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A B S T R A C T

Background: Ceftobiprole is a fifth-generation cephalosporin active against methicillin-resistant Staphylococcus 
aureus (MRSA). In this study, we determined the in vitro activities of ceftobiprole and comparator agents against 
20,225 common Gram-positive and Gram-negative bacteria isolated from patients who presented for care at 16 
tertiary-care hospitals across Canada between 2015 and 2023.
Methods: Minimum inhibitory concentrations (MICs) were determined using the Clinical and Laboratory Stan
dards Institute (CLSI) reference M07 broth microdilution method. MICs were interpreted using CLSI M100 
breakpoints where available. As CLSI does not publish MIC breakpoints for ceftobiprole, ceftobiprole MICs were 
interpreted using United States Food and Drug Administration (FDA), European Committee on Antimicrobial 
Susceptibility Testing (EUCAST), and Health Canada breakpoints.
Results: Ceftobiprole inhibited 100 % of MRSA at ≤ 4 μg/ml; 100 % of methicillin-susceptible S. aureus (MSSA) 
and 99.8% of MRSA at ≤ 2 μg/ml; 100 % of Streptococcus pneumoniae and Streptococcus pyogenes at ≤ 0.5 μg/ml; 
and 97.9 % of ESBL-negative Escherichia coli, 97.4 % of ESBL-negative Klebsiella pneumoniae, 97.8 % of Proteus 
mirabilis, 89.3 % of Serratia marcescens, 78.2 % of Enterobacter cloacae, 55.7 % of Klebsiella oxytoca at ≤ 0.25 μg/ 
ml. Ceftobiprole was inactive against ESBL-positive E. coli and ESBL-positive K. pneumoniae.
Conclusions: Ceftobiprole demonstrated potent in vitro activity against MRSA, MSSA, S. pneumoniae, S. pyogenes, 
ESBL-negative E. coli and K. pneumoniae, and P. mirabilis isolated from clinical specimens of patients seeking care 
at Canadian tertiary-care hospitals.

1. Introduction

Ceftobiprole is a cephalosporin active against methicillin-resistant 
Staphylococcus aureus (MRSA) [1–3]. Its spectrum of activity also in
cludes other Gram-positive cocci and Gram-negative bacilli, similar to 
third-generation cephalosporins, as well as methicillin-resistant Staph
ylococcus epidermidis, penicillin-resistant Streptococcus pneumoniae, 
Enterococcus faecalis, and Pseudomonas aeruginosa [1–3].

In Europe and Canada, ceftobiprole is indicated for treatment of 
community-acquired and hospital-acquired pneumonia (excluding 
ventilator-associated pneumonia) [4,5] . More recently, in April 2024, it 

was approved by the United States Food and Drug Administration (FDA) 
for three major indications: adults with bloodstream infections, 
including right-sided infective endocarditis, caused by S. aureus; adults 
with acute bacterial skin and skin structure infections; and adults and 
children with a community-acquired bacterial pneumonia [6].

Given its broad-spectrum activity, including against important 
resistant pathogens such as MRSA, and its strong safety profile, cefto
biprole is positioned to become a widely used agent [7,8]. In this study, 
we determined the in vitro activities of ceftobiprole and relevant 
comparator antimicrobial agents against a very large (20,255) recent 
collection of common Gram-positive and Gram-negative bacteria 
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causing infections in patients who presented for care at 16 tertiary-care 
hospitals across Canada between 2015 and 2023. We then compared our 
results to previously published studies from other countries and review 
current and potential clinical uses for ceftobiprole.

2. Material and methods

2.1. Bacterial isolates

20,225 isolates were collected by clinical microbiology laboratories 
at 16 tertiary-care hospitals distributed across Canada between January 
2015 and December 2023. All isolates were determined to be clinically 
significant based upon algorithms in place in each participating labo
ratory and were collected consecutively. Duplicate isolates (same pa
tient, same organism, same year) were excluded from testing. Isolate 
sample collection locations were: 6,913 (34.2 %) from patients admitted 
to medical wards; 4,744 (23.5 %) from patients seen in an emergency 
department; 3,858 (19.1 %) from patients in intensive care units; 3,226 
(16.0 %) from patients assessed in outpatient clinics; and 1,484 (7.3 %) 
from patients admitted to surgical wards. Eye, ear, nose and surveillance 
swabs, pathology isolates, gastrointestinal and genital tract specimens, 
and anaerobes were excluded. Each participating laboratory shipped 
samples to the Canadian Ward (CANWARD) surveillance study coordi
nating laboratory (Health Sciences Centre, Winnipeg, Canada) on Amies 
charcoal swabs. Isolate identification was performed by the submitting 
site and confirmed at the reference site as required (i.e., when 
morphological characteristics and antimicrobial susceptibility patterns 
did not fit the reported identification). Isolates were stocked in skim 
milk at -80 ◦C until antimicrobial susceptibility testing was performed.

