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Abstract

Bacterial resistance against antimicrobial agents has become a significant issue in modern healthcare. To reduce dosage of broad-spectrum antibiotics, the
minimum Inhibitory concentration (MIC) of antibiotics should be determined before administration based on a practice commonly referred as antimicrobial
susceptibility testing (AST). However, conventional AST methods are relatively time-consuming and labor-intensive In screening various antibiotic
combinations. To enable faster turnaround time of AST, automation of the entire process could be crucial. This work therefore reported an automatic
microfluidic system which could automate four different antibiotic combinations with serial broth dilutions in parallel.
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¥ Figure 4: The structure of automated portable device, Including flow control,
| J : g‘ 9 8 8 9 g8 temperature control and image processing modules. Pneumatic control module was
Broth  Bacteria Antibiotic A Antiblobie B Snthistic Cgatibiotic D controlled by 23 electromagnetic valves. A Peltier device was used for the temperature
module to incubate bacteria In reaction chambers. CCD camera was used to monitor
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| Figure 1: The procedure of AST on an automatic portable system. T3(a) (b)
(a) Load antibiotics and bacteria. (b) Activate AST process on chip l§ Figure 5: Temperature tests on the temperature control module. (a) The positions of
by activating a pneumatic control module. (c) Incubate bacteria on 88 test points on chip. T1 and T2 were located In outer chambers, while T3 and T4 were
a Peltier device with 37°C. (d) Use a CCD camera to detect the AST @ for inner chambers. (b) The temperature profiles of four test points. T1 = 36.7 7

results. 0.17°C, T2 =37.2 = 0.18°C, T3 =37.5 #0.18°C, T4 = 37.5 £0.2°C. The temperature

: : difference between inner and outer chambers was less than 0.8°C.
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chamber ; . The automatic portable device containing three main control modules, including a
Figure 2: (a) The detailed design of the integrated microfluidic [l pneumatic control module for microfluidic devices, a temperature control module for
chip. (b) It was consisted of three PDMS layers and a glass [ maintaining a constant 37°C using a Peltier device to incubate the bacteria in mixedg

substrate. The dimensions of the chip were 69 mm x 52 mm x 6 mm. [l solution, and an imaging module for using a CCD and software (imageJ) to perform
6 | Image analysis. With this approach, the growth of bacteria could be determined via

I' | ' | | " B color change and the MIC values of each antibiotic could be determined accordingly
=t = with 5 hours. The developed device could be promising for personal medicine.
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Figure 3: The pumping volumes of the micropumps located Iin two

Identical modules. The micropumps of module 1 and module 2 could Microflu idiC B iO Ch ipS La b *w B - f’h "% 7{*?5{
o NATIONAL TSING HUA UNIVERSITY

transport the same volume of liquid to the reaction chambers.




