Rifampicin as monotherapy for infections caused by S. aureus: considerations for not applying “breakpoints in brackets”
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Short Synopsis
EUCAST introduced “breakpoints in brackets” to warn against use of specified agents without additional therapeutic measures.1 Rifampicin is rarely used as monotherapy for Staphylococcus aureus infections, yet its breakpoints remain unbracketed. Here, we explore whether this remains appropriate. Although frequent emergent resistance largely precludes rifampicin’s use as monotherapy, this does not meet EUCAST’s core criterion for bracketing – that an agent is inherently ineffective as monotherapy.

Main body of text
In 2021, EUCAST introduced the concept of “breakpoints in brackets” to warn against the use of specific agents “without the use of additional therapeutic measures,” particularly where tradition - due to the inherent inadequacy of the agent as monotherapy - is to use it in combination with another active agent, or together with some other intervention.1 
The breakpoints of rifampicin for Staphylococcus aureus are not bracketed, yet anecdotal evidence suggests that rifampicin is rarely used as monotherapy for staphylococcal infections. In late 2023 we set out to review the extent of data published on this issue and to understand whether a “breakpoint in brackets” should be proposed to EUCAST by the BSAC Standing Committee on Antimicrobial Susceptibility Testing.
A PubMed literature search using both the terms “rifampicin” and “Staphylococcus aureus” was conducted on 2nd November 2023. Inclusion criteria were in vitro, in vivo or clinical studies that investigated the use of rifampicin against S. aureus. Expert opinion, literature reviews, systematic literature reviews and meta-analyses that appeared relevant were included in case they allowed identification of relevant data or references not captured by the initial search. Exclusion criteria were: 1) studies focusing on combination therapy only; 2) studies investigating novel administration and/or carrier methods e.g. nanoparticles and microencapsulation; 3) studies investigating rifampicin in formulations where it is not systemically absorbed or has unpredictable or poorly-studied absorption characteristics, e.g. cement spacers; 4) epidemiological studies; and 5) studies focusing on rifampicin for the treatment of biofilms only. Data were stored and analysed using Microsoft Excel. No ethics approvals were required for this investigation of open-source data. 
From the initial search, 545 ‘hits’ were retrieved, and all downloaded to .csv format on the same day. These were then reviewed by one researcher (SEB) and, using the inclusion and exclusion criteria specified above, filtered to 45 abstracts. These abstracts were further reviewed for relevance, and 26 manuscripts were reviewed in full. Of these, two texts were literature reviews based on expert opinion, five were systematic literature reviews (with four including meta-analyses), 17 were experimental studies generating primary data and two were observational studies. These studies were further filtered to 20 full-text manuscripts as some presented no evidence on rifampicin as monotherapy.
	The retained papers spanned 45 years and provided diverse findings. Between 1986 and 1987, several studies were published, with various in vitro and in vivo methodologies, giving promising results for rifampicin monotherapy.2,3 An in vivo murine thigh model of S. aureus infection showed that rifampicin monotherapy produced bacterial kill at 24 hours; critically, though, the emergence of resistance was not investigated.4 In 1995, Coe et al showed that the combination of ciprofloxacin and rifampicin was at least as efficient as either drug alone for S. aureus subcutaneous abscesses in mice, but reported little on the emergence of rifampicin resistance; moreover, (i) only small numbers of mice were investigated,5 and (ii) ciprofloxacin monotherapy is not an optimal anti-staphylococcal comparator. In 2016 a neutropenic murine thigh infection model examined the PKPD of rifampicin against MSSA, MRSA and VISA.6 The authors showed in vivo efficacy, best correlated with area under the curve (AUC/MIC) and maximum concentration of drug in serum (Cmax/MIC), but acknowledged limitations of their study as its brief (24h) duration and the lack of investigation of resistance.
	However, despite these superficially optimistic data, concerns over the development of resistance with rifampicin monotherapy are evident even from the earliest literature. In 1980, Norden et al published data from an in vivo rabbit osteomyelitis model finding that rifampicin, administered alone for 14 days, was ineffective for sterilizing bones infected with S. aureus,7 possibly owing to the emergence of resistance during treatment, although the authors did not formally assess this. Another study, published in 1981, found that rifampicin monotherapy was rapidly bactericidal for S. aureus in vitro and in a murine model of acute and chronic mastitis, but resistance emerged both in vitro and in vivo.8 In 2003, data from time-kill experiments suggested that the rapid emergence of resistant mutants limited the utility of rifampicin as a single agent against S. aureus, with regrowth of rifampicin-resistant subpopulations occurring whenever the drug was tested alone.9 Unfortunately, rifampicin MICs for the putative mutants at the end of the experiment were not reported.9 In time-kill experiments, and in an in vivo murine peritonitis model, rifampicin monotherapy resulted in bacterial kill with rapid regrowth over 24 hours,10 presumably also due to resistance development, but this was not specifically addressed. Rifampicin was observed to inhibit intracellular proliferation of S. aureus in a static in vitro study,11 but rapid acquisition of resistance by alteration of the RNA polymerase encoded by the rpoB gene was documented both in vitro and in vivo.12
In short, whilst rifampicin is a demonstrably potent antistaphylococcal antibiotic with good tissue penetration, the swift, high frequency emergence of resistance limits its utility.13 In 2022, a systematic review and meta-analysis identified rifampicin as one of the most effective intracellular agents against S. aureus, but observed also that it appears most promising when used in combination to reduce the emergence of resistance.12 
These data were presented at a recent EUCAST Steering Committee meeting (3-4 September 2024), generating a discussion as to whether “breakpoints in brackets” were merited given that rifampicin is commonly given in combination, due to the risk of resistance development. However, it was decided that brackets were not appropriate as the EUCAST definition for bracketed breakpoints only covers agents that are not efficacious as monotherapy and require the addition of another active agent. Rifampicin may technically be described as efficacious as monotherapy, as per the in vitro and in vivo studies discussed earlier, but is rarely used in this capacity, and so does not qualify for a bracketed breakpoint.    
It is therefore important to be aware, when selecting antimicrobial therapy, that just because breakpoints for an agent are not in brackets, monotherapy may not be suitable. A bracketed breakpoint indicates that the agent is simply not efficacious without the use of additional therapeutic measures, but does not address the risk of rapid drug resistance development. Further research is needed investigating rifampicin (i) in vivo; (ii) in dynamic in vitro PKPD models and (iii) in clinical studies, designed specifically to address the question of what combination therapy and dosing thereof best reduces the emergence of drug resistance. 
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