2.2. Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed by the Clinical 
and Laboratory Standards Institute (CLSI) reference broth microdilution 
method [9]. Minimum inhibitory concentrations (MICs) were inter
preted using CLSI M100 breakpoints [10], where available. CLSI does 
not publish MIC breakpoints for ceftobiprole, thus ceftobiprole MICs 
were interpreted using United States Food and Drug Administration 
(FDA), European Committee on Antimicrobial Susceptibility Testing 
(EUCAST), and Health Canada breakpoints. FDA publishes susceptible 
MIC breakpoints for ceftobiprole for the following bacteria/bacterial 
groups: S. aureus (including MRSA), ≤ 2 μg/ml; S. pneumoniae, ≤ 0.5 
μg/ml; Streptococcus pyogenes, ≤ 0.5 μg/ml; Enterobacterales, ≤ 0.25 
μg/ml; and Haemophilus influenzae and Haemophilus parainfluenzae, ≤
0.25 μg/ml [11; last updated April 3, 2024]. EUCAST publishes sus
ceptible MIC breakpoints for ceftobiprole for the following bacter
ia/bacterial groups: S. aureus, ≤ 2 μg/ml; S. pneumoniae, ≤ 0.5 μg/ml; 
and Enterobacterales, ≤ 0.25 μg/ml [12; last updated January 1, 2025]. 
Health Canada publishes susceptible MIC breakpoints for ceftobiprole 
for the following bacteria/bacterial groups: S. aureus (including MRSA), 
≤ 4 μg/ml; S. pneumoniae, ≤ 0.5 μg/ml; and Enterobacteriaceae, ≤ 1 
μg/ml that were last updated October 30, 2017 [13]. Regarding Health 
Canada MIC breakpoints for ceftobiprole, the Family Enterobacteriaceae 
includes the genera Escherichia, Klebsiella, and Enterobacter and excludes 
the genera Proteus (Family Morganellaceae) and Serratia (Family Yersi
niaceae) [13].

S. pneumoniae isolates susceptibility to penicillin was determined 
using the CLSI oral penicillin breakpoints (susceptible, ≤ 0.06 μg/ml; 
intermediate, 0.12-1 μg/ml; resistant, ≥ 2 μg/ml); susceptibility to cef
triaxone was defined based on non-meningitis breakpoints (susceptible, 
≤ 1 μg/ml; intermediate, 2 μg/ml; resistant, ≥ 4 μg/ml) [10].

Escherichia coli and Klebsiella pneumoniae isolates with ceftriaxone 
and/or ceftazidime MICs ≥ 1 μg/ml were tested for extended-spectrum 
β-lactamases (ESBL) production using the CLSI phenotypic confirmatory 
disk test [10]. Presumptive AmpC-positive E. coli were defined as iso
lates with ceftriaxone and/or ceftazidime MICs ≥ 1 μg/ml and a 

cefoxitin MIC ≥ 32 μg/ml and a negative ESBL confirmatory test.

3. Results

3.1. Epidemiology

Patients ranged in age from 0 to 105 years old; 47.1 % (n = 9,530) of 
patients were aged 65 years or older, 43.8 % (n=8,854) were aged 18 to 
64 years; and 9.1 % (n = 1,841) were pediatric patients. Male patients 
(54.8 %, n = 11,088) were more numerous than female patients (45.2 %, 
n = 9,136): biological sex was not provided for one patient. Isolate 
sources were: 40.7 % (n = 8,240) from blood; 37.2 % (n = 7,526) from 
respiratory tract samples; 11.5% (n = 2,327) from urine; and 10.5 % (n 
= 2,132) from wound samples.

3.2. Ceftobiprole activity against Gram-positive organisms

All isolates of methicillin-susceptible S. aureus (MSSA) tested were 
susceptible to ceftobiprole (MIC, ≤ 2 μg/ml) by FDA, EUCAST, and 
Health Canada MIC breakpoints (Table 1). MRSA were 99.8 % suscep
tible by both the FDA and EUCAST MIC breakpoint (MIC, ≤ 2 μg/ml) 
and 100 % susceptible to ceftobiprole by the Health Canada MIC 
breakpoint (MIC, ≤ 4 μg/ml). Two MRSA isolates (of 990) had a 
reproducible ceftobiprole MIC of 4 μg/ml. Percent susceptible values for 
both MSSA and MRSA exceeded 99 % for linezolid, vancomycin, dap
tomycin and dalbavancin; susceptibility to doxycycline and 
trimethoprim-sulfamethoxazole was > 97 %. Ceftobiprole had an MIC90 
of 1 μg/ml for S. epidermidis suggesting it possesses in vitro activity 
against the majority of isolates of this staphylococcal species even 
though MIC breakpoints are not published for this organism.

All isolates of S. pneumoniae tested, including those resistant to 
penicillin, were ceftobiprole-susceptible (MIC ≤ 0.5 μg/ml) by FDA, 
EUCAST, and Health Canada MIC breakpoints (Table 1). Ceftriaxone 
inhibited all penicillin-susceptible and penicillin-intermediate 
S. pneumoniae and 92.5 % of penicillin-resistant S. pneumoniae at ≤ 1 
μg/ml (nonmeningitis ceftriaxone-susceptible MIC breakpoint). All iso
lates of S. pyogenes were ceftobiprole-susceptible (MIC ≤ 0.5 μg/ml, FDA 
MIC breakpoint). The ceftobiprole MIC90 value and MIC range for 
S. agalactiae were ≤ 0.03 μg/ml and ≤ 0.03-0.06 μg/ml, respectively, 
suggesting it possesses in vitro activity against all isolates of this β-he
molytic streptococcus even though MIC breakpoints are not published.

