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Ceftobiprole is unaffected by PBP4 
overexpression

PBP4 PBP2 PBP2a PBP1 PBP3

Ceftaroline (C)    

Ceftobiprole (B)     

Methicillin (M)  

Meropenem (M)    

Ceftaroline + Meropenem     

TG: Transglycosylase domain
TP: transpeptidase domani
nPDB: non penicillin binding domain

Adapted from Lahiri SD, Alm RA. J Antimicrob Chemother 2016;

Structural 
domains TP TP+TG TP+nPDB TP+nPDB TP+nPDB



Activity of ceftobiprole vs Gram-positive pathogens: Europe, Turkey & 
Israel, 2015 (5355)

†Using EUCAST breakpoints; *, indicates application of the PK/PD species non-specific breakpoint (4 mg/L)
MS, methicillin-sensitive; MR, methicillin-resistant; SA, S. aureus; CoNS, coagulase-negative staphylococci 
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Ceftobiprole is active against clinical isolates of E. faecalis, including 
ampicillin- and vancomycin-resistant isolates

5

<0.015 0.0317 0.0625

10

15

20

25

0

0.125 0.25 0.5 1 2 4 80

N
um

be
r o

f i
so

la
te

s

MIC (µg/ml)

Arias et al., AAC 2007; 51: 2043-2047

All isolates (n=93)

Van R (n=17)

Bla + (n=16)

MIC90



Ceftobiprole for the treatment of invasive 
Enterococcus faecalis infections: ampicillin, 

“Should I Stay or Should I Go”?
Dr. Denise D’Elia MD

Dr. Simone Giuliano MD
Prof. Carlo Tascini MD

Azienda Ospedaliera Universitaria Friuli 
Centrale, Udine, Italy

DAME, Università di Udine 



Direct dependance of penicillin sensitivity of E.
faecalis on growth rate

The higher the growth rate the lower the penicillin MIC
is:

• 45°C (generation time 31.5 min): penicillin MIC 0.04 mg/l;
• 32° C (generation time 47.27 min): penicillin MIC 4 mg/l.

R Fontana et al. Nature. 1980 Sep 4;287(5777):70-2



Two different conditions
(temperature and growth
medium) associated with
changes in growth rate are
accompanied by changes in the
physiological status of PBPs.

32° C 45° C

0.04 4 0.04 4 At 32êC and PEN concentration = PEN MIC:
1. PBP3: same saturation observed in

condition of optimal growth;
2. PBP3 could not be the only lethal target:

this possibility is supported by the fact that
the amount of penicillin bound to other
PBPs also changes in this growth
condition.

R Fontana et al. Nature. 1980 Sep 4;287(5777):70-2



The critical level of PBP saturation and inhibition might be like the
critical mass of a fissile material required to initiate and sustain a nuclear
chain reaction

• Growth inhibition by beta-lactams is indirect and non constant and depends on
which PBP is essential for growth in a certain physiologic status and on its affinity
for the antibiotic.

• Whatever the crucial PBPs are for each growth condition, a critical level of PBP
binding is required for cell killing. This critical level is a composite of beta-lactam
affinity to the PBPs and number of PBPs bound.

• Hence beta-lactam and, at a greater extent, beta-lactam combinations, by binding
to different PBP with various levels of affinity, can increase PBP saturation to the
critical level necessary for bacterial killing.

Personal opinion



Dual beta-lactam therapy: synergistic and bacteriocidal activity vs Enterococcus
faecalis
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Mainardi, et al. AAC 1995; Gavaldà et al., JAC 2003; D’Arezzo S., et al., Microb Drug Resist. 2017

• Dual β-lactam activity with Ampicillin plus ceftriaxone  significant lower amoxicillin MICs 
• Amoxicillin binds to essential PBP4/5, which leads to an upregulation of nonessential PBP2/3, which 

cefotaxime subsequently binds to and leads to total PBP saturation. 

