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Abstract

Background and purpose: This study aimed to develop and optimize a hydrogel-based RT-LAMP
microreactor for pH-dependent colorimetric detection of SARS-CoV-2 at the point of care (POC),
without the need for sophisticated equipment. Given the fundamental limitations of the reference RT-
gPCR method, including its reliance on expensive equipment, specialized laboratory infrastructure, and
lengthy processing times, the main goal was to design an integrated, rapid, and portable platform that
integrates isothermal amplification and visual detection without requiring complex RNA extraction or
cold-chain maintenance.

Materials and methods: Specific RT-LAMP primers targeting the conserved S region of the viral
genome were designed. The pH-dependent colorimetric detection system was optimized using phenol red as an
indicator, with a color change from pink to yellow in positive samples, and the reaction components were
immobilized in an agarose hydrogel matrix.

Results: The stability of the reaction components in the gel matrix was maintained for more than 45
days at 4°C, whereas in the standard reaction mixture, activity decreased significantly after 5 days and
was no longer detectable after 14 days. The RT-LAMP reaction in the gel matrix produced a classic
ladder-like pattern, although the amplification efficiency was adequate; under gel-based conditions, the
capillary tube showed better performance than the microtube.

Conclusion: Based on the study's findings, this innovative platform, which offers long-term stability
and simple visual readout without requiring conventional laboratory infrastructure, may be a useful tool
for rapid SARS-CoV-2 detection in resource-limited settings. Furthermore, the system may provide a
framework for the development of molecular diagnostic tools for emerging infectious pathogens.
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