Mucosa-innervating bladder afferents regulate urinary tract infection severity and persistence
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Introduction: Most sensory nerves in the bladder, about 80-90%, are found in the bladder muscle and are designed to detect when the bladder stretches. The remaining 10-20% of sensory nerves, termed mucosal nerves, are located within or near the bladder epithelium but don't sense bladder stretch. The role of these mucosal afferents in maintaining bladder homeostasis is still unknown. Due to their position close to the bladder lumen, we hypothesise that mucosal afferents are part of a surveillance system for detecting and aiding the response to bacterial infections.
Aims: To identify the role of bladder mucosal afferents in regulating urinary tract infection persistence and severity. 
Methods: To achieve this, we developed a model of bladder mucosal denervation via infusion of Resiniferatoxin into the bladder (RTX; 30(M for 30min) across three consecutive days. Seven days following RTX infusions, urinary tract infection (UTI) was induced in mice through infections with 50(l of 1x109 CFU/ml of uropathogenic Escherichia Coli (UPEC). Changes in mucosal nerve excitability were determined by ex-vivo bladder afferent recordings at 1-day post UTI. Bacterial severity and persistence were determined by the CFU of UPEC in urine, bladder and kidney at 1- and 7-days post UTI. Bladder immune cell phenotyping was achieved by flow cytometry. 
Results: Mice infected with UPEC exhibited significant mucosal afferent hypersensitivity, which was lost by prior RTX treatment (N=5; 10mg p<0.001, 50mg p<0.001, 100mg p<0.05). Mice undergoing UPEC infection following mucosal denervation with RTX exhibited significantly elevated bacterial counts in bladder and kidneys at 1d-post UTI (N=5; p<0.01 and p<0.05). At 7d-post UTI, 75% of UPEC mice had cleared the infection vs only 20% of RTX-UPEC treated mice. In correlation with bacterial persistence studies, immune cell phenotyping of bladders using flow cytometry showed persistent neutrophil counts in RTX-UPEC treated mice compared to UPEC mice (N=10; p<0.0001).
Discussion: Bladder mucosal denervation with RTX prevented bladder afferent hypersensitivity during UTI. Mice with mucosal denervation that received UTI developed more severe infections in the bladder wall and kidneys, and persistent neutrophil infiltration into the bladder wall. These data suggest that mucosal afferent signalling of infection is a crucial component of the host-defence to urinary tract infection. 