Complete PBPs saturation: bactericidal synergy between aminopenicillin
(AMX) and cephalosporins (CTX-CPT)



Beta-lactam binding to enterococcal PBPs in standard growth conditions

PBP1 PBP2 PBP3 PBP4 PBP5 PBP6
Ceftobiprole ✓ ✓ ✓ ✓↑ ✓ ∑
Ceftaroline ✓ ✓ ✓ ✓ ✓↑ ∑
AMP/AMX ∑ ∑ ∑ ✓ë ✓ë ë

Mainardi JL et al. Antimicrob Agents Chemother. 1995 Sep; 39(9): 1984–
1987.
Gavaldà J et al. Antimicrob Agents Chemother. 1999 Mar;43(3):639-46.
Henry X et al. Antimicrob Agents Chemother. 2010 Feb; 54(2): 953–955.
Henry X et al. Antimicrob Agents Chemother. 2013 Dec;57(12):6358-60.
Syed YY. Drugs. 2014 Sep;74(13):1523-42.
Moon MT et al. Biol Chem. 2018 Nov 30;293(48):18574-18584
Lazzaro ML et at. Front Cell Infect Microbiol. 2022 Jan 20;11:816657
Klare I et al. Antimicrob Agents Chemother. 1992 Apr;36(4):783-7



• A retrospective analysis of our real-life experience in the treatment of E. faecalis
invasive infections with ampicillin in combination with ceftobiprole (ABPR).

• Therapeutic drug monitoring (TDM) was always performed for ampicillin and
ceftobiprole, and serum concentrations of both drugs were compared to the
MICs of the different enterococcal isolates.

• To maximize the time-dependent antimicrobial properties of ceftobiprole and
ampicillin, we administered ceftobiprole by a prolonged infusion over three hours
and ampicillin by continuous infusion, adjusting the dosage with respect to renal
function. This therapeutic strategy aimed to achieve the most effective
pharmacodynamic and pharmacokinetic antimicrobial target represented by the
highest plasmatic concentration of the antibiotic above the MIC (%T > MIC) for
the longest time during the dosing interval.

2023

Giuliano S et al. Antibiotics (Basel). 2023 May 9;12(5):879



ABPR for E. faecalis infections: I

• From January 2020 to December 2020, 21 patients with invasive E.
faecalis infections.

• 13/21 (62%) left-sided infective endocarditis, 8/21 (38%) primary
bacteremia (50% complicated, 50% uncomplicated).

• IE: 8/13 (62%) PVE; 5/13 (38%) NVE.
• IE: 3 periannular complications in PVE.
• IE: two cardioembolic events (1 PVE, 1 NVE).
• Microbiology: ampicillin MIC50 and MIC90 were 0.5 mg/l and 2 mg/l,

respectively; ceftobiprole MIC50 and MIC90 were 0.5 mg/l and 1 mg/l,
respectively.

Giuliano S et al. Antibiotics (Basel). 2023 May 9;12(5):879



• IE: the mean duration of the ABPR regimen was 27.8 ± 14.5 days.
• BSI: the mean duration of ABPR treatment was 20.4 ± 11.1 days.
• The mean duration of partial oral treatment was 19.0 ± 10.6 days.
• No patient developed a breakthrough infection.
• 2/21 patients (9%) experienced ABPR-related side effects such as seizure

and a skin rash, respectively.
• A surgical procedure was performed on nine patients: eight of them (38%)

underwent valve replacement, and one patient was managed with valve
repair. The mean time to surgery was 18.4 ± 11.3 days.

• The mean length of hospital stay was 57.6 ± 44.3 days.

ABPR for E. faecalis infections: II

Giuliano S et al. Antibiotics (Basel). 2023 May 9;12(5):879



•Clinical cure: 81% of patients.
•Microbiological cure: 86% of patients.

ABPR for E. faecalis infections: III

Giuliano S et al. Antibiotics (Basel). 2023 May 9;12(5):879



Outline

• Background.
• PK/PD of BPR and AMP.
• Time-kill experiments.
• Conclusions.



Spaghetti plot reporting the total estimated free serum concentrations
of ceftobiprole from the 21 analyzed patients

Giuliano S, Angelini J, Campanile F et al. Manuscript in preparation



Estimated BPR and AMP serum concentrations 

efC 50%T = estimated free serum
concentration at 50% of dosing interval
efC100% T= estimated trough free
serum concentration

Giuliano S, Angelini J, Campanile F et al. Manuscript in preparation



Percentage of PK/PD target attainment

Antibiotic
PK/PD parameter BPR AMP
50%T>MIC 90.5% -
50%T>4xMIC 71.0% -
100%T>MIC 85.5% 81.0%
100%T>4XMIC 62.0% 76.0%

Giuliano S, Angelini J, Campanile F et al. Manuscript in preparation



Observed Pharmacokinetic/Pharmacodynamic (PK/PD) ratios at 100% of
dosing interval (100% fT>MIC).