Ceftobiprole was more active in vitro against E. faecalis (MIC90, 1 μg/ 
ml) than against Enterococcus faecium (MIC90, > 32 μg/ml) consistent 
with the well-established pattern for other β-lactam antimicrobial 
agents.

3.3. Ceftobiprole activity against Gram-negative organisms

Among ESBL-negative isolates, ceftobiprole inhibited 97.9 % of 
E. coli and 97.4 % of K. pneumoniae at the FDA and EUCAST Enter
obacterales MIC susceptible breakpoint (≤ 0.25 μg/ml) (Table 2). Cef
tobiprole was inactive against most ESBL-positive E. coli and ESBL- 
positive K. pneumoniae similar to third-generation cephalosporins like 
ceftriaxone and ceftazidime. Piperacillin-tazobactam inhibited 83.3 % 
of ESBL-positive E. coli and 52.5 % of ESBL-positive K. pneumoniae. For 
AmpC-positive E. coli, percent susceptible values for ceftobiprole ranged 
from 66.7 % (FDA and EUCAST MIC breakpoint) to 85.2 % (Health 
Canada Enterobacteriaceae MIC breakpoint, ≤ 1 μg/ml) depending upon 
the MIC breakpoint used. Percent susceptible values for ceftriaxone, 
piperacillin-tazobactam, cefepime, and meropenem were 40.7 %, 73.3 
%, 91.9 % and 97.8 %, respectively, for AmpC-positive E. coli. Ceftobi
prole percent susceptible values for K. oxytoca ranged from 55.7 % (FDA 
and EUCAST MIC breakpoint) to 83.5 % (Health Canada MIC break
point) and for E. cloacae ranged 78.2 % (FDA and EUCAST MIC break
point) to 83.8 % (Health Canada MIC breakpoint). Ceftobiprole percent 
susceptible values for P. mirabilis and S. marcescens were 97.8 % and 89.3 
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Table 1 
In vitro activity of ceftobiprole and comparator agents against 8,078 isolates of 
aerobic Gram-positive cocci isolated from patients in Canadian hospitals from 
2015 to 2023.

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)a/ 
antimicrobial agent

MIC50 MIC90 MIC range % Susceptible

S. aureus, MSSA (4,038) ​ ​ ​ ​
ceftobiproleb 0.5 0.5 ≤0.06 - 2 100, 100, 100
clarithromycin 0.25 >32 ≤0.03 - 

>32
76.3

clindamycinc ≤0.12 ≤0.12 ≤0.12 - 
>8

95.7

dalbavancin (2985) 0.06 0.12 ≤0.03 - 
0.25

100

daptomycin 0.25 0.5 ≤0.03 - 2 99.9
doxycycline ≤0.12 0.25 ≤0.12 - 32 98.8
linezolid 2 4 ≤0.12 - 8 >99.9
trimethoprim- 
sulfamethoxazole

≤0.12 ≤0.12 ≤0.12 - 
>8

99.3

vancomycin 0.5 1 ≤0.12 - 2 100
S. aureus, MRSA (990) ​ ​ ​ ​

ceftobiproleb 1 2 0.25 - 4 99.8, 99.8, 100
clarithromycin >32 >32 0.06 - >32 26.2
clindamycinc ≤0.12 >8 ≤0.12 - 

>8
73.9

dalbavancin (713) 0.06 0.12 ≤0.03 - 1 99.6
daptomycin 0.25 0.5 0.12 - 4 99.7
doxycycline ≤0.12 0.25 ≤0.12 - 16 97.9
linezolid 2 4 0.5 - > 16 99.9
trimethoprim- 
sulfamethoxazole

≤0.12 0.5 ≤0.12 - 
>8

97.3

vancomycin 1 1 0.25 - 4 99.8
S. epidermidis (539) ​ ​ ​ ​

ceftobiproleb 0.5 1 ≤0.06 - 8 NA, NA, NA
clarithromycin 16 >32 ≤0.03 - 

>32
37.8

clindamycinc ≤0.12 >8 ≤0.12 - 
>8

66.6

dalbavancin (395) ≤0.03 0.06 ≤0.03 - 1 NA
daptomycin 0.25 0.5 ≤0.03 - 2 99.6
doxycycline 0.5 2 ≤0.12 - 

>32
94.2

linezolid 1 2 ≤0.12 - 
>4

100

trimethoprim- 
sulfamethoxazole

≤0.12 8 ≤0.12 - 
>8

66.4

vancomycin 1 2 ≤0.12 - 4 100
S. pneumoniae, penicillin- 

susceptible (647)
​ ​ ​ ​

ceftobiproleb ≤0.03 ≤0.03 ≤0.03 - 
0.06

100, 100, 100

penicillin ≤0.03 ≤0.03 ≤0.03 - 
0.06

100

ceftriaxone ≤0.12 ≤0.12 ≤0.12 - 
0.5

100

clarithromycin ≤0.03 2 ≤0.03 - 
>32

84.1

clindamycin ≤0.12 ≤0.12 ≤0.12 - 
>64

97.8

dalbavancin (115) ≤0.03 ≤0.03 ≤0.03 - 
0.06

NA

doxycycline ≤0.25 ≤0.25 ≤0.25 - 16 94
levofloxacin 1 1 ≤0.06 - 2 100
linezolid 1 2 ≤0.12 - 4 99.8
trimethoprim- 
sulfamethoxazole

