(3):222-35. DOI: 10.1111/j.1469-0691.2006.01573.x

27. Farrell DJ, FlammRK, Sader HS, Jones RN. Activity of ceftobiprole
against methicillin-resistant Staphylococcus aureus strains with
reduced susceptibility to daptomycin, linezolid or vancomycin,
and strains with defined SCCmec types. Int J Antimicrob Agents.
2014 Apr;43(4):323-7. DOI: 10.1016/j.ijantimicag.2013.11.005

28. Arakawa Y, Ohta M, Kido N, Mori M, Ito H, Komatsu T, Fujii Y,
Kato N. Chromosomal beta-lactamase of Klebsiella oxytoca a
new class A enzyme that hydrolyzes broad-spectrum beta-lactam
antibiotics. Antimicrob Agents Chemother. 1989;33(5):63-70.
DOI: 10.1128/AAC.33.1.63

29. Awad SS, Rodriguez AH, Chuang YC, Marjanek Z, Pareigis AJ,
Reis G, Scheeren TW, Sánchez AS, Zhou X, Saulay M, Engelhardt
M. A phase 3 randomized double-blind comparison of ceftobiprole
medocaril versus ceftazidime plus linezolid for the treatment of
hospital-acquired pneumonia. Clin Infect Dis. 2014 Jul;59(1):51-
61. DOI: 10.1093/cid/ciu219

Erratum
The reference in Tab. 4 was corrected from [23] to [29].
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