Giuliano S, Angelini J, Campanile F et al. Manuscript in preparation



Condizioni T0 T2 T4 T8 T24
FREE 1.2 x 106 5.4 x 106 1.7 x 108 5.7 x 108 1.1 x 108

B1 7.8 x 105 9. x 105 1.7 x 106 1.6 x 105 6.5 x 107

B2 4.5 x 105 8.5 x 104 1.3 x 104 2.9 x 103 2.2 x 107

B4 1.1 x 106 7.4 x 104 4.9 x 102 1.2 x 102 5.6 x 104
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Condizioni T0 T2 T4 T8 T24
FREE 1.2 x 106 4.4 x 106 2.3 x 107 3.8  x 107 5.7 x 108

B1 7.4 x 105 1.5 x 106 1.4 x 106 1.4 x 106 7.2 x 107

B2 7.2 x 105 1.1 x 105 4.0 x 104 5.5 x 103 1.3 x 103

B4 1.7 x 106 8.9 x 104 1.7 x 104 3.3 x 103 1.1 x 103

Codice: 52194160
MIC BPR: 0.12 mg/L

Codice: 52599858
MIC BPR: 0.12 mg/L
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Cortesia Prof Campanile, Università di Catania



Condizioni T0 T2 T4 T8 T24
FREE 1,18E+06 1,61E+06 3,14E+07 2,70E+07 8,95E+07

B1 8,73E+05 1,11E+05 1,19E+05 1,21E+04 1,61E+07
B2 3,69E+05 9,45E+04 4,10E+03 1,12E+03 1,15E+02
B4 5,26E+05 1,10E+04 3,14E+03 6,30E+02 1,15E+02

Codice: 53906575 Data: 20/09/2023
MIC BPR:  mg/L 0.5 mg/L
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Condizioni T0 T2 T4 T8 T24
FREE 3,78E+05 2,79E+06 5,34E+07 5,79E+07 6,49E+07

B1 3,89E+05 2,32E+05 1,58E+05 7,00E+04 1,50E+04
B2 3,43E+05 5,90E+04 5,50E+03 8,35E+02 5,00E+01
B4 2,86E+05 1,58E+04 7,50E+02 2,25E+02 1

Codice: 54281522
MIC BPR:  1 mg/L
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Cortesia Prof Campanile, Università di Catania



Condizioni T0 T2 T4 T8 T24
FREE 1,50E+06 3,93E+06 4,84E+07 1,79E+08 1,61E+08

B1 8,65E+05 7,35E+05 8,76E+06 1,24E+07 3,15E+07
B2 1,44E+06 1,74E+05 5,15E+04 4,50E+03 2,85E+07
B4 1,09E+06 2,70E+04 3,71E+03 2,45E+02 6,92E+05

AMP1X 1,90E+06 1,69E+06 3,39E+06 6,79E+06 1,43E+07
B1X/AMP1X 1,33E+06 3,92E+04 2,39E+03 2,65E+02 2,80E+03
B2X/AMP1X 1,86E+06 3,35E+04 1,97E+03 2,85E+02 4,00E+02
B4X/AMP1X 1,932E+06 3,70E+04 1,85E+03 4,25E+02 5,10E+03
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Codice: 58438624
MIC BPR        mg/L 0.06 mg/L

MIC AMP mg/L 0.5 mg/L

Cortesia Prof Campanile, Università di Catania



Conclusioni

• Cefalosporine di 5 generazione: farmaci ancora da studiare
• L’infiammazione, come la possiamo misurare e modulare
• Ceftobiprolo farmaco per le BSI da S. aureus (compreso MRSA)
• Forme complicate di BSI da S. aureus dapto più cefalosporine 5 

generazione
• Ceftobiprolo farmaco per l’E. faecalis (compreso le endocarditi), al 

momento con ampicillina
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