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Development of Deep Learning Models for Sub-Cellular Fluctuation Imaging
(SCFI): a 30-minute antibiotic susceptibility test for Urinary Tract Infections

Rama S', Antognozzi M?, Szeremeta W?, Phonrat K¢, Bermingham EA?, Eley A?, Kyriakides M', Newman H', Bonney-Bhandal K', Preece J', Dorh N', and Dorh J’

1 FluoretiQ Limited Unit DX, St Philips Central, Albert Road, Bristol, BS2 0XJ 2 School of Physics, University of Bristol, Tyndall Avenue, Bristol BS8 1TL

Abstract

We have developed a phenotypic and label-free Antibiotic Susceptibility Test (AST) termed Sub Cellular Fluctuation Imaging (SCFI). SCFl is an advanced machine-learning enabled
microscope that monitors real-time changes of intracellular activity in response to antibiotics. By quantifying changes in the magnitude and location of light scattering caused by
subcellular movement, we can detect metabolic changes that occur when bacteria are exposed to antibiotics. Here, we show that SCFI’'s Deep-Learning models correctly classifies
metabolic cell states for E. coli (exponential, stationary, dead) and susceptibility of Uropathogens with standard of care antibiotics.
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Example of SCFI stack acquisition of 3 examples of time slices 3 examples of time slices (y-axis Example of learning curves when training a Convolutional
an E.coli bacterium. White square: (y-axis through time) of the through time) of the ROl in (A). Neural Network on the pre-processed dataset. Loss values

ROI chosen for pre-processing and ROl in (A). Scale bars: 0.5 um, 5 s. show slow decrease, accuracy grows in both training and
classification. Scale bar: Tum Scale bars: 0.5 um, 5 s. validation datasets.
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E) Confusion matrices obtained when classifying the different states (dead, stationary) of E.coli.

F) Confusion matrices obtained for models classifying between untreated & treated/ resistant & susceptible bacteria.
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Incubated with/ Immobilisation Identification Bright field &
without antibiotic on coverslip of bacteria location SCFl imaging

Samples were incubated with antibiotics for 30 minutes at 37 degrees Celsius and then antibody-immobilised on glass coverslips for 10 minutes.
Coverslip was set into SCFI rig, bacteria were visually identified and 50 of them recorded in SCFI imaging for 20 seconds each.
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