0.25 0.5 ≤0.12 - 
>8

90.4

vancomycin 0.25 0.5 ≤0.12 - 1 100
S. pneumoniae, penicillin- 

intermediate (97)
​ ​ ​ ​

ceftobiproleb ≤0.03 0.25 ≤0.03 - 
0.5

100, 100, 100

penicillin 0.12 1 0.12 - 1 0
ceftriaxone ≤0.12 0.5 ≤0.12 - 

0.5
100

Table 1 (continued )

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)a/ 
antimicrobial agent 

MIC50 MIC90 MIC range % Susceptible

clarithromycin 1 >32 ≤0.03 - 
>32

41.2

clindamycin ≤0.12 >64 ≤0.12 - 
>64

67

dalbavancin (25) ≤0.03 ≤0.03 ≤0.03 - 
≤0.03

NA

doxycycline 0.5 16 ≤0.25 - 
>16

49.5

levofloxacin 1 1 0.5 - 16 99
linezolid 1 2 0.25 - 2 100
trimethoprim- 
sulfamethoxazole

0.25 8 ≤0.12 - 
>8

67

vancomycin 0.25 0.25 ≤0.12 - 
0.5

100

S. pneumoniae, penicillin- 
resistant (40)

​ ​ ​ ​

ceftobiproleb 0.5 0.5 0.12 - 0.5 100, 100, 100
penicillin 2 4 2 - 8 0
ceftriaxone 1 1 0.25 - 4 92.5
clarithromycin 8 >32 ≤0.03 - 

>32
15

clindamycin >64 >64 ≤0.12 - 
>64

42.5

dalbavancin (4) ≤0.03 ≤0.03 ≤0.03 - 
≤0.03

NA

doxycycline 4 16 ≤0.25 - 16 22.5
levofloxacin 1 1 0.25 - 2 100
linezolid 1 2 0.25 - 2 100
trimethoprim- 
sulfamethoxazole

8 >8 ≤0.12 - 
>8

42.5

vancomycin 0.25 0.5 0.25 - 0.5 100
S. pyogenes (318) ​ ​ ​ ​

ceftobiproleb ≤0.03 ≤0.03 ≤0.03 - 
0.5

100, NA, NA

clarithromycin ≤0.03 1 ≤0.03 - 
>32

87.7

clindamycinc ≤0.12 ≤0.12 ≤0.12 - 
>64

95.9

dalbavancin (53) ≤0.03 ≤0.03 ≤0.03 - 
≤0.03

100

daptomycin (179) 0.06 0.12 ≤0.03 - 
0.25

100

doxycycline ≤0.25 8 ≤0.25 - 
>16

NA

levofloxacin 0.5 1 0.12 - 16 99.7
linezolid 1 2 ≤0.12 - 4 98.4
vancomycin 0.25 0.5 ≤0.12 - 1 100

S. agalactiae (370) ​ ​ ​ ​
ceftobiproleb ≤0.03 ≤0.03 ≤0.03 - 

0.06
NA, NA, NA

clarithromycin ≤0.03 >32 ≤0.03 - 
>32

57.8

clindamycinc ≤0.12 >64 ≤0.12 - 
>64

75.9

dalbavancin (59) ≤0.03 ≤0.03 ≤0.03 - 
≤0.03

100

daptomycin (200) 0.25 0.25 0.06 - 1 100
doxycycline 8 16 ≤0.25 - 

>16
NA

levofloxacin 1 1 ≤0.06 - 
>32

95.9

linezolid 1 2 ≤0.12 - 4 96.5
vancomycin 0.5 0.5 ≤0.12 - 1 100

E. faecalis (683) ​ ​ ​ ​
ceftobiproleb 0.5 1 ≤0.06 - 

>32
NA, NA, NA

dalbavancin (473) 0.06 0.12 ≤0.03 - 
0.25

100

daptomycin 1 2 ≤0.03 - 4 98.1
doxycycline 8 16 ≤0.12 - 32 33.2
linezolid 2 4 0.25 - 4 87.1
vancomycin 1 2 0.5 - 4 100

E. faecium (356) ​ ​ ​ ​

(continued on next page)
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%, respectively, using the FDA and EUCAST MIC breakpoint.
MIC breakpoints for ceftobiprole tested against P. aeruginosa are not 

currently published, however, of note, the MIC50 and MIC90 for cefto
biprole against P. aeruginosa were the same as determined for cefepime 
(4 and 16 μg/ml, respectively). Ceftobiprole was inactive against Sten
otrophomonas maltophilia but did demonstrate more potent activity than 
ceftriaxone and cefepime, and similar activity to meropenem (ceftobi
prole MIC50 0.5 μg/ml and MIC90 4 μg/ml), for Acinetobacter baumannii.

