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Objectives: Dissemination in the environment of antibiotic-resistant enterobacteria via fecal
excretion upon treatments with fluoroquinolones is a major public health burden [1]. However
little has been done to gain a precise understanding of the in vivo Kkinetics of
antibioticsensitiveand resistant enterobacteria (EB) during and after treatment. Here we aimed
to characterizeby mathematical modeling the relationship between intestinal exposure to
ciprofloxacin (CIP) and excretion of resistance for various dosage regimens.

Methods:29 piglets were randomlyassigned to oral treatment with placebo (n =9), CIP 1.5 (n
= 10) or 15 mg/kg/day (n = 10) during 5 days. Concentrations of CIP and counts of resistant
and totalEB were obtained from fecal samples before, during and after treatment. A
mechanistic mathematical model was developed to fit simultaneously CIP pharmacokineticsas
well astotal and resistant EBKinetics in feces. The concentration of CIP wasdescribed using a
one compartment model with first-order elimination and assuming a constant rate of CIP
arriving in the intestine during 5 days.We assumed that resistant EB could be present in
absence of treatment due to random mutation and/or through continuous arrival in the
digestive tract by ingestion. Initiation of treatment resulted in a concentration-dependent
killing rate of susceptible EB through an Emax model. The joint modeling of CIP
concentrations, fecal counts of resistant and total EB (i.e. sum of resistant and sensitiveEB)
from all piglets was performed by nonlinear mixed effect model, using SAEM algorithm[2] in
the software MONOLIX 4.2.0. From the model and estimated parameters, we evaluated by
simulation the effect of dosage regimens of 0.05 to 15 mg/kg/day administered for 3 to 10
days on thefecal excretion of resistance.

Results: Although resistant EB had a low replicative fitness of 14%, the rapid elimination of
susceptible EB with a half-life of 37 minutes during treatment allowed with both dosage
regimens the inverse expansion of resistance which remained in high counts up to 3 weeks
after treatment end. By simulations we show that it would be necessary to reduce fecal
antibiotic concentrations to those obtained with treatment doses of 0.6, 0.3 and 0.15
mg/kg/day for durations of 3, 5 and 10 days, respectively, in order to prevent the expansion of
resistance.

Conclusions: To our knowledge, this is the first model developed on in vivo data to
characterize the dynamics of resistance to fluoroguinolones in the colonic commensal flora
and its correlation with drug fecal concentrations. This approach provides new insights into
the mechanism of dissemination of resistance during treatments and can be used to design
strategies aiming to reduce it [3].
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