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Defining optimal fluoroquinolone exposure against Mycobacterium tuberculosis : contribution of murine studies

Compared to in vitro models, the main advantage for using an animal model is its ability to model both innate and adaptive immune response that participate in vivo to the treatment efficacy, particularly against mycobacterial infections. Among animal models, the murine model has been used for more than sixty years and its capability to predict activity in human has been well established. When comparing results provided by murine studies to those provided by HFS, we have noted that the levofloxacin target AUC 0-24h /MIC ratio measured in mice was similar, around 150 [START_REF] Maitre | Are moxifloxacin and levofloxacin equally effective to treat XDR tuberculosis?[END_REF][START_REF] Deshpande | Levofloxacin Pharmacokinetics/Pharmacodynamics, Dosing, Susceptibility Breakpoints, and Artificial Intelligence in the Treatment of Multidrug-resistant Tuberculosis[END_REF]. Nonetheless, the target AUC 0-24h /MIC ratio for moxifloxacin was measured in mice by two independent research teams at around 100 [START_REF] Maitre | Are moxifloxacin and levofloxacin equally effective to treat XDR tuberculosis?[END_REF][START_REF] Shandil | Moxifloxacin, ofloxacin, sparfloxacin, and ciprofloxacin against Mycobacterium tuberculosis: evaluation of in vitro and pharmacodynamic indices that best predict in vivo efficacy[END_REF] i.e. two times higher than the one measured in the HFS study cited by the authors [START_REF] Gumbo | Selection of a moxifloxacin dose that suppresses drug resistance in Mycobacterium tuberculosis, by use of an in vitro pharmacodynamic infection model and mathematical modeling[END_REF]. If we take in consideration this higher ratio, the percentage of patients included in the study by Forsman et al. that reached the target exposure would be even lower, around 20-30%.

The authors suggest that, against strains harbouring the gyrA A90V mutation, generating a moxifloxacin MIC of 2 mg/L [START_REF] Maitre | Are moxifloxacin and levofloxacin equally effective to treat XDR tuberculosis?[END_REF], high doses of moxifloxacin from 600 to 800 mg daily should be sufficient to reach the target exposure to kill M. tuberculosis.

We agree with Forsman et al. that residual fluoroquinolone activity against the lowlevel resistant mutant A90V is a crucial issue, since this mutation represents the second most frequent DNA gyrase mutation, which is harboured by approximately 20% of fluoroquinolone-resistant strains [START_REF] Avalos | Frequency and Geographic Distribution of gyrA and gyrB Mutations Associated with Fluoroquinolone Resistance in Clinical Mycobacterium Tuberculosis Isolates: A Systematic Review[END_REF]. However, it appears doubtful that doubling the dose of moxifloxacin can restore the activity against strains with 4-to 8times higher MIC. Our group has measured the activity of moxifloxacin against A90V mutants in two different murine strains: these studies showed that high doses of moxifloxacin, equivalent to 800 mg/day in humans, generated bacteriostatic activity only [START_REF] Maitre | Are moxifloxacin and levofloxacin equally effective to treat XDR tuberculosis?[END_REF][START_REF] Poissy | Should moxifloxacin be used for the treatment of extensively drugresistant tuberculosis? An answer from a murine model[END_REF]. When combined with other second-line drugs, high doses of moxifloxacin increased the activity of the regimen but did not reach the level of the same regimen against a susceptible strain [START_REF] Fillion | Impact of fluoroquinolone resistance on bactericidal and sterilizing activity of a moxifloxacincontaining regimen in murine tuberculosis[END_REF]. Thus, adding moxifloxacin 800 mg/day to a drug regimen against M. tuberculosis strains harbouring gyrA A90V mutation may likely only have limited effectiveness. This benefit has to be balanced with toxicity, in particular QT interval prolongation, which is also reported in association with the use of new drugs such as bedaquiline or delamanid. In addition to the clinical trial cited by the authors, observational evidence has also shown that, in bedaquiline-based regimens for multidrug-resistant tuberculosis, high-dose moxifloxacin is the main risk factor for QT prolongation [START_REF] Guglielmetti | Long-term outcome and safety of prolonged bedaquiline treatment for multidrug-resistant tuberculosis[END_REF].

In conclusion, we agree with the authors that moxifloxacin 400 mg/day and levofloxacin 500 mg/day are suboptimal doses with regard to anti-tuberculous activity. This finding is even more relevant in light of the possible inclusion of fluoroquinolones in shorter regimens for drug-susceptible tuberculosis, where fluoroquinolone exposure could be further reduced by the co-administration of rifamycins [START_REF] Naidoo | Effect of rifampicin and efavirenz on moxifloxacin concentrations when co-administered in patients with drug-susceptible TB[END_REF]. Possible approaches may include routine therapeutic drug monitoring and/or the use of higher fluoroquinolone doses. However, the benefit-risk of the latter strategy should be carefully evaluated.
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