4. Discussion

We observed that the in vitro activity of ceftobiprole against MRSA 
was similar (> 99 % susceptible) to dalbavancin, daptomycin, linezolid, 
and vancomycin and slightly better (a 2-3 % higher percent susceptible 
value) than doxycycline and trimethoprim-sulfamethoxazole (Table 1). 
Our results are consistent with earlier publications that reviewed cef
tobiprole activity [14–17]. Canton et al., tested 3,502 MRSA isolates 
from 17 European countries and reported that 99.5 % were 
ceftobiprole-susceptible (MIC ≤ 2 μg/ml) [14]. In 2019, Pfaller et al., 
published that 99.3 % of 1,260 MRSA isolates from the United States 
were ceftobiprole-susceptible (MIC ≤ 2 μg/ml) [15]. Another, more 
recent study from the United States published in 2025 by Sader et al., 
reported that 99.3 % of 9,184 MRSA isolates were susceptible to cefto
biprole [16]. An earlier study by the same research group reported that 
97.2 % of globally-collected MRSA isolates with reduced susceptibility 
to daptomycin, linezolid or vancomycin were susceptible to ceftobiprole 
[17].

All isolates of S. pneumoniae tested in the current study, including 
those resistant to penicillin, were susceptible to ceftobiprole (Table 1). 
High in vitro percent susceptible values for ceftobiprole tested against 
clinical isolates of S. pneumoniae have also been reported by Canton et al. 
(97.8 % of 3,007 isolates tested ceftobiprole susceptible) and Pfaller 
et al. (99.7 % of 698 isolates tested ceftobiprole susceptible) [14,15].

Our study also confirmed that the in vitro activity of ceftobiprole is 
comparable to cefepime and ceftriaxone against ESBL-negative E. coli 
and K. pneumoniae, that it possesses limited activity against AmpC- 
producing E. coli, and that it is inactive against ESBL-positive E. coli 
and K. pneumoniae, as per previous studies [18]. Cefepime (91.9 % 
susceptible) was superior to ceftobiprole for AmpC positive E. coli iso
lates (Table 2).

No breakpoints have been established for ceftobiprole use against 
P. aeruginosa, however, our study did show that it had similar MICs to 
cefepime (77.9 % susceptible). Further clinical data are required to 
determine whether ceftobiprole may have a role in the treatment of 
infections caused by P. aeruginosa.

Table 1 (continued )

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)a/ 
antimicrobial agent 

MIC50 MIC90 MIC range % Susceptible

ceftobiproleb >32 >32 0.5 - >32 NA, NA, NA
dalbavancin (252) 0.12 >16 ≤0.03 - 

>16
NA

daptomycin 2 2 ≤0.03 - 
>16

NA

doxycycline 8 16 ≤0.12 - 
>16

48.9

linezolid 2 4 0.5 - >16 88.2
vancomycin 0.5 >32 ≤0.12 - 

>32
73.0

a Each antimicrobial agent was tested against all isolates except where indi
cated by a lesser number in brackets following an individual antimicrobial 
agent.

b Percent susceptible values for ceftobiprole are shown using FDA, EUCAST, 
and Health Canada MIC breakpoints, where available.

c Testing for inducible clindamycin resistance was not performed.

Table 2 
In vitro activity of ceftobiprole and comparator agents against 12,147 aerobic 
Gram-negative bacilli isolated from patients in Canadian hospitals from 2015 to 
2023.

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)/ 
antimicrobial agent

MIC50 MIC90 MIC 
range

% Susceptible

E. coli (4,714) ​ ​ ​ ​
ceftobiprolea ≤0.06 >32 ≤0.06 - 

>32
85.4, 85.4, 86.4

ceftriaxone ≤0.25 >64 ≤0.25 - 
>64

84.7

ceftazidime ≤0.25 16 ≤0.25 - 
>32

87.4

cefepime ≤0.25 4 ≤0.25 - 
>64

88.7

ceftolozane-tazobactam 0.25 0.5 ≤0.12 - 
>64

98.9

amoxicillin-clavulanate 8 32 0.5 - >32 69.5
piperacillin-tazobactam 2 4 ≤1 - 

>512
94.3

meropenem ≤0.03 ≤0.03 ≤0.03 - 
>32

99.9

ciprofloxacin ≤0.06 >16 ≤0.06 - 
>16

72.4

tobramycin ≤0.5 4 ≤0.5 - 
>64

88.1

trimethoprim- 
sulfamethoxazole

≤0.12 >8 ≤0.12 - 
>8

72.2

E. coli, ESBL-negative (4,109) ​ ​ ​ ​
ceftobiprolea ≤0.06 ≤0.06 ≤0.06 - 

>32
97.9, 97.9, 98.9

ceftriaxone ≤0.25 ≤0.25 ≤0.25 - 
>64

97.2

ceftazidime ≤0.25 0.5 ≤0.25 - 
>32

97.2

cefepime ≤0.25 ≤0.25 ≤0.25 - 
>64

99.3

ceftolozane-tazobactam 0.25 0.5 ≤0.12 - 
>64

99.4

amoxicillin-clavulanate 8 >32 0.5 - >32 73.9
piperacillin-tazobactam 2 4 ≤1 - 

>512
96.0

meropenem ≤0.03 ≤0.03 ≤0.03 - 
>32

99.9

ciprofloxacin ≤0.06 >16 ≤0.06 - 
>16

81

tobramycin ≤0.5 2 ≤0.5 - 
>64

92.5

trimethoprim- 
sulfamethoxazole

≤0.12 >8 ≤0.12 - 
>8

77.7

E. coli, ESBL-positive (604) ​ ​ ​ ​
ceftobiprolea >32 >32 0.25 - 

>32
0.7, 0.7, 1.8

ceftriaxone >64 >64 1 - >64 0.3
ceftazidime 32 >32 0.5 - >32 20.5
cefepime 16 >64 ≤0.25 - 

