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Introduction. Pseudomonas aeruginosa has a large armamentarium of resistance mechanisms enabling resistance emergence during therapy against almost all antibiotics in monotherapy. Pharmacokinetic/pharmacodynamic (PK/PD) indices link bacterial response to antibiotic exposure. However, they cannot account for combination therapies which are often required. Therefore, an alternative approach to the optimisation of dosing regimens is needed.
Aims. To evaluate dosing regimens of meropenem (MER) and ceftolozane-tazobactam (C/T), alone and combined, against a P. aeruginosa strain with multiple resistance mechanisms in a CDC dynamic in vitro biofilm reactor and develop a mechanism-based mathematical model (MBM) accounting for the resistance mechanisms.
Methods. P. aeruginosa strain PAΔADΔmexR (ampD knock-out/β-lactamase overexpression and mexR knockout/ efflux pump overexpression), derived from the wild type strain PAO1, was used. Dosing regimens were: MER continuous infusion (6g daily), C/T intermittent infusions (as Zerbaxa 1.5g [1g ceftolozane 0.5g tazobactam] or 3g, 8-hourly [Q8] as 3-h infusions), and both combinations. MICs were determined in triplicate. The study was run for 168h. MBM was performed.
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Results. All monotherapies resulted in regrowth and amplification of MER- and C/T-resistant subpopulations (Figure). The combination regimens were synergistic and suppressed total and resistant counts. An MBM described the bacterial response to the antibiotics based on the resistance mechanisms.
Discussion. Combinations of MER and C/T enhanced bacterial killing and suppressed regrowth and resistance emergence against P. aeruginosa strain PAΔADΔmexR. An MBM, accounting for different resistance mechanisms could describe the impact of mutations and combination therapies on bacterial response to MER and C/T. This could ultimately be used to better inform and optimise dosing regimens. 
