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Abstract

The COVID-19 pandemic has popularized the use of home-use rapid tests, demonstrating immense
potential of at-home self-screening and management of personal healthcare. With the fading of COVID-
19, the concept of at-home self-tests are repurposed to management of other chronic or infectious
diseases, hoping to attenuate the time-consuming and complicated re-examination in the hospital and
relax the healthcare systems. Many healthcare indices need quantitative results determine conditions.
For example, urinary albumin concentration has been used to evaluate the risk of cardiovascular
disease or stage of chronic kidney disease, while antibody level can self-evaluate the immune protection
after vaccination during pandemic. However, the commonly used rapid test based on lateral flow
immunoassay is only qualitative, which is insufficient to give out the actual levels of health indices. On
the other hand, chronic diseases or infectious diseases are highly prevalent in high-risk, elderly
population who may be physically challenged or socially underprivileged. Therefore, despite in-vitro
diagnostic devices (IVDs) for quantitative measurement are widely available, they are often too
expensive for home use.

Here | will report a concept of quantitative at-home rapid tests. This device uses a pair of magnetic
microparticles (MMPs) and polystyrene microparticles (PMPs) that bind to target analytes directly, or
bind to a target-dependent linker. After loading to a capillary-driven microfluidic chip, the altered
interparticle connection, which reflects the quantitative level of target analytes, can be visualized by the
length of PMP accumulation at the microfluidic particle dam after magnetic separation. This generic
platform has been applied for detecting trace heavy metals such as Pb?*, Cu?*, Ag*, Cd?, in our water
systems. Moreover, we also demonstrate the application of protein biomarkers for applications such as
immune protection after COVID vaccination, risk level of hepatocellular carcinoma, and early diagnosis
of malignant melanoma when integrating with microneedle patches. Additionally, using short DNA
oligonucleotide as the mediator, this platform can also reflect small molecules such as creatinine, and
enzymatic activities of uracil-DNA glycosylase and flap endonuclease 1. This all-in-one, self-contained
detection kit eliminates the need for external devices, offering rapid, simple, affordable, and quantitative
detection truly penetrative to all classes of society, providing unprecedented home healthcare for our
aging society.
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