>64
16.2

ceftolozane-tazobactam 0.5 1 ≤0.12 - 
>64

95.7

amoxicillin-clavulanate 16 32 2 - >32 38.8
piperacillin-tazobactam 2 16 ≤1 - 

>512
83.3

meropenem ≤0.03 0.06 ≤0.03 - 
>32

99.3

ciprofloxacin >16 >16 ≤0.06 - 
>16

14.4

tobramycin 1 32 ≤0.5 - 
>64

58.1

trimethoprim- 
sulfamethoxazole

>8 >8 ≤0.12 - 
>8

35.3

E. coli, AmpC-positive (135) ​ ​ ​ ​
ceftobiprolea 0.12 8 ≤0.06 - 

>32
66.7, 66.7, 85.2

ceftriaxone 8 >64 ≤0.25 - 
>64

40.7

(continued on next page)
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Table 2 (continued )

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)/ 
antimicrobial agent 

MIC50 MIC90 MIC 
range 

% Susceptible

ceftazidime 16 >32 ≤0.25 - 
>32

32.6

cefepime ≤0.25 2 ≤0.25 - 
>64

91.9

ceftolozane-tazobactam 0.5 4 ≤0.12 - 
>64

87.4

amoxicillin-clavulanate >32 >32 2 - >32 8.4
piperacillin-tazobactam 8 128 ≤1 - 

>512
73.3

meropenem ≤0.03 0.12 ≤0.03 - 
>32

97.8

ciprofloxacin 0.12 >16 ≤0.06 - 
>16

60.7

tobramycin 1 4 ≤0.5 - 
>64

85.9

trimethoprim- 
sulfamethoxazole

≤0.12 >8 ≤0.12 - 
>8

65.9

K. pneumoniae (1,731) ​ ​ ​ ​
ceftobiprolea ≤0.06 0.5 ≤0.06 - 

>32
89.5, 89.5, 90.6

ceftriaxone ≤0.25 1 ≤0.25 - 
>64

90.3

ceftazidime ≤0.25 2 ≤0.25 - 
>32

91.1

cefepime ≤0.25 0.5 ≤0.25 - 
>64

91.5

ceftolozane-tazobactam 0.25 1 ≤0.12 - 
>64

96.9

amoxicillin-clavulanate 4 16 ≤0.06 - 
>32

87.0

piperacillin-tazobactam 4 8 ≤1 - 
>512

90.9

meropenem ≤0.03 0.06 ≤0.03 - 
>32

99.2

ciprofloxacin ≤0.06 1 ≤0.06 - 
>16

86.2

tobramycin ≤0.5 1 ≤ 0.5 - >
64

93.3

trimethoprim- 
sulfamethoxazole (1,730)

≤0.12 >8 ≤0.12 - 
>8

86.8

K. pneumoniae, ESBL-negative 
(1,590)

​ ​ ​ ​

ceftobiprolea ≤0.06 ≤0.06 ≤0.06 - 
>32

97.4, 97.4, 98.5

ceftriaxone ≤0.25 ≤0.25 ≤0.25 - 
>64

98.1

ceftazidime ≤0.25 1 ≤0.25 - 
>32

98.1

cefepime ≤0.25 ≤0.25 ≤0.25 - 
>64

99.0

ceftolozane-tazobactam 0.25 1 ≤0.12 - 
>64

98.9

amoxicillin-clavulanate 4 8 ≤0.06 - 
>32

93.2

piperacillin-tazobactam 2 8 ≤1 - 
>512

94.3

meropenem ≤0.03 0.06 ≤0.03 - 
>32

99.6

ciprofloxacin ≤0.06 0.25 ≤0.06 - 
>16

92.7

tobramycin ≤0.5 ≤0.5 ≤0.5 - 
>64

98.4

trimethoprim- 
sulfamethoxazole (1,589)

≤0.12 0.5 ≤0.12 - 
>8

93.4

K. pneumoniae, ESBL-positive 
(141)

​ ​ ​ ​

ceftobiprolea >32 >32 0.12 - 
>32

0.7, 0.7, 2.1

ceftriaxone >64 >64 ≤0.25 - 
>64

2.1

ceftazidime >32 >32 1 - >32 12.1
cefepime >64 >64 ≤0.25 - 

>64
6.4

Table 2 (continued )

