Long-term qualitative and quantitative analysis of mouse pruritus using machine learning
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Introduction. Pruritus, an unpleasant sensation that evokes the desire to scratch, is induced by various diseases such as allergic dermatitis and hepatic disorders. Pruritus assessment in mice largely depends on manual observation of scratching behaviour, which is not only laborious and subjective, but also difficult in dark environments. Therefore, our understanding of pruritus has been limited, especially in terms of circadian rhythms.

Aims. The goals of this study are 1) to establish an automated, 24-hour scratching detection method, and 2) to analyse pruritus induced by various causes.

Methods. A convolutional recurrent neural network (CRNN) was trained using BALB/c mouse behaviour video files recorded under light and dark conditions. We also performed whole-day analysis of pruritus induced by chemical pruritogens, atopic dermatitis, psoriasis, and metabolic dysfunction-associated steatohepatitis (MASH).
Results. A CRNN trained with ~300 minutes video files accurately predicted scratching behaviour in a first-look dataset (sensitivity: 94.6%, positive predictive rate:  92.1%). It demonstrated comparable accuracy for videos in both light and dark conditions. Twenty-four-hour analysis of scratching behaviour in naïve mice showed that BALB/c mice scratched themselves more frequently and persistently in the light phase than in the dark phase. Single intradermal administration of four pruritogens (histamine, serotonin, lysophosphatidic acid, and chloroquine) only provoked transient scratching behaviour, which declined within 30 minutes and did not affect long-term scratching behaviour. On the other hand, pruritus accompanied by atopic dermatitis, psoriasis, and MASH increased and became more persistent in parallel with disease progression.
Discussion. We here established an automated pruritus assessment method applicable to long-term analysis. It allows us to perform qualitative and quantitative analysis including circadian changes and persistence.
