Image Sensor-Based Real Time Monitoring of Bacterial Growth on Agar Plates
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Background: Agar plates are used to culture and identify microbes. The
determination has been made by laboratory technicians, and the detection of Incident
microbial growth varies from person to person. Here, we developed a new thin-
film transistor (TFT) image sensor for measuring transmitted light and
calculating optical density (OD) to observe microbial growth on agar plates (Fig.
1). We show the applications of this sensor: growth measurement, growth
prediction, inhibition zone measurement. We also addressed the question
whether this sensor detects bacterial colony formation earlier than a camera
does.

Figure 4. E. coli cells were challenged
with two antibiotic discs (top/left:
amoxicillin/clavulanic acid,
bottom/right: ampicillin/sulbactam).
TFT images at 8.3 h and 25 h are
shown in (A) and (B), respectively.
Binarized images at 8.3 h (C) and 25 h
. ¥/ (D) were used to measure the
e 77 diameter of the inhibition zones.

Sensor Pixel

Methods: The TFT image sensor consists of a control printed circuit board, an
image sensor array (1000 x 1000 pixels, pixel size = 100 um) and flat surface

illuminating module. Each pixel measures the intensity of light passing through ) ) . . . TFT sensor (OD) vs. Camera (Colonv Radius
the agar medium every 5 min. Its baseline intensity was defined as the average Quantltatlve Growth Analy5|s on Solid Medium (a) ( ) (b) ( y )

Figure 1. Real-time bacteria detection system using a TFT image sensor.

of the first 10 frames (l,), and OD was calculated from the average intensity of
three consecutive frames. For comparison, a Canon EOS M6 camera (approx.
24.2 MP) with a Canon EF-M 15-45mm f/3.5-6.3 IS STM lens were used. The
camera images were taken every 5 min and analyzed with ColTapp software (Sci
Rep. 2020; 10: 16084.).
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Results: The TFT image sensor detected the growth of CPE-positive Enterobacter
cloacae cells streaked on solid medium. Notably, the lag time was long in the
area where the initial cell concentration was low (Fig. 2). Next, we attempted to
predict bacterial growth. With the threshold set at OD 0.05 and TRUE growth
defined as OD > 0.1 at the last frame, the precision of the prediction was nearly
100% after 250 min in the high concentration area (Fig. 3). The decrease in the
precision after 650 min was because the growth was almost halted in such areas.
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Figure 2. CPE-positive Enterobacter cloacae cells were streaked on solid medium.
The OD curves were drawn by measuring the pixel intensity in the high
concentration area to form clusters (blue square) and the low concentration 0.08
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