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)/ 
antimicrobial agent 

MIC50 MIC90 MIC 
range 

% Susceptible

ceftolozane-tazobactam 1 32 0.25 - 
>64

73.8

amoxicillin-clavulanate 16 >32 4 - >32 18.0
piperacillin-tazobactam 8 >512 ≤1 - 

>512
52.5

meropenem 0.06 0.12 ≤0.03 - 
>32

94.3

ciprofloxacin 4 >16 ≤0.06 - 
>16

12.8

tobramycin 8 32 ≤ 0.5 - >
64

34.8

trimethoprim- 
sulfamethoxazole

>8 >8 ≤0.12 - 
>8

12.1

K. oxytoca (492) ​ ​ ​ ​
ceftobiprolea 0.25 >32 ≤0.06 - 

>32
55.7, 55.7, 83.5

ceftriaxone ≤0.25 8 ≤0.25 - 
>64

88.4

ceftazidime ≤0.25 1 ≤0.25 - 
>32

96.5

cefepime ≤0.25 0.5 ≤0.25 - 
>64

96.1

ceftolozane-tazobactam 0.25 1 ≤0.12 - 
64

97.8

amoxicillin-clavulanate 4 16 0.5 - >32 86.6
piperacillin-tazobactam 2 32 ≤1 - 

>512
89.0

meropenem ≤0.03 0.06 ≤0.03 - 2 99.8
ciprofloxacin ≤0.06 ≤0.06 ≤0.06 - 

>16
96.5

tobramycin ≤0.5 1 ≤0.5 - 64 96.1
trimethoprim- 
sulfamethoxazole

≤0.12 0.25 ≤0.12 - 
>8

93.7

E. cloacae (777) ​ ​ ​ ​
ceftobiprolea ≤0.06 4 ≤0.06 - 

>32
78.2, 78.2, 83.8

ceftriaxone ≤0.25 >64 ≤0.25 - 
>64

69.0

ceftazidime 0.5 >32 ≤0.25 - 
>32

73.1

cefepime ≤0.25 2 ≤0.25 - 
>64

90.5

ceftolozane-tazobactam 0.5 8 ≤0.12 - 
64

81.1

piperacillin-tazobactam 2 128 ≤1 - 
>512

76.6

meropenem 0.06 0.12 ≤0.03 - 
32

99.4

ciprofloxacin ≤0.06 0.12 ≤0.06 - 
>16

93.6

tobramycin ≤0.5 1 ≤0.5 - 
>64

96.1

trimethoprim- 
sulfamethoxazole

≤0.12 0.5 ≤0.12 - 
>8

91.8

P. mirabilis (401) ​ ​ ​ ​
ceftobiprolea ≤0.06 ≤0.06 ≤0.06 - 

>32
97.8, 97.8, NA

ceftriaxone ≤0.25 ≤0.25 ≤0.25 - 
>64

97.3

ceftazidime ≤0.25 ≤0.25 ≤0.25 - 
>32

98.3

cefepime ≤0.25 ≤0.25 ≤0.25 - 
>64

98.5

ceftolozane-tazobactam 0.5 1 0.25 - 8 98.8
amoxicillin-clavulanate 1 8 0.5 - >32 85.5
piperacillin-tazobactam ≤1 ≤1 ≤1 - 

>512
99.3

meropenem 0.12 0.25 ≤0.03 - 1 100
ciprofloxacin ≤0.06 2 ≤0.06 - 

>16
82.5

tobramycin 1 2 ≤0.5 - 
>64

91.8

(continued on next page)
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Our data, and reports from other investigators, support the clinical 
utility of ceftobiprole in treating patients with MRSA infections; pneu
mococcal infections, including penicillin-resistant S. pneumoniae infec
tion concurrently not susceptible to ceftriaxone (7.5 % of penicillin- 
resistant isolates in the current study; Table 1); polymicrobial in
fections involving MRSA and S. pneumoniae where monotherapy with 
ceftobiprole would suffice; or for patients with contraindications for 
alternate antimicrobial agents. Ceftobiprole’s broad-spectrum activity 
may enable use as monotherapy [19,20]. It presents a good safety profile 
and is usually well tolerated compared to other cephalosporins, line
zolid, and vancomycin. Ceftobiprole has been associated with higher 
rates of nausea and emesis in comparison with daptomycin and ceftri
axone, but those effects were usually mild [8,21]. Serious adverse effects 
are less common [8]. While cephalosporin use can result in patients 
developing Clostridioides difficile infection, ceftobiprole may be associ
ated with a relatively lower risk due to its primary renal excretion, low 
interference with the intestinal microbiota and its direct activity against 
Clostridioides and Clostridium species [22].

The clinical efficacy of ceftobiprole has been reported for common 
infections [21]. As previously mentioned, the FDA has recently 
approved the use of ceftobiprole for three main indications: Adults with 
S. aureus bloodstream infections, including right-sided infective endo
carditis, adults with acute bacterial skin and skin structure infections 
and adults and children with a bacterial community-acquired pneu
monia [6]. The FDA based their approval on three different studies: 
ERADICATE, TARGET and an additional randomized controlled trial by 
Nicholson et al [23]. ERADICATE demonstrated that ceftobiprole was 
non-inferior to daptomycin in the treatment of adults with S. aureus 
bloodstream infections, including right-sided infective endocarditis in 
terms of clinical success, mortality and microbiologic eradication [24]. 
Clinical and microbiological success of ceftobiprole in the treatment of 
acute bacterial skin and skin structure infections was non-inferior to 
vancomycin combined with aztreonam in the TARGET study [25]. 
Similarly, a randomized trial performed by Noel et al. found that clinical 
cure and microbiologic eradiation rates for ceftobiprole were compa
rable to vancomycin combined with ceftazidime in the treatment of a 
broad range of complicated skin and skin structure infections [26]. 
Nicholson et al. evaluated the efficacy of ceftobiprole in comparison 
with ceftriaxone (with or without linezolid) in a randomized, 
double-blind trial of adult patients with community-acquired bacterial 
pneumonia (CABP) [27]. Clinical and microbiological outcomes were 
comparable between the two treatment arms [27]. In Canada, the 
CLEAR registry found that ceftobiprole was primarily used against 
MRSA, and most commonly in the context of endocarditis, bone and 
joint infections and hospital-acquired bacterial pneumonia (HABP), 
where most cases had a concomitant bacteremia [4]. Recent data 
concluded that ceftobiprole is a good option for empiric treatment of 
CABP and HABP due in part to its broad spectrum activity against 
common pneumonia pathogens and even polymicrobial pneumonia but 
cautioned that in patients at high risk of ESBL-producing organisms or 
MDR Pseudomonas aeruginosa infections, that combination therapy is 
recommended [28,29].

