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Introduction and Rationale 

Current gold-standard diagnostic tests for UTI have been widely discredited in numerous high-profile publications [1]. Currently, the best diagnostic test available for UTI is the use of bright field microscopy to identify and innumerate white blood cells (pyuria) and shed urothelial cells in patient urine samples [2, 3]. This is skilled and time-consuming and ill-suited to ordinary clinical practice. Modern advances in digital optics and artificial intelligence (AI) enabled us to apply robotics to light microscopy of urine using low cost technology suitable for all clinical circumstances.

Methods 

Fully-motorised, high content screening microscopy was developed to image patient urine samples. Weak annotation, using a random forest segmentation algorithm (Ilastik) [4], was then used to train a U-net convolutional neural network [5] to automate the detection, quantification and analysis of urinary cells.

Results 

To date, we have trained our U-net convolutional neural network with ~8500 images and computationally characterised  ~900,000 urinary cells. The trained neural network achieved a dice similarity coefficient of 0.7. The platform is able to enumerate and identify cell types unaided (0.2sec per image). Moreover, the platform is beginning to outperform clinic microscopists.

Conclusion

This system could act as a powerful platform for discovery regarding the pathophysiology of UTI (cell types, cellular morphology, bacterial content). This system has the potential to improve diagnosis and patient management. Furthermore, this platform could potentially be translated into a user-friendly, standalone device suitable for primary care.
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