There are several important limitations to the data presented here 
that deserve attention. The clinical significance of isolates included in 
the CANWARD study is determined by protocols in place at the sub
mitting laboratories. It is possible that some of the isolates were actually 
contaminants rather than true pathogens. Due to space limitations on 
the broth microdilution panels, some clinically relevant antimicrobials 
were not tested versus certain species (e.g., ampicillin was not evaluated 
versus E. faecalis isolates). Finally, the ceftobiprole susceptibility data 
presented here for some species may not be applicable to countries that 
have a higher prevalence of certain antimicrobial-resistant pathogens (e. 
g., carbapenemase-producing Enterobacterales) than what is seen in 
Canada [4].

Table 2 (continued )

MIC (μg/ml) MIC 
interpretation

Organism (no. tested)/ 
antimicrobial agent 

MIC50 MIC90 MIC 
range 

% Susceptible

trimethoprim- 
sulfamethoxazole

≤0.12 >8 ≤0.12 - 
>8

80.8

S. marcescens (449) ​ ​ ​ ​
ceftobiprolea 0.12 0.5 ≤0.06 - 

>32
89.3, 89.3, NA

ceftriaxone ≤0.25 2 ≤0.25 - 
>64

89.3

ceftazidime 0.5 1 ≤0.25 - 
>32

97.6

cefepime ≤0.25 0.5 ≤0.25 - 
>64

98.2

ceftolozane/tazobactam 1 2 0.25 - 64 94.9
piperacillin/tazobactam 2 8 ≤1 - 128 94.4
meropenem 0.06 0.12 ≤0.03 - 

>4
99.6

ciprofloxacin ≤0.06 1 ≤0.06 - 
>16

84.2

tobramycin 2 4 ≤0.5 - 
>64

74.6

trimethoprim- 
sulfamethoxazole

0.25 1 ≤0.12 - 
>8

96.4

P. aeruginosa (2,784) ​ ​ ​ ​
ceftobiprolea 4 16 ≤0.06 - 

>32
NA, NA, NA

aztreonam (1464) 8 32 ≤0.12 - 
>64

69.0

ceftazidime 4 >32 ≤0.25 - 
>32

72.3

cefepime 4 16 ≤0.25 - 
>64

77.9

ceftolozane-tazobactam 1 4 ≤0.12 - 
>64

94.7

piperacillin-tazobactam 8 128 ≤1 - 
>512

75.0

meropenem 1 16 ≤0.03 - 
>32

74.2

ciprofloxacin 0.25 4 ≤0.06 - 
>16

73.6

tobramycin ≤0.5 2 ≤0.5 - 
>64

85.6

S. maltophilia (670) ​ ​ ​ ​
ceftobiprolea >32 >32 ≤0.06 - 

>32
NA, NA, NA

cefepime 64 >64 ≤0.25 - 
>64

NA

ciprofloxacin 4 16 0.12 - 
>16

NA

trimethoprim- 
sulfamethoxazole

0.25 1 ≤0.12 - 
>8

97.2

A. baumannii (129) ​ ​ ​ ​
ceftobiprolea 0.5 4 ≤0.06 - 

>32
NA, NA, NA

ceftriaxone 16 64 ≤0.25 - 
>64

37.2

ceftazidime 8 16 0.5 - > 32 75.2
cefepime 4 16 ≤0.25 - 

>64
82.2

ceftolozane-tazobactam 1 8 ≤0.12 - 
>64

NA

piperacillin-tazobactam 8 128 ≤1 - 
>512

74.4

meropenem 0.5 2 ≤0.03 - 
32

94.6

ciprofloxacin 0.25 0.5 ≤0.06 - 
>16

93.0

tobramycin ≤0.5 1 ≤0.5 - 
>64

95.3

a Percent susceptible values for ceftobiprole are shown using FDA, EUCAST, 
and Health Canada MIC breakpoints, where available.
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5. Conclusions

We conclude that ceftobiprole demonstrates potent in vitro activity 
against MSSA, MRSA, S. pneumoniae, S. pyogenes, ESBL-negative E. coli 
and K. pneumoniae, and P. mirabilis isolated from clinical specimens of 
patients seeking care at Canadian tertiary-care hospitals. Data from this 
very large study testing ceftobiprole against 20,255 isolates, supports 
ceftobiprole usage in patients with indicated infections with these bac
terial pathogens susceptible to ceftobiprole [4,14–17].
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